


NGUYEN H{U PHO

HOA LY VA HOR KEO
Gido trinh ding cho sinh vién, hoc vién cao hoc, nghién ciu sinh...

cdc truomg dai hoc va cao ddng... thugc cdc hé dao tgo

(In lan thd hai, ¢6 sita chira vi bé sung)

&

NHA XUAT BAN KHOA HOC VA KY THUAT
HA NOI



L01 G101 THIEU

Toi xin hén hanh gidi thi¢u vdi ban doc cudn gido trinh "Hod Iy va Hoa keo" do
tae gia Nguyén Hitu Phi bién soqn. Sau 40 ndm hoat dong gidng day va nghién ciu
trong link viee Hod Iy va Hod keo, tdc gid da tich luy duge nhiéu kién thic va kinh

nghiém dé bién sogn cudn gido trinh ndy.

Cuén gido trink "Hod 1y va Hod keo” chita dyng cdc néi dung co bdn vé Nhiét
dong hod hoc, Dong hod hoc - Xiic tde, Pién hod hoc va Hod keo.

Day la mét cudn gido trinh duge viét mot cach hop Iy vé khéi lugng kién thic
khoa hoc va cing nhu vé phuong phap dién dat. Ngoai ra, trong gido trinh nay, tdc gia
con cung cdp thém mét s6 thong tin khoa hoc mdi nhdt trong linh véc Hod ly va Hoa
keo, vi du nhu vé cdc Iy thuyét hdp phu, déng hoc cdc qud trinh két tinh, vé zeolit va

edc vat lidu tuong ty zeolit, vé chdt hoat dong bé mdit, v.v...

Téi nghi rang, day la mét trong cdce cuén gido trinh tét vé Hod ly va Hod keo
danh cho cde sinh vién cao déing, dai hoc, cao hoc va nghién citu sinh theo chuyén
nganh Hod hoc hode lién quan dén Hod hoc, ddc biét la, déi vdi ede triong khoa hoc kY
thudt.

Téi hy vong rang, cuén "Hod Iy va Hod keo” nay sé giip fch nhiéu cho cde ban
sinh vién trong hoc tap va nghién clu.

Phé Chu tich Hoi Ho# hoc Viét Nam
Chil tich Phan héi Gidng day Hoa hoc Viét Nam
GS. TSKH. HOANG TRONG YEM



LO1 NOI BAU

Ngav nay, Hod Iy dd o thandt mot trong cde mon hoce caa chutong wrinh giang day cho sindi

vién cdc ruong dai hoc co chuvén nganht Hod hoe hode lion quan dén Hod hoc.

D¢ “thanh danh™ nhue hom nay, mon Hod Iy dd phdi trdai gqua moe chang diong lick s {du

dai va phite tap dé g kivang dink minh.

Qut thite, doi titong va phicn vy nghién et cdaa mon Hod IV khéng dicoc thé hicn  mot
cdch tie nhién va ré rang, nhut cde mon Hod vo co va Hod Wi co..., va o bdn than ién goi ciia
ainde, Hod 15 dd bao ham ¥ nghia Ia mor Khoa hoe eliia dieng cde néi dung hoc thagr cuaa hat nganh
khoa tur nhién quan trong Ia Hod hoe va Vit v, Nlhiéu quan diem cho rang: 1) Hod Iy la mir khoa
hoc ding dung (chi thudn wing dung 1) cée pluong phdp var 1y khde nhan dé gla@r quvét cde “bai
toan” hod hoce, 2) Hod Iy la mot khoa hoe trung gian ndm o bidn giot cda Hod Foe va Ve IV, va 3)

Hod v la khoa hoc nghién citn cde dang chuvén dong hod - IV ciia vér chét, v v

Moi ot quan diém néw trén déu cliia dung nhitng véu 16 hop IV va nhitng cdeh whin ¢l

toan dién, chira ban chat ciia mind.

Phai cher thoi gian, phat trai gua nhiéu suy xét, thao ludgn va nhat Lo phdi nher véo cde
thand ta Khoa hoe VT dai e 1V thavet ngoyén tir - phan ar, dinh Indt bde toan nang heong, dink
fuddt tdin hodn cia cde nguyén (8 IV thuyét cdu tao cde chedt hinn co, Iv thuyél can biang trong dung
dich, v mén hoc Hod I i klding dinft 16i dung khoua hoe ciia mink. Theo ede 1t heu tich si,
thi ngieot ta cho rdng, mon hoe (Khoa loc) Hod ¥ dioe hinht thanh irong qudng thoi gian o niu
cndi thé kv thie XIX va dan thé &y XX D6 1 chua k6 déi mac lich sit dieoe ghi nlgn vé s xudgt hign
ddu tién cda thudr ngtv "Hod 137 do mor il bae hoe Biie néu ra trong ede eong wink cia minh

nam 1599 (H. Kunrath, Svmboluny physico - chiviicum. Hunoviae, 1599},

Ngay nay, haw nue moi ngudt déw chap nhen mat dink nghia clio mén hoe Hod 0wt sau:



" Hod Iy la mit mon khoa hoc téng hop, lien nganh; nghién citu moi quan hé tiong ho
giita hai dang bién doi hod hoc va vdt Iy ciia vdt chat, nghién ciiu mot lien hé va su phu thuoc
gifia cdc tinh chdt hod - Iy voi thanh phdn hod hoc, véi cdt tao ciia vit chdl, trong dé bao gom
cic nghién citu vé co ché, 16c dé ciia cdc qud trinh hod hoc va cdc yéu té bén ngodi dnh hiuong

dén cdc gud trinh do".
Ditu vao din nghia trén, hau hét ede gido trinh Hod Iy thitong bao gom cae néi dung sau:
o Cdu tao chdt: nghién citu cdu tao ngiyén nr. phan ut va cdae trang that tdp hop crta ode
clut,
o Nhiét déng hod hoc: nghién cin s iing dung cua hai nguyén IV nhict déng hoe dé khdo sdt
cde hién sing nhiét cra phdn dng, xde dinlt kha nang tie dién bién ciia cde qud trinh hod
o, vi tri cdn bdng va st clugyen dich can héng ciia cée phdn ting hod hoe, ede qud trinh
chuvén pha, vov..
e Pong hod hoc va Xiie tde: nghién ciru téc do phdn ting va cac Yéu 16 anh huiong déi toc do
phdn ting, ddc biét, ciia nhiét do, ciiv chict xtic 1de, v
e Pién hod hoc: nghién ctiw céc tinh chdt ciia dung dich dién Iy va vde g trinl dién cuc
(phan ding hod hoc xdy ra tgi bé mdt phdn cacl pha, ren - longl, v
v Hod keo: nghién ciin vé cde hé vi di thé bidng cde quy ludt, dinh lugt cria Hod 1.
Gido trinht néy chi bao gém bow phan: Nhi¢t dong hoc, Déng hod hoec va Xic tac, Dién et
hoe va Hod keo. Phin cdl tgo chdt dioe trinh bay trong mot phdn riéng.
Trong moi mot phén, ngoai cde kiéh thiie co ban, gido trinl con gior thiéi thém mot 6
thong 1 kloa hoe, cdc tink todn dinht ficong b6 sung, v.v.. dé nguoi doc tham khdo (diwoi ky Juéu o

(phan than khdo) ). Ngodi ra, gido trinft con cung cdp ede bang plat luc dé sindt vien ¢ di 56

licu, div kién cdn thiét khi gidi cdc bai tdp.

Tac gia



L3I TUA

(Nuil ban Lin tur phaty

Toi vich cuon gido trind nday sai nfiéu ndm gidng duay va nghicn ciin trong fink vie Hod Iy

va Teng hop var liéu.

QOudng thei gian lam vide do giap 1ot hind dung va xde dinh dioe nuie dich, miic do va cdc
noi dung cdn thiét ciia mor gido trinh “Hod v va Hod keo ™ danh cho cde sindevidn theo hoe o cde
trwomg dai o cd chuven ngand vé Hod hoe hode cae cluvén nganit lidn quan dén Hod hoce (Luvén
L, Moi tradng, Mo - Dia chdt, Hod tluge phdm, Vat liéuva..). Do do, trong gido trindt nay, 16i ¢6
odng trinh by cde ngi ding thiét thie nhdt, ahig kién thite co bdn va cdp nhdi nhdt, vor cach vidi
don gidn dé hiéu dé cdc sivdevién co theé tre tim hidu diroe ede van dé minh can tham khdo va nghién

Cir.

D6 a ¥ dindt va la siomong miton ciia t6i. Song didu dé o6 thice hién dvve hay khéng con

1 thuoe vao khd ndng va trind do ciiee gt bidin sown.

Nhdn dav. 1o xin chdn thanle edm o sy déng gop ¥ kicn ctia dong nghiép, ciia cde thdy

gido, 6 gido va cdce anlt chi enr sinfi vien ki str dung cucn gido trinh nay.

Mot din nita, xin chan thanlt cdanton !

Tac gii



PHAN 1
NHIET BONG HOA HOC

Nhiét déng hoc 1a mon hoc nghién ciru su trao doi va sy bién hod nang lugng; nghién ciru
kha nang, hudng va mirc do xdy ra clia cdc qud trinh.

Nhi¢t dong hod hoc ting dung cic dinh luat cia nhiét dong hoc dé khao sdt cdc qud trinh
hod 1y khdc nhau. Cu thé la:

- Tinh todn nang Iuogng cia cac qud tinh, chu yé&u la hiéu g nhiét.

- Xac dinh khd nang, huéng vh mic do xdy ra cla cdc phan g hod hoc, cic qud trinh

chuyén pha, v.v...

- Xic dinh diéu kign can bing ciia cdc qud trinh: can bang hod hoc, can bing pha.

Nam vimg cic kign thic ctia nhist dong hod hoc [a rit cdn thigt va quan -rong. Xin néu mot
vi du lich sir dé cluing minh diéu dé.

Nhut ta d3 biét, trong 10 cao qud trinh khir oxyt sit bai khi CO Xdy ra theo phan img:

FFe;0,+4CO=3Fe + 4 CQ,

Phin tich thanh phén clia khéi 16 ¢on ¢6 khi CO, thoat tién, ngudi ta cho rang thoi gian ticp

xtic giira quang va khi CO chura do.

Y nghi d6 da lam cho cic nhi luyén kim & thé ky trude xay dimg nhimg 15 rdt cao. Nhung
k&t qud van khong lam giam duoc néng do khi CO trong ki 16. Vé sau, nhd ndm vimg cdc kign
thite cua nhiét dong hod hoc nén ngudi ta méi hidu rang phan tng khir oxyt sit boi khi CO 12 mot
phan tng thuan nghich, khéng thé xay ra dén cung duoc. Viéc tang kich thude cita 16 nhu trén

khong grai quyét duge gi m chi gay ra lang phi.

Nhi¢t dong hod hoc dp dung cho nhimg hé vi mo o trang thdi cin bang, khong dp dung

duge cho cde hé vi mo (nguyén tir, phan tir...) va hé vii tru.



CHUONG
UNG DUNG NGUYEN LY TH NHAT NHIET DONG HOC VAO HOA
HOC - NHIET HOA HOC

Nguyén 1y thir nhit nhiét dong hoc la nguyén 1y bao toan va bién hod nang lugng ap dung

cho cdc qud trinh ¢6 sy trao di cong va nhiét. Nguyen |y ndy duoc (mg dung vao hod hoc dé tinh

toan fuét ting nhiét chia cac phan tmg hod hoc, cdc qud trinh chuyén pha ...
1.1. NHAC LAINGUYEN LY THU NHAT NHIET DONG HOC
1.1.1. Mot vai khai niém va dinh nghia

Trudc hét, chiing ta cdn xdc dinh mot s6 khdi niém va dinh nghia can thift.

$1¢ 12 mot val hay mot nhom vat ¢é luong tic vo1 nhau va duge tack biet véi mol truong
xung quanh, Thi dy: mét mav quing, mét binh phan tng, v.v... déu cé thé xerm 1a moL hé,

H¢é ¢6 1gp 1a hé khong trao doi chat vivnang lugng vdi moi truong xung quanh vi c6 thé tich
khong doi.

116 di th¢ 1 he bao gém cdc phdn ¢6 tinh chit khdc nhau, gitfa cdc phin dé c6 bé mat phan
chia.

1H¢ déng thé'1a hé khong ¢6 bé mat phan chia. Thi du: hé gom nude long vi nude dd 1a hé di
thé, he chi ¢6 nude 1ong 1a hé déng thé.

Thong s6 trany thai 14 dai lugng dac trung cho trang thdi cua he, Thi du: dp sudt, nhiét do,
thé tich. noi nang. Nhimg thong s6 do duoc bang thuc nghi¢m goi la cdc thong 6 co ban. Nhimg

théng s6 khic [ ham s6 cha cdc thong 6 co ban.
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Nhimg théng s6 ma gid tri cta né chi phu thude trang thii cua hé got 1 hdm trang thdi.
Bién thién cia ham trang thdi trong cde qud winh ot plu thuoe vdo trang thei dau va trang thai

cubi, khéng phu thude diong di.

Thi du: M 1a ham trang théi thi bién thién cia M theo qud trinh 1a2 (AM,) cling bang bién
thién ciia M theo qud trinh 1b2 (AM,) (hink 1-1).

AM.“ = AN‘I}‘ = M2 = M]

Hinh 1-1. So d6 bién thién ham trang thai
M, gid tri cla M. ¢ trang thdi 1.
M,: gid tri cua M & trang théi 2.
Di nhién ki, bi¢n thién cta M trong mot qud trinh kin (chu trinh) bing khong.
AM =10
1.1.2. Nhiic 12i nguyén ly thir nhit nhiét dong hoc

Nguyén 1y thit nhit nhiét dong hoc 1a két qua ctia su tong két kinh nghiém thye tién lau dai.
N6 khong chimg minh bing 1y ludn. Moi hé qua riit ra tir nguyén 1y dé déu ding va déu duge thie

t¢ xdc nhan,

Noi dung co ban cua nguyén ly tht nhat 1a sy bdo toan va bién hod nang luong dp dung cho

cdc qud trinh ¢6 trao ddi cong va nhiét. CS thé phit biéu nhu sauw:

“Trong mot qud rinh bat ky, nhiét liong ¢ cdp cho hé divng dé bién thién noi ning AU vé

sinfreong A™.
g=AU+ A (1-1)

Néu lugng phiét 1a vo clng bé 8¢ thi n¢i nang chi bién thisn mot vo cung bé dU va sinh ra

mot lugng cong vo cling bé SA.

5q=dU + 5A (1-17)
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{1-1) vt (1-1") 1a biéu thic todn hoc cua nguyén |y thit nhat nhiét dong hoc.

Noi nang 13 ning luong di trir tiém tang bén trong hé, né bao gom: nang lugng chuyén
dong tinh tién viu quay cta cdc phan tir, nang lugng dao dong clia cdc nguyen tir va nhém nguyén tu
bén trong phan tir, ning lugng quay cba cdc electron trong cdc nguyén ti, nang lugng trong nhin

cdc nguyen tir... Noi nang khong bao 26m dong ning va thé nang vi tri cia vat.

Ciing nhu moi dang nang luong bat ky khic, noi nang fa mot ham trang thii chi phu thudc
trang thdi ddu v wang thii cusi cia hé, bién thicn ciia né khong phu thude o duong di (cach tién

hiinh qua trinh).

Con cong A v nhiét lugng q khong phai 1a hai dang nang lugng ma chi i hai dang chuyén
nang luong. Céng va nhiét chi xudt hién trong cdc qud trinh, nghia 12 gid iri cua ching phy thude
dudmg di. Chinh vi vay mi trong cong thite (1-1) va (1-17) dq va A 1a luong nliét va ligng cong vo

cuing bé do mot bicn thién nél nang....

Trong nhiét dong hoc ngudi ta thudng hay khao sdt cdc qud trinh bién doi trang thdi cia hé,
nhat L cic hé khi.

Cong diin nd cua mot khi c6 thé duge xdc dinh nhur sau:

Chang han, khi trong xilanh can bing v6i mot déi trong trén pilténg tuong tng val dp suat

P. N&u dién tich bé mat cua pittong 12 S thi lye tic dong 1a toan bo bé mat pittong 1a P.S (xem hinh
1-2).

'_/ZDZ/[;E/Z’ Z27/4
= P
777777 777777

1
T

Hinh 1-2. So d6 sinh cdng dan nd cla khi.

Gia sir, cap cho hé mot lugng nhigt vo cimg nhéd sao cho khi dan nd lam pitténg dich

chuyén mot doan vo cling nhd dh ma vin khong lam thay doi dp sudt cua hé.

Vay cong sinh ra do khi diin nd s€ 1a:



oA =P.S.dh
Néu dat S.dh = dV: mot bién thién thé tich vo ciing bé,
thi: dA =DPdV
Trong mot qud trinh da;.n né, néu thé tich cha hé bign ddi tir V, dén V, thi ching ta s¢ nhin

duoe mot Tuong cong la (A = .[6A )
|

Vi .
A= [PdV
v,
Ngodu ra, khi tinh todn ta cin biéu dién cdc dai luong cong, nhiét, ndi nang cung mot dam vi
do.
lealo = 4,1840.107ere = 4,1840 ]
1 lit.atm = 24,22 cul = 101,325 Nm = 101,325}
Bay givs, ta van dung nguycn 1y th nhit cho mot vai qud trinh thuang gap.
(i). Qud trinh dang tich
D6 1a qué trinh ma thé tich V cta h¢ khong thay doi,
dV =0 hay V = const
Nhu ta dii biét cong dan no do hé sinh ra la:
vy
A= [Pdv
¥
Vii dV=0nénA=0
Do dé cong thic (1-1) 6 dang:
g = AU (1-2)
(v nhiét lugng trong qud trinh ding tich.
Tir (1-2) ta thily ring: trong qud trinh dang tich rhict cap cho he chi dimg dé bién thién noi

ning.

“ La biéu thife tinh cong dan nd ciia khi rong diéu ki¢n ti€n hanh rat 1y twong (khong sinh cong ma

sat vy
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(ii}. Qud trinh dang dp
D6 13 qué trinh ma dp sudt cba h¢ khong thay doi:

dP =0 hay P =const
Vs Va
A= [Pdv=P. jdv =PV, -V,)=PAV
v v
Bay gits cong thirc (1-1) c6 dang:
qr = AU + P.AV
g nhiét lugng qud trinh dang 4p.
Vi P = const nén ta c6 thé viét:

qr= AU+ A(PV) = AU+ P.V)

pat: U+P.V =H

H ¢é tén goi 1 entanpi. H 1a mot ham trang thii clia hé vi cdc gid tri U, P, V chi phuy thudc

vao trang thdi clia hé. Mat khdc H ¢4 thit nguyén nang luong., nén H 1a mét dang nang luong clia hé.

Cudi ciing ta ¢6 1hé viet:

qr=AH

Nghia la, trong qud trinh ding dp nhiét cap cho hé chi ding d¢é bién thién entanpi.

(iii). Qud trinh ddn no khi Iy tuong

Ta xét qui trinh diin nd cGa khi 1y tuong trong diéu kién nhiét do khong thay doi:

dT = 0 hay 1" = const

TU cdc gido trinh vat 1y dai cuong, ching ta dd biét ring, noi nang khi 1y tuong (1 mol)

bing:

trong do: i: bac 1y do coa phan ti khi;
R: hing s6 khi 1y uong;

T: nhiet do K.



Nghia 13, noi nang cia khi 1y tudng cht phu thude phigt do. Vi vay, khi T = const hay AT =
01hi AU=0.

Do vay cong thite (1-1) c6 dang:
Oy = Ar
g Aq la ky hiéu lugng nhigt va cong trong qua trinh dang nhiét.
Nghia 13, trong qud trinh ddng nhiét, nhiét cap cho he chi dé sinh cong, khong diing cho su
bi&n thién noi nang.
Pt vai 1 mol khi 1y tuong:

kS

A, = pav
W)

PV =RT

p=RT
v
Va

; Va
= - Vw
Ay = jRJ:iY. =RT. {d(InV)=RT.In=
¥ Vv Y| v

1

Vinéng do va dp suat ty 1¢ nghich v6i thé tich nén ta cé:

v, P C
qg; =A, =RTIn—2=RTIn—L=RT.ln L (1-4)
v, P, C,
trong do: P, 1a dp suat cia | mol khi ¢ trang thai 15

P, 14 dp suat ctia 1 mol khi & trang thai 2;
C, 12 néng do cha khi o trang thai L;
C, 1a ndng d6 cuu khi o trang thdi 2.

Trong tinh todn ta hay gap hang s khi R, gid tri R bang:

J/mol.do lit.atm/mol.do cal/mol.dé

8,3143 0,082057 198725
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1.2. NHIET HOA HOC
1.2.1. Mot vai khai niém va dinh nghia
Phan tng hod hoc xay ra thudng kém theo hién tugng thu hay phit nhieét.
Phuong trinh nhiét hod hoc duge bi¢u dién nhu sau:
aA + bR+ L= G+ dD + L+ Q,
irong do: A, B, G, D, ... Iacdc chit tham gia phan ting:
a, b, g, d, ... [a he s& 1y luong cha cdc chat ay;
Q la nhiét phan (ng.

- Néu phin ng xdy ra trong diéu ki¢n: P = const va nhiét do cdc chat dau (A, B....) bing
nhiét do cdc chit cudi (G, D,...) thi nhiét pban tng duoc goi 1a fidu tng nhiét ddng dp, k¥
higu 1a Q..

- Né&u phan tng xiy ra trong diéu Kién: V = const va nhiét do cdc chit dau (A, B,..) bang
nhiét dé cic chat cudi (G. D....) thi nhiét phan (ng digc goi 1a uéu ung nhiét deing tich, ky

hieu 1a Q..

Dot vai hod hoc, ngudi ta quy udc:
@ > 0: phan img 104 nhiét.
Q) < 0: phan (mg thu nhiét.

Con doi véi nhiét dong hoc thi ¢6 quy ude nguge lai. Trong cong thic (1-1), (1-2y va (1-3),

néu:
> (x hé nhan nhiét
g < (0 hé cho nhiét.
Da da:
gy =— Qv =AU
qp =~ Q= AH
Giita hiéu tng nhi¢t dang dp Q, vi hi¢u (mg nhiét dang tich Q. ¢d mai lién hé nhu sau:

Nhu ta di bist: H=U+P.V
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Nén: AH= AU + AP.V)
Hay: Q.= Q- APV} (1-3)
DGi v6i nhiing hé réin va long thi bien thiéa cia thé tich va dp suat rat nhd nén ta ¢d thé xem
AP V) = 0, do dé Qp = Q.. Con, dai vdi he khi thl A(P.V) kKha 16n, do dé Q, = Q.. chang han doi
v khi ly tudng:
P.V =nR.T n: s& mol khi.
Thi: AP VY=ANRT)
Néu T = const, A(P.V) =R.T.An
Vay: Q.= Qu-RT.An" (1-5)
An: bién thién s& mol chat khi trong phan ing.

Thi du:

1
H,+-0,=H,0 (k)
2
An=1-(1+05=-05
Trong nhiét hod hoc, ching ta hay gap khdi niém nhiét sinh va nhiét chiy. Niét sinh ciia
mét char la hiéu ing nhiét ciia phan dng tao thanh mot mol chdi dé tir ede don chdt bén vitng o dicu
kién dd cho.
Pidu kicn 298K va 1 atm (1 atm = 101325 N.m?) duge goi ia didu kién tieu chuan. Trong
56 tay hod 1y ngudi ta thuong cho gid u nhigt sinh cac chit & diéu kien ticu chuin AHSy (0 ky
hi¢u dp suat 1 atm, 298 ky hi¢u nhi¢t do bing 298K).
Thi du: nhiét sinh caa 1ICL 14 hi¢u img nhiet cla phan tng:

1

—Il1+lCljzl-[C|+Ali
2 02

N&u & diéu kién tiéu chuan thi nhiét sinh cua HCl da cho & trong 56 tay hod 1y [

AHS,,(HCY) = ~92300 J/mol

U Bigt Q, 8 suy ra Qy va nguoe lai, vi the sau nay Khi xét tinh chat ctia hiéu g nhiét ching ta chi
n6i dén Q. (AH) hay Q. (AL)
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: +
Nhiot chay cia mot ehdt la hi¢u g nhiét ciia phdn ting chdy 1 mol chidt dé véi oxy dé igo
thandi oxvt cao whdt g voi ede nguyén 10.
Thi du:
C+0,=C0,+393137J

C+;03=CO+HOMSJ

110418 J khong phai 1 nhiét chdy cha cacbon, vi phan ting dé khong cho ta oxyt cao nhit

cua cacbon, gid tri @y chinh 12 nhiét sinh ¢ha CO, con 393137 J méi ding 14 nhiét chidy cua cacbon.
1.2.2. Dinh luat Hess
Nam 1866, nha bdc hoc Nga ffess d@ tim ra dinh ludt co ban ciia nhiét hod hoc. Vé phuong

dién lich sir thi dinh luat /{ess tim ra trude nguyen 1y thi nhat nhiét dong hoc ™ nhung vé mat ndi

dung thi dinh luat Ffess 1a két qua cva nguyén 1y thit nhit nhiét dong hoc.

(£). Binh Iudgt Hess
Dinh Juat /ess ¢6 thé phat bicu nhir sau:
Hidu wing nhiét cida phdn ting hod hoc (hay ciia mor gud winh hod 1¥) chi phu thide vao

trang thai dan va trang thdai cudi ciiu Iié, khong phi thudc diong di.
Thuc nghiém ching td nhy vay. Tuy nhién ¢d thé chimg minh diéu d6 nhu sau:

Trong diéu kién P = const vii V = const tif biéu thirc (1-1) clia nguyén ly thir nhat nhiét dong

hoc ta dit suy ra (1-2) va (1-3) 1a:

AU=-Q

I

v
Q.= AH=-Q;
V1 U va H {a cic ham trang thdi nén AU va AH khong phu thudc dudng di ma chi phu thude

viio trang thii didu v cuéi cha hé. Do dé, hiéu (mg nhiét ding 4p vi ding tich cling cé tinh chdt nhu

vay.

' Naguyén 1¥ thi nhit nhi¢t déng hoe duge thiét lap nam 1884, béi cic nha bic hoc Mayer (i),
Joule {Anhy va tHelmholtz (Puc).
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A+ B +.. A,

Hinh 1-3. So d6 minh hoa dinh luat Hess.

Gia thiét wr cdc chat A, B, ... ¢6 thé tao thanh chat G, D, ... theo nhiéu cdch (hinh [-3) nén

theo dinh luat Hess ta co:
AH, = AH, + AH, = AH, + AH; + AH;
Tir dinh luat Hess ta rdt ra cdc he qua:

1) Hiéu iing nhigt cda qud trinh thudgn AHy, va hiéu ting nhiét cia qud frinh aghicl Al

hdng uhate vé tri s6' va ngroe ddu nhau.
AI'Itll == AHug [1'6}

Thi di: hi¢u ting nhiét cia phan fmg tao thanh 1 mol 11,0 0 298K va | aum:

1
H, + 7 0, = H,0+ AHS,, = 241840

thy hiéu timg nhiét cua phan ting phan ly 1 mol H,O o diéu kién d6 la:

H,0=H, + l; 0, + AHS, = 241840 )

2) Hidu iing nhiét ciia méi phdn img bing téng nhiét sinh AH, ciia nhitng chdt cuet i di
tong nhict sinh AH, ciia nhidng chdr daw hay bang (ong whict chdy AWy, cria nhitng chdt ddw triv (I

tong nhiét chdy ciia cde chdt cudi.
AH,., = Z(n.AH,) cuoi - X(n.AH) diau (1-7)
Hay: Al = Z(n.AH,) ddu — X(n.AH,) cudi
trong dé: n 13 hé s6 1y lugng cdc chat tham gia phan ting.
Thi du: Tinh hi¢u tmg nhiét ca phin ing:

CH, +20, =CO, +2H,0
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298K v 1 atm.

Bict nhiét sinh cdc chat:
AHS(CH,) =~74850]/mol
AH, {0, ) =0 J/mol
AHS,,(CO,)=-393516 J/mol
AHS, (11,0) = -241840 J/mol

Biét nhiét chay:

Do CH, ) =—802340 J/mol

AHS4 (05 ) =0 J/mol
AH,,(CO,) =0 Jmol
Al (H,0) =0 Jmol

Giai: ap dung (1-7) ta ¢o:

Tinh theo s06 liéu nhiét sinh:
AL, (p /) = [AI1S,(CO, ) + 281 5, (1, 0)] - [AH 3 (CH , )+ 28H 30, (0,)]

=[-393510 — 2 x 241840] — [~74850 + 0] = --802340 T/mol

Tinh theo s6 liéu nhiét chiy:

AHS, (p/u) = [AH 6 (CH, ) + AH 3, (0,)]-{AH,(CO, ) + 2AH 5, (H, 0)]
= {- 802340+ 0] [0 + 2,0] = ~802340 J/mol

Két qua tinh theo hai cich déu nhu nhau.

Nhé dinh luét Hess ching ta ¢6 thé tinh gidn tiép hiéu tng nhiét clia nhimg phan ing khong
xdc dinh duge bang thue nghiém thong qua hicu dng nhi¢t clia phin tng khdc xdc dinh duge bang thuc
nghigm.

Thi du: Khong thé xdc dinh trye tiép nhiét sinh cBia CO vi phan tng chdy cua cacbon va oxy
luon luon kém theo sif tao thainh CO,. Vi thé ta phai tinh nhiét sinh clia CO qua hi¢u ng rhiét cla
cac phadn tng:

C+0, =CO, +AH, (1)
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C0+;03 —CQ +AH, 2)

Hay 1ay (1} trir di (2) ta dugc:
1
C+202 —-CO=AH, -AH,

!

C+F302 =CO+AH, —AH,

Vay nhiét sinh AH c¢ia CO la:
Al = AH, - AH,

(6 thé thay két qua dé qua so d6 hinh 1-4:
AH, = AH+AH,
AH =Al{, - AH,

Qua cich tinh todn trén ta ¢6 nhan x¢t 1: nhd dinh luat Hess ching ta ¢6 thé "xir sy cdce

phuong trinh nhiét hod hoc nhi nhitg phuong trinh dai s6 (cong, trir, chuyén vé,..).

1 Afl,
CO, —02 . COZ
2 5
3
AH AH,
C, 0,

Hinh 1-4. Ung dung dinh luat Hess dé tinh nhiét sinh clia CO.

Nhiéu khi chiing ta phai tinh hi¢u tmg nhi¢t theo nhimg quy tic kink nghiém: Thi du dé tinh

nhiét chdy cla cdc chit hitu co ta dp dung cong thirc gan ding cla Kenovalov.
Q, ={45897n + 10,52m + p) kecal/mol
trong da: n: $6 nguyén tle oxy chiy hoin toan chat do;

m: 6 mol nude duge tao thanh;
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p: hé s diéu chinh hay hé s6 "dac trung nhiét".

Déi véi nhimg hop chat CH,O, thi:
2x ez m:ly
n=IX+_ y—7 Vi
2 2

béi véi tat ca cic chal hitu co no: p = 0, hgp chit hitu co khong no: p = 0, trong mot day
dong dang p = const. Gid tri cta p tang dan theo tinh khong no, thi du déi véi cdc hop chat loai

axetylen p=51.

1.2.3. Nhiét dung
Nhiét dung ciia mor chdt 1a nhiét luong cdn thiét dé ndng nhiét do ciig chat do tén mét do.
Nhiét dung trung binh CI-] -1, trong khoang nhi¢t do tt T, dén T, (T, > T,) dugc dinh nghia

bang hé thitc:

Cp . =—1 1-8)
it LT (

Trong dé: g la nhiét lugng cdn thiét A€ nhiét do cla chit wang ur nhiét do T, dén T,. Trong
khoang nhiét do d6, trong chdt khong xay ra phan tmg hod hoc v hi¢n trgng chuyén pha.

Nhiét dung g vdi khoang bién thién vo cling bé cua nhiét do goi la nliét dung thite:

c=

(i-9)
dT
Nhiét dung thirc va nhiét dung trung binh lién hé véi nhau theo phuong trinh:
P&
Cy, o, =20 JCAT (1-10)
LT,

T

Bai vi, theo (1-8) thi:
q=Cq (T, =T))

Va theo (1-9) thi:
W
q= [cdT
i
Do d6:
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N

Cror(h =T = [caT
T

Nhiét dung tmg vai 1 gam chat goi 1 nhiét dung rieng hay ty nhiét, ing véi 1 mol chat

nhiét dung phan i, vai 1 nguyén tir gam nhiét ding nguyen tif.

Nhiét dung cac chat phy thudc vao qué trinh. Nhiét dung dang tich Cy:
C\,:SEI\' :[(_i_U (1-11)
dT \dT),
Nhiét dung ding ap Cy:
C, _%ap :[_‘l_l_{) (1-12)
4T \dT/p

Giita Cp va C, c6 moi lién hé lan nhau:

c,-C, =[d_H] _(d[j]
dT ), \dT)y
Vii  H=U+PV

, JU+PV)) (dU) (dU
P v r

Néu he 1a khi 1y tuéng thi:

EiRE

Vi noi nang clia khi 1y tuong chi phu thudc nhigt do.

{54
1), \dT),

Do dé: C,-C, :P{%ﬁ)
p

Psi véi 1 mol khi: PV =R.T

_RT
P

[9.‘/’] _R
dr), P

\Y
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Viy: G- CGo=R (1-13}

R > 0 vi thé bao gio G, > C... S6 di the Ja vi rong qué trinh déng 4p P = const, nhiét cip cho
= const thi chi ding dé

hé dimng ting ndi nang va sinh cong dan nd con trong qud irinh ding tich V
ting ndi nang.
N6i chung nhiét dung cdc chit déu phu thude nhi¢t do.
Sur phu thuoe d6 thudng duoc biéu dién boi cic phuong winh thue nghiem:
C, = a, + 2.7+ 2, T (J/do mol) .
Hay: G, =a,+a,. T +a,T" (J/d6 mol),
trong dé: C,: nhiét dung thue dang dp phan tur,
a,. &y, Ay, 4, cile hdng 58 thye nghiém cho sdn trong
cdc s8 1ay hoa 1y, (xem phu lyc).
Csc phuong trinh dé chi ddng trong nhimg khoang nhiét do xdc dinh.
1.2.4. Su phu thudc cua hiéu dng nhiet vao nhiét do. Phuong trinh Kirchhoff
~ Nhiet da c6 dnh hudng lén dén higu tmg nhi¢t. M&i quan hé gifta hi¢u g nhiet va nhiet dé
duge néu lén trong phuong winh Kirchhoff.
Thiét lap phuong trinh
Phuong trinh nay ducde thiét lap wr dinh ludt Hess, nghia la hi¢u ing nhiét khong phu thuoe
duting di, chi phu thudc trang thdi diu va cudi.
Xét phan ng:
aA+bB+..=gG+dD+ ...
Hiéu ting nhiét cla phan ng:
Q.=AH=H,-H,
trong dé: [, entanpi cla cdc chit cudi (G, D....);

H, entanpi cla cic chit dau (A, B, ...)

L&y dao ham AH theo nhiét do T:



da_dtt _dh
dT 4T dT

Ma nhir ta 3 biél, theo (1-12):

dH .

dT_Q)

dAH .
Nén: {T :(.le —(,1,[

C1>_1 - 1602 phigt dung cua cic chat cudl: C,.2 =p.Cg+dCop + .
C - 16ng nhiét dung cia cic chit daw: C,,l =a.Co, +b.Cop+ ...

dAII
di

(1-14) 1a phuong tinh Kirchheoff, ¢6 thé phat bidu nhu sau:

H¢é s6" nhiét do hidu g nhiét FT— ctta qud tvinh bdng bién thién nhi¢t dung AC, cia hé

treng qudé trinh doé.

D6 véi qud trinh ddng tich ta ¢6 kél qua wong

dAU
dt

aC, (1-15)

Tir (1-14) ta c6 uhan xét, néu:

AC,. > O thi %?E > 0: hiéu tmg nhiét tang theo nhiét do (va nguge lai)
T _

AC, =0 thi gf% = 0: hi¢u ing nhiét khong thay d6i theo nhiét do.

dAH
AC, <0 thi % < (: higu (g nhi¢t giam khi nhi¢t dé 1ang.

Bét vi nhiet dung cta cic chdl tham gia phan (ng phu thuée nthiét do mot cich khic nhau

nén déi vai mot phan tng cling ¢6 the gap ca ba trudng hop AC, 0. AC =0, AC= 0

Do ¢6 duong cong bidu dién quan he AtL = ¢(T) ¢d diém cye dai hay cue tiéu (xem hinh 1-
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Hinh 1-5. Su phu thudc cla hiu (ng nhiét phan (g vao nhiét dd.

!

Cm"’ _Oa :Cotkr (1)
2 =Lkl

SO, + Oy 4, = SO (2)

Tich phan phuong trinh (1-14) ching ta ¢6 thé tinh duge hiéu vmg nluét & mot nhiet do bat
k¥ khi da biét hiéu (ing nhi¢t & mot nhi¢t do khic. Hiéu img nhiét ¢ diédu kien tiéu chudn ¢d the tinh

(it cic $6 liéu trong O tay hod 1.
Péi vl cdc phan ting ¢6 AC, = 0 thi hi¢u (mg nhiét phdn dng:
AH (p/u) = const = AHyu (phn

PSi vl cac phan tng co: AC, = const

Thi | dAH= [AC,dT
Ay i

.
AH,, = AH, +AC,. fdT

™,

AH, =Ail, +AC,.(T, -T)) (1-16}



T, thudng chon 298 K vi AH 3y (p/) c6 the tinh duoc tir 6 1ay.
T, 12 mot nhiét 4o bat ky nao do.
Thi dis Xac dinh hiéu img nhiét & 348K AH.,, ctta phan img:
ACH, = CHq
Biét ring & 290K, AHu, (p/iny = — 546,74 KJ/mol CiHe va nhiét dung trung binh dang ap
cia axetylen va benzen trong khodng nhiét do dé woag (g la 43,6 va 1337 J/do mol.
Gidi: &p dyng phuong trinh (1-16):

Al (p/n) = Ally, (pAn) + AC,.(348-290)
AC =Chogy, ~3Co s =13376 — 3 x 43,6 = 2,963 /mol.dd

Thay 0 vio ta dugc:
Al (p/u) = — 546744 + 2,96 x 58 = 346572,3 J/mol
Néi chung, G, déu phu thuge nhiet do: AC, = f(T) (chi trong khoang nhiét do tuong doi hep
thi ¢6 the xem AC, = const). Sir phy thudc 46 ¢6 dang nbur sau:
AC, = Aa, +Aa, T +8a, T +Aa, T
Néu tich phan (1-14) tir nhiét do T, dén T, ta cd:

.
AL = Aty + J(A'd(, A T+Aa, T +M,T 2 )dT

T,

1 bl al
Aty = AHy +8a,(T=T.)+ 2 82 (T =T))+

| I -
o A (17 =T - Aay (1 o (1-17)
]
Neu T, =0 thi:
U IR .
ALy =AM+, T+ Aay 15 +§A112.T —Aa_, T (1-18)

(1-18) thudmg ding dé tim mai quan he ham sG giita hi¢u tmg nhic¢t va nhict do AllS= ¢

Thi du: Tim phuong trinh bi¢y dién sir phy thuoe cia hiéu g nhiét vao nhict doALLy

@{T) va tinh hidu ving nhict .-’_\}']?.m & 1000K cha phan (mg:
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CH, =C+2H,
Bict:  AHS, (p/u) = 74847 .57 J/mol
Coo= 1118 + 10,9.10 "I — 4.88.10°T * (J/ mol.do)
Cpi, =27.25+339.10°T (J/mol.do)
C,,_(-j_hl = 22,30 + 48,1.10°7'T (J/mol.do)
Gidi: Dé tim phuang trinh phu thude cla hiéu ting nhiét vao nhiét do ta dp dung (1-18):

AHT = AHS + Aa, T+ 1/2 Aa. TP + 1/3 A, T - AaL,. T

Tir cdc 56 Higu nhi¢t dung ta tinh duoc:
Aa, = 1118 + 2 x 27,25 — 22 30 = 43,34
Aa,=10°(109 4+ 2 x 3,39 - 48,1) = -30,42.10
Aa, =10
Aa, =-4.88.10°
Thay cdc gid tri dé vao (1-18} ta dugc:
AN = AILS + 43387 — 15,2110 T2 +488.10°1T 1 (a)
B¢ xdc dinh Al Ifta thay vao (&) gid tri AH-?z All_f:N vid T'= 298K
7484757 = AIT2 + 4338 x 298 — 15.21.10 * x 298" + 448 1(F x 298"
AH = 6176769 )
Vay ta c¢é phuong trinh AH'= o{T) nhu sau:
AH.?. =61767,69 + 43,38.T- 15.21.10°.T° + 4,88.10°.T" (b)
Thay T = 1000K vao (b) ta tinh dugce:
AH . = 61767.69 +43,38.10° - 15.21.10°".10° + 4,88.10°. 10"

AL, = 9042569 Jjmol.
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CAU HO1 VA BAI TAP
Cau hoi
11e 1h gi? Thé nao 1a hé o Yap, hé ddng thé, he di the? Néu thi du.

Phit bidu nguyén 1y thir nhat clia nhiét dong hoc va bt thife todn hoc cua né. Gial thich ¢
nghia timg dai lugng trong biéu thic do.
‘ 2 2 2
Viet: I&] =, — . I&A:/\E -A, '[5U=U2 —U, ¢6 diing khong? Tai sao?
| I |
Giii thich ¥ nghia cong thie: G—Co = R.
Phdt biéu dinh ludt Hess vivcde hé qui ctia né. Dinh luat d6 cho ta gidi quyét van dé gl !

Pinh nghia hiéu tng nhiét, nhiét sinh, nhiét chdy.

Phuong trinh Kirclihoff ¢6 phai 1a mot he qud clia dinh luat Hess khong? Phuong trinh do

cho ta giai quyét van de gi?
Bai tap
Mot khi 06 chifa trong xilanh c6 pittong nang 49,05N. Sau khi né pittong duge nang 1én
12m va nhiét thodt ra 1a 334,40]. Tinh bién thien noi ning cua khi? |
Dap so: -923]

Tinh bién thién noi ning cha qua trinh bay hoi 1 kg nude a1 = 423K, biét ring nhiét bay

hoi bang 2109,2 ki/kg. Xem hoi la khi ly tudng vi bo qua thé tich nudc long.
Ddp 56’ - 1983,10k)/kg -

Nhiét sinh cta nude vi CO, & 298K vit P = const Luong (myg bang — 286931.4 kl/kmol va —
195018.4 kJ/kmol, nhiét chay ciia metan rong dicu kién do bang — 91476 kl/kmol. Tim
phict sinh clia metan & T = 298K khi P’ = consL.

Bp 50" — 877405 kJ/kmol

Nhiét trung hoa NaOH va NH,OH bai axit HCI trong (ng bing 57456 va 51534 kJ/kmol.
Tinh nhiét phan ly cia NH,OH.

Buap sa: — 5922 kJ/kmol



5. Tinh higu 1ing nhiét & diéu kién tiéu chudn cua phan ing:
NiO (r) + CO (k) = Ni(r) + CO, (k)

Pdp 56" Alhg" (p/n) = - 43.3 kJ/mol

6. Tim phuong trinh biéu dién su phu thuée ciia hiéu g nhiét vao nhi¢t do AHY = o(T) va
A a2 1 g " P
tnh A, 0 1000K cua phan tng:

C() + HO (K = CO(k) + H,(k)

Bict:  Cue =17,15+4,117.10°.T - 8,79.10°.17 (J/mol)
Cpco = 28,14 +4,10.10"T - 0,46.10°.T* (J/mol)
Cp o =30,00-1071.10%T + 0,33.00% 17 (3/mol)
Cpyy, =27.28+3.26.10°T + 0,52.10°T" (/mol)

Biét nhiét sinh cla cic chal & 298K va | atm:
Al (CO) = - 110418.88 k)/kmol

AHyy (H,0) = - 24159564 kJ/kmol



CHUONG

UNG DUNG NGUYEN LY THU HAI NHIET DONG HOC DE XAC
DINH CHIEU VA DIEU KIEN CAN BANG CAC QUA TRINH

Ching 1a da biet nguyén 1y thd nhat nhi¢t dong hoc chi khao sat van dé hdo todan v hien
hod nédny hiong. Nguyeén 1y do khong dé cap dén van dé chicu hudng, kha nang va mue do (gidi

han} cia qua trinh.
Thi die: Néu hé ban ddu gom 1 mol Tl Tmol Cl, vt 2 mol HCL tht o dicu kign ticu chudn
phan Gng s€ tr xay ra (Xay ra ma khong can lic dong bén ngoai) theo chiéu:
i1, + Cl, = 2HC] {a)
[Tay theo chi¢u nguac lai:

2HC — (1, + H; (b}

Ap dung nguyén 1y thir nhat ching ta tinh duoe eide hicu ing nhigt AH, (p/0) hay AH, (/.
A, (pAD) = - 184,60 kJ (10d nhi¢t)
ALl (phn = 184,60 kJ (thu nhigt)

Nghia la bi¢t dugc bien thién ndng liepng cla hé tong cic qud trinh do chir chura bict duge

phan tmg xay ra theo chi¢u nao ? Bai vi cé nhifng phan tmg tu xay ra theo chiéu toa nhiét nhung

ciing ¢6 nhiéu phan (mg or xay r4 theo chiéu thu nhiet.

Nguyen 1y thi hai nhi¢t dong hoc gidp ta tra 191 duge cau hoi dé: phan tmg 1y xay ra theo
(a) va rat hoan toan, nghlu la gitp ta xdc dinh duge chiéu hudng va diéu kién can bang cua qud

winh.
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2.1. CHIEU VA PIEU KIEN CAN BANG CUA CAC QUA TRINH TRONG
HE CO LAP - ENTROPI
2.1.1. Quai trinh thuin nghich va bat thuan nghich nhiét dong hoc

Khi hé di tir mot trang thdi nay dén mot trang thdi khdc, ta bao hé¢ da thue hien mot giutdd
trinh. V& phuong dién nhiét dong hoc ngudi ta phan biét: qua trinh thuan nghich v qud trinh bat
thuan nghich.

Theo dinh nghia: Mot qud trink bién dot hé tir trang thei 1 sang trang thai 2 diec goi la
thudn nghich khi né cé thé tién hanh theo chiéu nguge lai va trong qud winh nguoc do, hé di qua
cdc trang thai trung gian y nhit trong qud trinh thudn.

Ching han: Néu biéu dién qud trinh ddn va nén khi dang nhiét thuan nghich trong xilanh
bing d6 thi “P-V" thi dé thi cta qua trinh thuin va qué trinh nguoc tring nhau (hinh 2-1).

)

/

0 v

Hinh 2-1. Sd dd dan nd khi thuén nghich nhiét déng hoc.

Vi thé, cong hé sinh ra trong qud trinh thudn bang cong hé nhan dugc trong gua trinh

ngugc, nhiét hé sinh ra trong qua trinh thuan bang nhiét hé nhan duge trong qud trinh ngugce.

K&t qua 1 Pai véi qud trinh thugn nghich saw khi tién hanh theo chiéu thudn va theo cliéu
ngtioe dé dita hé vé trang thai ban ddu thi xung quanh va ban than hé khidng xdy ra mot biéh doi

nao.

Trong thue 1€, thudng xay ra cic qud trinh bat thuan nghich. Qud minh bt thudn nghich I
qgiedt trinh ma khi tién hanh theo chiéu nguge lai, hé khing qua cdc trang that tring gian nhi qud
rindt thugn, sau khi tién hanh theo chidu thudn va theo chiéu nguoc dé dica hé vé trang thdi ban

dde thi moi trieomg xung guanh va bdu than hé bi biéh doi.



Thi du: Mot khoi khi dung trong xilanh cich nhiét véi bén ngoai (hinh 2-2). Ta cho dan khi
vo cung cham b the tich V| dén thé tich V, dé qué trinh ¢6 thé coi 1a qué uinh can bing, khi nén
khi v cung cham tir thé tich V; dén V, khi s& di qua cdc trang thdi trung gian nhu trong qua trinh
dan. Trong qud trinh nén, cong ma khi nhan dugc bing cong do khi sinh ra trong qué trinh dan,
nghia la hé khong trao ddi cong. Hé ciing khong trao d6i nhiét vi 1a doan nhigt. K&t qua 1a sau khi

11& vé trang thai ban du, cic vat xung quanh va ban than khi khong bi bién doi.

TII77777
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Hinh 2-2. Su dan nd khi trong xilanh doan nhiét.
Viy qua trinh ddnkhi doan nhiét vo cling cham la qui trinh thuan nghich nhiét déng hoc.

P& véi cic qui trinh ¢6 ma sét, do ma sil ma mgt phin cong bi¢n thanh nhi¢t. Nhict chi
{am néng vat vi mai trudng xung quanh, khong thé tu bién thanh cong dugc. Vi the Khi trd vé trang
thdi ban diu ban than hé vi moi tnomg bi bién doi. Cic qud trinh ¢6 ma sit déu 1a bat thuan nghich

nhiét dong hoc.
Tir d6, ching ta ¢ nhan xét:

- Cong do hé sinh ra trong qua trinh thuan nghich 1a cuc dai (vi khdng 16n thal cong do ma
sat) vi ky hicw 13 A, ..

- Vi qué trinh thuan nghich phi¢t dong hoc {3 mot ddy k€ 1idp cdc trang thii can bang nén

. tde do cha gud trinh 12 vO cung nho.

2.1.2. Nhic lai nguyén 1y thi hai nhiét dong hoc

Quan sdt cdc qué trinh trong ty nhién 1a déu thay ching s xdy ra theo mot chiéu nhdi dinh
va cudi cimg s€ dat dén trang thai can bdng: nhiet chuyén tir vit néng dén vat lanh va s¢ dat dén
trang thi gidh han khi hai vat cé nhig¢t do nhur nhau, nuée wr chay tir chd cao dén chd thap va dimg
lai & ché thap nhdt, khi s& khuéch tén tir mién dp suat cao dén mién ap sudt thap v.v...

Nguyén |y thit hai nhigt dong hoc 1a nguyen ly phit bidu vé chidu huéng va mic do (diu

kién can bing) clia céc qud trinh do.



(i). Phdt biéu nguyén 1y thir hai

Ciing nhu nguyeén 1y tha nhat, nguyén ly tha hai xudt phat wr kinh nghi¢m, tir hoat dong
thyc tién cla 1odi ngusi.

C6 nhiéu cich phat biéu nguyén 1y dé. Chang han: “whiét chi ¢6 thé e chuyén nr vt néng
déin vt lanlt” (Clausiusy hay “khong thé ché 1o divoc mot dong co hoar dong tudan hoan bién nliét
thail cong whe lan lanlt mon vt duy ndit ma nliiing var khde o xung quandi kivdng chia bét kK ot
sir thav doi nae™ (Thomsen).

‘I'heo cach phdt bidu d6é thi chi c6 nhimg dong co lam viéc theo so dd (w) mdi ¢6 the bigh
nhidt thinh cong, con theo sa do (b) thi khéng the (hinh 2-23).

(ii). Biéu thiic todn hoc ciia nguyén Iy thit hai

C6 theé thict 1ap biéu thire todn hoc cla nguyén 1 hai nho khao sét mot may nhi¢t lam vige

theo chu trinh Carnor. Mdy nay hoat dong tudn theo nguyén ty hai: nhan nhiét cia ngudn néng,

nhuong nhiet cho nguon lanh va sinh cong.

Chu trinh Carror gom bon qua trinh:

Nguén nong Ngudn nhiét
7¢

b

. Hinh 2-3. S0 d6 chuyén nhiét thanh céng.

- Din ding nhiet khi ly wong rong xilanh tir trang thai | dén trang thidi 2. Miy nhan &

ngudn nong T, mot nhict luong 14 q,.
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- Dan doan nhiét (2-3)
- Nén ding nhiét {3-4). Mdy nhutmg cho nguodn lanh T, mot nhiét lugng q,.

- Nén doan nhiét (4-1).

o

-G

£5 KO

Wl

Nhu chiing ta di biél (gido trinh var 1y dai cuong) higu suat cla mot may nhiét lam viée

theo chu trinh Carnot 1a:

n:(h —% :ri _Tz

q f
Tir day ta co:
Ly
q 1
s _ T,
th ) 0

q s
Hay: b ]ﬂ- =
T T
Dai luong 4 goi la nhiét ric gon. Vay 1éng dai s6 nhiét rit gon cta chu trinh Carnot bang
T
khong. Néu quy wdc nhiét hé nhan duoe tlr nguon néng la duong, cho ngudn lanh [d am thi ta ¢6 thé
i
vigt: th_9: _ g hode viét & dung tong qudt Z G4 _ 0 (1)
T

T, T, Y



P6i voi nhitng chu trinh bat k¥ ta c6 thé chia thanh nhiéu chu trinh Carnot nguyén 1 (hinh

P

4

Hinh 2-5. Phan tich chu trinh abcda thanh nhiéu chu trink Carnot nguyén 18.
Ap dung tinh chat( ! )cho timg chu trinh Carnor nguyen 16 ta co:
6q;, 64,
—t
T, Tis

=0

trong dé:

8q,,: lugng nhiét vo cing bé ma may nhiét 1am viéc theo chu trinh Carnor nguyén to thir i
nhan duoe clia ngudn néng thiti cé nhiet do T,;

6q,,: lwong nhiet vo cling bé ma mdy lam viée theo chu trinh Carnof nguyén 19 thi i nhudng
cho ngudn lanh thit i c6 nhiét do T,;

X¢ét cho toan bo chu trinh abeda thi

3q. 3q; »
—'(:II—]‘{‘ '[ ql,_
talw) li,l {via} TLZ
Hay: § % _q (2-1)
T

Theo 1y thuyét tich phan ta da bit ring: Néu ket qua tich phan theo mot ditmg cong kin
bing khong thi dai lugng dudi dau tich phin la mot vi phan todn phén cGa mot ham trang thil

Clausins & dit tén cho him dé 1a entropi, ky hiéu bang chir S.
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dS =— (2-2)

Néu hé thuc hién mot qué trinh thuan nghich (tn) tir trang thai 1 d&n trang thdi 2 thi bien
thién entropi cua hé la:

2 28([
dS= CIS:Sj -5 =1 n
.I o ,j T

AS = [ 2-3)
;T

Néu hé thuc hién mot qua trinh bét thuan nghich (bin) thi:
AS > J

1

E_‘ ulls

(2-4)
That vay, vi:
o D6i véi qua trinh thuan nghich: 8q,, = dU + 8A .
o DG6i véi qud trinh bat thuan nghich: 8qy,, = dU + A,
Vi cling trang thdi dau va cu6i nén dU nhu nhau, con:
OA L > SA.,,,,
Do d6: 8q,, > 0,

Vi vay:

2

6 n : 6 n
AS= {[%‘ L > lj—(}lf»'—

Phoi hop hai cong thice (2-3) va (2-4) ta duge:
AS > ]5_‘1 hay d$ > 09 (2-5)
P T T
(2-5) 12 biéu thifc todn hoc ctia nguyén 1y hai nhi¢t dong hoc, trong d6: ddu = wong ng voi

qué trinh thuan nghich, ddu > tuong ing vai qud trinh bat thuin nghich.

(iii). Bién thién entropi I tiéu chudn ti xdy ra v cdn bdng ciia nhitng qud trinh trong hé co lap
Nhu ta da néi & trén, nguyén 1y hai 1 nguyén 1§ phat bigu vé chiéu va dicu kién cin bing
cuia cic qud trinh. Vi vay biéu thifc todn hoc cua né la uéu chuén dinh lugng dé xdc dinh chiéu v

diéu kién can bang.
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Trude hét ta xéLhé co lap: 8 =0

2
P&l véi cdc qud rmh thuan nghich AS = Ib(l. — o nghia 12 trong h¢ co tap bign thien
1

entropi ctia nhimg qud trinh thuan nghich bang khong hay S = const.

Déi véi nhitng qua trinh bat thuan nghich:
23
AS > j‘ q_:(] AS>0
T

Nghia la, trong hé co lap nhiing qué trinh bit thuan nghich wr axéy ra theo chidu entropi
ting (8T). Qud trinh xay ra dén mot ldc nao do sé dat dén trang thdi can béang, 1ai do entropi co gid

trf cwe dai, nghia la tmg vdi diéu kign:

dS=10 AS=0
. hay ¢
d’s<0 blnil\
Tém lai:
HE CO LAP (2-6)
Quad trinh thuan nghich Qua trinh bat thuin nghich
AQ 1
AS=0 AS > O}Qua trinh tr xay ra theo chiéu entropi tang
S = const . 7 _
AS =05, Qud trinh dat can biang
ds =0,d°S <0

Ghi chii: N€u hé khong co Jap thi bién thién entropi ctia hé AS khong ¢o lap khong ch ¥

nghia xdc dinh chiéu cla qué trinh.

Mudn xdc dinh chiéu ta phai bién hé khong co 1ap thanh hé co 1ap. Tinh duoc AS ¢6 lap thi

sé bigt duge qué tinh xay ra theo chiéu nio.

Thi du: Tinh bién thién entropi cba qua trinh truyén nhiét gita hai mauv kim loar nhu nhau

¢6 nhiet do T, va T, (T, > T,) dung trong mot vo doan nhigt,

Gidi: He gdbm hai méu kim loai nhu nhau dat wrong mot vo doan nhiét [a hé co lap. Vi thé
nhiét luong do vat nay tod ra ding bang nhiét lupng do vt kia nhan vao. Gia st mau kim loai c6

nhiét do T, nhan duoe mot nhiét lugng 3¢ thi miu kim lai ¢6 nhiét do T, tod ra mot nhiét hugng - 8q.

Bi¢n thién entropi trong qu trinh truyén nhiét:
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_ba B
Tl 13

dS =

ViT, > T,nén dS> 0 hay AS>0

Viy qué trinh truyén nhiét 1lr vat néng dén vat lanh la ty Xay ra.
2.1.3. Mot vai tinh toan ve entropi

Chung ta hily tinh bi¢n thién entropi cia mot s6 qud trinh thudng gap:
(i). Qud trinh chuyén phu

Céc qud trinh néng chay, bay hoi, két tinh, thang hoa, v.v... ctia chdt nguyén chat 1a nhitng
qud trinh chuyén pha.

D&i v6i qua trinh chuyén pha thuan nghich a cd:
8

AS = I..,ﬂ

P T

Vi trong qud trinh chuyén pha nhigt do cdia hé luon ludn khong ddi T = const nén:

] , (2-7)

trong dé: T 14 nhiét do chuyén pha;
q 'a nhiét chuyén pha.
Nhiét chuyén pha phan tir thudng ky hiéu 1a .. Vi thé, cong thic (2-7) viél cho mét mol
chat la:

AS= (2-8)

— | >

Thi du: Tinh bi¢n thién entropi cta qué trinh két tinh § mol benzen CeHe. Biét rang nhiét d¢

k&t tinh ctia benzen 13 278K va nhiét két tinh phan tir & = - 9927 J/mol.
Gidi: Ap dung cong thic (2-8):

AS =2 & day: &= - 9927 J/mol, T = 278K
T

AS = - 2927 _ 35710 1/do mol

278
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AS=S5,- S =- 35710 J/do mol

Két qui tinh duge khong cho ta biét chiéu cta qud trinh vi hé khong ¢6 1ap, ma chi noi ring

entropi ctia ! mol benzen rin S, bé hon entropi clla } mol benzen long S, 1a 35,710 don vi.
(ii). Qud trinh dun ning

Néu dun néng hé trong diéu kien dang dp P = const thi bién thién entropi ciia hé biing:

AS < | S’q‘l., =]‘C],.d—T- (2-9)
roT

N&u dun néng hé trong diéu kién ding tich V = const.

_(dqy % dT ]
AS= T .]jc\,.--;i-_- (2-10)

Thi du: tinh bi¢n thién entropi cua mot nguyén tir gam nhom tir 298K dén 873K trong diéu
kién diing 4p P = const. Nhiét dung thuc ctia nhom la:
C,.=21,15+ 10,73.10°T (J/dé nguyeén tir gam).

Gidiz Ap dung (2-9):

RT3 373
AS = jc,,.-dl = [@115+10.73. IO"“‘T).d—T— =
398 T- 08 T

=21,15.2,303.1 87% +10,73.107.(873 - 298)
298

AS =28,900 J/ngtg.do.

AS tinh dude ¢6 gia tri duong (AS > 0) nhung khong két luan duoe qua trinh dun néng 1a ug
xay ra vi hé ta xét Ia khéng <o lap. Gid tri d6 chi ndi riing entropi clia 1 nguyén tir gam Al 0 873 K
16n han & 298 K 1a 28,65 don vi.
(iii}. Tinh entropi mot chat ¢ nhiét do T

Muén tinh entropi mot chat & nhiét do T ta dp dung cong thiic (2-8) hay (2-9) véi diéu kien
thay T,=Tva T, =0.

) .[.
AS=S, -S, = jcp.‘f—T
1]
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_
AS=S,-S, = [Cy.=
{ T

D3ng thoi nha dinh dé Planck: “entropi ciig nhing tink thé 1§ nedng o nhiét do O(K} bing

Lhong™ ta ¢é thé tinh duge Sy
Vi 5§, =0nén:

S, = [Cyrr (2-10)

Néu trong khoang nhiét do 0(K) dén T(K) ¢6 cic qud trinh chuyén pha thi gid tri cla Sy cén

phii cong thém bién thién entropi clia cdc qud trinh chuyén pha do.
Thi du: tinh S, ctia mot mol khi ¢ nhiét do T, bic't rang tir O(K) dén T(K) khi d6 trai qua ba
~ trang thii ran, long, khi nhu so do:

0 —= T ——-—)-—Thh-——)--T

Ran 1.Ong Khi

Tit 0(K) dén nhiét do néng chay T, chit o trang thai rin ¢6 nhiét dung 1a C,,. Bi¢n thién

entropi ciia qud trinh dun ndng do la:

Toe .

({18 l

AS, =S; -S, = jcp_,.m—d
: T

Tai nhiét do T, ¢6 qud triinh néng chay chat rin thanh long. Bién thien entropi lic

AS, = LIF- , & day A, - nhiét néng chay phan tir.

ne
Tur nhiet do T, dén nhict do s& T, chat & trang thdi long, cé nhiét dung la Gy, Bién thién

entropi ¢lia qué trinh dun nong chit 1ong tir T, — Ty, Y

Typy
I/\SS = Sl.’oh - The = .[CPJ'E{I
TnL‘ T

Tai T, ¢6 qud trinh bay hoi chat long thanh hoi. Bién thién entropi la:

AS, = %1 & day Ay, = nhiét bay hei phin tu.
Taly
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Cudi cing, hoi ¢é nhi¢t dung C,, duoge dun nong tir nhi¢t d6 T, dén nhiét T. Bién thién

entropi clla qud trinh nay la:

b

T
dT
AS. = S.[, _STbh = _[Cl"k'“F
.
bh
Viy entropi ctia 1 mol khi & nhiét do T bang:
T, . T . T -
1S d ]1 l hh d I-\ ).' d [
S¢= | Gy, T [c. —_1‘—+—"l"-+ [C,, T (2-11)
L]

I Ish [f;_‘.=l

.
Sy duge coi la entropi tuyét doi. Entropi tuyét doi & didu kién tiéu chuin S%pg Cla Mot 56
chdt da cho sdn trong cdc 56 tay hod 1y, (xem phin phu luc),
2.1.4. Entropi va d¢ trat tur cia heé
O méi trang thdi, hé ¢é mot do trdr te nhat dinh. Do trat ty clia hé bao gdm: do trat ty phan

bo va do trat tr chuyén dong.

D¢ irdt tie phan bo'la cdch sdp xép nhimg phan it giong nhan trong met hé ¢6 nhiéu phan
tit khde whau, khd ndng phar hién nhimg phdn i giong nhawt cang dé thi do trdt tie phan b cang lim

va ngioe lai,

Thi du: Thu vién cla mdt trudng dai hoe ¢d nam cudn “Gido trink hod Iy¥” gidng nhau,

ngUdi ta 6 thé sip xép 5 cudn sach dé theo nhig cich:
L. DX trong nam phong khace nhau ¥n véi cdc sich khdc.
2. D& trong ciing mot phong nhung trén nhi€u gid sdch khic nhau 14n véi cdc sich khéc.
3. D¢ trong mot gis sdch ¢4 13n vé6i cdce sich khidc.
4. Dé trong mot gid sdch khong 1an vai cic sach khic,

RS rang la viée tim, phdt hién mot cudn “Gisdo trinh hod Ly n6i trén, dé dang nhit 3 &
truong hop thir 4, khd nhit 1a trudng hop thit 1. Ta bao, truong hop 4 hé c6 do it ty phan bs 16n
hon trudgmg hop 1.

Ciing tir vi dy d6 ta thily do trat tr phan b ¢6 tinh chat 1a: “The tich chicin ché™ ciia mét
> . . . . . " .t - = N - - n ar . ol A
phan tie cang bé thi do 1rdr te phan bo cang Ion. (O trudng hop thir nhat, mot cuon sach ¢é “theé tich

chi¢ém ché” 12 mot phdng, & trudng hop thit tr “thé tich chiém chd” cua mot cudn sdch chi la 1/5 gid
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sich). Tuong w khi khi dan ng ding nhiét thi d¢ trat 1y phan b& giam vi mdi phan tir khi bay gidr ¢d
“thé tich chiém cho™ Ldn hon trude.

6 trat e chuyén dong la mde do gidng nhaw vé t6¢ do va long chuyén dong cia cde
phdn tii trong hé. Khi cic phan o chuyén dong c6 hudng v t6c do cang giéng nhau thi do trdt 1y

chuyén dong cla h¢ cdng 16n va nguge lai.

Nhi¢t do cha hé cang tang thi xu hudng chuyén dong hdn loan cia cic phidn tu trong he
cing ting nghia la do trat chuyén dong cang giam. Gid sl ta xét mot he Khi ly tudng, Khi cap
nhiét cho he, 8q > 0, hé s& sinh cong (diin no} vi ting noi niang lam cho do trat ty cla hé gidm vi thé
tich tang lam giam do trat 1y phan bo, ndi nang tang - chuyén dong hon loan tang - lam giam do trat
tu chuyén déng.

Mat khic, tir (2-2) 1a ¢&:

8q =T.dS

Khi 8q > 0 thi dS > 0 (vi T luon luon duong) nhu vay entropi ciia hé tang thi do trdt i cia
hé gidnt va ngupe lui. Didu dé chimg 16 riing entropi L3 thude do do trat tu ciia hé - doi voi nhimg hé
khong phai 14 khi 1y tuéng ta cling co ket ludn tuong

Né&u hé ¢6 lap. khi bién thién entropi ciia h¢ duong AS > 0 thi qud trinh tu xay ra (theo chiéu
tang entropi), hé di tir trang thdi ¢S do 1wat ty 1on dén do trat e nho hay dén trang thdi “hon loan”
hon - N&u hé khong ¢o lap khi AS cha hé duong hay am ta déu khong c6 két luan gi vé chiéu tir xay
ra clia hé mi ta chi ndl rang:

—  Né&u AS> 0 hé di dén trang thdi ¢6 do trat tu nho hon.

- Néu AS < 0 hé di dén trang thidi ¢é do trdt tu 1dn hon.

Thi Ju: Trong bai todin K&t tinh benzen ta xde dinh duge bigh thién entropy qui trinh két
il 1 AS = - 35,710 don vic Didu dé chifug to ring benzen & trang thidi rin ¢d ¢iu tao trl W hon o
trang i long. Trong bii todn dun ndng nhom xie dinh duge AS = 28,65 don vi, AS > 0 vi h¢
khong ¢6 lap nén ta kKhong no vé Kl ning Ur iy ra el quit tinh md ehi ket ludn raing: nhom o
298K ¢6 do trat 1 1on hon nhon 6 573K,

Can ot vio cic o licu dudi day ching ta bigt do trat tr clia H,O tang dan tir khi (H,0,,.)

dén léng (H,0,,) dén ran (H,0,,).

2H + O - H,0,, —» H,0,, > H.0,, 273K — 11,0,,0K



S[J/do mol] 390,15 188,74 69,96 39,33 0

Do trat trtang

Y

Entropi giam

Cac chat dien moi o diéu kién binh thudng cé cdc momen luong cie sap x€p hon don, dat
chiing trong dién trudng thi cdc momen dé dinh hudng theo mot chiéu nhit dinh c6 wat ty hon. Vi
thé bién thién entropi cua qua trinh dé am AS < 0.
2.2. CHIEU VA DPIEU KIEN CAN BANG CUA CAC QUA TRINH TRONG
HE KHONG CO LAP

Trong thuc 1€ ching ta thudng gap nhiing qud trinh xay ra trong hé khong co lap. Dé thuan
tién cho viéc xét chiéu va diéu kién can bing cha cdc qué trinh trong cdc hé dé ching ta kKhong
diing ham entropi ma ding nhitng ham khac thich hgp hon,

Sau day chuing ta xét hai qud trinh thuong gap:

a) Qud trinh dang nhiét - dang dp: T, P = const

b} Qud trinh ddng nhiét - ding tich: T, V = const
2.2.1. Thé dang ap

N6i chung, trong ddi s6ng, trong cong nghiép hod hoc, luyén kim, v.v... thudng hay gap cic
quit trinh xdy ra trong diéu kién vira dang nhiét vira dang d4p: T, P = const. Thi du: sy bay hei cic
chdt 16ng dudi 4p suat khi quyén hay trong cdc thiét bi ¢6 dac, st oxy hod SO, trong mdi ting xic
tdc oxit vanadi, su khir quang trong 1O cao, v.v...

(). Binh nghia va tinh chdt

Bay gidy ching ta tim cdch thiét Jap mot ham trang thdi ma bi¢n thién cua né ding dé xdc

dinh chiéu va diéu kién can bing cho qud trinh ding nhiét, dang dp.
Nhur ta da bi¢t, nhiét cip cho hé diing dé bién thién ndi ning va sinh cong:
8q =dU + 8A

Cong do hé sinh ra gébm hai phan: cong din no A, va céng hiru ich A’ (cong dién, cong
tir...).

A=AL+A =PdV+A°
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Nén:  8g=dU+ PdV +8A°
Mt khidc theo nguyén 1y hai {cong thic (2-3)) ta co:
o < T.dS
Viy: B8A’<TdS-dU -~ P.d\i
Trong diéu kién ding nhiét - dang dp T, P = const ta ¢6 thé viét:
OA' s -d(U+PV-T.S)
ba: U+PV-TS=G (2-12)

G ducre goi 1 thé' ddng dp - déng nhiét hay goi tdt la the ddng dp:
Vay:  SA’<—dG (2-13)
Hay: A’<-AG (2-14)

(2-13) va (2-14) 1a hai bi¢u thiic cdn chd ¥ vi nd s& givp ta xdc dinh duge chiéu w xay ra va

difu kién cin bang trong hé ding dp, dang nhiét.

o Biéu thién thé' dang dp la tiéu chudn 1 xdy ra va cdn bang ciia cde qud trinh trong hé ding

ap - ding nhiét:

a/. Béi vai nhitng qua trinh thuan nghich, theo (2-14) tacé: A” = — AG.

Neéu qud trinh ty xdy ra va 6 sinh cong hitv ich:
A>0thiAG<D

Né&u qud trinh tu xay ra va khong sinh cong hitu ich A* = 0

Thi:  AG=0

b/. Dé1 vé1 nhitng qua winh bat thuan nghich thi:
-AG> A

Neéu qui trinh tue xay ra va ¢é sinh cong hitu ich A’ > 0, thi:
AG <0

Néu qud trinh tu xdy va va khong sinh cong hitu ich A* =0, thi;

-AG>AN =0
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AG <0
Tém lai, d6i véi qud trinh bat thuan nghich tu xay ra luon luén ¢6:
AG <0

N6i mot cich khiic, cde qud trinh tr xay ra theo chiéu giam G, chinh vi vay ma G duge goi
la “the”* eidne nhu ta thudng noi: hon da roi theo chiéu giam thé ndng, dong dién chay i noi co
giong g 8 2 1y

dién dp cao dén dién dp thap, v.v...

Khi qud trinh dat dén cén bang thi G ¢6 gid tri cigc tiéu: G, hay tng voi dicu kién 10dn hoc

dG=0 d’G=>0
AG = 0 Gmin
D61 véi qud trinh bat thudn nghich T, P = const:

AG < 0: qué trinh ty xay ra theo chi¢u giam G

AG=0 hay dG =0 qua trinh dat can bang (2-15)
G i dEG >0 .

cf. Mot vai tinh chat cla G

Tir (2-12) ta thiy G }a mot ham trang thdi (vi gid tn ctia U, P, V, T va S chi phu thude trang
thii ddu va trang thdi cudi clia h¢ khong phu thude dudng di). Vi thé G ciing c6 nhing tinh chat cua

ham trang thai giong nhu I1 Chéang han:

_ Bién thién thé ding 4p cha qud winh thuan AG,, bang vi nguge dau véi bién thién thé dang

ap qud trinh nghich AG,,.
AG,, = - AG,,

- Bién thién déng dp clia phan tng AG (p/d) bing 16ng biéh thién thé ddng dp sinh 'V AG,

ciia cde chil cudi trir di (8ng bich thién thé ding dp sinft AGs clia cde chat dau.
AG (p/fy = Z(nAG,). — Z(nAG,),

Néy heé thue hién mdt qud trinh vo ciing bé thi the ding dp cua hé bién thién la dG: -

) Pinh nghia thé ding dp sinh cling tuong tu nhu dinh nghia nhiét sinh.
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G=U+PV-TS
dG=dU+PV-T.5)
=dU + PdV - T.dS - S.dT
Ma:  oq=T.dS=dU +dA

T.dS=dU + P.dV + 8A°

mdx

Néu h¢ khong sinh cong hitu ich 3A°,, =0
Tacéd: dG=-SdT+ V.dP (2-16)
Tir do rit ra:
[dG) _ 2-17)
T ),
( E] Y (2-18)
dp /.

Ghi clui: Nguoi ta con goi G i ndnyg lupng fir do, i theo dinh nghia ta c6:
* G=U+PV-TS
Mi: H=U+PV
Nen: G=I1I-TS
Néu h¢ thyc hién mot qud trinh ddng nhiét:
T = const
AG=AH -T.AS (2-19)
Hay: AN =AG+T.AS
Trong qua trinh ding nhiét:
T.AS =g (vidg = T.dS}
q la nhiet lugng do he 104 ra hay thu vho mdy diéu nhiet dé gilt cho nhiét do cua h¢ khong
doi.
Vi AG=- A"
AH=-A" ., +tq

s
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Tir phuong trinh siy 1 thity: khong phii todn bd ning Tuong cla hé {entanpi) md chi mot
phin ¢6 thé chuyen thinh cdng. Phitn ning luong duge aidi phong ra dudi dang cong chinh 1i G. Vi

the G duge zoi la "nang Tugng 1y do™ con dai Tugng T.S duge goi Ta “ning lugng rang bude™.
Thi du: Xéc dinh chi€u ctia phan 1ing:

1
2Fe0,,, + —2~ O, 4, = Fe,04

O didu kién tiéu chuan: 298K va 1 atm,
Gidi: Ap dung (2 - 15) dé tinh AG phan ing:

AG (pih) = AG FesOy [ZQG ke T "li AG 04 ]

Tra bang dugce AG sinh cta cic chat:
AG % (Fe,0,) = — 710,278 J/mol
AG Yy, (FeO) =~ 256,652 J/mol
AG S5 (0 =0
Thay s6:
AG Y, (PN = AGS, (Te,04) - 2AGY,, (FeO)
=— 740278 - 2. (- 256,652) = - 226,974 J.
Phan tmg xay ra theo chiéu tir trdi sang phai. tic 1a trong didu kien 298K va 1 atm thi gi sat
& dang FeQ s& ty chuyén dan thinh dang Fe,0,.
Thi du: Xdc dinh bién thién thé ding dp clia qud trinh bay hoi clia H,O long & diéu kien P =
1 atm v 298K.
Giai: Gud trinh bay hoi clia H,O duge biéu dién:
H,O (1) = 1,0 (h)
Tra s tay nod 1y dugc AG sinh 298K va | atm clla cdc chat:
AG % (H,0,,)=—1180014 J/mol

AG 204 (11,0, ) = —236964.2 J/mol



Ap dung (2-15):

AGY = AG Sy (H10,,) = AG s (H,0)) = —236964,2 —(~118001.4)

AGo, =—118962.8 J

AGSy, <0, vy ¢ 298K va 1 atm, qud trinh bay hoi cla nudc la ty xay ra.

(ii). Su phu thugc cia AG vao nhiét do

Nhiét do ¢é anh hudng lon dén AG clia qud trinh. Viéc tinh AG & mot nhiét do bat k¥ 1a rat

cin thiét vi né gip ta xdc dinh chiéu clia qud trinh tai mot nhiét 4o bat ky.
Phuang trinh Gibbs-Helnholtz s& néu 1én méi quan he gitfa AG va nhiet do T,
Phuong trinh Gibbs-Helniholiz duge thiét 1ap nhu sau:

Ta da biét: G=H-T5

Va: (@] - -5
d1 /p

Nén: G=H +T_[d9}
‘ dT /,

X¢ét mot qud trinh chuyén dang nhiét hé tit trang thai 1 dén trang thdi 2:

6,1, 49
T/,

G, =H, +T‘[£3--]
2= T ),

AG=G, -G, =H, —H, +T{di(’3 ﬂ}
: ’ T,

AG = AH +T. ﬂ(-’-]
ar J,

(2-20) 1a phuong irinh Gibbs-Helmholtz, néu 1én quan h¢ gilta AG va T.

D& tich phan (2-20) mot cich dé dang, ta bién doi nhu sau:

T{fm—Gj —AG = ~AH
dT /,

(2-20)



Chia hui v& cho T

[ dAGHY

222 a6

i a1 (2-21)
ulwz vl\::‘.

V& Irai clia (2-21) ¢6 dang dao ham bac nhit — véiu=AGvav=T.

v
ﬂ]'_ vau'-uy
\% Vz
T_[dAG] G
Hav: [&GJ, d(AG] dt J,
ay: ===
T ) dT{ 7T T

Nhu viy (2-21) trg thanh:

%(Aﬁ] - ’i—t‘ 2-22)

T

Giai phuong trinh (2-22) bang cdch phin ly bign s6 va tich phan. Né&u higu tmg nhiét cua

phin ting khong thay d6i vdi nhiet do AT = const (0 trudng hop niy AC, = 0) thi:

C oo
~ 'r ,I.[.‘_! Rl 'r:
j d AGH_ I&d’i‘ (2-23)
A T 5T
’ _\(.!! 1
Ty
Trong d6, T, 1 nhiét do da bidt gid uri cua AG 1, hay [&) , T, 1a nhiét do cdn tinh
T .
AG'I'_’ :
T
Vay: [ : ] —[&} = —All de = AH.[-_ '--—'—]
I Jy, Uy, 0T I, T
AG. [ ‘
AGy, =T, "I 4 AHL — = i (2-24)
g 1T, T,
Thong thudng. hicu tng nhiét cla phan ing phy thude nhi¢t do AH = ¢(T) c6 dang nhu (1-
1Sy



1 1
AH, = AH, + Aa, T + 5 Aa, T + gmz"r-‘ - Aa, T

Thay (1-18) vio (2-22) va tich phan bat dinh:

Id[&) = IA]:] dT+1 {hang & tich phin)
T -
AH, +Aa T+ l Aa, T+ ! Aa, T —Aa_,.T"
= j 2 3 T AT+

B

T
Tich phin timg s& hang mdt ta duoic:

AG _AH,
T

—Aan.lnT—-LAa].T—lﬂa,.Tz *J--ﬂa__,.'l‘"3 +J
2 6 - 2 -

AG = AH, —Aaﬂ.T.lnT—%Aal.Tz ~%Aa1.T’ —

~%Aa_z T +JT (2-25)

Né&u biét mot gid tri cia AG & mot nhiét dé ndo dé, ching han AGS,, & T = 298K thi ta &

298
xédc dinh duge hang $6 tich phin J.
Thi du: Tinh bién thién the déng dp AGy,, ¢ latm va T = 600K cua phan ing:
2 SO'{ - 2502 + 02
Bist hiéu (g nhiét va bién thién thé dang 4p clia phin ing 0 298K, [ atm la:

A8, (p/d)y = 195894 88 ]

AG S (/i) =140289,00

Coi AH (p/it) trong khoang nhiét dé dé khong phu thude vio nhiét do.

Gidi: &p dung (2-24) v6i: T, = 298K, T, = 600K

AG,,, = 600, A 0 + AH . ( L —]]
298 PL600 298

_ 6004 13028900, 95394,83{L_ 1
| 298 600 298

—600.(470,7 - 331,06)

Lh
[



AG o = 83781 1

AGg, (P vie AGY, Tpii déu duong, vay o nhiet do 298K va 600K phin tmg phan ly

SO, khong thé 1y xay ra.
Thi du: Tim phuong trinh biéu dién sy phu thudc AG vao nhiét do cha phdn (ng:
CH,=C + 2H,
Biét:
AHS (pht) = 74817,57 1
AG S (phit) = 50793,76
Nhiét dung thue ding dp ciia cic chat:
Co(C)=1118+109.107.T - 4,88.10°.T"* (J/mol.do)
C,(H,)=27,25+339.107.T (J/mol.do}

Co(CH,)=2230+481.107.T (J/mol.do}

Gidi: D€ tim ham AG = ¢(T) ta tich phan bat dinh (2-22):
jd(@) = -j-‘?-‘-l;{- AT+
I T-

Ké1 qua tich phan duge nhu (2-25):

|
AG, =AH, —ﬂ.au.T.]n'l'~~%.Aa,.’l'2 —éAaz.T'1 —EAa_z.T‘l +J.T

By gi& ta tinh:
Aa, =1118+2.2725-2230=4338

Aa, =(10,9+2.3,39-48,1).107 = -30,42.10
Aa, =0

Aa_, =—488.10°

Thay cdc gid tri hing s Aa,, Aa,, Aa, vio (2-25), 1a c6:

AGy =AH, —4338.TInT+1521.107 17 +2,44.10° T +J.T

Muén tinh A1, ta phai dua vao két qua tich phan phuong trinh Kirclthoff nhu & (1-18)



AH, = AH, + A0, T+ L aa, T + L Ag, T' - Aa, T

3
AH, = AH, +43,38.T — 1521.10".T* + 4,88.10".T"
Thay gid tr1 AHS,, (p/@) va T = 298K vao (1-18) ta dugc:
74847,57 = Al + 43,38 x 208 — 15,21.1077 x 298% + 4,88.10° x 298 !
Tinh ra:
AH, = 61767.69 ]
Bay gid chiing ta tinh hang so tich phan .
Thay gid 1 AGY,, (p/tr) dd cho va T = 298K, 1a s€ tinh dqqc I
50793.76 =61767.69-43.38.298.2.303.1n 298 +15,21.107°.2987 +
+2,44.10°.2987" +1.298
1.298=50793-61767,69+7355899-132028-81¢

I = 60142,02 _ 5

02,82
208 ’

Vay:
AG, = 61767,69-4338T.AnT +1521.107T7 +2,44.10°T™" + 202,82 T
Tém lai, dé giai bai tap nity ta cdn xdc dinh hai hing s6 tich phan: AH, va J.
—  Tinh AH, nh& biét gid 1 AHY,(p/it) ¢'F' = 298K va dp dung phuong triinh (1-18.

—  Tinh J nh& bigt gid tri AG Sog(p/1) 6T = 298K va dp dung phuong trinh  (2-25).

C6 thé diung AG va AH cla phin (mg tai mot nhigt d¢ bat ky nao dé ciing duge, nhung
thudng lay 6 T = 298K vi AG S0, (p/d) va AH S, (p/ir) 6 the tinh dugc 1ir $G tay.

Pé xdc dinh AG cla phan tmg tai mot nhiét d6 ndo dé ngudi ta thudmg diing cong thic tinh

AG (p/1) cua Svarixman - TemKin nhu saw:

AG; = Al g = T.AS. )y - T(Aa M, +Aa, M +
+Aa, M, +Aa_,M_} (2-26)

trong dé:



AH,.,: hiéu tmg nhiét ctia phanaing ¢ T = 298K
AS,.x: bién thién entropi cua phanaing 6 T = 298K,

M., M,. M,, M, 1a nhitng s6 dii tinh sin vi ghi thanh bing (s0 tay hod 1y). Cic gid
tri ctia M., M, M,, M, chi phu thuge nhiét do (khong phu thuée ban chat phan tng).

Cong thic Svarivman - TemKin duge thiél 1ap bang cdch tich phan (2-23) véi digu kien T, =
TvaT, =298K.
Thi du: Tinh AGY,,, & 1000K cta phan tng:

I 1000

1 3 . . :
~ N, +=1H, =NH, theo cong thic Svartvnan - TemKin.
2 B ’

Gidi- D& ap dung cong thifc (2-26) trude hét ¢in tra bang tim cdc s0 ligw:
AHY,, = —16190 J/mol
S4, (NH ) = 192,50 (J/mol.do)
S5, (H,) = 130,60 (J/mol.do)
S0, (N,) =191,5 (J/mol.do)
C,{(NH,)=29,86+25.48.10 ".T-1,67.10>T7* (J/mol.d%)
Cp(H,)=27.28+3.26.107T +0,50.10°. T (J/mol.do)

Cp(N,)=2787+4,27.107.T (J/mol.d¢)

{J 1000K:
M, = 0,5088 M, = 0,2463.10°
M, =0.1134.10° M, =0,2783.10"

Tinh: AH Y, (pAT) va ASSy, (p/i):
AN, (p/ir) = AHS, (NH, ) = =46190

1

%] - (L) vl 3 (1]
ASS (p/ir) = AS5y(NI1) - {; ASS (N5 ) + 5 ASs(H, )11

= l92,50—]:1.191.5+g.]30,60]
2 2
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AS o (P} = -99,50

Aa, = 29.8—(%.2?.8?+§.2?,28J = -25,055

Aa, = (25,48—%’4,27 —%.3,26].10‘3 =18,4555.107°

Aa, =0

Aa_, = [— ],6?——;0.50]‘105 =-2,42.10°

Thay cdc gid 1ri tinh dugce vao {2-26):
AGY = AHSy, ~ T.ASS,, —T(Aa, M, + Aa, M, +Aa, M, +Aa_, M)
AG oy = —46190-10.(-99,5) - 10°.(~25,055 x 0,508% —
- 18,4555.10 ' x 0,2463.10° . —2,42.10° x 0,2783.10 %)

AG o5y = 2,42.10° ]

O 1000K phin ing tong hgp amoniac khong ty xdy ra dugc ma amoniac ty phin ly thanh

nito va hydro.

(iii). Su phu thudc cia thé ddng dp vao dp sudt

Thé ding dp clia mot chat phu thude vao dp suit theo biéu thite (2-18):
HE
dP /.

Nhur vay, trong diéu kién ding nhiét ta cé:
dG = V.dP | (2-18)
Tich phan (2-18’) ta sé tim dugc quan hé ham s6 giita G va P,

Néu h¢ 1a khi 1y tudng thi phuong trinh trang thdi khi 1a:

P.V=R.T
Hay: v = RT
P

Thay gid tri V vio (2-18") ta dugc:



dG = R.’.F.d—p
P

Tich phan bat dinh phuong trinh do:

JdG = IRTdFP + const {héng s0 tich phin)

G = R.T.InP + const
Né&u P = 1 atm thi const = G" thé ding 4p cha 1 mol khi 1y tudng & dp sudt P =1 atm.

G, =G’ +R.T.InP, (2-27)

Néu hé 1a khi thuc thi viéc tich phan (2-18") khé khan hon vi cdc phuong tinh trang thai khi
thire déu ¢6 dang phic tap. Thi du: nhu phuang trinh Van der Walls:

(p + \‘;’ }(v -b)=R.T

trong dd: a, b 1a nhimg hang s& dic trumg cho tig khi, hay nhu phueng trinh Berthelor:

pV-RT|1+— 2 L[y ¢ Tc
128 P, T T

trong do:
T.: nhiét d& 31 han ¢ia khi;
P.: dp sudt tGi han cta khi.
Ngoai ra con ¢6 nhiéu dang phuong trinh phic tap khéc.
Vi tich phin J'V,dP khé thuc hién nen dé thuan tién hon, Lewis di dé nghi gitt nguyén dang

cila bi€u thifc (2-27) cho khi thuc nhung phii thay dp suat P biing mot dai luong khic goi la fugat,
ki hiéu i f. Diéu dé c6 nghia 1a xem hé khi thuc nhu hé khi [y twdng (vi dang clu biéu thirc (2-27)
la cha hé khi ly tuéing) nhung vét dicu kién 1a phai hiéu chinh dp sudt thye 1& P cla hé d6 vé 4p sudt

¢6 gid tri bing f.

Su sai khic gitta dp suat thuc 1& P va fugat f ctia hé khi thue duoge dac trung bai 1é 56 fugat

f
_f (2-28)
p _

N
oo



Poi vai hé khi 1y wedng thi fugat chinh 13 dp suat nén y = 1, con d6i vdi khi thue thiy = 1.
Trong di¢u kién dp sudt rat bé (P — 0) khoang céch gilta cdc phan tir khi rat xa nhau, hé khi

thue duge xem ahu hé khi ly tudng, do dé:

lim £ =] (2-29)
P

P—0

Nhur vy, muén xdc dinh fugat thi phai biét v. C6 nhiéu cich xdc dinh y. Ching han, tinh y
theo phuong phdp "nguyén ly tuong tng”. Theo phuong phéip nay thi ngudi ta cho rang y 13 him cGa

nhiét do rit gon § va dp svdt rit gen 7 cla chat khi:

v = t(n,0)

Biét duroe nhiét do 161 han T, v dp sudt tdi han P, 1a s€ tinh duge nhiét do rit gon va dp sudt

rit gontai Pva T:

B=— 11:-E
T P,

Biét m, 8 & 1im duge y theo cong thite cho sidn, hay tra boi d6 thi & cdc sé tay. Hinh 2-6 néu

len quan hé gitta @, G, ¥ (vé kKhong theo 4 1€ xich).

Gia sirbiét m, 8, thi s& suy ra v, (nhu hinh vé).

7}

S"“,
Sen
Nwn
¥, LRSS 4
f W
N
W
Ll

Ry
N

Hinh 2-6. Su phu thudc clia hé s6 fugat vao ap suét va nhiét do rat gon y = f(1,0)
2.2.2. Thé ding tich

Ngoai qud trinh dang nhiét - dang dp ching ta con gap qué trinh ding nhiét ding tich.
Chang han, cdc phdn Ymg x4y ra trong bom nhiét lugng k¢, trong dung dich, v.v... 1 nhiing qué trinh

déng nhiét - dang tich.



D¢ xét chiéu va diéu kién can bing cia cdc qud trinh ding nhiét - dang tich ching ta cé

ham F goi 1a the ding nhiét dang tich hay goi tit 1a thé"dang tich. Cichthit 1ap ham nay ciing giong

nhir haim G.
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Ta di biét:
OA'<T.dS-dU-P4V
Neéu h¢ dang nhiér - ding tich: T, V = const thi:
OA'S -d(U-T.S)
Pit.  U-TS=F (2-30)
I' cing la mot ham trang thai:
dF =dU - T.dS-SdT
oq =dU+P.dV =TdS

Neén: dF=-SdT-P.dV (2-31)
Do da: [d—F} =-Pp (2-32)
dv /.,
EF_J -_s (2-33)
dT /.

Tuwong ty nhu G, F ciing duoc ding lim tieu chudn ty Xay ra v cén bing cia qud trinh:

Suy ra tir bit dang thiic: SA'< dF |, d6i véi cic qud trinh bat thudn nghich T, V = const:

AF <0 qua trinh ur xay ra theo chiéu giam F
_ dF=0
AF=0 hay qua trinh dat dén can bang
Fm[n dz[: > 0

AF phu thudc nhiét do nhu sau;

Aar) s .
dT\ T T?
trong dé: AU Ia hi¢u tng nhiét ding tich.

Quan he¢ giita F va P trong diéu kién diing nhiét ciling tuong tu nhu G:



F=F"+R.T.InP | (2-35)
Gii chii: Mol tinh chat cGia F duge suy ra tuong ty nhu di thyc hién vaéi G.
2.2.3. Thé hoa hoc
D6i v6i nhiing he chi gém mot chit nguyén chél thi the ding 4p clia hé 1a ham clia dp sual
va nhiét do:
G=(P.T)

P6i v6i nhimg hé gom nhidu chit th€ ding 4p clia hé 1a ham cda dp sudt, nhict do va thanh

phan:
G =f(P,T.n..n,,...n;)
n,, Ny,..., 02 1a s¢ mol chit thit 1, 2,....1 trong he.
Khi hé thuc hién mot qud trinh vo cung bé thi the ding dp cla h¢ bién thién tr G —» G +
dG.

dGz[d—On} dP+[-cEJ dT + a6 dn, +
dp T.ngma. .0 dT Poarg e, 0, dnl TP

+ 46 dn, +..+ a6 dn,
dn, | i dn, )
= AT Py VAT gLy

Hay? 4G =-SdT+VdP+ [ dq-] o dn, (2-36)
TR (i)

dn,

Bai lugng [dG] duge goi la thé ding &p mol  riéng phin hay thé hod hoce, ky
dn,
' 'l'.P,n_I(_i#l!

hieu bing chit p.

dG
" :(] (2-37)
dn, TPt
angjri)

‘Tir (2-37) ta dinh nghia thé hod hoc nhur sau:

Thé hod hoc g ctia ohdt 1§ 1 bién thién thé déng dp ciia hé khi ¢é bidh thién moét mol chdt i

trong didu kién giit nguyén dp sudt, nhiét dé va thanh phdn ciia é.
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Trong diéu kién déing nhiét - ding dp (2-36) rd thanh:

4G = Sy, dn, (2-38)
I

D¢ tim thé ding 4p ciia he bicu dién qua thé hod, ching ta tich phan phuong trinh (2-38)
trong difu kién thém vio hé nhitng lugng mdi ¢6 thanh phan nhir hé ban ddu. Lam nhu vay thi chi
c6 s6 mol cac chil trong hé bién thién con thinh phan cila h¢ va do d6 th& hod cdc chat trong he déu

khéng thay doi, p; = const.

Vay: G = i“i n, +C» C la hang s0 tich phan.
|

Khin, n,,..n, =011 C=0:

G :i!-l.-"i (2-39)
1

Nghia I, thé ding dp cliu mot h¢ gém nhiéu chat bing téng thé hod cla cdc chitnhan  val

56 mol moi chit twong ing.
NEu hé chi [a mot chit nguyén chat i:
G, =1, (2-40)

Khin, = I, G = p;, ma chiing ta dil biét thé ding dp lien hé v6i dp suat bdi cong thic (2-27),
Do dé;
G, =G’ +R.T.InP,;: doi vdi 1 mol khi Iy udng

G, = G:’ +R.T.In fl: dat véi | mol khi thuc.

Do do:

M = p,t‘ +R.T.In Pi (2-41)
g, =pd + RN,

Phuang trinh (2-38) con cho ta bi€t diCu kién ty xay ra va can bing clia qud trinh chuyén

chit trong hé.

Khi dG <0 thi x';pi_dn‘_ <0 QUi trinh W xdy ra.
I
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Khi dG = 0 1hi > p,.dn; =0: qud trinh dat dén can bang.
1

Bay gidr ta hily xét cy thé cho qua trinh chuyén pha va phan ting hod hoc.

Gid sir c6 qua trinh chuyén chat tir pha [ sang pha 11 trong diéu kién T, P = const (hinh 2-7).

Bi¢n thién thé dang ap cia pha T
dG, =p!l.dn,
Bi¢n thién thé ding dp clia pha IT Ja:
dG, = dn,
trong do:
p: : thé hod ciia chat i trong pha [; . R - .
Hinh 2-7. So do chuyén chat tir
“i” : th& hod ctia chat i trong pha Ii; pha | sang pha .
dn,: bién thién s6 mol chat trong pha I, dn, < 0;
dn,: bién thién s6 mol chat trong pha 1, dn, > 0.
Bién thién the ding dp cla hé:
dG =dG, +dG, = dn, +p] dn,
Vi chilt chuyén tir pha 1 sang pha I nén:
dn, =—dn,
Do do:
dG = p dn, —pldn =dn (n) -p')
Quii trinh chuyén chit tir pha I sang pha il néu la tu Xay ra thi:
dG <0 hay dn,.(n{ —p}") <0
M dn, <0
Neén: (].li] - pl" }y >0
T (2-42)

Khi cin bing, dG = 0 nén:
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dn,.(i; =y ) =0

Ma: dn,=0
Nem: (! —p)=0
w = ! (2-42)
N the, chdt s¢ chuvén tie pha 1 sang pha H néi thé hod et né & pha 1ldn from pha H va
€ dat trang thdi can bing khi thé hod ciiv chiing o hat pha wdnr nhai.
Néu ta ¢6 phin {ing hod hoc:
aA + bB + ... = gG + dD + ..
Bién thién the dang 4p clia phin lmg:
AG (phn = G, - Gy
Theo (2-39) thi:
G,=glg +dpup+...
G, = a.jl, +bp,; +...
Vay:  AG(p/i) = (g. potd- pp+...) — (A s+ bopg+ )
Khi AG (p/th) < 0, phan ung tu xdy ra theo chiéu tir triii sang phai.
(g p+dopy+ . — (@t bopg+ .. < 0
Vay: apa+bpg+ . > g et d o+
Khi AG (p/if) = 0, phan (g dat can bang:

A +Hbh gt =g gt doy t
Nhu thé, phdn img héa hoe 14 xdy ra khi tong thé héa cde chdr dau lon hon t6ng thé héa cdc
chat cudi, khi can béng thi tong thé hod cde chdt ddu vi cudi bang nhau.
Qua st phan tich vé diéu kién ty xay ra va can bing ciia qud trinh chuyén pha va phan (ng
hod hoc ta thdy ring th& hod 1a "lyc hod hoc" chuyén chat tir "mién” 6 thé hod cao dén "mién” cé

thé hod thap giéng nhu: "lye dién”, "luc hidp dan” trong khai ni¢m dién thé, the ning, v.v...

64



n e » - ~
GAU HOI VA BAI TAP
Cau hoi

1. Dinh nghia qu4 trinh thuin nghich nhiét dong hoc va néu thi du.

2. Phit biéu nguyén 1y thit hai va thanh lap biéu thiic todn cla no.

3. Néu diéu kien xy ra va can bing cla cdc qud trinh trong hé c6 1ap. Gidi thich cic diéu kién
dé.

4. Phét biéu dinh dé Planck vi trinh bay cach tinh entropi tuy¢t d6i clia mét chat.

5. Trinh biy méi lién hé gilta entropi va do trat w clia h¢, Tir d6 suy ra dau cna bién thién
entropi trong cdc qud trinh bay hoi, ngung ty, nong chdy, ket tinh (ding nhiét) cla chdt nguyén
chat.

6. Thiét lap bigu thiic dinh nghla ciha the dang dp G. Vi sao ngudi ta con goi G 1a nang lhwong
tr do.

7. Neu diéu kién 1if xdy ra v cin bing clia cic qud trinh trong he dang nnidt, dang dp.

Ching minh biéu thitc [dG] ~_gva (dQ) —V-
dT P T

oo

9. Thiét lap phuong trinh Gibbs-Helmholtz va cich gidi phuong trinh do.

10 Thiét lap bidu thic thé dang dp clia | mol khi 1y tuong: G, =G + R.T.InP,.
{1. Fugat la g1?

12. So sdnh dinh nghia va céc tinh chat coa Fva G.

13. Pinh nghia vé th& hod hoc. Chimg minh biéu thac:

i, =pi +RT.InP,

14. Néu didu kién 1y xdy ra vi can bing ciia qud trinh chuyén pha, phin img hod hoc Viét theo
thé hod (P. T = const).

Bai tap
i. Tinh entropi clia Fe-B & 755°C biél ring:

S’ (Fe-a) = 27,08 J/ngtg.dd
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C, (Fe-a) = 17,26 + 26,668.10 *.T J/ngtg.do

Pdp so: 69,39 Jingtg.do

2. Tinh AGS,, phén img cia cdc phin ing:
a) 200,=2C0 + O,
b) CO + H,0(k)=CO, + H,
o) 2HI(K) = H, + L (k)

dy NH; + HCl = NH,Cl
Nhin xét vé chiéu ctia cdc phan ¥ng d6 trong diéu kién tiéu chudin.

Bp so: a) 314576,2 ]
b) - 28631.112 ]
¢) 16743,16 J -
d) - 91985,24 )
3. Tinh AG?,,, chaqud trinh thang hoa vang:
Au(r) = Au {k)
Biét:  Cpy (Au) =20,920 J/mol.do
C,, (Au) = 2347 + 6,025.10°.T J/mol.do
Hiéu tng nhiét va bién thién thé ding dp cla qud trinh la:
AN, =3,78,290 KJ
AG Yy = 338,580 KJ
Bdp sé: 243868,62 )
4. D&i v6i phan tng:
FeCO,=FeO + CG,
AGY =7800-59,4T.InT-254T+345.107.1°

Tinh AH$,, vt ASS,e cla phan tng ?



3.

Dap 506'

ASSy, = 82,70

Tim phuong trinh bi€u dién dnh hudng cba nhiét do dén AGY cua phan iing:

Biét:

%nl +'5c|2 = HCI
AHS, (p/d) = 918346 ]
AG e (p/F) = —95053.20 J
C, (Hy) = 26,67 + 1,51.10 T
Co(ClLy=3293+498.10 T
C, (HCl) = 27.71 +3.803,10 T

Bip sé-

- 91236,56 + 2,09.1Inf -
—29.4.107°T* - 24,63T
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CHUONG

CAN BANG HOA HOC

3.1. CAN BANG HOA HOC CUA CAC PHAN UNG PONG THE
3.1.1. Khdi niém vé can bing hoa hoc

Ciing nhir moi qué trinh ty nhién khdc, phan (mg hod hoc xay ra theo mot chiéu nao dé va

cudi ching s& dat dén trang thdi can bing. Chéang han ta c6 phéan ing:
aA+bB+ .. =gG+dD+
Phan ting do A tic dung v6i B... dé tao ra G, D... goi la phdn iing thudn, c6 vin tdc -\; . Phin
(ng gitka D va G d€ tao ra A, B... goi 1 phdn itng nghich, c6 vin 16¢ .\_f . Khi van t&c phan ting thuan

bing van t6c nghich: v = Vv thi phan img dat dén trang thdi cdn bdng hod hoc: vé nguyén tac, moi
phan iing hod hoc déu 1 hai chiéu. Tuy nhién, néu van toc cliia mot chiéu nao d6 16n hon hin van

t6c ciia chiéu kia thi phan @ng duge xem 1a | chiéu.
Tuy theo cich tién hanh ma mot phan (ng hod hoc ¢6 thé 1a mot qua trinh thuan nghich
nhiét dong hoc hay bt thuan nghich nhiét dong hoc.

Cic phin mg hod hoc thudng 13 cdc qud trinh bt thuan nghich va chiing xay ra vdi t6c do
ding ké. Trong di¢u kien dang nhiét - ding dp (T, P = const), néu AG (p/if) < 0 thi phan ting tu xay

ra; AG (p/ir) = O phan (mg dat dén trang thdi can bang hod hoc. '
Can biing hod hoc ¢6 céc tinh chit:

- Khong thay ddi theo thai gian néu cdc diéu kién bén ngoai giif nguyen.
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~ (6 tinh linh dong, nghia 13 dudi tic dung clia cde thong s6 bén ngodi, can bing s& chuyén

dich, néu ngimg tic dung thi céin bang tré vé vi i .

—  C6 tinh chat dong, nghia 13 & trang thdi can bing cic thong 56 cla hé tuy khong déi theo
thévi gian nhung Juén ludén o6 phin (ng gifta cdc chat dau dé tao thanh chat cudi va nguoe lai. Hat

phan (tng dé ¢6 véan (Ge nhu nhau.
—  Can bang hod hoc ¢6 thé xdc lap theo hai chiéu: chiéu thudn va chiéu nghich.
3.1.2. Su lién hé giira hiing s6 can biang hoi hoc va bién thién thé ding 4p cua
phan tng
Nhifng phan Gng ¢6 cdc chit tham gia déu 6 trang thdi khi hay dung dich ... Ja cdc phan ting
déng thé.

Hing s6 cin bang va bién thién the ding dp phan tmg lién hé v6i nhau boi plurong trinh
ding nhiét Van't Hoff.

Trude hét ta thi¢t 1ap phuong trinh dang nhiét Van 't f{off cho phan ng khi 1y tudng.
X¢ét phan tng:
aA+bB+ ... =gG+dD+ ..
Trong d6 A, B, G, ... déu la cdc chdt khi 1§ wong
Trong di¢u kién T, P = const:
AG(p/D =G, - G,

Theo (2-39): G = Y n, g,
!

Thi: AG (p/i) = (g.pg + dup, + ) - (e, + buptg + 00)
Mait khdc ta biél rang :
i, =y’ +R.T.InP,
Neén:
AG(phr) = [g{ng +RT.InP, J+ dfud + R TInP, )+..]-

~la{us +RTInP, )+ b(ug + RT.InP, J+...]
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= (eng +dud +.)-{ans +byg +.J+ R T EGE I;I[’j .

a I
PELITRE

Pat  AGH (/0 = (gl +dpe +.)-fand +bud+..)
Ta co:
r il
AG (pli) = AG® (p/) + R-T.In L6 P
P:.P;...

(3-1)
(3-1) 12 phurong trinh ding nhiét Van't Hoff.
Khi dp sudl cdc chat:

P, = P, = P, =P, =... = 1 atm thi AG (p/) = AG" (p/ih).

Vay, AG” (p/tr) I3 bicn thien th€ diing 4p phan (ng trong diéu kién dp suét cdc khi tham gia

déu bang 1 atm.

&M

Khi dat dén trang thdi can bing {cb):

AG(phy=0

Nen:  AG" (piy + R PP ] g
P! Pl...

PEPy...
Hay: AG'(pit)=-R.T.In| &~
Pll: b

¢ pd
Nhus ta da bict, dai luong (P_PI__] Ia hing s6 can bang K, cla phan img:
Pﬁ P h
ch
Vay:  AG" (p/) = - RT.nK, (3-2)

P6i vdi mbi phan tng, AG® (p/i) 12 him cia nhigt d6 T nén K, cling l1a hiaim cua T: K. =

Niidn xét: tir {3-2) ta thay:
- Néu: AG” (p/t) << O thi:
-R.T.InK, <<

~InK, << 0
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- InK, << Inl
K, =>> 1
Nghia 13, phan g tu xay ra theo chiéu tir trdi sang phai.

Do d6 khi thdy K, 16n hon 1 rat nhicu ta khong cdn tinh gid tri AG (p/0r) ma van biét duge

chiéu ctia phan img tu xay ra tir trdi sang phai.
- Nguge lai néu; AG® (p/u) >> 0
K, << 1
Ta s& dodn biét ngay chiéu phan ng 12 nguoc lai - tir phai sang tréi.
Thi du: Tinh hang 56 can bang cla phdn (ng, H, + Cl, = 2HCl & diéu kién tién chudn.
Gidi: Tra s6 tay hod 1y ta ¢é:
AG 5 HCY) = - 95265,496 J/mol
AG’(Cl) =0
AG(H;} =0
AG (p/1) = 2AG",, (1ICl) = 2 (-92565,496) J/mol

Ap dung (3-2) ta cé:

CAGY(plY)  AGL.(ph) 295265198 31141
2303RT  2,303.298.831 19,11.298 ‘

log Ky yox =

Ky pox = 2,57.10™
K)o >> 1 do d6 phan (g giita H, va Cl, d€ tao ra HC! la hoan toan.
3.1.3. Tinh todn thanh phan hén hop can biang
Muén tinh thanh phén hén hop can bang can biet hai didu kién:
1. Hang s6 can bing K, cla phéan img.
2. Thanh phén hon hop ban diu.

Hiang s6 can bang K, duge xdc dinh tir phuong trinh (3-2) néu biét /.\G“'(pﬂ'r). Thanh phin

hén hop ban dau di cho biét.
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Héng s can bing thuong duge biéu dién qua dp suat riéag phin, néng dg, s& mol cdc chis

tham gia phan (mg ... chang han, ¢6 phan img:
aA +bB+ ... =pG+dD+ ..,
O phin trén ta da biéu dién hang s6 can bing qua dp sudt rieng phdn §a:

e pd
- [ (; ‘[31.2“‘

- 3 )h. ’
P PD..

7

Bay gio (a biéu dién qua ndéng 4o C, (mol/1), néng do phan tir phdn N; va s6 mol n; cdc chat
nhu sau:
e d 4 d JLR |
_ GG Ch- _ NGNp--- ng.Ng...

¢ apb VN b e a b
CLCh Ni N n Ny...

Giita K, K., K., K, ¢6 lién hé nhur sau:
Ta biél, doi vai khi 1y tudng:
Pi'v - l'l-l‘R.T

Pl = &.RT = Ci R.T
AY

Thay I vio biéu thirc K, ta dugc:

_(CoRTY (CoRT).. _CG '9;;;;_(R.T)[rgm...l—mm_.}]
{C, RTY(C,RT) .. CLCj..

(L4

Pat: An=(g+d+.}-(a+b+.)

Tacé: K,=Ke(RT™ (3-3)

Mat khdc ta thay: dp suat cUa khi ty 1€ v&i s6 tiéu phan trong hé (dinh luit Dalton) nén:
n, P.

n, P
trong dé:
n;: $0 mol chat i;
Tn;: tong s6 mo! cdc chit trong hé;

P,: dp sudt riéng phéan cdc chit 1.
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P: dp sudt chung cva h¢

Vay: P =-"Lp (3-4)
zn,

Thay gid tri vira tinh duge vao biéu thiic K,.

9 1)
"o pl )M op| .. ~
n, Zn, ne, .n:l] [ P ]

K r w b A b
Ny b N5 p Ny
¥n, n,

xn

An
KP:K".[B-] (3-5)
Zn,
Néu goity s¢ i la nong do phan tif phin (mol phin) N, thi (3-4) c6 dang:
Zn,
Pl' = Ni‘p

Thay vio biéu thiic K, ta dugc:

(N PY N ) NENG.
T a i) - a b 'P
(N, .PY (N,P) ... NRNg..

K, = Ky.P™ (3-6)
K& hop (3-3), (3-3) va (3-0) ta fim duge moi lién hé giita cac ciach biéu dién hing 0 can
bing:
P AN
K, = KR =K, [T] =K PY (3-7
Tn,

Néu An = 0 thi K, = Ke= K =Ky

Vi thi du vé tinh todn thanh phan hén hop can bang.

Chiing ta s& xét hai trudng hop:

. Truong hop An =0, chiing han nhu céc phan ting:
CO + H,0=CO, + 1,

N, + 0, =2NO
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H, + Cl, = 211Cl, v.v...
Thi dy: xdc dinh thanh phan hén hop can bing cta phan ng:

H +l"CI1=HCI
2Ty

I | —

0 diéu kién ticu chudn, biét rang hdn hop dau gom 4 mol 1, 3 mol Cl..

Gidi- Trude hét, xdc dinh hing s6 can bang cla phan (ing:
1 1
H,+-Cl, =HCl

R R

—

AG s (P = AG $5 (HC1) = ~95265,4961

Ap dung (3-2):

_AG(piut) _ 95265496 _
2303.RT  19.11.298

lOng_m =

16,705

K; o = 5,07.10'

Phan ting nay ¢6: An=1-(0.5+0,5)=0nen K, = K,

Lap sa do:
Phan 1ing: l H, + —] Cl, = HCI
2 7 2 -

S6 mol céc chat

ltic ban dau: 4 3 0
S6 mol céc chat

liic can bang: - 0 x

2
K, =-—t = = - =5,07.10"

nl:i:'ns": [4—x]2.[3—x]2
2 2
xi= 5.0?3.10-“3{4- "].(3- *] -
2 2

=12.5,07°.10% —%.',0?3.10-‘3.x + %.5,0?2.1033.x2
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Pat A = 507210

Ta cor [%—l],ﬁ —%A.X-HQA =0

Vi ﬁ*;-*;-] nén ﬁ_]:é
4 4 4

- 14x+48 =0

Gidd ra ta duge:
X=T+49-48 =7+
X, =6

x, =8
X, khong phai 13 nghiém vi déi vi phan dng ¢d An = 0 thi tir 4 mol H,, 3mol Cl, khong thé
tao thinh & mol HCI dugce.
Viy thanh phan lic can bang la:
x =6 mol HCI

4-" =4_3=1 molH,

ta

3-2=3_3=0molCl

ra |

Nhdgn vét: Vi K, >> | nén phin (ing xdy ra theo chiu tir trdi sang phai mot cach hoan toan.
Do dé, khong can tinh todn ciing ¢6 the suy ra ngay duge két qua vira tinh,
2. Trigemg hop An =10,

Chang han nhu ciae phan (ing:

NG+ H, =N, An=-}
20020 '

N.(3, = 2NO, An=1

PClL, = PCl,+ Cl, An=1, vv..

Thi du: Hing 56 can bing cha phin tng:

PCl, + Cl, = PCl,
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O 500K 1a: Ky = 3aum’!

) Tinh do phan ly ciia PCly & 1 atm va 8 atm.

b)  dp sudl ndo do phin ly 1a 10%.
Gidi: Néu viet phan dng trén nhy sau:
pCl, = PC, + Cl,

Thi & S00K hiing s6 can bang cua phan ttmg nay la:

K, = 1 atm’
3

Lap so do:

Phan (mg: PCl; = PClL. + Cl,
56 mol ban dauw: 1 0 0
S6 moj lic can bing: l-ot o a

Téng s6 mol lic can biang:
Tl -o+atoa=l+a
A l+l-1=1

a) Tinh do phan ly « ¢ P = | am.

s
N ey @f

LIS |-«

Theo {3-5) thi K,=K, [ P ]_ o l

T
1

4
o ==0.5
a = — 0,5 khong phai la nghi¢m.

Vay & | atm va 300K do phin ly cin PCli ke = 0.5
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Né&u P = 8 aim thi:

o b 8o’ |

-
2

_l-—az ) -
a=02
b) Thay o = 0.1 vio bigu thic :
o’ ) 0._]2 P

KI’: 1"P: B 2 _I
1 —at” 101" 3

P=33am
3.2. CAN BANG HOA HOC CUA CAC PHAN UNG DI THE
Trong thuc t&€ cdn hay gap cdc phan img di thé nhu phan Ung gifta cdc chat ran {r) va khi
(k), rin va long (1}, long va khi v.v...

Thi du nhur cic phan ing:

Fcom + Coikl = Fe[r} + COZ iky ( ] )
CaCO; ,,, = Ca0 ,, + CO, , (2)
(3

NILCH,,, = NH, 4, + HCl 4, v.v...
3.2.1. Phuong trinh dang nhiét Van’t Hoff
V& cin ban, can bang hod hoc trong phin Gng di thé ciing gidng nhwr trong phan ing dong
thé.
Ching han, ta x€1 phan ing:

aA ,+ BB+ .. =86, +dD , + ...

{eh

Ap dung (3-4) cho phin {tng nay ta cé:

P¢ PS, ...
AG(p/1) = AG"(p/®) + R.T.In _(_J,l Dk
P.:.r'P[l;_k'--

Nhimg vi tai mot nhiét do xdc dinh dp sudt hoi cia chat long, chit rin ngityén chat cd gid

tri nhat dinh va bing dp suit hoi biio hod clia nd nén:
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P Pl ..
AG(p/ity= AG®(p/d) +R.T.In ijh‘. +RT.In P';_-.‘.\___

e BL-e
const(T)
Pd
Dat: AG"(phn = AG"(p/) + R T.In %_
Bk
Ta co:
pé
AG(p/ty = AG"(p/n) + R.T.In _‘;-‘* - (3-8)
B
Va: AG"(p/iry = ~ RT.InK, (3-9)

(3-8) vi (3-9) 1a phuong trinh dang nhiét Van 't Hoff cia phan tng di thé. Dang cta ching
gidng nhur (3-1) va (3-2) cta phan img ddng thé nhung cin chd ¥ la trong biéu thic hing s6 K, va
ty s6 dp suat chi c6 dp sudt riéng phin cba cdc chat khi, khong ¢6 mat &p sudt riéng phén cua cic
chat léng va ridn.

1ing s6 can bang cha cdc phan img (1), (2) va (3) la:

Peo,

—— 4 = 2
—".Kp: = Pm: K, =Pyt NH;

K, = s
o
Thi dy: Xéc dinh thanh phin hon hop can bing clia phan tng:
FeO (1) + CO (k) = Fe (1) + CO, (k)
Biét hing s6 can bing cla phan Gng d6 12 K, = 1,25, thanh phin hén hop diu la:
0,03 mol FeO, 0,1 mol CO
0,2 mol Fe, 0,01 CO,
Thé tich cta hé phan tmg Ia 1 lit.

Gidi: Talap so do:

Phan (ng: FeO + CcO = Fe + CO,
S& mol ban dau: 0,03 0,1 0,2 0,01
S6 mol lic can bang:  0,03-x 0.1-x 0.2+x 0.01+x

An = 1 — 1 = O (chi tinh che cdc chét khi)
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KIJ == KL'
Ceo = (0,1 — x) molil

Ceo, =(0,01 +x) mol/l

C(‘(): _ 0.0] + X

K. =
T Cho  Od-x

=125

Giai raz x = 0,051 mol/l
Vay lic can bang:
Cep =0, = 0,051 = 0,049 mol/l
CC03 =001 + 0,051 =0,061 mol/l
S6 mol Fe, FeO lic can bing:
n., = 02+0031 =0.251 mol

o = 0,03 - 0,051 = - 0,019

Qua két qua tinh todn thay s6 mol FeO trong hén hop can bing 13 - 0,019. Biéu dé chitmg o
rang, phan tmg di cho khong dat dén tang thdi can bing vi luong FeO qua it,

3.2.2. Mot vai phan tng di thé thuong gap
(i). Su phan ly cacbonat

Xétsu phin ly cha canxi cacbonat:
CaCO, (1) = CaO (1) + CO,
K, = PLU: = const (T} |

Vi K, [a hiing s6 & méi nhiét d6 nén sz can bang ciing khong déi & mai nhiét do vi duge

go1 1 dp sudt phdn Iy ¥iné dac trung cho kha ning phén 1y clia cacbonat.
Néu goi Pco, li dp suat ieng phin cia khi CO, rong khi quyén thi 4p dung (3-8) ta tinh

duge bi€n thien the ding dp clia phin (ing phin ly canxi cacbonat 1a:

AG(p/ly = AG'(p/i) + R T.In Pco,

= — R‘T.II]KJ, + R‘T‘h‘.pc()ﬁ
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= - R:I‘.ln PC()? + R'T'ln p(‘[)'}

AG(p/n =RTUnPco, — nPeg,)
Khi Pio, > Peo, thi AG(p/D) < 0: CaCO, tw phan ly.
Peo, < Peo, AG(phi) > 0: CaCO; bén, khong phan ly.
_AG = 0 phin ting phan 1y & irang thii can bang.
¢ do phdn Iy dac bigt khi Pcog = P (ap suat Khi

Pio, = Peos
50 hod clia chiit 1ong bang 4p

Nhiet do ma i as Peg, = Peo, goi la niné
y manh liét giéng nhu khi &p suat hoi b
= P goi 1a uhiét d¢ phan huy cla

quyén) thi CaCO, bi phan hu
ph liét (s0i). Nhiét do ma Poo,

suilt khi quyén thi n6 s& hod hoi mi
CaCO..

Néu dp suat khi quyén P = L atm 1h} thye nghigm xdc dinh ring nhiét do phan huy clia

CaCO, 12 1153K (880"C), chinh vi vay ma & nhigt do thudng CaCO, rit bén ving.

(if). St phdn ly muéi ngdm nuoc
1an ly cla mudi CuSO,.SHO.

Xét sy pl
Mugi naty phan ly theo ba nic nhu saw:
CuSO,.5H,0{r} = CuS0,.311,0 + 2H;0 (k) (n
CuS0,,3H;0 (1) = CuSO, L0 (0 + 20 (k) 2)
(3)

CuSO,.H,0 ()= CuSO, (1) + H,O (k)

3 mdi phiet do, ap suat hoi nudc can bing {ng voi cic phan umg (1), (2) va (3) c6 gia tri

xac dinh. Thi du o 15°C, nhifng gia i dé 1dn lugt 12 7.8, 5,6; 0,8 mmHg.

an khong binh kin dumg CuSO,.5H,0 {r) thi CuS0,.5H,0 (1) s€ phan ly dén
4n vio binh dung CuSO, khan thi CuSO, s&

Néu hit ch
{ay thém nudc dan d

CuS0,.3H,0 réi dén CuS0,.
chuyén dan thanh CuSO,.3H,0 va CuS0,.51,0.
&1 d6i theo lugng nudc nhu hinh (3-1).

kha nang hiit hay nha nude dé giit cho 4p sual

Ap sudt hoi nudc bi
dc bigt muol CaCl, khan

Qua thi du nay ta thiy mudi ngam nude co
hai nude khong doi. Vi vay, ching duoc dung dé tao do 4m cd dinh, d

thuong duge dung lam chat hit am.
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a T

re
SH,G == 3n0
D6 ' 54
E FHO == fH, 0
4
2
MOtr) = £ 00| 28
[
F 4 3 2 ? 7

J& ol Hy0 /mel €39,

Hinh 3-1. Sy bién dai ap suét H,O trong qua trinh phan ly CuS0,.5H,0.

3.3. CAC YEU TO ANH HUONG PEN CAN BANG HOA HOC

3.3.1. Anh huéng ctia nhiét do dén hiing s6 can bing
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Hang s6 cin bang cua phan tng phy thude nhiét do theo phuong trinh ddng dp Van 't Hoff.
Thiét lap phuong trinh:
Ta di biét, theo (3-2)

AG(p/ti) = - R.T.InK,

Mat khae, AG"(p/ir) phu thude nhiét dd theo phuong trinh Gibbs - Helmholtz (2-22):

d[4GT)__aH?
aT{ T T

DO(ié:i[_R.’r.llaKT,] _ A
T T J T

V1 anh hudng cia dp suat rat nho doéi véi hiéu g nhiét nén xem AH" ~ AH:

(dl]lK].} _ AH (3_10)
dT ), RT? :

(3-10) 1a phuong trinh ding dp Van 't Hoff.
Nhan xét:

Da6i véi phan ting toa phiét: AH < 0

dinK,

Thi: <0 ViR, T=>0)



Pao ham bac nhit cGa InK,, theo bign $6 T ¢6 gid tri am, do d6 ham InK,, nghich bién vai T.
Vay khi ohiét do tang, K, (hay InK,) gidm va nguoc lai.

Déi véi phin tng thu nhiét AH > 0.

dinK,,

—L s
dT

Nén: 0

Do do: Khi nhiét do ting, K, (hay InKp) tdng va ngiioe lai.

D6 chinh 1a noi dung clia quy tac chuyén dich can bang Le Chatelier: cdn bing sé chuvén

dich vé phia lam gidm dnh huéng ciia cde yéu 16" bén ngoai tde déng lén né.

Tich phan phuong trinh (3-10) ta duge hiing s6 can bing ciia phan ¢ng & nhi¢t do cin xdc
dinh.

Néu AH" = const:

bk T B T- r
= A
[ank, = 2L gy
K p T 7 RT
K " §]
LA Ut U N 3-11)
Ko, R |T T

Thi du: Hang s8 can bang cia phan tng Boudouard:
Cgr) + CO, (k) =2C0O (k)
& 1000K bing 1,85 atm. Tinh hiing s6 cin bing clia phan ting d6 & 1200K. Biét ring nhiét phin ing
trung binh trong khoang nhiét do dG [ A (p/0) = 1719234 ],
Giai: Vi AH(p/\ty = const nén ta dp dung (3-11):

K p 100 _1?1923.4[ 1 ] }

]n = . —
Koo 831 1200 1000

szm = 58,28 atm
R4 riang Ja d6i v6i phan (ng thu nhiét khi T tang thi K|, tang.
Néu hi¢u fing nhiét 1a hm $6 cha nhiét do:

AH'p/it = o(T) = AH, + Aa, T + 1/2 Aa, T* + 1/3 A, 17 -~ Aa T



thi viée tich phin (3-10) phiic tp hew, Tich phan bat dioh (3-10) ta <€ nhian duoe mot phuong trinh
Licu dién quan he i so gitee K acr

_[d InK, = jil’;z dT + 1 {hiing s0 tich phan)

NN R . B,
AYIC +Aa, 3+ 23,.r- +2Aa1.13 ~Aa, T

fink, = |- : AT —dT+1
! Aa,. Aa, T? LF
inK],:—AH +A.ln'l‘+l—. a‘T—+l.---l-T +1‘A—a? ] +1 (3-12)
RT R 2 R 6 R 2 R

Thi du: Thiét 1ap phuong trinh bidu dién quan he gita nhiét do va hing 6 can bang cua

phin tng:
3H, + N, = 2NH,
Biét ring: AHSop/it) = - 922944 §
C, (H,) =27.17 + 37,62.10™T (J/mol do)
C, (N,) = 27.17 + 41,80.10"T (J/mol do)
C, (NH,) = 33,607 + 29,26.10™T + 20,90. 1017 (J/mol do)
3 673K, 1gK g = — 3.74

Gigi: D& tim phuong trinh bidu dién quan hé gilra nhiét do va hang s& can bang cia phan

dng 1a dp dung (3-12):

{)_\l'ln A i 4
nK, =————“+--&.lnT+l. % T+1A1—T +1
RT R 2 R 6 R

Trude hét ta tinh:
An =2 33,6(!7 — 2717 -3 %277 =- 41,3466
Axo= (2 x 29,26 — 4180 - 3 x 376710 1= - 96,1410 7
Aa, = 41,80.10° |
Aua,=0

AC, = — 41 466 — 96,14.107.1 + 41 80. 1t



Xic dinh AHY bing cich dp dyng cong thic (1-13):
1 .
AHY = AH +Aa T+ E.Aa].'l T+ %.Aaz.Tj

Thay viio (1-18) gid tri AH (p/it) = - 922944 T va T =298

AHS, = — 922941 = AH?—-41.416298 — 96,14.10.298% + 41,80. 10 298‘

AHE = 922044 + 12356,87 + 209,73 - 110603 = 80833,83

Thay cdc gid tri da 1im dugc vao (3-12).

80833.83 41,466 196,4.107 1 41,80.10°.T2
AT T+

K, = —— =l .
R.T R 2 R 6 R

Dé xic dinh I ta thay vao (3-12) gid tri 18K 57, = -3,74 vaT=673K:

21303.(_3,74)__80833 83 4}466 In 6?3—‘ 9614 10 673+
831.673 831 2 8,31
f
+].4i8010 6737+
6 831
1=286232
Vay:
A -4
II1KI,:@3_1,8§_41,466I T—]—.% 4.10
R.T R 2 R
-6
+I 418{—”0 T+286232
6 R

Chiing ta con ¢6 the tinh InK, & nhi¢t do bat ky theo con

vt (3-2).
ALLS (p/) = AH {;‘m -T. AS‘;% “TARM, + Aa, M, + Aay M, + Aas M)

ALY (p/y = — R.T.InK,.
Do do:
Ay b BaM, MM,

RT R R
Aa M. Aa M.,
+ - - + . -

K, =~

R R

(3-12)

g thic Svartxman-TemKin (2-26)

(3-13)



3.3.2. Anh huéng cia ap suit va khi tro dén can bang hod hoc
(i). Anth huéng ctia dp sudt

Dé6i véi he khi 1y tudng, hing s0 can bang K, chi phu thuge nhiét do, khong phu thuée dp

sul. Vi jnK, = - AG” ‘ma AG" chi phy thudc nhiet do.
R.T

Hing s6 can bang K¢ (K¢ = K,.(R.T)™ (3-3) ciing chi phu thudc nhi¢t do vi trong (3-3)
khong c6 mit cia dp suat.
Vay mudn nghién ciu anh hudng clia dp sudt dén trang thdi can bang thi ta xét Ky hay K,.
Ta biet Ky = K.P™™
Lay logarit tf nhién cla ve:
InK, = InK, - An.InP
Paoc ham 2 vé& theo P:

dinKy __ 4n

dP P

Mi: PAV=AnRT

R.T
Do dé: d_lﬁ:_ﬁ\i (3-14)
dp R.T

D6 1a phuong trinh Planck néi vé anh hudng cia dp sudt ¢én can bang hod hoc:
N€u phan g tang thé tich do bién thién sd mol chét tham gia phan dng:

AV >0

i 9Ex

Khi dp suét tang thi Ky gidm, cin bing s& chuyén vé phia giam thé tich.
dinK
dp

Neéw: AV < 0 thi >0

Khi P tang thi Ky ting, can bing chuyén dich vé phia giam thé tich.
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Nhan xét trén day ciing 1a not dung clia nguyén ly chuyén dich can bang clia Le Chatelier

mi ta da bit.

Thi du: Phan tng N, + 3H, = 2NH; co An < 0 hay AV < 0. Khi tang 4p suét can bang sé
chuyén dich vé phia tao ra NH. D6 ciing chinh 1a 1y do gidi thich tai sao viéc tong hgp NH, phai
thue hién O 4p suil cao.

(ii). Anh hudng ciia khi iro

‘Trong thyc t& nhiéu phan (ng tién hanh trong diéu kién 6 mat nhimg khi khong tham gia

phan fing ma ngudi ta goi 12 khi tro.

An
Ta da biét: K, =K,! —P-— = const
"1 Zn,

Cong thifc d6 cho thay la sy ¢6 mit clia khi tro lam cho (Zny) va do do ty so P bign déi
In;
gidng nhu anh hudmg cia dp cust d6i véi nhitmg phin tmg khong c6 khi tro tham gia. Tdc duns ~ua
khi tro tuong duong tic dung giam ap suat,
Thi du: trong 16ng hap NH;, ngudi fa tinh todn thay ring, néu ty ¢ khi tre la 10% thi tac
dung cta dp sudt 1.000 atm chi con tuong duong vdi 250 atm néu khong ¢6 khi tro. (khi tro 1a khi

hoan toan khong tham gia phan @ng).
3.4. DPINH DE NHIET NERNST

Khi tich phan khong dinh han phuong trinh Gibbs-Helmholtz va phuong trinh dang dp Van't

IHoff ching ta cdn xic dinh hai hiing 56 tich phan J va I:

d [A(J] - _ AL: - AG;= -T_[éﬁldT +J.T
T

dar\ T ) T
dinK _ __AE; —-InK, = ;\-li-.(lT+I
dT ~ RT? RT

Muén xdc dinh I va J ta can biét mdt gid tri cla AG . va Ko, & nhiét do T, nao do (thudng
fa nhiét do 298K).
Pinh dé nhigt Nernst gitp ta tinh todn cdc hiang s6 tich phan do khong cén biét trude cic

gid tr1 cua AGTL va 1\9,'1'1 .
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3.4.1. Pinh dé nhiét Nernst

Dinh dé nay do Nernst timt ra pam 1906, dya trén khdo sat cac phin dng trong hé rin va

long (goi 1a h¢ ngung ty). Dinh dé¢ a6 duge phit bi€u nhu sau:

Dot vei hé ngemg ti hai dudng cong AH = fIT) va AG = T} s€ chap nhai va cé tiep tuveén

chung & khong do tuyét doi.

lim{f‘ﬂ*_] - nm[d_‘é‘ﬁ] (3-15)
Tl dT - dT .

Ta con suy ra rang, ti€p tuyén do song song vdi truc hoanh.

That vay:

A :
fim Ej—[rl = lim(—-AS)
dT1

Tl Tt

Ma: AG=AH-TAS

_AS= AG-all
T
: -AH AG,—-AH
lim(—AS) =1 rnéG—-Ai =— = 0
T-0 T-0 T 0 0

Ta dp dung quy tic L’ Hospiial: ‘
dAG  dAH

: . daG7_. ldr dT [0
-5~ 420 |- ) <t <=0
dT
Vay: {d—Aﬂ} =[~—dAG] =0 (3-16)
dT T 0 dT T—0

Tit (3-16) ta nhan thdy rang & nhiét do rat thap bi¢n thién nhiét dung cdc chit trong hé

ngung tu bang khong.
Vi dar AC, =0
dT

Do dé “Khong thé ¢é qud rrinh ndo gichm nhiét do dén khong do tiyét dai™.

Vi thé dinh dé nhiét Nernst con duge goi ta nguyén 1y “khong thé dat déh khong do tuyét

461 1 nguyén 1y thit ba cia nhigt dong hoc.
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Neay nay, ngudi ta co thé dat dén nhiét d¢ thap hon 0,00001 K.

46,44

aH

46

(k)
Hinh 3-2. Su phu thudc clia AG, AH vao nhiét d6 trong mién nhiét do thap.
3.4.2. Ung dung dinh dé nhiét Nernst dé x:ic dinh hang s6 tich phan J val
Trudc hél ta xic dinh hiing s6 tich J va T trong h¢ ngung tu:

[d[%f]::—[ﬁ?.dr+1

AG:—T[Tde+LT

N&u ta khio sdt he trong khodng nhiét do rat thap (gin 0 K) thi AC, = 0 — AH = const. Do
da:

AG:-TAH]%£+LT=AH+LT

Dao ham hai vé theo T:

{daG} dAH]
| = -+ ]
dT dr

Theo dinh dé nhiét Nerast (3-15) ta ¢6:

2207 _[oa]
dr J'i'->0 dT T—i}

Dodé: =0
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Vay hiing s tich phan phuong wrinh Gibhs - Helmbolt= ca hé ngung tu bang khong.
Tir d6 ta suy ra gid tri cva L la

InK, = jf,—l:z—‘dT +1 (a)

Mt khic ta biét:
AG" = - R.T.InK,

AGY =-T. jéil AT +1T

_RT.InK, =-T. j‘“- dT+ )T

K, = jﬁi dr+ (b)
RT:. R

So sanh (a) va (b) ta co:

Vie]=0nénk=0

Vay hing s6 tich phan khi tich phan phuong trinh dang dp Van't THoff chia hé ngung tu cling
bing khong.

Poi véi he khi thi vige xdc dinh J va [ phitc tap han, 1 ta phal thuyc hién phan g khi do
nhee sau: thoat tién ngung cdc chat khi vé trang thdl ngimg i, sau dé cho cac chit do phan ung
v&i nhau & trang thdl ngung t, san pham thu duge ¢ trang thii ngimg tu s¢ duoc thang hoa (bay

hoi) thanh trang thili khi.

K&t qua tinh todn duge:

0] )]
RlRel

d
trong d6: J 1a hing 36 hoa hoc di cho san trong 6 tay hod ly;

n: 13 cdc hé 0 ty lugng trong phuong trinh phan (ng;
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(Znj), = téng hing 6 hod hoc clia cdc chat dau;
(Znj), = tong hing s6 hod hoc cha cde chit cudi.

Déi v6i nhimg phan tng di thé, j chi tinh cho cdc chit khi khéng tinh cho cac chat rin,

long.

Thi dw:  Fe,0, (1) + 3CO (k) = 3Fc (1) + 3CO, (k)

Thi:  T=4Aj=3juq, — 3o

Nhu vy vé nguyén tic co thé tinh hing s& can bing cla cdc phan iing dira trén cdc gid trj
cha j. Tuy nhién viéc xdc dinh thue nghi¢m j, néi chung, khé chinh xdc. Vi the ngudi ta chi diing
phuong phip niy dé tinh todn nhanh hay tinh so bo cdc hing s6 can bang, Thutng hay sir dung
cong thitc gin ding Nernst ba s6 hang nhur sau:

_ AH;DS

+1,75An.1g T + Aff (3-18)
1941.T

logK, =

trong d6: j° 12 hang s6 hod hoc quy ude, An: bién thién he s6 1y luong cia phan tng (chi

tinh che cdc chit khi).

Gid 1ot 7 e midtsa chat

H,: 1.6 Cl,: 3.1 NO: 3,5
CH 2.5 CO,: 32 CO: 3,5
N,: 2,6 NH,: 3,3 Br: 3,5
0,128 HBr: 3.3 H,0: 3,6
HCL: 3.0 HI: 3.4 I: 3.9

Thi dy: Tinh hang 6 can bing ctia phan img;
CO, + H,=CO + 11,0

G 1073K theo cong thitc Nernst ba s6 hang.

Bigt AHY,, (p/i) = 41.800 ]

Glel:

P61 véi phan tng nay:
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An=2-2=0
A= o +ico) — (7', +Tcos )= (3.6+35)—(1.6+32) =23
Ap dung (3-2):

logK, = —— 809 417501081073 +2.3
To1941/1073

K, =182
Thue nghiém cho ta K, = 1,81. Chimg to ring, mac dau da thira nhan mot s6 tinh 10dn gin
diing nhung cong thilc Nernst ba 6 hang gilp 1a xdc dinh 16t 56 bo hang s6 can bang, dac bigt doi
v&i phan tng c6 An = 0.
3.5. CAC PHUONG PHAP XAC DINH HANG SO CAN BANG

C6 thé xdic dinh hiing s& can bang nhitng phuong phap sau day:
3.5.1. Phuong phap nhiét

Xic dinh AG® clia phin tmg qua AH” va AS” bing phuong phap nhiét (AG® = AH" - T.ASY).

Sau do suy ra:

AG”
19.11.T

logK, = —

3.5.2. Phuong phap xdc dinh thanh phan hon hop can bing

Phuong phép nay cho phép xdc dinh tryc tiép hing & can bing. nhung vé phuang dién thuc
nghi¢ém gap nhiu khé khan. C6 hai di€u cén chi y khi xdc dinh hing s6 can bang theo phuong
phdp nay:

a) Phai biét chic 1a he da dat dén trang thdi can bang.

Tieu chuan kiém tra thi nhat 1a khi di tir hai chiéu thuan vd nghich, gid tri cia hing s6 cén
bing do theo hai chiéu nay phdi bing nhau. Chang han phan ng:

4A+bB+...=gG+dD+ ..
thi hiing s& can bing xdc dinh tir chdt diu A, B... clng ding nhu tr G, D...

Tieu chudn thit hai La néng do clia cic chat tham gia phan mg bién thién trong pham vi kha
rong ma hing s& can bing vin khong thay ddi. Chang han, ty s6 néng do ban ddu clia A : Bbang 1 :

10 hay 10 : | thi hiing s6 can bing thu dugc van khong doi.
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b) Khong duge dé can bang chuyén dich trong qua trinh phan tich hén hop can bang. Mudn
{h€, céc méu phan tich thanh phan cén duge lam lanh nhanh dén nhict do di thap sao cho téc do

phan (g xay ra trong cic méu d6 1a vo cung nhd hay xem phan Ung nhu da bl “dimg”.

Hoac ngudi ta xdc diph thanh phin thong qua cic tinh chat vat 1y (d¢ din dién, do din

phiét, do phan cuc dnh sdng, ap suat, v.v...) bing nhimg dung cu do nhanh.

3.5.3. Phuong phip gidn tiép

C6 thé xdc dinh hing s6 can bang clia Mot phan ing bing cdch tinh 1odn qua hang 0 cin

bang da biét ciia cac phin ting lién quan.
Thi du: x4c dinh hiing s6 can bang cla phan ng:
C(r)+HO0 (k) =COK)+ H, (k) (a)
Qua hiing 4 can bang cla cic phan 1mg:
CO (k) + H,0 (k) =CO, (k) + H, (k) (b)
C (1) + CO, (k) = 2CO, (k) (¢)
Ta thdy ring phan ting (a) la 16ng clia phan ing (b) va (c).
Do do: |
AG' (a) = AG” (b) + AG” (¢)
Vay: - RTInKp, =~ R.T.InK,, - RT.InK, .
K. = Kpp - Kig .
Biét K., va K, s tinh duge K.

Phuong phap nay thudng dugc 4p dung cho trudng hop khi viéc xéc dinh hing s6 can bing
phan itng nio d6 bang thuc nghiém khé khin hay khong xdc dinh dugc.

3.5.4. Phuong phap dién hoa

D461 voi nhitng phan (mg ¢4 thé thuc hién trong pin thi ngudi ta s& lap mot pin lam viéc
thuan nghich nhiét dong hoc theo phan tmg d6. Po stc dién dong E” cha pin, tir 6 suy ra hiing 56

can biang K theo cong thic '

M Xem phin dién hod
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trong do:
n: 56 electron trao déi trong phin Ung;
E: s6 Faraday, F = 96500 coulomb;

E™ stic dién dong tiéu chudn clia pin , volt



CAU HOI VA BAI TAP
Cau héi |
1. Dinh nghia va néu céc tinh chét clia cdn bang hod hoc.
2. Thi€t 1ap phuong trinh diing nhiét Van s Hoff cho phin tng déng the.
3. Can c( vio gid tri clia K ta c6 nhén xét gi vé chiéu cia phan ting
4. Tim méi lién heé gifta cac cdch bidu dién hang s6 can bang K, K¢, K, Ky.
5. Thiét 1ap phuong trinh dang nhiét Van 't Hoff cho phan tmg di thé.

6. Dinh nghia v& ap suit phan ly, nhiét do phan ly, nhigt do phan huy ctia qud winh phan ly

cacbonat,
7. Trinh by anh hudng clia nhiét do, dp sudt dén can bang hod hoc.
8. Phit bi€u dinh dé nhiét Nernst vaiing dung cua né.
9. Trinh bay vé cic cdch xdc dinh hing s6 can bang.
Bai tap
1. Hing s6 can bing cﬁ# phan mg CO + H,0 = CO, + H, § 1000K 1a 1.4, & nhi¢t d6 d6 hon
hop gém 50% CO, 5% 11,0, 20% CO,, 25% H, (tinh theo % mol) s& phan tng theo chiéu nao ?
Pap s0: phai sang trai
2. Tinh hang s& can bing clia phan iing
2C + 3H, = C.H,
(325°Chict:  AHY, (CH,) = — 8460320 ]

52, (C) = 5,705
S9,, (1) = 130,51
52, (C;H,) = 227,183
Ddp 56 4,6.10°
3. Tinh hiing $6 cin bang cla phan tng:

CO + PbO = CO, + Pb



 diéu kien tiéu chudn, phan g s& xdy ra theo chi¢u nao ?
Pdp 56: K = 1,32.10" trai sang phai
4. Xsc dinh hing s6 can bing K, & 700K clia phan img:
SO, + ;]) 0, = SO,

Biét rang & 500 K, K, = 2,138.10° va hiéu img nhiét trong khoang nhiét do do la AH (p/i) =

- 078956 1.
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Pip 50" KD 5g0 =253

5. Xdc dinh hing s6 can bing & 1000K clia phan mg:

CO +H,0=C0; +H,
Theo 2 du kién sau:
a) Kjao(pih) = 1,52.10° AH g (phi) = —41122,84 )

C, (CO) =26,51 + 7,524.10°.T - 1,17.10°.1*

C, (H,0) = 30,18 + 9.966.10°.T - 1,116.10°.T°

C, (COy) = 26,752 + 42,218.107T - 14,212.10°.T

C, (Hy) = 29,00 - 0,836.10°.T + 2,00.10".T

b) A9, (CO,) = - 393.510 J/mol 995 (CO) = 213,6
AH3,(CO,) = ~ 393.510 J/mol S0, (1) = 130,
AH % (€C0) = — 110.500 J/mol S3e()) = 1974

ATTS,. (T1,0) = —285.810 T/ mol Sest Hy ) = 69,96
AC,=17,18

O nhiét do dé phan Gng déng phan ti ciia bon chit s& phan (g theo chicu no:
Dp so: ay 1.37, by 133
it sang phai
6. Xac dinh hing 6 can bing K, 9 1000 K clia phin ing:

CaCO, = CaO + CO,



theo cong thirc gan ding Nernst ba s6 hang:
Dip s6: K, = 0,1426
7. Biéu dién hing s8 can bang cia phan tng: CO, + €= 2C0O qua hing 6 cn bang cua
cac phan tng:
C+0,=CO, (a)

200 + O, = 2C0, (b}
Kea

ﬂdp S{i‘: K P =
K I"b

8. Ap suit rieng phin cua CO;, H,, CO va H,0 (k) & trang thdi can bang la:
Peg, =0,2142 atm; P, = 02549 aim; P, = Py = 0,2654 atm

Xic dinh:
a) 1lang s6 can biing clia phan tng CO, + H, = CO + 1,0 (k)
b) $6 mol H, can bang vdi 22,72 mol CO + 22,72 mol 15,0 + 48,50 mol CO,
| Didp s6: K=1,29; 8.2 mol
9, 1ling s0 can biing cla phan img:
i1, + Cl, = 2HCI

6 thé dién ta bdi phuong trinh:

logK = g —0,44 1og T+ 2,16

Xic dinh hiéu (mg nhiét cia phan ¢ng do6 o 1600K ?
Bip so- -21975.24 ]
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CHUONG

CAN BANG PHA

Trong thue € chiing ta hay gip cic hé di theé. Nghién ciiu diéu kién can bing trong cic he
dé gip ta hi€u rd dic diém, tinh chit ciia cdc qud trinh bay hoi, két tinh, néng chay, v.v... clia cdc
dung dich, cdc hé kim loai, v.v... mi trong cong nghiép hod hoc, luyén kim v mot s6 nganh khic

thuing gap.
4.1. QUY TAC PHA GIBBS
Trudce khi thiét lap va phan tich noi dung {juy tac pha Gibby chiing ta hdly xét mot vai khdi
niém.
4.1.1. Mot vai khai niém va dinh nghia
(i). f’ha
Pha la tap hop moi phan dong thé cia hé, moi diém trong pha c6 céc tink chdt nhiét dong,

vt Iy, hod hoe va thanl phan nhu nhar, gitta cde pha 6 bé mdr phan cdach, qua bé mar dé cée tink

chdt eda hé bidu thicn dot ngot.

~ 'Thi du: nude long va nude dd tao thanh mét hé di thé. Tat ca cdc mau nude di 1a pha rin,
nudce long 1a pha 1ong. Giifta chiing (nude da va nude 1ong) ¢6 bé mit phin cich vi cac tinh chat (thé
tich riéng, khoi luong riéng, noi nang, v.v...) cia ching khdc nhau rd rét.
Khi xdc dinh pha can tuu ¥ hai diém:
- Pha phai bao g6m mot tap hop dn cic tiéu phan (nguyén tir, phan tir...) d€ sao cho moi
tinh chat cha cdc tiéu phan ndm trén bé mat phan cdch khic véi tinh chat cic tidu phan trong thé

tich pha.
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- Phan biet khai niém pha va trang théi tap hop: s6 rang thdi tap hgp clia cdc chat ta thudng
gap la ran, 16ng, khi “, con s6 pha thi vo han.

Thi du: O trang thi rén sit ¢6 nhiéu dang thir hinh Fe-a, Fe-B, Fe-y... mdi dang thit hinh A
mét pha,
(ii). Cau tir

Ngudi ta thudng goi cic don chat va hop chil hod hoc tao nén hé 1a hgp phan. Cdiu fit It hop
phan ma thanlt phdn cde pha trong hé dioe xie dinlt boi néng dé cia né.

Thi dy I: Ta c6 | h¢ gom 3 khi agon, hydro va heli: Ar, H,, He (3 khi nay khong phin tmg
vdi nhau) tai nhiét d¢ nao do, thanh phin ciia hé duoc x4c dinh bdi néng do cda 3 khi theo bat ky ty
1¢ nao. Theo dinh nghia wén thi ¢ day hop phin chinh 1a cau tir, s6 hop phdn bing s& cau tir.

Thi du 2: Ta ¢6 | h¢ gom 3 khi hydro, iot va iodua hydro H,, I, va T, 3 khi nay cé tic dung
vdi nhau theo phan ding:

H, + 1, = 2HI

Khi phan ving dat dén can bing thi dp sudt (hay ndng d6) clia ching lién hé véi nhau theo
hing 0 can bing:

K, = “'C = const(T)

Ta1 nhiét do xdc dinh (K = const) thi ndng 40 clia 2 trong 3 hop phin 12 dit xdc dinh thanh
phén clii hé. Ching han, cho ndng d6 cta 11, T, tuy y thi ndng d6 cha HI phai bing:
_—

Cpy =K. Cpp, C,,

Cho thanh phan HI va I, tuy ¥ thi ndng do [, phai bang:
_ C13I|

C,=
TOKGy,

Theo dinh nghia trén, hop phan clia hé la:

‘" Khi nhiét do lén dén 10000°C thi chat kh{ hoan todn b ion hod nghia 12 bj phan tich thanh nhimg
hat nhan mang dién duong va clectron. Liic d6 chat khi & trang thdi plasma tic Ja trang thdi thit 4
cua vit chit,
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H,. I, HL. con cdu tr cla he 1a 2 trong 3 hop phén dé, ¢6 the ta HL 1;: 1, Ha: HI. I,. Vay. 6

trudng hop nay s hop phin 1a 3, s6 cautir la 2.

Thi du 3: Néu Ihoa.ul tien ¢6 mot binh kin dyng 111 ta dun nong binh dé. HI s& phan ly thanh
H.,, [, theo phuong trinh:

OHI = I + 1,

Tai nhiét do xdc dinh, khi phan tmg dat dén can bing thi néng do cac khi s& licn h¢ vai
nhau theo:
_ C, Cy,
¢ T z
Cin
Ngoai ra, do HI phan ly raH, va [, nén ta con ¢6 1 phuong trinh lién hé nong do nifa la:

Cl: :Cu:

Viy a trudng hop nay, ta chi cin biét ndng do ciia { trong 3 hop phin s suy ra nong do cua
2 hop phén khic vido do suy ra thanh phin ctia hé. Theo dinh nghia trén, 56 cau tir clia hé chi bang
1.

Qua 3 thi du trén ta co thé rt ra 1 quy tac tinh 8 cdu tr nhu sau:

Néu goi R 12 s6 hop philn, K 1d 6 ciu tir, q la s6 phuong trinh lien hé r.dng do (trong thi dy
1.q=0;thidy2,q=1;thidy3,qg=2)hi $& cd it béng 56 hop phan wiv di s¢ phuong trinh licn

hé nong do:
K=R-q (4-1)

Trudng hop 2 pha ¢ cling thanh phan thi tir (4-1) ta suy ra ring: s6 hop phin cla hé bao

phiéu tuy ¢, 50 cdu tir cta he van 13 1. (Vico R - 1 phuong trinh lién he néng do giifa cdc hap phan).
4.1.2. Diéu kién can bang pha

Cic pha mudn t8n 1ai can bing vdi nhau thi phéi c6 nhimg diéu kién sau day:

_ Nhiét dé clia cde pha phai nhu nhau.

- Ap suat chung trén céc pha phdi bang nhau,

- Thé hod cia mdi cdu 1ir trong céc pha phai bang nhau.

N&u hé gom ¢ pha, duqc danh s5 tr &, B. v, ... vaco Kedutr: 1, 2,3, 4., K (méi pha

déu gém K cau tir) thi 3 diéu kién trén dugc viet ta:
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1. T™=T'=1T"...=T

2. P =pPl=pP.. =P
py=pl =yl =..=p!
3 py=pr=pi=..=p3 @-2)

Bk =B =BE = =0k
Ngusi ta codn goi: diéu kién 1 1a diéu kién can bang nhiét.
diéu ki¢én 2 12 diéu kién can bang co.
diéu ki¢n 3 12 dicu kién cin bang hod.
Mat kKhic vi p, = +R.T.InP,
Do dé, theo diéu Kién cin bang ta ¢6:
w=w
W+ RIT.InP* =1 + RT.InP?
Vi pl? cua 1 chit trong cic pha nhu nhau khi T = const,
Nén:

pe = pf

Tir dé, diéu kién can biang (3) ¢6 the viét:

u _nplb _pr . _p¢
P =P =P =.=D
;
3 Py :pzl = P] =..=p
a _ph _pr - _—p¢
Pl =P, =P =_.=P

Chii y: Trong (37) dp suat P,, P,, ..., P, 12 dp sudt riéng phan cha cic cdu e, khong duoc 1an
vGi ap suit chung P nhur trong diéu kién (2).
4.1.3. Quy tac Gibbs

Quy tac ndy do Gibhs dua ra nim 1876. N6 1 ¢ sd dé nghién cifu méi quan hé gita s pha,

sO cdu tr va cdc thong s6 bén ngodi tic dong 1én hé khi ciin bang.
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Quy tic do thidt 1ap nhu sau:

Ta bi¢t rang lic can bang trang thdi clia he duge xdc dinh boi cdc thong a3 co ban: dp suat,

shiét do, vi ndng do cde cau tir trong he.

So thong sa do la:

- Nhiét do = 1 {v1 lic can bing nhiét do cic pha trong he déu nhu nhau).

~ Ap sudt = 1 (vi Wic can bang dp suit cdc pha trong hé déu bing nhau).

- Néng do = §.(K-1) vi: trong | pha c6 K cdu tir thi 6 nong do doc lap 1 (K-1).

Thi du: Trong pha khi ¢6 11, Ar, He oia sir bict nong do cua 1, 1a 30%, Ar i 50% thi €
suy ra He 1a 206, nghia Ja hé ¢6 3 can (i thi chi ciin bigt nong do cla 2 ciu wWr(3-1=2)s&suyra

+

néng o clia cdu tr thit 3. He ¢6 ¢ pha nén s6 néng do doc 1ap L d.(K-1).
Vay, 16ng cic thong s6 co ban dac trung cho hé L
1+ 1+ (K-D=d(K-1)+2

Nhumg cdc thong s6 d6 con lién he vai nhau bai 1 s6 phuong trinh. That vay, vi thé hod hoc

13 ham cua ap sudt, nhiét dd, va noéng do nén ¢.(K-1) + 2 thong <& con lien he voi nhau boi cic
phuong trinh can bing vé the hod nhue diéu kien can bang pha thi (3).
Ta thiy ctt 1 cau tir thi ¢6 (¢ - 1) phuong trinh nén K ciu tir cd K.(¢ - 1) phuong 1rinh.

Mat khdc ta biét ring: s6 thong s6 doc lap biing 18ng cdc thong ¢ trir di 6 phuong trinh

lien hé gitta chiing, Néu goi Cla thong s6 doc lap thi:
C=¢(K-D+2-Kip-1
C=K-¢+2 (4-3)

(4-3) 1a quy tac pha Gibbs. (3 day, C dugc goi 14 dé tir do nhi¢t dong gor tit 1a do te do hay

hién do.
Vay C la thang s6 bién doi ty ¥ (biéu s doe lip) ma khong lam thay doi s6 pha cita 1é.
Ghi chu:

- Trong cong thifc (4-3), s6 2 bidu thi s6 théng s chung tic dung lén toan he, dé 1a dp sudt
v nhiét dg. n€u s6 thong s6 chung dé la n (1ir trudmeg, dién trudng...) thi (4-3) cé dang: C= K-¢+

n
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- C chi duge nhan nhing gid 1ri nguyén duong va bing khong vi vay s6 pha cuc dai clng

160 tai la

K-¢+n=0
p<K+n

- N&u dp sudt hay nhict do khong 461 (T = const hay P = const) thi {(4-3) ¢6 dung:
C=K-¢+1

_ Néu ch 4p sudt v nhiét do déu déng thoi khong doi thi:
C=K-¢

Ngodai ra, ngudi ta con dung thuat ngit:

Khong bign khi C=0

Mot bién khi C=1
Hai bién khi C=2
Ba bién khi C=3vyv..

4.2, HE MOT CAU TU

Trudc hét ta xét he don gidn nhat la he 1 cau tir. Trong h¢ nay thutng ¢6 qud trinh chuyén
¢t pha nay sang pha khac khong kem theo bién A1 hod hoc. Ngudi ta goi do 1a qucd trinh chuyén
phe hay sy bién doi trang thai. Thi du: sy bay hoi, ngung t, nong chay, thing hoa,... clia chat

nguyén chit 1a nhimg qui trinh chuyén pha.

Trong qud tinh d6, dp suil vi nhiét do cé quan hé khang khit véi nhau theo phuong trinh

Clausins - Clapeyion.
4.2.1. Phuong trinh Clausius - Clapeyron
Thiet lap:
- Gia st hé ¢6 2 pha a vi f can bing véi nhau:
o= f
Khi can biing the dang dp cta 2 pha bang nhau:

G[t — G]i
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Néu lam thay doi diéu kién can bang, ching han khi dp sust thay déi tir P dén P + dP thi
nhiét do ciing phai thay doi tir 7 dén T + dT, bai vi theo quy tic pha Gibbs:

C=K-p+2=1-2+2=1

C =1, c6 nghia la khi dp sudlt thay doi thi nhiét do phai thay déi theo (ndng do thi luon luon

khéng doi - chit nguyén chat),

He s& dat dén mot trang thdi can bang mdi vai didu kién la:
G*+dG*= G'+dG"
dG* = dG°

Hay tir {2-16):
dG =-8dT+ V.dp

Nen: - S"dT+ VedP=-8"dT + VP .dp
(8" - H.dT = (v - vP).dP
dP_4S
dT AV

AS 1a bién thi¢n entropi trong qud trinh chuyén pha. Theo (2-8) ta ¢6:

AS=2
T
Vay: dP= A (4-4)
dT T.AV

(4-4) la phuong trinh Clausins - Clapeyron
(i). Ap dung (4-4) cho qud trinh nang chdy
Rén (R) = Long (1.)

Dai véi qud trinh ndéng chdy, bao giy A > 0 (thu nhict) vi the, dau caa dT phu thudc vao
dp

diu clia AV, N¢u thé tich cla hé ting: AV > 0 thi dr > 0.

dP

Nghia Ia khi dp sudt bén ngoai 1ang, thi nhiét dé nong chay ting. Pudng cong P = ¢(T)

hudng sang phai (hinh 4-1). Day la trudng hop pho bién cia nhiéu chat nguyén chat.



New: AV <0t 97 <o.
dp

Nehia 1 khi dp sudt bén ngodi tang thi nhi¢t do nong chdy giam. Pudng cong PP = o(T)

hudng sang trai (hinh 4-1). Ta gap trudmg hop nay o cdc hé HLO, Bi, Ga va mot s@ Joal gang.

2

.

Hinh 4-1. Su phu thudc clia nhiét do nong chay vao ap suat
Do dé ngudi ta gidi thich rang: 10p bang & dudi gidy cla ngudi truot bang do chiu ip suat
1én nén tan ra (vi nhiét do néng chiy ¢l né thip hon) tao think t 1op “dau nhon” ral dé truot. Khi
giay dil ludt qua thi mat bing wrd 1ai binh thuong.
Thi dy: & 0°C nhiét néng chay cua nuée da ta 5996,63 J/mol, thé tich riéng cua nude long
Vit nudc did tuong tng la V, = 1,000cm’g, V, = 1.098cm /g. 116i khi dp suit bing 3 atm thi nhiét do
néng chay cta nude dd 13 bao nhiéu?
Gidi: Ap dung cong thisc (4-4):
dT TAV
dP A

Pon vi cha ve a1 [ K ] vay khi thay $0 vao (4-4) cin chi y tinh déi don vi:
atm

1T 000986 {Laim], em® = 11

AT _T[K]AV.107 ()]

AP 1.0,00986. /atm)]
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dT _ TAV
dP 9.86%

NEu xem AV, % khong thay dai v6i dp sudt thi:

'['—.\']'d—l— ~ QV .E'+f::’“)

ST 986n 4
In[l + _ﬂ:] = Al.AP
T Q86n

N (ATY AT L(ATY 1/ary a(aty’
M Inf 1+ = _ S el = —=t— | +
T T 20T 3UT 4l

Vi AT << T nén ta bo qua ciic 56 hang bic cao.

[ AT] AT
n| I+ =
T

T

Dods: AT AY 4p
9,861

aT= 1Y Ap
98614

Thay s8 vivo (4-6) ta dwrgc:

_ 27341001 - 1.098).18.2

- =-0.0106
9,860 x 996,63

!
I

O 3 atm nhiét do nong cliay cta nude di la:

T = 272.984K hay -~ 0.016°C

Vay nhi¢t do ndng chay cti nude di thay déi it theo dp suat.

(ii). Ap dung (4-4) cho qud trinh hod hoi: (bay hoi, thang hoa)

Y&t qud trinh bay hot:
Long (1) == Hoi (h)
a1 véi qué trinh bay hoi:

# = 0 (thu nhiet)

AV > 0 (AV Inon luen duong vi 'V, luon ludn 16n hon V, rat nhiéu).

{4-5)

(4-6)
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Do do:

dpP A s . o TN A e 1 e i
— = ——->0: luon luon duong. Nghia Ja dp suidt hoi cia chat long bao gitr cling tang
dT  T.AV

theo nhiét do.

Néu xem V, >> Vi AV = V, vit gid sit hoi tuan theo dinh hudt khi 1y tuedng thi:

V]l - E
P
. RT s ) ,
Thay: Av = V, = vao (4-4) ta dugc;
P
dp = _MJ_j (4-7)
dT R.T-
Hay: ﬂlﬁ = }”_j (4_7")
dT R.T-
Tich phan{4-7")ta ducec:
InP= j s —dT + (4-8)
R.T-

j 12 hang s6 tich phan va dugc goi 13 hing s6 hod hoc ciia cdc chit (ta dd n6t dén trong cong

thite (3-19), phu thu¢ce ban chat timg chat).

Neéu A = const (trong khoang nhiét do hep 2 = const) thi (4-8) ¢6 dang:

np=-t 1 (4-9)
RT
.. A
Hay:  ogP=-—""— — tconst (4-10)
1914 T
Vd] const = _.‘j—
2,303

Tir (4-10), 1a thdy logP 1a mot him bac nhit cla —l . Tién hanh thuc nghiém do cic 2id tri
cta P & cdc nhiét do T khic nhau, 16 lap d& thi, truc tung ghi cic gid trj logP, truc hoanh ghi cic

gid l (hinh 4-2).
T
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.(ayP
A
log? e o -
g | »
I
|
|
|
}
{ -
o . vr

1
Hinh 4-2. Su phu thudc cla logP vao T

Tir dé thi ta xdc dinh duoc:
W

19,14

A= — l().|4,lg(1

Ung v6i gid tri logP (P = 1 atm) sé tim duge gid tri 1 (theo chiéu miii tén cta dudng cham
g g 2 £ g

chiam), T, - nhiét do s6i ciia chat long trong didu kién P =1 atm.
Mt khdc ta con xde dinh duoe const = OA, do d6 ¢6 thé xdc dinh duge j.

Tém lai, do ap sudt hoi bio hoa cta chit long & cdc nhi¢t do¢ khic nhau chiing ta € xdc

dinh duoc nhiét bay hai ciia chat long dé va hing 6 tich phan trong (4-10).

P3Si vai qua trinh thing hoa ta ciing ¢4 két qua tuong tu, cdn A trong (4-7), (4-8), (4-9) va
(4-10) 1a nhiét thang hoa phan ur).

4.2.2. Biéu dé trang thai cia hé mét ciu tir

Trang thdi clia hé 1 cdu wr ¢6 thé biéu dién bdi phuong trinh lién hé giffa cdc thong so cua

he. Thi du: d& véi khi 1y tudng, trang thdi cta hé duge biéu dién bai phuong trinh:

PV =nRT
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Nhung cdc h¢ ta hay gap khong chi la hé¢ mot pha khi ly tudng ma 1a hé di th¢ nhiéu pha.
Néu diing phuong trinh trang thdi d€ bicu dién mot he nhu the thi rit phife tap. Do do, ngudi ta

thudng biéu dién trang thdi clia hé bang cic bidu dd.

Trang thii cua hé duge hoan toan xic dinh bdi 3 thong s&: dp suat, nhiét do va thé tich
rieng: P, V. 'T. Vi thé bi¢u do khong gian gém 3 truc thing goc vai nhau, trén d6 ghi 1uong (g cic
gid tri P, V, T. Néu khao sdt trong diéu kién 1 thong s6 nio dé clia hé 1i khong d6j thi ta ¢6 cdc bidu

dé phing:
Khi V = const ¢6 bi¢u dé ding tich (P-T)
Khi P = const ta ¢6 biéu do phang dang dp: (1 - V)
Khi T = const ta ¢6 biéu dé phang ding nhiét: (P - V)

Tuy theo yéu cau nghién citu ma ta sir dyng nhimng biéu dé thich hop. Sau day ching ta xét

biéu dé trang thdi (P, T) ctia nude dé lam thi du:
(i). Biéu do trang thai (P - T) cia H,0 6 dp sudt thdp

G mién dp suil thap bidu d6 trang thii (P - T) cla H,0O nhu hinh (4-3) (vé khong theo ty 1¢
xich}. .
P

217 atm

575

a0078 $73 T,

Hinh 4-3. Biéu d6 trang thai (P - T) cla H,0 & ap sudt thap.
Bi¢u d6 chia Jam ba mién bdi cic dudng OA, OB, OC.
Mién AOB (R}, biéu dién trang thdi cia hé & pha rin.

Mién BOC (L), biéu dién trang thdi ciia he & pha long.
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Mién AOC (1) - pha hoi.

Dudng OA: biéu dién quan hé 4p suat hoi clia pha ran véi nhiét do (goi tat 1a dudng thang

hoa).
Pudng OB: biéu dién quan hé dp suit va nhiét do nong chay (goi ta dudng néng chay),

Duting OC: biéu dién quan h¢ dp suit hoi cua pha long véi nheét do (goi tat 1a duong bay

hot).

Piém O 14 didm can bing ciia ba pha: rin, 16ng. hoi - diém ba, Ngoai ra, cdn cé dudng OC -
goi 1 dudng cham dong (& 1 atm nude ket tinh o 0°C, ntumg néu dudi 0"C mi nude van chua két

tinh thi goi [a nude cham dong). Piém C ta diém 16i han cta nude(373°C, 217 atm).
Cic dusng OA, OB, OC duge xac dinh boi phuong trinh Clausins (4-4) va (4-7).
(ii). Ap dung quy tdc pha dé phdn tich biéu do
Trong cde mién (R), (H), va (L) h¢ chi ¢6 mot pha nén s6 bac tyf do bing:
C=K-¢+2=1-1+2=2

i1é hai bién, nghia i ¢6 2 thong $6 (dp suat, nhiét d§) co thé thay déi tuy ¥ ma s6 pha van
khong déi (¢ = 1). Gid sir he 1a mot pha rdn biéu dién tai diém a, (hinh 4-4),
P

P
Pl’

Hinh 4-4. Bidu d6 trang thai (P - T) clia H,O & ap sudt thap.
Ta thay déi tuy ¥ dp sudt, nhigt do dén cdc diém a’, " v 2™ thi h¢ van 1a mot pha (rin).
Trén cic duong OA, OB, OC hé la hai pha nén s6 bic ty do la:

C=K-2+2=1-2+2=1
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Hé mot bign, nghia 12 trong hai thong s6 dac trung cho hé (4p sudt va nhiét do) thi chi mot
trong hai thong s6 dé bidn déi tuy ¥, con thong s6 kia phii thay doi theo.

Gia st he duge biéu dién 1ai b véi toa do (P, 1), tai do hé gdm 2 pha long va hoi. Néu nhiét
do thay doi wy y dén 1" thi p suat phai nhan mot gid tri xdc dinh P' (tuong tng véi b’ trén OC}, néu
chon 4p suat bat k¥, chang han 13 P" thi dng v&i trang thdi (T", P') hé chi con mét pha (1,0 1éng)
biéu dién & b".

Tai diém O, he i 3 pha:

C=1-¢+2=1-3+2=0

Heé khong bién, tai dé dp suat, nhiét d6 cua hé hoan toan xdc dinh (P=4,579 mm Hg, T =
273,0076K). N&u thay doi tuy y mét hoac ca hai thong s6 thi hé s& (lr ba pha chuyeén thanh he hai
pha hay mot pha.

Ghi chi: doi vai hé 11,0, dutmg OB nghiéng vé bén trii. Vi:

V, >V,
AV <0
dT _

S =-0,00753
dP

Con da s6 cdc hé¢ déu ¢6 duong OB nghiéng vé bén phai nhu (hinh 4-5).

P
8

7

Hinh 4-5. Biéu dé trang thai (P - T)cllahé cd AV =V, - V, > 0.
4.3. HE. HAI CAU TU
Hé hai cilu 1 duge hoan toan xdc dinh béi ba thong sa: dp sudl, nhiét do va néng do mot

cu iy {vi biét ndng do cta mot cdu tir nay thi s& suy ra ndng do cha cdu tir kia).
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Vi thé, bty ¢o bicu dién trang thii clia hé hai ciu tir 13 biéu d6 khéng gian ba chiéu nhung
khi:

P = const ta ¢ biéu d6 phing ding dp (T - C)
T = const ta ¢é biéu dé phing ding nhi¢t (P - C)
C = const ta ¢6 biéu dé phang dang miic (néng do) (P - T)

Néng do ciia h¢ c6 thé bicu dién theo nhilng cich khdc nhau: phan tram khdi luong, phan uir

phian " vy

-

Cic biéu d6 dé duge xay dung tir nhifng phuong phip thuc nghiém hay bing con dudng
thudn tuy nhiét dong hoc goi la phuong phdp “nhiét dong hinh hoc™,

O cudi churong niy ching ta s& néi vé cich xdy dung nhitng biéu dé d6. Bay gi&r chiing ta
x¢t mot 36 trudmg hop thudng gap. DB6i véi hod hoc va luyén kim thi biéu dé déng 4p (T - C) hay
duge st dung dé nghién ciru cdc qud trinh két tinh, néng chay, bay hoi, hoa tan, v.v...

4.3.1. Hé hai cau ti¥ 6 trang thai 1ong tan Iin vao nhau ¢é giéi han

Gia sie A va B 1a hai chat dng tan Yan vao nhau ¢6 gidi han (c6 miutc do). Thoat tién, cho vii
giot B viio mot luong 16n A, B tan hét, h¢ [a dung dich long déng thé. Tiép tuc them B thi néng do
cua B trong A tang l1én. Sau khi A dat dén trang thii bio hoa B néu cit tiép tuc thém B thi hé s trd
thanh di the 2 pha: pha 16ng clia B bio hoa A (goi tat 12 16p B) vi pha long clia A bio hoa B (goi tit
la ldp A).

Nhi¢t do ¢6 anh huong I6n dén dd tan lan ciia hai chat long. Ching ta thudng giap cic
trudng hop:

(i). Truong hop do hod tan tdng theo nhiét do

Thi du: hé nudc - anilin.

Gioi thiéu biéu di: Hinh 4-6 12 bi¢u do dang dp mo ta quan hé giita do hod tan coa anilin
va nude duge xde dinh bang thuc nghigm.

‘Trong hinh 4-6, diém A biéu dién thanh phin 100% H,0O va 0% anilin. Piém B biéu dién
100% anilin va 0% H,O. Di tir A dén B nong do H,0O gidm dan, anilin tang dan.

""" Cite cidch bidu dién ndng do s& duge nhic lai & chuong S
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Nhiéf 7, T

A a4 x sas x b 8
(#,0) % anitin —a { Am"("'l”)

Hinh 4-6. Biéu 46 dang ap (T - C) clia hé H,O - anilin.

Bi¢u do chia lam hai phdn: phan trong dudng aKb (phin gach chéo) 1a mién di thé, phan
ngoai la déng theé.

Thi du: Tai N h¢ di thé chia thanh hai I6p (hai pha 16ng).

Ditmg aK biéu dién do hoa tan ciia anilin trong nudc theo nhi¢t do hay goi tat 1a dudng
bieu dién néng do cla iép nude (nude nhidu, anilin it). Dudng Kb bieu dién néng do lop anilin

(anilin nhiéu, nudc it) theo nhiét do.
K I diém (6i han, tai d6 thanh phén clia hai 1&p nhu nhau.

" Qua do thij ta thdy khi nhiet.do tang tht do hod tan cta anilin lrong nudc va nudc trong
anilin déu tang (hinh 4-6).

Dé tinh firgng cdc pha ndm cin bing véi nhau ching ta thiét lap quy tic don bdy.
Quy tdc don bdy.

Thi du: hé duoc biéu dién & N (hinh 4-7) 1a di thé, phan thanh hai 16p: 16p anilin duoc bidu
dién béi diém P ¢6 thanh phan 1a x,, 16p nudc bt M ¢4 thanh phan x,. Hoi trong h¢ d6 khsi luong

cta 16p nude vai I6p anilin 13 bao nhieu?
Lép nudce: anilin trong nude

Lap anilin: nude trong anilin
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A X, X X, Blamimn)
(H0)

Hinh 4-7. Bidu dd déng ap (T - C) dung d& minh hoa quy tac don béy.
Gia sl goi g la khoi luong clia 1oan he, g, la khai lugng clia 16p nudc, g, 1a khdi luong cua
16p anilin.

Thi: g=g +& (a)
Gia sur goi: x 1a thanh phdn ctia h¢ (tinh theo % anilin);
x, 12 thanh phdn 1dp nude (tinh theo O anilin);

X, 1a thanh phdn 16p anilin (tinh theo % anilin);

ta thay rang:

khoi lugng anilin trong toan h¢ bang khoi lugng anilin trong 16p nudc + khéi lugng anilin
trong 16p anilin.

Nghia la:

B 1

x. 5o=x. &2
100 100

+X,.
- 100

Theo (a) thi:

N g,+gz):x]_ﬂ+x g,
100 100 2100

Giai ra ta duoc:

g _X;-x_ PN (4-11)

g x—x; NM
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Loy c B . - iy - ool
D6 13 bidu thiic tain cua quy e don bay .

Quy tic nay gitp ta tinh duge luong cua méi pha (16p) Khi bict lugng ciia toan hé va thanh
phan cla hé, cla cde pha.

'Thi du: luong hé 1a 1 kg, x, = 60%, X, = 10%, x = 20%

Ap dung (4-11):
g, X,-X _60-20 _ 40

¢. x-x, 20-10 10

Hay; B! __:.i)_:i
g, +g, 10+40 5
4

g,=02kg

Déi v6i cdc hé di thé gom 2 cdu tir vi 2 pha khdc déu dp dung dude quy tic don bay (4-11).

Phan tich biéu do:
Van dung quy tac don by va quy thc pha dé phan tich cdc qud irinh:

- Qud trink dun nong hé Q (hindt 4-8)

4% -
6‘ \
I J
) ’ E
M a N
(H,8) A a 5 Blanilin)

Hinh 4-8. Bi€u @6 dang ap (T - C) dung dé minh hoa qua trinh durr néng.

(1§ di ¢6 ten I quy tac ddn by vi nd gidng nhu viée tinh lye ¢ha don bay:

RN M =g P
5, NM N A
F1

116



Tai Q, hé phan thanh hai 16p, 16p mrdc biéu dién bai M, 16p anilin bdi N. Néu nhiét do thay |

doi thi do hoa tan {thanh phan céc 1ép) phai thay déi theo.
That vay, theo quy tic pha, khi P = const;
C=K-d+1=2-2+1=1

He mat bién, vay trong hai tham so dac trung cho hé 13 nhiét dé v néng do, thi khi nhigt do

thay déi bit budc néng do phai thay doi theo.

Trong qud trinh dun ndng, diém hé Q ti€n din dén Q’ (nhiét do ting dén, thanh phin clia hé
khéng doi) cic diém pha tién din tr M dén M', N dén N°.

Cic diém Q°, M’ va N’ thang hang vi ciing mot nhiét do (diéu kién can bang pha thit nhat).
Ap dung quy tic don bay (4-11) 1ai diém Q, ta tinh duoc:

Lugng 18p anilin g QM )

Lugng 16p nude g, QN
Tiép tuc dun néng thi @’ s& tién din dén I, M’ cling tién din dén [, N’ s& tién 1651 J.

TFa Jua ¥ dén bicu thuc (b thi thay ring theo qui trinh dun néng, khodany cich Q°M” bé din
vir tién t6i khong. nghia B luons [6p anilin s& gidim dao. khi he den [ ithi 16p anilin bién miat ¢hi con
lai 1Gp nude 6 thimh phan twong vne ¢ 1 (ding bing thanh phiin ban diu cia hé). Dén day hé rd

nén dong the.
Néu duoc tiép tue dun néng thi hé s& chuyén dan it  dén S.
- Quid trindt thém ddng nhiét anilin vao hé P (hinh 4-9),

Thém anilin vio hé P thi thanh phén anilin trong hé ting didn. Diém hé chuyén tir P dén M
(hinh 4-9).

Pén M thi hé 1ro nén bio hoa anilin vd xudt hién 1 giot 1dp anilin diu tién ¢é thanh phin ¢
N. Ti€p tuc thém anilin thi diém hé tién din tr M dén N - con diém pha (diém biéu dién 16p anilin

vl 18p nude) van nam nguyén 0 M va N,
Thit vay, vi P, T = const nén theo quy tac pha Gibbys (4-3);
C=K-¢=2-2=0
C = 0 ¢6 nghia la ndéng do cic 18p duge xdc dinh tai M via N. Tuy nhién lugng cdc 1op thi

thay doi.
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Thi du: Khi hé dén Q thi:

Luong 16p nusce g N ©)
Lugng 16p anilin g, QM

Diém heé 1ién dén tir Q dén N (cang thém anilin vio he) thi theo (¢) ta thdy QN bé dan nghia
Ia luong 16p nude it din, lugng 16p anilin tang 1én. Pén N thi 16p nude bién mit, hé chi con lai 16p

anilin va ud thanh déng thé. Néu tiép tuc thém anilin nita thi diém hé s& chuyén theo NT.

1,% | ‘4\

(H:0) 4 @ b B(aniin 7)

Hinh 4-9. Bidu dé ding ap (T — C) dung d& minh hoa qua trinh thém d&ng nhiét anilin.

(ii). Ciic truong hop khdc
Trong thyuc t& con gap h¢ ¢ do hod tan giam khi nhiét dostang (hé co diém hoa tan t6t han

duai). Thi du: hé msde - trimetylamin (hinh 4-10).

tc
fast————
| I ]
Nue 38 Trimelylomin

Hinh 4-10. Bidu dd déng ap (T - C) cla hé H,0 - trimetylamin.
Dic biet, con thiy cic he vira ¢o diém hoa tan trén va cé diém hoa tan t6i han dudi (hinh 4-

1}
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Hinh 4-11. Bidu dé dang ap (T - C) clia hé H,0 - nicotin.

4.3.2. Hé hai civ tir khong tao thanh hop chat hod hoc va ¢ trang thai ran
khéong tao thanh dung dich (dung dich rin)

Vidu:
- Cac hé muéi: NH,C1 - 1L,O, NaNO, - H;O vov...
- Cac hé kKim loai: Pb - Ag, v.v..
- Cac hé oxyt: CaO - MgO, v.v...
(i). Gidi thiéu biéu do dang dp

Bidu d6 dang 4p (T+ C) chia h¢ duge xdc dinh bing thyc nghiém va 6 dang nhu hinh 4-
12 .

Trong hinh 4-12, truc tung ghs nhiét do:
T, nhi¢t dé néng chay cla chit A nguyén chat.
T, nhiét d6 néng chay cha chit B nguyén chat.
Truc hoanh ghi néng do:
A: Biéu dién ndng do 100% A, 0%B.
B: Bi¢u dién ndng do 100% B, 0%A.
Db thi duoc chia ra cic micn:
Mién L. (phia trén dudmg T,ET,) 12 mién biéu dién trang thai long cua he.

Mién (A = L) (trong tam giac cong ST,F) 1a mién dj thé, ton tai can bing gilta ran A

nguyén chit va dung dich long tuong (mg.
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Npiet d"oa

Hinh 4-12. Bidu dd ding ap (T - C) clia hé hai c4u tir khdng tao thanh hgp chét hea hoc

va dung dich ran.

Mién (B = L) (trong tam gidc cong ST,E) 1a mién di thé, tdn tai can bang giita rin B

nguyén chat va dung dich long tuong (mg.
Mién (R) (trong hinh chit nhat ABS'S) la mién réin, bao gém rén A va B,
Diém E goi la diém otecti, tai d6 két tinh déng thdi ca A lan B.
Pudng T,E ta dudng biéu dién ndng do ciia dung dich biio hoi chit A phu thude nhiét do.
Dutimg T,E la dudng bidu dién ndng do ciia dung dich biio hoa chat B phu thude nhiét do.
Péi v6i he mudi - nude diém E cdn goi 1a cryohydrat.
(if). Phdn tich biéu do
Van dung quy tic pha, quy tic don by dé phan tich mot vai qud trinh.
Qud trinh két tinh:

He ban diu - gia st duoe biéu dién 1ai P (hinh 4-13) - 1a & trang thdi 16ng. Néu ta ldy nhiét
clia he (lam lanh) thi diém hé (diém biéu dién trang thai cla h¢) chuyén din tir P dén 1 {trong giai
doan dé nhiét do cha hé giam dén, thinh phin coa long vin khong thay doi) khi he dén | thi bar dau
hio hod A. Mét tinh thé rdn A dau tién xu4t hit}ﬁ & s (cling nhiét do vdi 1 va trong pha ran chicé A

nguyén chat nghia la 1009 A}.
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Bit dau tir day heé 1a di thé 2 pha.

Vay: C=K-¢+ 1= 2 -2 + 1 = 1 hé mot bién nghia 1a khi nhiét do thay doi thi néng do
dung dich 1dng cling phdi thay doi theo.

Gia sir 1am lanh he dén P’ thi diém 16ng (diém biu dién trang thdi cta pha l6ng) chuyén

dén T', diém rén dén s, ba diém P, I, s’ ciing ndm trén dubmg song song vdi truc honh (trén dudng
ding nhiét).

P=const 7
1 P
A v
5 i
F
o) 7N
y
$ —_jh‘ [G E 3
R .
A % 8 8

Hinh 4-13. Biu d6 @ang ap (T - C) duing dé minh hoa qua trinhi k&t tinh.
Tai dé:

Luong rdn A P'Y

Luong long CP'S

Khi diém hé vita d&n Q thi diém ong vira dén E, diém ran vira dén S.
Pén E, dung dich 1ong bdo hoa ca B nén ket unh déng thoi ca rdn B. Bay gid la he di thé 3

pha: rin A, rin B va long.

C=K-¢+1=2-3+1=0, hé khong bicn, nghia la trong qud trinh két tinh ca ran A lan
rin B thi nhiét do va néng do clia long Khong doi: diém 16ng van ndm nguyén & E, diém hé nim
nguyén ¢ Q.

Bay gid do két tinh cd rin B nén trong pha rin khong phdi 14 100% A nita ma ham lugng

cha rin A trong pha rén gidm dén, ham lugng clha rin B tang dan. Diém ran chung (bidu dién nhiét
do va thanh phin cla rén A, ran B) s& chuyén tir s d¢n Q.
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Gia sur didm ran dén M thi:
Luong long

_MQ

Lugng rian (A, B) ~QE

Khi diém ran chung dén Q thi qud trinh k&1 tinh két thic vi MQ — O hay luong long — 0,

giot long cudi ciing di ket tinh xong.
Sau dé toan bo khéi ran (A, By duge lam nguoi theo hudng QR.
Ghichit:

1. Néu phan tich qud trinh két tinh mot h¢ long ¢ bén phat E thi ¢iing nrong tu nhung chi

khdc 1a thoat én ket unh ra B

2. Khi long ¢&n E thi bit didu ket tinh ra ran A va ran B theo ty 1€ nhit dinh. Ngui ta goi
long & E 13 1ong otecti, ran ket tinh tai I 12 rin otecti khong phdi 1a hop  char hod hoc ma la mét
hén hop co hoc cla nhimg tinh the rdt min cia A va B xen ké nhav. Khi dp suat thay dot thi thanh

phan va nhiét do cla otecti ciing thay d6i.

Qué trinh nong chay: thi dy phan tich qud irinh néng chdy hé R thi qua trinh dién ra nguoc

véi qud trinh k&t tinh (hoc sinh ty phin tich).
Qud trinh bay hoi ding nhiét:
Qud trinh nay cé v nghia thyc t& ddi véi cac he mudi nude.

Hinh 4-14 12 biéu dd dang dp cha hé H,0 - mudi (M),

Hy0 M

Hinh 4-14, Bidu db dang ap (T - C) diing d& minh hoa qua trinh bay hoi dang nhiét.

Gia str lim bay hoi diing nhiét h¢ P (hinh 4-14). Do 11,0 bay hot nén nong do cua mudi

trong dung dich tang din. Diém hé chuyén dan tit P dén 1.
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Gia sir hé dén P thi dp dung quy tic don bay tacd:

Luong nudc bay hai 53]
mg 3 PP

Luong he (dung dich) con lai Pn
Khi dén 1, dung dich bao hoa M, mot tinh thé mudt M ddu tien k&t tinh ra taym. Bay gio hé
1a di thé hai pha.
dich tir day khong thay déi nifa cr nam

C=K-¢=2-2=0ngha 1a ndng do cua dung

pguyén ¢ 1 cho dén khi nudc bay hoi hét.
ntie 1dénm. Gia su diém hé dén Q thi:

_Qm
Ql

Vi nude bay hoi dan nén diém he chuyén da

Liuong dung dich

Luong mudi M did k&t tinh
Khi diém he dén m 1hi long bay hai hét Qm — 0.
it hoa hoc va khong tao thanh dun

4.3.3. Hé hai ciu tir tao thanh hop ch g dich

ran
hod hoc bén.

Trude hét ta xét rutng hop tao thanh hop chit

(i). Hop chdt hod hoc bén

Gia st ciutr AvaBeo thé tao ra hop chat hod ho¢ hén A,B.
Hop chat nay khi nong chay khong phén ly ra A va B thi bidu dé c6 dang nhu (hiph 4-15).

s

A ' 7 Bn

Hinh 4-15. Biéu do dang ap (T - C) clia hé hai c4u tf tao thanh hop chét hoa hoc bén

khong phan ly va khdng tao thanh dung dich ran

Trong hinh 4-15:



Ta: nhiét do néng chiy cla A nguyén chat;
Ty: nhiét d néng chay clia B nguyén chat:
T,: nhiét dé néng chay cha A _B,;
E;: diém otecti cha A va A_B,;
E,: diém otecti clia A, B, va B.
Ta thdy biéu d6 nay nhir do 2 biéu dé clia 2 ciu tir khong tac thanh hop chét hod hoc ghép
lai.
Phan tich qud trinh k€t tinh mot hé¢ & bén trdi hay bén phai A_B, déu giong nhur trudng hop
trén.
Két tinh h¢ P (diing thanh phdn A_B,) tvong tir nhur qud trinh két tinh mot chat nguyén chat:
Néu lam lanh h¢ P thi nhigt d6 cia hé gidm din, diém hé di tir P dén a.
Pén a thi h¢ két tinh ra A, B, rin. Trong qud trinh két tinh A B, rén nhiét d§ cha hé vén gitr
nguyén & T,. Khi két tinh xong nhiét d6 mdi giam.

Néu khi néng chiy, A,,B, phan ly mét phin thanh A, B thi bidu d6 ¢6 dang (hinh 4-16):

A AmBn 8

Hinh 4-16. Biéu d8 déng ap (T - C) clia hé hai cu tit tao thanh hop chat ho hoc bén ¢d
bi phan ly va khéng tao thanh dung dich ran.
Chi khdc véi trudng hap trén diem a 1 diem cue dui cha dudng cong EuE.. Trong trutng

hop mudi phin ly, a I dicm et ¢hia hai dutmg cong E ava E.a.

124



Né&u A vi B tao thanh nhidu hgp chdt hod hoc bén thi bidu dd s& ¢ duang nhur hinh 4-17.

Trong thuc t& gap rat nhiéu hé loai nhu the.

=

A 2,

&, oy

% B

Hinh 4-17. Biéu dé dang ap (T - C) clia hé cb nhiéu hgp chat hoa hoc bén.

Thi du: Ag va Sr ¢6 thé 1ao ra Ag,Sr, Agsdrs, AgSr, Ag,Sr,, HyO va FeCl, co thé tuo ra:
FeCl,.611,0, FeCl,.3.5H,0, FeCl;.2,5H,0, FeCL.2H,0 v.v...

(ii). Hop chdt hod hoec khong bén

N¢u A, B, khong bén bi phan hay & niiét & thap hon nhi¢t 4o noéng chdy cua no thi bidu

dé trang thai ¢6 dang nhu hinh 4-1%, v1 hop chit A B, bi phan hiy rén ph.ét do T nén PLy 1a

dudmg K€ tinh cta B, FE 1 duong ket tinh coa 13 (A B).

P = cons?

Hinh 4-18. Bidu dé Gang ap (T - C) cda hé hai cu tir tao thanh hgp chat hoa hoc khdng

bén va khdng tao thanh dung dich ran.



Su k¢t tinh nhimng hé ¢6 thanh phin bén tri diém P thi nhu wruong hap hé hai cdu ur khong

tao thanh hop chil hoi hoe va khong o thinh dung dich rin & trén.
Biy gio ta phan tich qud trinh k&l unh nhimg hé¢ bén phai diém P.
(at). Két tinh ¢ L (6 thanh phdn bén phdi D)
Khi nhiét do ha dén 1 thi bit ddu xuit hién tinh 1hé B div tien & s. Tiép tue lam lanh, khi
diém hé vita dén Q thi rin vira dén T, long vira dén P - Bit daw tir day heé ket tinh ra A, B, ran.
Hé g6ém ba pha: rin B, ran A, B, va [dng. Bay gid do ty do cua he la:
C=K-3+1=2-3+1=0h¢ khong bién.
Tai day nhiét do két tinh, ndng do cta long P khong doi.
Diém hé nim nguyén & Q. diém long nam nguyén a P cho dén khi 1éng ket tinh xong.

Tir hinh 4-18 ta thiy thanh phin cta ran A,B, khic thanh phin cua long P (trong ran
AL ham luong cha 13 16n hon so v 13 trong 1ong 1) viv mudn két tinh ra cin AL B, mi thinh

plidn cha Jong van khong d6i thi mot phin ran B di két tinh trude kia biy g1 phai 1an ra.
B, +long P=A,B, .+ Q
B tan ra d€ 16ng P ¢6 thanh phin Khong doi.
Q: nhiét toa ra d¢ giit nhiet do khong doi.
Trong qua trinh ket tinh rin A,B, thi diém ran chung di din tr T dén Q.
Gia str diém rin chung dén K th:

Lugng long P _QK
QP

Luong ran chung B, A,B,
Khi diém rin dén Q thi qud trinh k€l tinh ket thiic.
KQ — 0 nghia 12 luong Yéng — 0 (can hér).
Sau do toan bo khoi ran B, A,,B, duge lam ngudi theo dudng QR.

.

Ditng quy tic don bay ta ciing tinh duge luong rin B va luong A, B, trong khai ran dé la:

Lugng rin B QD

Luong rin A, B, QT
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(b). Kértinht hé M (6 thanh phdn diing D) (hinh 4-18)

Ciing tuong tur nhu qud trinh két tinh he L, khi diém ran chung dén trimg véi D thi L]uti trinh
két tinh ket thiic.

Nhung khdc v6i & trén 1a khi pha long vita két tinh xong thi B cling vira tan hél.

That vay, gia st diém rin chung mdi dén S, thi:

L.uong rin B _SD
ST

Luong ran A,B,

Khi S dén trimg D thi két tinh xong ciing ding 12 lic SD — O hay la B lic vira tan hét.
Vay khdi rin chi cd A, B, ran.
(c). Két tinh hé N (6 thandt phan bén trdi D) (hinh 4-18)

Khi diém hé dén 0, thi diém long dén P, diém ran dén T. Tai d6 ¢6 qud trinh K¢t tinh A, B,
rin nén hé khong bién, C = 0. Diém rin chung s& di ddn tr T dén D. Nhu trén ta da néi khi diém ran

dén I thi B tan hét. Heé chi con 2 pha: ran A, B, v long.

- Bay gid lugng 1ong duoe xic dinh:

Luogng long _ 0D
OP

Lucong rn

Vi C=K-¢+1=2-2+1=1

Hé mot bien, bt diu tir day (ké tir khi B tan hél), nhiét do ket tinh giam dan, thanh phan
fong cing thay ddi. Khi di¢m h¢ dén U thi diém rdn ¢én r, di¢m long dén E. Tai E, long két tinh
déng thoi ci A, B, va A. He lai trd nén khong bi€n - khi diém rin chuyén tlr r dén triing véi U thi
quad trinh k&t tinh két thiic.

Sau khi két tinh xong trong ran ¢6 A va A B,

Nhan xét: Qua s phan tich trén, ta thay P cling 1a diém khong bién nhu E, nbhung & E thi
qua trinh nhat dinh s& két thic tai d, con & P qud trinh két tinh vin ti€p dién va co sy chuyén B

sang A, B, vi the P c6 tén goi 1 didin chuyén hay Ia diém peritecti.
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4.3.4. Hé hai cau tw khong tao thanh hgp chit hoa hoc nhung tao thanh dung
dich rin

(3 day pha rin két tinh tir dung dich khong phai 1a ciiu 1t nguyén chit nhur 3 trudng hop uén

ma 12 mot dung dich rin déng thé e 1a tinh thé ket tinh ra 1a tinh the hén hop.

Bidu ¢6 pha ciia h¢ nay ¢6 dang nhy hinh 4-19.

(£) 1 P Ts
H
b g s
& 3

Sz ‘

v/ '_

(RJ J|

A % 8 8

Hinh 4-19. Bidu d6 ding ap (T - C) cGa hé hai cau t khong tao thanh hop chat hoa hoc
nhung tao thanh dung dich ran.

‘Trong dé: Pudng T,ITy: biéu dién quan h¢ gita thanh phin long va nhiét do goi tat la

dudmg long, dudmg T,5Ty;: biéu dién quan hé giira thanh phin rin v nhiét do goi tir 1a dudng ran.
Mién (1) (phia trén dudmg T,IT,) 12 mién long.
Mién (R) (phia dudi duong T,sTy) 12 mién ran.
Mién gilfta hai dudng T,IT, va T,sT, 1a mién di thé ran long.
Xét quid trinh két unh he P:

Khi Tam lanh, diém he di ddn tir P dén L. Dén 1 thi bit ddu xuat hi¢n tinh thé dung dich rin

AR ddu tén i s.
Nhiét do tiép tue ha, gid sir diém hé dén Q thi diém long dén L, diém ran s,.

Tai doé:



Luong long Qs,

Luong ran ° Ql,

Khi diém he dén s, thi diém 1éng dén 1,, diém rin ciing dén s, 1ai do qud trinh két tinh két
thiic.

Trong qué trinh két tinh ta dugce cdc tinh th€ dung dich ran cé thanh phén khidc nhau bién
thien lién tuc tir s dén s,. Néu qud trinh ket tinh vo cling cham dé cdc tinh thé da k&t tinh ¢6 the thay
d6i thanh phin ctia minh (theo hudng cong TysT,) trong qué trinh nim cdn bang vdi pha long ¢
thanh phin méi thi cudi cling tat cd cdc tinh thé s& c6 cimg phinh phén bing thanh phan hén hop
ban diu P. '

Vang va bac c6 kha nang 1o thanh dung dich rén v&i moi thanh phan nghia la chiing ¢6 kha
ning tao thanh mét ddy tinh thé hon hop ma thanh phdn vang c6 thé bién thién lién tuc 1ir 0% den
100%. Didu dé ¢6 duoc 1a Ag va Au 6 cing nhém phu cua bing tuin hoan cic nguyén 10, dac trung
vé tinh thé vi ban kinh ion rit giéng nhau nén c6 thé ciing ket tinh xen k& trong mot mang 1uGi tinh
thé.

Chinh vi viy ma hé tao thanh dung dich rin con duce goi 1a hé dong hinh.

Trong thye t& cling hay gap cdc hé loai nay. Thi du: cic hé Au - Pd, Cu - Ni, Cu - Au, NaCl
- KCl, NaCl - LiCCL, v.v...

4.4. HE BA CAUTU

Doi voi he ba cau tir, chiing ta chi khio st hé trong diéu ki¢n dang 4p P = const.

Bicu dé ding dp cla hé 1a mot hinh lang tru dimg, ddy 13 tam gide déu biéu dién thanh phan
cta hé, chiéu cao ghi nhiét do.

4.4.1. Cich biéu dién thanh phan hé ba ciu tir bing tam gidc déu

C6 phiéu céch biéu dién thanh phin clia he ba céu tlr, don gian va phd bién hon 1a céch bicu
dién bang tam gidc déu.

Ba dinh ciia tam gidc (mg véi ba cau tir nguyén chat A, B, Ctai céc dinh biéu dién 100% A,
100% B va 100% C, (hinth 4-20) c4c canh AB, BC, AC bi¢u dién thanh phin cia cdc h¢ hai cu tar

tuong tmg. Cdc diém trong tam gidc ABC biéu dién thinh phin cla hé ba cau tr.

Mudn biéu dién thanh phan mot hé ba ciu 1 ta lam nhu sau:

9- HI.HK 129



Thi du: he P c6 30% A, 20% B, 50% C.

Chia cdc canh ctia tam gidc ra 10 hay 100 phin déu nhau (high 4-20). Trén canh AB va AC

ta xdc dinh diém x, v x,” dng vi thanh phin 30% A.

A (1005,4)

2(?,25%
2

&y P

W /AVAVA VAVAVAAVAVAN
/AVAVAVAVAVAV:

8 o x, a X7, c

(720% 8) £ (1003¢)

Hinh 4-20. Bidu didn thanh phan clia hé ba céu t (tam giac thanh phan).

Sau d6 trén canh AB va BC ta xdc dinb diém x, va x;’ tng véi thanh phan cua B 1a 20%.

G a0 diém P clia XX, v X,X," chinh 1a diém bicu dién thanh phin clia hé ma ta mudn xdc dinh.
That vay: Tir hinh v€ ta duge Ax; = Bx, = 50% tmg vdi thanh phan cua Cla 50%.

Ngudi ta c6 thé bi€u dién thanh phin clia hé ba ciu tlr bang ba doan Pa, Pb, Pc néu chia
chiéu cao clia tam gidc ra 10 hay 100 phén déu nhau vi theo tinh chat hinh hoc thi tong chia ba doan

thing géc tir mot diém trong tam gidc xudng cic canh bing chiéu cao.
Biéu dién thanh phin theo tam gidc déu c6 nhimg dac diém nhir nhau:

1. Nhitng di¢m nam trén dudng song song véi canh, biéu dién thanh phdn clia cdu tit & dinh

461 dien 1a khong déi.

Thi du: Trén dudng x,x,” thanh phan cua A la khong doi va bang 30%.
2. Nhimg diém trén dudng thang di qua dinh bidu dién ty 1¢ thanh phin hai c&u 1 (ng vdi
hai dinh kia 12 khong doi.

. . .3
Thi du: Trén dudng AD (hinh 4-20) ty lé thanh phén clhia Bva C la: =,

3. Khi giam nong do clia mét cu tir th diém bidu dién thanh phdn clia he chuyén vé phia

dsi dien v6i dinh bidu dién cdu 1 tuong (ng.
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Thi du: Doc theo dudng AD néng do ciia A gidm dan tr A dén D.

4. Néu mot hé duge tao boi hai h¢ khac hay phan thanh hai h¢ khdc thi ciing giong nhu
truong hop he hai cdu tir la ba diém biéu dién ciia ba he nay cing nam trén mot dudng 1hing (quy
tic dudng thang lién hgp) va s& phan b& nhtt thé nao dé ba diém bifu dién clia ba he d6 tuan theo

quy tic don bay.

Thi du: Hé P (hinh 4-21) ¢ thé phan tich thinh hai hé P, va P, (hoac tao thanh tir hai hé do)
ihi P, P,, P, phai thing hang va vi tr{ chia chung thoa man hé thifc:

Lugng p PP,

PP,

Luang p2

A
[
'/p/z
5

—

8 C
Hinh 4-21
4.4.2. Hé ba cau tir khong tao thanh hop chit hod hoc, khong a0 thanh dung
dich ran

Day la trudng hop don gian nhdt. Ngoai ra 1a con gip nhiéu trudng hop khac nhu h¢ 1ao
thanh hop chat hod hoc bén, va khong bén, v.v...
(i). Biéu do ding dp

Bidu d6 ding dp T - C 1a mot hinh lang try dimg nhu (hinh 4-22).

a, b, ¢ 1a nhitg diém néng chay cia nhimg ciu tir A, B, C nguyén chat.

- Cic duong aEb, cEb, cEqa (5 ba mat bén ciia lang try) 1a nhimg dudng két tinh ctia ba hé
hai cu tlr wong ng.

- Vi khi thém mot cau tir thit ba thi Jam giam nhiét do nong chay clia hén hop hai céu tir kia
nén khi them C vio hén hop otecti ctia A + B (diém E)) thi gay ra sy giam nhiét do két tinh coa hé,

do d6 ta duge dudmg cong E,E (di vio trong ling tru) la duding can bang gitta hé 1ong gom ba cau tu

1

A, B, C varan A, B. Ciing nhu vay, ta ¢6 dudng EE va E.E. Tat ca nhimg duong dé quy tai diém
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E (E goi la diém otecti ba). G ¢5 dung dich bio hoa ca ba cau tir hay néi cich khdc tai d6 két tinh
déng thai ca ran A, B, C. '
Hinh chi€u thang géc clia E, E,, E,, E rén tam gidc ddy lae,, e, 5, e; coa EE, EjE, E;E la
e,c, ¢,€, €.€.
- Cac mit aE EE,, bE,EE,, cF,EE, chia mit bdo hoa thanh c¢dc trudng két tinh, tuong ing cua
A, B vi C. Phia trén nhiing trudng nay hé 13 1éng. Dudi diém E hé i rdn vé6i bat ky thanh

phan nao cua he.
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Hinh 4-22 13 biéu d “nhiét d6 - thanh phan” (khong gian da nhiét) clia h¢ ba cau 1t khong

" tao thanh hgp chét hod hoc, khong tao thanh dung dich rin.
(ii). Xét qud trinh két tinh

D¢ tién theo di qud trinh xdy ra trong do thi khong gian va trong mat phing ddy, bén canh
diém biéu didn trong dé thj khong gian cd ghi kem diém chidu cia nd trén mat phang ddy & trong

ddu ngoac dan.
Thi du: Xét h¢ bi¢y dién tai diém P(P,), (hinh 4-22),
- O P hé la long, néu ta lam lanh h¢ (1ay nhigt) thi diém h¢ di e P den 1,{P)).

- Pén 1,(P,) long bio hoa C, tinh thé C dau tien xuat hien d'5,(C), s, ciing nam trén mot mat
phéng diing nhi¢t v6i 1,(P)). Do két tinh ra C nén néng do cla C trong 10ng gidam dan theo dudng
C4,1,. dudng nay ¢6 hinh chi¢u la CP, P, tir 1,(P;) dén 1,(P,) nong do C giam ddn con ty 56 nong do

c6 clia A vi B khong doi. Diém ran di tirs, dén s
Gia st diém hé dén P, thi:

Lugng long P,s [ P.C }

Luong ran P*] Pl

Khi diém hé dén P(P,) thi di¢m long dén 1(I'5) diém rin dén s:{(C) (cic dudmg s, $:l. pam
trong mit phing ct.I"C di qua P,, P. va song song vdi CI'; hay s\I) thi 16ng bio hoa cia A nén két
tinh déng thoi ca ran C va réin A, diém rin bay gid khong ndm & s,(C) nita, vi khoéng phai 100%C,
ma chuyén tir $,(C) dén s,(1') (dudng s.s, nam rong mat phang cCAa, s, cling nim trén mat phing
ding nhiét qua E, ba didm I',, P,. e thang hang). Khi diém long vita dén Ele) thi diém rin vira dén
s,(1"), dén day 16ng bio hoa ca A, B, Cnén ket_ tinh ra déng thoi rin A, rdin Bva ran C.

Hégémbc‘inphanénC=K-¢+i=3-4+l=0

Nghia la ndng do ctia 10ng va nhiét do ket tinh khong doi. Bi vay diém long nam nguyén
& E(e) diém hé ndm nguyén 0 S, diém ran thi chuyén dan tir s,(1')) dén S(P}. Khi diém ran dén
tring véi S(P,) thi qua trinh k&t tinh xong. Sau dé néu ti€p tuc ldy nhiét thi diém hé chuyén theo

duomg thang ding SR(P)).

Qua su phan tich trén ta thay ring ¢6 thé xét mot qud trinh ket tinh clia hé ba cau wr trén

mot bidu dé phéng 12 hinh chicu cta biéu dé khong gian lén tam gidc ddy (tam gidc thanh phan).



Thi du: Can c& vao do thi néng chay clia Pb - Bi - Sn (hinh 4-23) mo ta qud trinh két tinh hé
¢6 thanh phan biéu dién tai a.

Gidgi- tit cac dudng ding nhiét cfia bidu dé ta thiy ngay réng Khi ha nhiet do cta hé dén
250°C thi chi (Pb) bit dau két tinh 1ai Pb.

Sau d6. diém he nam nguyén & a, diém rn & Pb, diém long chuyén ddn tir a dén C (aC di

qua di€m Pb).
Gia st diém long dén b thi:
Luong Pb da ket unh ab

an

Luong long con lal

Khi diém 1ong ti C (khi nhiét do ha dén 150°C) thi k&t tinh déng thoi ca Pb va Sn.

Diém hé vin ¢ a, diém long di te C d4én E diém rén di tit Pb dén d (B, a,d thing hang}.

PL{327°C)

\ AN
L 3
8¢ (2593) 225 175 £, 150 175 200 225 Sn(232°%C)

Hinh 4-23. Hinh chiéu clia bidu do khéng gian da nhiét (T - C) clia

hé Pb - Bi - Sn xubng tam giac thanh phan.

Khi nhiét do ha dén 90 'C thi k&t tinh ddng thoi ca Pb, Sn, Bi, he 1a khong bién C = 0. Diém

1ong nam nguyén ¢ B diém rén chuyén dan tird vé a.
Gia str diém ran dén g thi:

Luong 1ong con lai ag
" aE

Lugng rin da két tinh
Khi diém rén tring dén a thi qud trinh két tnh k&t thiic. That vay, vi lic do ag — 0, tic la

fugng long can hét,
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4.5. KHAI NIEM VE PHEP PHAN TICH NHIET
Trong nhitmg phén trén ta d2 khao st biéu dé trang thai cha mot s hé don gian. Viy lam
{h& nao dé thanh lap duge nhimg bicu dé d6.
Mét trong nhimg phuong phap quan trong va thong dung nhat 1a phép phan tich nhiét:
Nguyén tac nhu sau:
(i). Lam lanh (hay dun ndng) hé mot cdu tu

Lam lanh (hay dun néng) mot chat nguyén chit (hé mot cau &) va theo doi sy bién thien
nhiét do ctia 06 theo thai gian. Ghi lai k&l qud nhan duge trén dd thi vuong goc: truc hoanh la thoi
gian, true tung ta nhigt do. Buong cong bidu dién quan hé do goi i dudng fanh (hay ditong nong)

xem hinh 4-24 .

ﬂab}‘ﬂy lonk

Da’ah'ng néng

/‘Wn'_é‘/ 0”5

Thai gran
Hinh 4-24. Su phu thudc clia nhiét 6 vao thdi gian trong qua trinh 1am lanh va dun néng
hé mot cau tr (chét nguyén chét).

Khi 1am lanh mot chat long nguyén chat thi truée khi dén diém ket tinh t;, dudng cong co
dang déu dan, Tai diem 1, chat long bit dau ket tinh. Trong sudt qud trinh két tinh nay nhiét do git

nguyén O t; do ¢é nhiet ket tinh tod ra. Diéu nay hoan toan phit hgp vai quy tac pha Gibbs.
C=K-¢+1=1-2+1=0
Doan thing nim ngang trén do thi tuong tng v&i giai doan két tnh.,
Sau khi két tinh xong, nhiét do lai ti€p tyc ha. Ding cha dudng cong ciing giéng nhu lic

trude nhung 46 déc c6 khic vi whiét ding coa thé rin khac long.
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N&u & thé rin chat nay ¢6 nhiéu dang thi hinh, thi du Fe c6 bon dang this hinh 1a Fea, Fef,
Fey. Fed thi do thi c6 nhiéu doan thang nam ngang. Méi doan ‘mg vdi mot qua trinh chuyén pha
{hinh 4-25).

£

/Vﬁ:'éf a""a

That Fier
Hinh 4-25. Su phu thudc cua nhiét dd vao thai gian trong qué trinh lam lanh Fe.

(ii). Lam lanh (hay dun nong) hé hai cdau tit A, B

Thoat tién, nhiét do cla he giam theo thoi gian nhu doan L1 (hinh 4-26). Dén nhiét do t,,

long bio hoit mot ciu i ndo d6 va bat ddu két unh.

NhiéF I8

Thai gian
Hinh 4-26. Su phu thudc chia nhiét dé vao thdi gian trong qua trinh fam lanh hé hail
cau .
Nhur ta da biét trong qué trinh ket tinh h¢ mot cau tir nhiét d6 cha hé van giam theo thdi

glan vi:

C=K-p+1=2-2+1=1
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Poan el bi¢u dién qu4 trinh két tinh mot cdu t.
Do déc cia doan el khédc LI vi nhiét dung clia hé thay déi.

Pén t,, hé bit ddu két tinh ra hai cdu 1. Nhiét do cha hé s& khong thay doi theo thai gian,
Vi ‘ '

C=K-¢+1=2-3+1=0
Boan ee’ 1a thot gian két tnh 3 nhiét do otecti.
Sau khi két tinh xong, nhi¢t dé giam theo e'R.

Nhu viy, néu cho sin cdc dudng lanh cia hé mot va hai cdu tir thi can cu vao cic diém gdy,
doan ndm ngang ta sé xdc dinh duge nhiét do két tinh cda chal nguyén chat, nhiét do két tinh mot
cdu tir va nhiét do otecti.

(iit). Thanh lap bidu do déng ap T - C

Vi du: ta xay dung biéu d6 déng 4p clia h¢ hai cdu 1 khong tao thanh dung dich rin, khong
tao thinh hop char hod hoc.

Nhit T
S

Hinh 4-27. Budng lanh cla céc hé. Hinh 4-28. Biéu dd (T - C) clia hé hai cdu
tr khéng tao thanh hgp chat hoa hoc va
dung dich ran.

1. 100% A 2:a% A 3:bh% A 4:c% A 5:d% A 6: 100% B
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[.ay cdc hén hop A va B 6 thanh phan khic nhau (1ir 0% dén 100%), dun ndng dén trang

thdi 1ong. Sau do lam ngudi va v& dudng lanh cua cdc hg do (hinh 4-27).

CTir gid tri nhigt do két tinh va thanh phdn clia moi he ta xay dung duge do thi ding dp nhu
(hinh 4-28).

Tuong tu nhur trén ta c6 thé xay dung duoc cdc loai bidu d6 dang dp khdc nhau.
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CAU HOI VA BAI TAP
Cau hoi
1. Dinh nghia pha va cilu i, chimg minh rang, khi thanh phén cic pha nhu nhau thi 56 cau
tir ciia hé la mot, mac ddu s& hop phin cla hé 13 bao nhigu tuy y. Cho vi du?
2. Néu cédc diéu kién can biang pha.
3. Thiét lap quy tdc pha Gibbs, néu mot vai vi du vé ng dung quy tac nay.
4. Thi¢t lap phuong trinh Clausis - Clupeyron.

S. Trinh bay vé anh hudng ciia nhiét do dén dp suat hai bdo hod cia mot chat nguyén chat

(long hay ran).

6. Diing phuong trinh Clausius - Clapeyron dé gidi thich huéng cba cic dudng néng chay,

bay hoi, thang hoa trong bi¢u do trang thai cva H,O & dp suat thip.

7. Diing quy tic pha dé gii thich m&i quan hé gifia dp suit, nhiét do, s¢ pha trong bin do
trang théi cia H,O.

8. Thiél 1ap quy tic don bdy.
9. Phan tich qud trinh:
a) Lam lanh hé P (hinh 4-29)

by Thém dang nhiét A vi hé Q (hinh 4-29).

=P
{ e ———
&
?‘g
£
) . Q
4 a Py b B

Hinh 4-29.

10. Phan tich qua trinh két tinh hé 1 va qua trinh ndéng chay hé 2 (hinh 4-30).



i1. Phan tich qua trinh két tinh cdc ke [, J, K (hinh 4-31). Sau khi két tinh xong pha ran
gdm nhimg chat gi 7

I, (7 1K s
f 5 ]! I |
T =17~y
T i 7a
) |
[ ]
\E
[ x2Z
I
|
A 8 A D B
Hinh 4-30 Hinh 4-31

12. Trinh bay vé cdch xay dung bifu 6 clia (T - ©) cla he 2 c&u tir khong tao thanh hap
ch&t hoa hoc vit dung dich rin bing phwong phdp phén tich nhigt.

13. V& d6 thi nhiét o - thai gian cla cdc hé da hoc.
Bai tap

1.0 1 atm, nude s6i ¢ 100°C nhiét hod hoi 1a 2249,25 Jj’nghé tich riéng

V, =1 mlfg;
V, = 1651 ml/g, Xdc dinh nhigt do soi &3 atm.

Pdp sé 155.4°C
2. Ap sudt ctia HICN phu thude nhiét d§ theo phuong trinh:

12,37

logP (mmHg) = 7,04 -
Xae dinh nhigt hod hor ena HEN,

Ddp so: 235,752 J/mol.

3. Mot hén hop 40% phenol trong nude phan thanh hai 16p. Lop thit nhat chida 709% phenol

vii 30% nudc, 16p thit hai chia 3% phenol va 979 nude. Xdc dinh khél luong moi 16p, néu lugng
hén hop t6ng cong la 1 kg.

Pap so: lugng 1op 1 = 0,55 kg

: luong lop 2 =043 kg
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4. Cho hé P (hinh 4-32) ¢6 khoi lugng 1 kg tinh lugng rin B dd két tinh va luong léng con
lai khi nhiét do cia he 250°C. Tinh luong ran & dtecti.

. 6 3 3
Pip s6: = vi =ker — Kk
P 9 98? g

5.Can ctf vio (hinh 4-33) gidi quyét cdc vin dé sau:

a) Khi }am lanh 750 g dung dich NH,Cl trong nudce thi nudc bat ddu két tinh & - 10°C. Tinh
s6 gam NH,CI trong dung dich dé:

b) Néu cho mot mau nude dd nhé vao dung dich NH,Cl 15% ¢ - 5°C thi mau nudc dd s€ ra

sao?
c) Néu cho mét tinh thé NH,C1 vao dung dich 25% ¢ 12°C thi tinh thé s& ra sao?
d) Xéc dinh do hoa tan clia NH,Cl trong nude & 10°C.

¢) Lam lanh dung dich NH,Cl 5% dén - 10°C phai lam thé nao d€ cdc tinh thé nudc dd vira

k&1 tinh lai tan ra tai nhiét do d6?

g) Tir 500 g dung dich NH,CI 59 ¢6 thé tao duogc bao nhiéu gam rin otecti.

Pap so: 2) 142,86 ¢

psol %
:‘: JaOF N ‘:‘:
N 250 | ll \ e S
. 200 ™. 1/\/ 5
%
< 50 J_/ 3
100 B \
50
ol L_L_L_. ~
A f0 20 0 40 50 60 % 80 90 8 0o & fo 15 20 25 30
%8 % NHCL

Hinh 4-32 Hinh 4-33
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CHUONG

DUNG DICH

5.1. MOT SO KHAI NIEM VA PINH NGHIA
5.1.1. Dinh nghia
(). Dung dich

Dung dich 12 hén hop dong thé ¢ta hai hay nhiéu cau ut, thanh phan clia dung dich ¢6 the

bién d6i trong mot gidi han nao dé.
Dung dich ¢6 thé & thé khi, [ong hay ran.

“Ngudi ta thudmng phan chia cic chit tao thanh dung dich ra hai loai: dung méi v chat tan.
Sur phan chia nhur the ¢hi ¢6 tinh chat quy wde. Thutng thi nhing chat nio ¢6 luong twong dol nhi¢u
hon thi duoe goi la dung mai, it hon goi 1a chat tan. Vi du: dung dich rutsu etylic vii nudc. Néu trong
dung dich ndy nudc nhiéu hon ruou thi nude la dung moi, ruou 1 chit tan, ngugce lai thi rugu la
dung moi, nuée 1a chat tan. DGi v6i nhimg dung dich duge tao ra do khi va rin hoa tan trong long

thi khi, rin duoc xem 1 chdt tan, 1ong la dung mou.

Ngudi ta con phan chia dung dich ra hai loai: dung dich v neong va ding dich thie, Dung
dich 1y tuong bao gém: dung dich hoan thi¢n va dung dich vo ciing loding goi tat la dung dich
lodng.

Dung dich hoan thi¢n 1a dung dich dugc tao thanh tir cdc ciu ur ¢ cau tao va tinh chdt hod
Iy gdn giong nhau. Thi dy: cic hon hop dong phan (nhu hexan vit iso-hexan...) hon hop cic chat ¢d
ciu tao nhur nhau (Fe - Ni; FeO - MnO...). Do ciin 1o va tinh chat gdn giéng nhau cua cdc cau i

nén qué trinh hinh thinh dung dich khong thu hay phat nhiét, khong tang hay giam thé tich:

AH=0viAV =0



a). Dung dich thiee

Dung dich thic 1a dung‘ dich duge tao thanh tir cdc cdlu tit ¢6 cau tao va tinh chat hod ly
khic nhau nhiéu. Khi hinh thanh dung dich ¢6 kém theo hién tugng thu hay phdt nhiét va bi€n thién
thé tich AH = 0 va AV 2 0.

Thi du: Khi tron 100 ml H,O va 100 ml ruou etylic thi the tich dung dich  # 200 ml.
(b). Dung dich vé ciing lodgng

Pung dich v6 citng lodng 1a dung dich mi nong dé chil tan v6 cing bé so val néng do dung

moi.
(ii). Cdc cdch biéu dién nong d¢

Pic trung ¢o bin nhat cla dung dich 1a thanh phin cua né. Thanh phin dung dich duge
bidu dién qua cdc néng do. Néng do phdn trdm khoi ligng 1a 1y s6 khéi lugng chil tan trén khoi
luong dung dich tinh theo phén tram.

- Néng dé thé'tich: 13 s6 mol chit tan trong 1 lit dung dich.

- Néng d¢ molan: s6 mol chat trong 1000 gam dung méi, thuong dugc ky hiéu boi chirm,

Pic biet hon 1a néng do phdn tif phdn hay mol pidn. Loal ndng d6 nay thudng duge dung
trong 1y thuyét dé tim cdc phuong trinh nhiét dong dac trung cho dung dich. Ngudi ta noi: néong do

ol phdn N, clia ciu tit i 1a ti 6 mol n, cdu tir d6 trén tong s6 mol Zn; clia dung dich.

N. = (5-1)

n,

Thi du: dung dich gém hai cfiu tir A va B. S5 mol cdu ur A la n,, clia B la ng thi nong do

mol phan cia A1AN, = _MA chaBlaNg=_ "8 Téng cic néng dé mol phin clia A va
N, +ng n, +ng
B: N, + N,
n n
N, +Ny= A + B =1

N, +Ng N, +ny
Do dé, ta suy rong ra:
ZN; =1

Mat khic tir (5-1) ta thay ring: gid tri ca N, duge xdc dinh trong khoang tir O dén 1.
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O0<N,«1
Tuy theo yéu ciu nghién ciru ma ta st dung loai nong do thich hop.

Thi dy: néng do molan hay duge ding trong Ky thudt vi tinh todn thuén tién, néng do thé
tich hay dugc ding trong phan tich thé tich, ndng do mol phin duge ding trong tinh nhiét dong,

AU
5.1.2. Kh:ii ni¢m vé dui lugng mol rieng phan

Trong dung dich ciing nhu trong he nhiéu cdu tir khic nhav ching ta hay gap cdce dai luong

mol riéng phan: thé tich mwol  riéng phan, entanpi  mol  riéng phan, v.v...
Vay dai lugng  raol  riéng phanlagi?
Ngudi ta phan chia cac thong s6 trang thai lam hai loai:

- Dui litgng cuong do 1a nhimg dai hoong ma gid i clia né khong phu thuoe vao lugng chat
cla hé. Thi dy: dp sudl, nhigt do, v.v..,

- Bai luong dung d¢ 1a nhimg dai lugng ma gid tri ctia né phu thude vao lugng chat cua hé:
thé tich, noi nang, the dang 4p, v.v...

Thi du: thé tich ciia hai mol chat nguyén chit bing hai the tich ciia mot nol.

NE&u poi g 1a dai luogng dung do. n,, my... 1 14 s6 mol chat cua ciun nrth 1, 2...., I tuong img

thi dgi fwong 1o riéng phin cla cau tri (ky hiéu 1a g ) duge dinh nghia nhu sau:

- _[ dg ' (5-2)
& dn.

1 p,'i‘.nj(jfl]

Ta 66i: dai fwong ol riéng phan cia cdu e i o mot thanh phdn xde dinh la bién thién
dai litgng dung d¢ ciia hé khi 6 biéu thién mot mol cdie v i rong diéu kicn dp sudt, nhi¢t do ve 56

mol cde cdu nir khde khong doi.

Pé ddp tmg dinh nghia do, ngudi ta co thé them mot mol chat vio mot lugng vo cimg 1on
dung dich trong diéu ki¢n P, T = const, trong trudng hop do, nong do clia dung dich thye t& kKhong

ddi va bién thién tinh chét cla dung dich sé li dai lugng ol riéng phan cta cdu r thém vao.
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Thi du ™ thé tich  mol  riéng phin cla cdu tiri:

v z[d_‘f’}
dni PT o {j=i)

Entanpi  mol  riéng phin:

- A4
H, = [ ‘Ii]
dn‘ !’_TJII[J::iJ

Dai lugng  mol  riéng phin néi 1én sie bién thién dai luong dung do cua hé nén gid tri cia
né ¢6 the am. duong va hing khong.
Moi phuong trinh viét véi dai lugng ol rong hé mot céu 1 déu ¢6 thé viet nhu viy vé

dai luong ot riéng phan rong hé nhiéu ciu tu,

Thi du:
He 1 cau ur Hé nhiéu cau t(r
Theo (2-17); [dG] _ s (E) _ 5,
d1 [ dT P fwi}
Theo (2-18): (d({} -V (ﬁ] =V,
. dp T dT I‘,'l'.1|jt_|=ij

That vy, gia sty va x 1a hat tinh chal cla chal nguyén chat lién he voi nhau theo phuong
trinh:

y= M i i vei hé nhiéu ¢iu tir1a phai chimg minh y = dM,
dx bodx
(y, M: dai lrong dung do, ;i . M dailugng ol riéng phan).

Tir dinh nghia vé dai lwong  mol riéng phin 1a ¢6 the viet:

. dy d (dM]
¥i -

“dn, dn, Ldx

‘" Theo dinh nghia (5-2), th€ hod hoc p (2-37) chinh [a th€ dang dp  mol  riéng phan G, =

— =1,
dn' Pl ety
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V1 gid tri et dao hivm khong phu thude vao thit e 18y dao ham nén:

d (dM]_ d (dM] _dM,
dn, \ dx dx i dn, dx
_aM,

y
"odx

Gitra cic dai lugng mwol - ¢6 lién he sau diy:
Vi g la dai lvong dung do nén:

g=g(P. Tin;in,....n,)

Trong diéu kién P, T = const:

dg = dg dn, + de dn, +...+ ds dn,
don, J, . don, ), . ) dn J
I Pl =SB el VAP

dg =g, dn, +g,dn, +..+g dn, (5-3)

Tich phan (5-3) " 1a dugce:

g:gl.n]+é3.n:+..‘+é_l.n, {(5-4)
(5-4) 12 plitong trinh Gibbs - Duhem [ tinh ¢hit dung do cia he ta cong tinh cice dai Tuomg
‘mol rieng phin timg cau (2 trong he.
N&u ¢6 mot qui trinh gay ra bién thién déng thoi thanh phan vit lugng cua h¢ (hi bi¢n thien
cua g la vi phan (5-4):
dg =n,dg, +n,dg, +..+n,.dg +g,.dn, +g,dn, +..+g,.dn, ' (5-5)
So sanh {3-3) vi (5-5} ta dugce:
n,.dg, +n,.dg, +...+n.dg, =0 (5-6)
Chia hai v& (5-6) cho D 1, :
N,.dg, +N,.dg, +..+N,dg, =0 (5-7)

(5-6) va (5-7) I phuong trinh Gibbs-Duheni 11: néu 1én méi lién hé gitra dai lugng ol

riéng phin va thanh phin cia dung dich.

" Céch tién hanh tich phan gidng nhu phuong trinh (2-38).
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Phurong trinh Gibbs-Dudienn 1 va 11 1a hai phuong trinh ¢ ban cha dung dich s& dugc g

dung trong ciic phan sau.
5.2. SUHOA TAN KHI TRONG LONG

Do hoa tan clia khi trong long phu thude rat nhiéu véu 16: ban chat dung moi va khi, dp suat

khi rén mat chat long, nhiét do, néng do cdc tap chat va dic bi¢t la chit dién ly.

Thi du: @ 273K, 1 m’ nude hoi tan 823 kg HCI, nhung chi hoa tan 0,002 kg H,. N&u khi
khong tic dung hod hoc vdi 1ong thi dg hod tan nhd va dung dich ¢6 thé 1a vo cling loang, néu ¢

tdc dung v6i Iéng thi do hod tun 1én va thudng 1a nhing dung dich thuc.
Da s6 trudng hop, do hod tan cia khi phy thudc vao bun chal dung-moi theo quy tac:

Do hoil tan ctia khi khong cuc (H,, He, NO,, CO,, Cl,....) trong dung moi khong cuc it phu

thude bin chit dung méi. Do hod tan cang ldn néu nhiét do téi han cva khi cang cao.
Khi ¢é cuc hoi tan trong dung moi ¢é cuc d€ hon trong dung méi khéng cue va nguoc lai.
Vé anh hudng ctia chat dién ly thi £. M. Xetrenov da chimg minh rang: trong diéu kién T, P
= const, néu néng do chat dién 1y cang ting thi do hod tan cla Khi cang gidm.
N= Tﬂ‘,x‘_k ‘.
-trong do:
N: do hod tan clia kKhi Khi dung dich ¢6 nong do C mol/l chat dién ly;
N,: do hod tan cia khi trong dung moi nguyén chat;
k: hing s6.

Bay 2i6 chiing ta nghién ctiu chi tiét hon vé cdc yéu (6 dnh hudng d€n do hod tan cha khi

wong 1ong.
5.2.1. Anh hudng cta ap suiit dén do tan cha khi trong 1ong. Dinh luat Henry

() day ta chi xét trudng hop gifia khi va dung moi khong tic dung hod hee v6i nhau nén do

hok tan tyong déi nho.

Pinh Iudt Henry: Néu & Gp sudt thdp va dé hod tan hiong d6i nho thi do hoa tan cia khi

trong lopyg tai nhiét dé nao d6 1y 1¢ voi ap sudt riéng phdn cia khi trén dang dich.

N, =K.P, (5-8)
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trong dé: N,: ndng do mot phin clia khi trong long;
P,: dp sudt rieng phdn clia khi can bing vai long;
K: hang & - hé 80 Henry - f)IlLl thuoc ban chat dung dich va nhigt do.
Dinh luat nay do Henry fim ra bang thyc nghiém nam 1803, nhung ¢é thé chimg minh nhur
Selll:
Khi hoa tan dat dén can bing thi thé hod cla khi trong pha long },l: bang thé hod cua khi
|,1:‘ trong pha khi (diéu ki¢n cian bing pha (4-2)).
o=h
Thé hod cta khi (2-41):
uh =pt +RT.nP,
The hod clia long:

ph=pu +RT.InN, "

Do do:
W +RTINP = +RTIn N,
N wh el
fn pl - R #'—- =const(1}=1InK
Vay: N, =KPF

K la hang 6 Henry.

P6i vdi dung dich loing néng do bi¢u dién theo cde cdch déu ty 1¢ bac nhat véi nhau nén

{5-8) c& thé viét dudi dang:
C=K'P,

m=K"P, vv..

' PGi véi he khi Iy tubng tacé p o M. pon p (3-4). do dd thé hod cla khi 1y tdng ¢6 thé vict:
I n 1

ph = p® S RTIN P = +RTIP+ RT.IAN, = pf* +RTnN,
Dai vér dung dich 1y twdng, ta cling ¢6 ket qua tuong oy nhu viy.
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Dang cta phueng trinh Heary vict theo cich bidu dién nong do déu nhu nhau, chi khic vé
id tr hing s6.

Djnh luat Zenry chi ding cho trudng hop khi hoia tan khong thay doi phan tir luong cua né,
nghia 1, khi & trang thii hod tan n6 khong phan Ty hay lién hop. Néu phan ur khi phan Iy ra n phan

11z trong pha long thi do hoa tan clia khi toan theo cong thir:

N, =K.p? (5-10)
(5-10) la dinh luat Siverte.
Cdc khi hod tan trong kim loai thudng ¢ dang nguyen (.
Thi du: dé hoit tan ciia nito va hydro trong sat 1ong {theo % trong luong) o 1600°C [a:

[20N]=34.00. /P,

[%H] = 0.027./P,,

P duge tinh theo don vi atm.
5.2.2. Anh hudng cua nhiét do dén dé hoa tan cua khi

T vist (5-8) dudi dang g = N,

P,

K la hang so dac trung do hoa tan ctia khii e cin bang.

Thue vy, khi N; 16n (46 hoit tan 16n) tht K iém va nguoc Lai, K chink la hing $6 can bang
cla qud trinh:

khi (P) = dung dich (N,) + Alk,
A, = nhi¢t hoa tan
Ap dung phiromg trinh ding dp Van't Hoff (3-10} ta ¢d:

dinK _ A’”l‘l (S—l ])
dr R.T-
Thong thudmg, qud trinh hod tan pht nhiét:

All, < 0 nén dINK o
dT



Khi nhi¢t do ting thi K giam hay do hod tan giam vih nguoe lai, cling €6 truong hop qua
trinh hoit tan thu nhiét:

AH,, > 0 nén dl“_K -0
dT

Khi nhiet do tang thi K tang hay do hoi tan 1ang va nguge lat.

Trudmg hop nay thuong thay doi vOi qud trinh hod tan khi trong kim loai nong chiy. Khi
hoa tan o dang nguyén ¥ nén can ning lugng dé cat lien két trong phan tr va cin ning luong dé
khugch tdn trong moi trudng ¢ do nhat lan, Do dé, qua trinh hoa tan thu nhiét. O phigt do cao (kim
loui dang ndng chay) kKhi hod tan dugc nhiéy. khi nhiét do giam ddn, do hoi tan cua Khi giam nén
trong qué trinh duc kim loai thuong 6 nhitng bot khi thodlt ra dé lai nhimg 16 réng trong vt lieu

dic.
5.3. SUHOA TAN LONG TRONG LONG
( day ta xét hai ruesng hop:
Hai chit long tan 1an hoan toan vio nhau vit hoan 1odn khong tan lan.
Con trudimg hop tan 1an ¢6 gidi han ta xét 6 chuong 4 muc 4.3,
5.3.1. Truong hop hai chat long tan 1an hoan toan
Dung dich duge tao thanh ¢d thé 13 dung dich 1y wong hodn thign hay dung dich thue.
Trude hét ta xét trudng hop dung dich 1y tudng hai cau 1.
(i). Dung dich Iy tuong
o Dinh luat Raowde

(3 mot nhiét do nhét dinh, dp sudt hoi wén dung dich cia A va B déu wan theo dinh ludt

Raoult:

P, =P N, (5-12)

Ap sudt hot P, ctia cd tie [ irén ding dich (¥ 1¢ voi nong do maol phan N, ciia 16 trong ditirg

dich.

3o, - o o - . N »
P":dp suat hoi cua cau tr i nguyen chat.



Binh luat ndy do Reoulr tim ra bang thie nghiém niam 1887, Ta ciing ¢6 thé chimg minh

nhur sau:

Khi can bing ta ¢6 the hod cha cau tit i trong pha hoi (},1:‘) bing the hoa cua né trong pha
long ¢ },l: ):

TR

“r.h +RT.In Pi - Flr'l +R.T.In N,-

.l ah
n e =M TH T 4k (khi T = const)
N R.T

Xdc dinh K: khi N, > 1 thi P, > P":
K=P"
Dodé: P =P°N,
Doi v6i dung dich 1y tong (hoan thién) dinh luat Reoulr ding cho ca dung moi 1an chat
tan.
P, =PL.N, (gia st A la dung moi)
P, =P, N, (gia sir B 1a chat tan)

Con dinh ludt Henry cling dp dung cho dung dich 1¥ twéing (vé ciing loiing va chi ding cho

chat tan, khang ding cho dung moi)

P, =K, .N, (Blakhi}

Con: P, 2K, N, (K,, Kzlahe s Henry)
P, =P, N, (dung méi tan theo dinh luat Raoulr).

o Ap sudt hoi ctia hé

Theo dinh luat Raondt, & méi nhiét do 4p sudt hoi trén dung dich ena cic cdu tir 1
P, =PIN,
Py =PgNy,

Ap suiit hoi cha hé trén dung dich biing téng dp sudl hoi Py, P, clia hai cau i



P=P, +P, =PL.N, +Py N,
P=Pl.(-N,)+PoN,
P=(Py —P{}.Ng + Py

Ap suit hoi clia dung dich 1y tudng hai cdu 1 1a ham bic nhit cla

16ng, hinh (5-1) biéu dién quan hé 4p suit hoi cia he va nong do mol phan cla cdc cdu tr.

! J\*?op‘“?f PE
P k% ?"QN -"// |
— R
Sl R ﬁ
A L/ o “‘"*«»-H_J
Ng—> B

Hinh 5-1. D6 thi 4p suét hai - thanh phan 1dng.

Qua do thi ta thay:

5-1%

phan trong pha

Ap suat hai clia dung dich ly tudng 16n hon dp sudt hoi nguyén chat clia cau tir khé bay hoi

vt bé hon dp sudt hoi cua cdu tr dé bay hoi.
O day, A 13 cdu tit khé bay hoi, B 1a ciu tr d& bay hoi.
Py < Pg
Py <P <Py

o Thauh plian hoi - Dinkt lugt Konovalep 1

Néu goi N', 1a néng dé mol phin ciha A trong pha hoi (trén dung dich).

N’y la ndng dd mol phin cua B trong pha hai (trén dung dich).
N,y Py

Ma: A
N'u Py
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P,, P, tuan theo dinh luat Ruoult (5- 12), nén ta cé thé viél:

f o

Ny _PE N N (5-14)
N, PN, Ny

(5-14) 12 biéu thiic toan hoc cla dinh luat Konovalop 1.

Trong d6:

Qa
o = - A goi la hé sotdcl.

P;

Tir (5-14) ta c6 thé phat bidu nhy sau:

{. Khi can bing, thanh phan hoi khdc véi thanh phan 1ong clia dung dich.
Vi P0#Pjnenaxl

Ny Ny
NtH N B
ONW N N =N,
N, +N'y N, +Ng N'g # Nj
5. Khi can bang, trong thanh phin hoi s€ giau (nhiéu) cdu tir d& bay hoi hon trong thinh
phén 16ng.

Chiing han, B dé bay hoi hon A thi N'g> Np. Thue vay,

Vi EA_.(] nén Py > PK ,a<l.
Py

N'p Np N, Ny

N'g Nl;_'_)N‘B>NI1
N'A+N'y N, +Ny

D& nghién cttu qué trinh chung cat, ta thanh tap bicu d “nhiét do soi - thanh phan®.
o Bidu dé "ap sudt - thand phan”

Ap sudt hoi cta h¢ phu thude thanh phdn 1éng theo cong thic (5-13):

P =(Py —PR)-Ny +P;



[dutng P = @(N) rén hinh (5-2), nét lién]

Mat khic dya vao (5-14) ta tinh dugc:
aNy
1-(1-a)N'y

Thay Ny vio (5-13):

N
P=(Py P~ P4 P}
1-(1-a)N'y

[bi¢u dién quan hé &p suat - thanh phdn hoi, P = f{(N'), nét dit}

P
7 = cons?
) A%
p: L 7
) g
AhEEE i
Na |

Hinh 5-2. Biéu d6 "ap suat hdi - thanh phan" [dudng P = f(N")).

Hinh (5-2) biéu dién quan hé gilfa 4p sudt hoi cda he theo thanh phdn hoi vi thanh phén
16ng. thi du: dp suit cha hé 1a P tuong tng vai thanh phén 1ong 1 Ny, thanh phan hoi 1a N',. Ta thay
N', > Ny, ding nhur dinh luat Konovaloy di phat biéu.

o Bidu dé "nhiét do s6i - thanht pldn”
Néu nhiét do thay dai thi 4p sudt hoi clia hé thay déi theo. Trén hinh 5-3 vé cdc duong biéu
dién quan h¢ "ap suit hoi - thanh phin" & cic nhiét do khic nhau. Nhi¢t do cang tang thi dp sudt hoi

ctia hé cang tang (T, > T, > ... > Ty).



f/P-—-—‘.—-

#
-

P Suq

A

8

Hinh 5-3. Bidu d& "ap sut hai - thanh phan" g cac nhiét 4o khac nhau.
Cic dudmg d6 cit dudng P =1 aim (dp suat khi quyén) & cic diém a,. 4, as, 2, A5, 3 Va @'y,
a'. a'y a's. Diéu d6 c6 nghia: chat nguyén chdt A s6i § nhietdo Ty, thanh phan hoi va thinh phan
loéng clia né nhu nhau, chat nguyén chat B s61 & nhiét do Tg.
Dung dich cé thanh phdn 16ng a, s0i & nhict do T, vi thanh phan hot can bing cta nd 1a .
Tap hop cdc gid tri: nhiét do 61 - thanh phdn hoi va thanh phin long ching ta s¢ xay dung duoc
bicu dé "nhiét do soi - thanh phan” nhu hinh 3-4.

Truc hoanh ghi thanh phan cdc he, tryc tung ghi nhiét do $6i tuang g,

Nhiét do T, T, | T. | T | T | T
Thanh phan long a, ay 4, a, | as a
‘Thanh phan hoi a, al, 'y al, a's Ay

Dudng a,a,1,2,45, £0i 12 duong yéi (biéu dién quan hé nhiét do 501 - thanh phan 1ong).
Duang a,a5a’ a0’ a'sa, (duong cham chdm) goi 1a diwong swong (bifu dién quan hé nhigt do

s61 - thanh phan hoi).
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Nhigt @0, K

Hinh 5-4. Biéu d& "nhiét do sbi - thanh phan”
Hai dutmg nay chia dé thi ra 1am ba mién:
—  Mién hoi (H): phia trén dudng suong a,u’,a'sa',a’sa,.
—  Mién long (L): phia dusi duong s61 a,a,a:a,353.
~  Mién di thé (H = L): giffa hai dudng trén.

Bay gits ta phan tich qud trinh sii hé P (hinh 3-5). Tai P h¢ 1a dung dich long cia A va B.

Ta dun néng hé, diém hé di w P dén L.

7

A Ny —amm 8

Hinh 5-5. Biéu dd minh hoa qua trinh séi.



Pén 1 hé bat diu soi. Mot bong bdng hoi ddu tién xudt hién & h (hoi gidu cdu B hon
1ong).

Khi hé dén L, thi diém hoi dén h,, diém 10ng dénl,.
Tai do:

Luong long Lh,

_

Luong hoi L1,

Khi diém hé dén h, thi giot long cudi ciing bay hoi hét (vi Lih, — 0). Qud trinh soi két

thic, Néu tigp tuc dun néng nita thi toan bo hot duge dun néng theo hyH.

Phan tich qud trinh ngimg t4 he Q ciing tuang I chi khéc 1 sy dién bien nguoce lai vol qud

trinh 01
o Clumng cdt

Chung ciil 12 qud (inh tach dung dich thanh nhitng cAu tU nguyén chat (hay gan nguyen
chét) nhd tinh chat: thagh phén hei va thanh phén long cla dung dich khac nhau. S¢ chung cat cang
dé néu thanh phin hol cang Khic thanh phan long hay hé «& téch cang khdc 1 (P, cang khic Py)-
Trong cong nghiép nguoi 1a 4p dung phuong phdp chueng tindt luyén.

Nguyén tac nhur sau

Khi hé P (hinh 5-6) dioc dun néng 11 g, thi ho bidu dién O diém a can bang voi long biéu
dién tai m. Ngung hoi a dén b thi ta duge long & ¢ va hoi & d. Trong hoi d giu cilu it B hon rong
a. Ti&p tuc ngung hoi d dén ¢, ta duc long g va hoi h. Trong hai h lai giau B (cdu tir bay hoi) han
trong d... Cir i¢p uc ngiing ty hoi thu duge nhu thé, cudi cling ta duge foi B nguyén chat (hay gdn

nguyén chat).

Mat Khic 1ong m duge dun néng 1i€p tuc dén 4. 1a duge hoi 1 va long p, rong long p gidu A
(cau tr kho bay hoi) hon trong long m. Ti€p tuc dun néng long pdén s ta duge hoin va long t, trong
16ng 1 lai gitu A hon so V@i long p. V..o

Cudi cling ta & dugc ldong A nguyén chit hay gdn nguyen chat.

Nhu vay, cir dong thai dun néng va ngung lien tuc long va hoi dung dich ABd cdc nhiét
do Khac nhau thi 2 «& thu dugc ciu tir A va B nguyén chat.

pé la nguyen tac cia chung tinh luygn. Trong lilié'I bi tinh luyén (cot chung) (hinh 5-7)
cliiit 1ong duge gia phiét & phia dudi. Hoi bay 1én dugc jin luot ngung tu < ¢c ~dia”. Nhiét do cua
céc dia giam dan i dudi len ren. Hai dira o dinh thap s& gidu B. Long chay tr tren xueng (do hoi

ngung Ly mot phan) cling 1an luot duge dun nong & cac dia. 1.ong chay vé ddy thdp ngay cang giau
A
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A

Hinh 5-6. Biéu @6 "nhiét dd sbi - thanh phan” dung dé& minh hoa nguyén tac chung luyén.

(ii}). Dung dich thuc
Dung dich thyuc 1a nhimg dung dich
ma dp sudt hoi clia cic cdu tir trong hé

khong tudn theo dinh luat Raoult (5-12).

e Ap sudt hoi: thubng gap hai uong
hop:

- Sai khdc duong: dp sudt hoi cta
timg cdu tir vi do d6 dp suat hoi cha dung
dich 16n hon ap sudt tinh theo dinh ludt
Raoult (hinh 5-8). Néu dp suat hoi cia hal
céiu tr nguyén chit Khdc nhau it, trén duong
“4p sudt hoi - thanh phan" thudng xudt hién

diem cuc dai (hinh 5-9).

— Saj khidc am: truong hop sai khic
am thi ta ¢6 hinh anh nguge lai (hinh 5-10
va 5-11).

Nhitng dung dich ¢6 thanh phin
g v6i diém cyc 1 (cue dai va cuc tiéu)

duoc goi 1a dung dich ding phi.

Hinh 5-7. S0 d6 thap tinh luyén.
1.Bo phan gia nhiét
2. Ong din nguyén liéu vao
3. Dia-~» : hoi bay 1&n,—= : 1dng hoi luu vé
4. Ong héi luu



Hinh 5-9. Bidu dé "ap suét hoi - thanh

Hinh 5-8. Biu d "ap suat hdi - thanh
phan” clia dung dich sai khac duong co cuc

phan" cGia dung dich sai khac dudng.

dai.
P —==
—_ - "
—-"—-—' /
- s
o~ Vd
> s
™~ e
%
~ ! //
TA,
~ \\
4 ~
s I -
Vg 1 ~
7, | "\
1 N
A Ny Y

Hinh 5-11. Bidu do "ap suét hai - thanh
phan" clia dung dich sai khac am cb cUc

Hinh 5-10. Bidu d6 "ap suét hai - thanh

phan” clia dung dich sai khac am.
’ tiéu.
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Sau diy 12 mot vii dung dich dang phi:

Ciu Nhiét do s6i (°C) o A trong
A B A B Dung dich dung dich
dang phi dang phi
Dung dich ¢é diém cyc dai trén dudng dp suat hoi
Nurdic Etylic 100,00 78.30 78,13 4,43
Nuirie Iso-propylic 100,00 82,41 80,34 . 12,10
Mertylic Benzen 64,70 80,20 58.34 39,55
Eiylic Benzen 78,30 80,20 68,24 32,37
S, Axelon 46,25 36,25 39,35 66,00
Dung dich 6 diém cuye tiéu trén dudng dp sudt hoi
Nude HNO, 100,00 86,00 120,35 32,00
Nudc 11CY 100,00 85,00 108.5 79,76

D6i vai dung dich ding phi, Konovaloy da chimg minh dugc ring ding dich ddng phi ¢6

thanh phdn hoi va long nluf nhau.

D6 1a noi dung cia dinh luat Konovalov 1. Do dé, ta thay ring, trong bi€u d6 “nhiét do soi

- thinh phan” thi dutmg soi va diding suang s& chap nhau va ¢6 1i€p tuyén chung & diém cuc tri
(hinh 5-12 va 5-13).

Hinh 5-12. Biéu d& "nhiét do soi - thanh

phan” clia hé c6 cuc dai trén dudng ap suat

[1- HLIEK

noi.

Hinh 5-13. Biéu do "nhiét dé soi - thanh

phan” clia hé cé cuc tiéu trén dudng ap
suat hai.
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Vi thanh phin hoi va long cta dung dich ding phi nhv nhau nén s6 cau tir clia hé d6 chi bang 1, K =

1 (theo quy tac (4-1)). Do d6 do tir do ciia hé Li:
C=K-d+1
Ta xét trong didu kién P = [ atm = const:
C=1-2+1=0

H¢ khong bién, nghia la nhi¢t do s61 cua dung dich ¢6 thanh phin g véi diém cue i la

khong doi. Chinh vi vay mi ¢6 tén 1a dung dich dang phi.
o Clumg cdt dung dich cé diém ding phi

Vé nguyén tic, cing gidng nhur chung cat dung dich 1y wong, nghia 1a ciing phii déng thai
ngung ty, dun néng lién tuc hoi va iéng cla hé trong thip chung luyén. Nhung ¢6 mot diéu khic 1a:
ket qua khong duge hai cau tir A va B nguyén chit ma chi duge mét ciu tir nguyén chat va dung
dich déng phi. Vi dung dich dang phi (thinh phin N,) ¢6 thanh phén hoi va téng nhv nhau (giong
nhur chit nguyén chit thi khong thé chung cit dugce).

Gia st dung dich ban diu ¢d thanh phan 6 M (hinh 5-12), thi kél qua & ducc:
- Long A nguyén chat (¢é nhiét do $6i cao) 6 ddy thdp tinh tuyén.
— Hoi dang phi N, (¢6 nhict do soi thip) bay ra & dinh thip. Néu chung ciat dung dich dau ¢é
lhd[lh phan & N (hinh 5-12) thi ta duge {ong B nguyén chat va hoi dang phi.
Néu 4p suit ngodi thay doi thi thanh phdn va nhiet do cia hén hop ding phi ciing thay d6i.

Piéu nay hoan toian phu hgp vdi quy tac pha:
C=K-P+2=1-2+2=1

Su thay déj do6 tuan theo quy tic M. C. Viepxkiz d6i véi nhitng hé ¢6 cuc dai trén duaing dp
suat hoi, khi tang dp suat ngoai thi thinh phin ctia hdn hop diang phi s& gidu ciu tir ¢6 nhict hod hoi
phan tir 16n hon; dSi vai he cé cye tidu uén dudng dp sudt hoi thi giau cau 11 ¢é nhiét hoid hoi phan

1tr bé hon.

Qua d6 ta thiy ring, c6 thé thay ddi dp suédt ngoi dé bien h¢ ¢ diém dang phi thanh he

khong ¢6 diém dang phi.

Biy gids, chung tinh [uyén ta & thu duge cdc ciu tr nguyén cha.



Ngoai ra, ta ¢6 thé cho vio h¢ mot chil thit ba, chit nay do bin chit hod hoc cla minh sé
lum dp sudt hoi ciia timg cifu tr gidm khic nhau, do do thanh phin ding phi ciing thay déi theo.
5.3.2. Trudng hop hai chat 16ng hoan toan khong tan lan vao nhau

Bay gio ta x¢ét trigng hop h¢ hoan toan khong tan lan vao nhau.

(i). Ap suat hoi ctia hé

Néu hai chit léng hoin toan khong tan 1dn vdo nhau thi dp sudl hoi cha moi clu tr fa dp

sudt hoi cla nd O trang thii nguyen chat. Ap suit hoi cila hé bing 1ong dp suat hoi ciia hai ciiu ur.
P=", +2; (5-16)
(ii). Thanh phdn hoi

Thanh phén hai khong phu thude vio ty s6 lugng chat ndm can bing véi nhau ma chi phu
thudc vio dp sudt ciia tirng cu ur:

n,, N, P}
_-'_\.:_f\:__r‘;_ (5-17)
Ny Ny Py
(iii}. Nhiét d¢ s6i cua hé
] _.___7"
0"~ s
= {8
I
) |
q{ |
i b I
| -
& % 7

Hinh 5-14. D6 thj dling dé minh hoa cach xac dinh nhiét d6 sdi cla hé hai chat 1éng hoan

toan khong tan jan.

Vidp suiit hoi ctia hé ldn hon dp sudt hoi clia mot cdu tir nén nhiét do $6i clia hé thdp hon
nhiét 4o soi cla timg cdu tr. Trong qud trinh s6i, nhiét do soi cla hé khong doi cho 61 khi néu c6

mot ciu tr nio dé bay hoi hét hoan 1oin thi nhiét 4o soi cUa hé tang dén nhiét do s61 cla cdu tu con
had.



Ngui ta thudimg xdc dinh nhiét do s6i ciia hén hop bing phuong phip dé thi nhu sau:

Trén toa do POT, (kinh 5-14), ta vé dutmg cong Py = @(T) : dp sudt hdi clia cdu tir A phy
thudc nhiét do.

Sau dé 1ay trén truc tung 1 doan OO’ = H (H 1a 4p sudt khi quyén) v& dudng O'T'// OT.
Trong hé toa do OO vé dudng cong Py = f(T). Giao diém I cta hai dudng cong c6 hoanh do la

nhiét do soi cia he, viads P=P, + Py = H .
(iv}). Chung theo hot nuvc

Nhiéu chat khong thé dun dén nhict do so6i chia nd vi bi phian huy. Néu gap trutmg hop nhu
th¢ thi ngudi ta chung cdt chit dé véi mot chat long khdc hoin toan khong tan lin véi nd. Khi dé
qua trinh chung cat s& xay ra O nhiét do thap hon nhiét dd $6i cla chat muén chung cat. Thudng
ngudi ta dung nude d€ chimg cat nhimyg chat hitu co khong tan 1an trong nude. Thi du tich benzen

tir nhua than dd, tinh ché anilin, phenol, riit tinh dau 1 céc hoa, v.v...

£0¢0
rso =t | /T 1 1) [ 1]
700 1/ - [/ /
(AN /// & /_
$ N N
:g? 600 $ H Y /\() A i r
§ o0 \"? e //N / \30
s ® o/ N/ 2
"D \QQQ b(; & A ‘/ Qb
400 ¢ [} §
\§ ¢ o & \V4 : 1|V
(g Joo {‘:' Qam . I / i
“ ~] [ \ VA
< Y, T et
X 200 ‘\a;‘fo G \\ mets
7 v - X v
100 ! 1 .1 . i
e 1 [/\ -~ :,L/;ﬁf
o 0 + &4 - &0 100 120 140 1680 780 200

WNhiEt 35, °C

Hinh 5-15. Biéu d& ap suat hai clia cac chat hilu co chung theo hai nuéc.
Tir hinh 5-15 ta ¢6 thé xdc dinh dugc nhiét d6 s6i ciia mot s6 hé chung cél theo hoi nudc.
Thi du: benzen s6i & 80°C nhung hé nude benzen $61 & 70°C.

Bay gid ta tinh lugng nudce can thiét cho qud trinh chung cit.
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GOl o N 1a s6 mol clia H,O va cha cdu tr X chung cat theo hoi nude & 1rong pha hat.
800 & 12 56 gam (g) cta H,O va clia cdu tir X.
(Zu,0- B 1a khei luong ciia HyO vaa ciha ciu tr X © thé hoi va thu duge o dang long do
ngung tu hot do).
Theo cong thifc (3-17) ta o

X

3 .
N, _ le_

- _‘l)
Mo Phao

¥
. - _Eno

h/l:.‘l 1. = n — e
n, HH0 18

(3 day: M, [a phan ur lugng cla chat X
18 12 phan tr lugng clia nudc.

(V]
n, _ g 18 Py

= -
Mo Bio M, Py

Bno _ 18 Eﬂr"

e, M_PY

by

T
Bio : hé s6 tiéu hao hoi nudc.
8«

Luong hai nitde cdn thiét dé chung cat | g chat X 1a:

.1 Pil.o
1.0 M_‘ P;’

X

Cac gia i Py, P{ tra 6 d6 thi (hinh 5-15).
5.4. SUHOA TAN RAN TRONG LONG

Dua vio 1y thuyét hydrat cia Mendeleey, ngudi ta cho ring qud trinh hod tan cla ran vao

long ¢é nhimg dac diém sau:

—  Cac phan tir cht tan (phan tit, ion hay nguyén 1 & trong dung dich lién két chit ché véi

mot 6 phan tir dung moi dé tao thanh xung quanh né mot “vo solvat” (néu dung moi la nude thi goi



12 “vo hydrat™). Luc lién két gifta phan tir hoa tan va dung moi trong vo solvat i luc (inh dién giira
cdc cye trdi dau hay doi khi 1a lyc lién ket hydro.

— Qua trinh solvat hod (hydrat hod) 1a tr dién bién (AG < 0) va giai phong nang lugng (nang
lugng solvat hod hay nang lugng hydrat hod). Ning lugng dé duge sit dung dé phd va mang ludi
tinh thé. Néu goi E, 1a nang luong solvat hod, U fa nang luong cdn dé phd v& mang [usi tinh thé hi
khi:

E, > U: qud trinh hoa tan toa nhiét;
E, = 0: qud trinh hoa tan khong kém theo hiéu ting nhiét;
E, < U: qud trinh hoa tan thu nhiét,

~  Su hinh thinh v6 solvat (hydrat) gitta dung mai va chat tan khong tuin theo dinh [udt thanh
phin khong doi nhu trong hop chit hod hoc ma s6 phan tir dung moi trong vo solval ¢d thé thay doi.
Thi du: khi tang nong do chat tan, ting nhiét do thi s6 phan tir dung méi trong vo solvat gidm di.

Bay gidr ta xét vé do hoa tan cha rén trong léng.

D¢ hoa tan ca rin trong 1ong phu thude nhiéu vao ban chit dung moi va ban chil clia chit
ran. Thi du: & 20°C, 1000 gam nude hoa tan duge 13,1 mol (2570 g) AgNO, nhung chi hoit tan
1,25.107 mol (0,0018 g) AgCl. Chua co quy [uat chat che va dinh luong vé y&u 18 dnh hudng nay
nhung néi chung sir hoa tan ting theo quy luat sau: chdt tan dé tan trong dung moi giong ne.

Thi du: kim leai dé tan trong kim {eai, chat ¢é cyc (NaCl) dé tan rrong dung méi ¢é cire
(nude,...) v it tan trong dung moi khong cuce (C.H,, Cl,). Anh huong cia ap svat dén do hoa tan rin
trong long rét nhé, chi ¢6 dnh hudng cfia nhiét do 13 ding ké ma thoi.

3.4.1. D6 hoa tan cda chat rin phy thuoc nhiét do. Phuong trinh Sreder

Phuong trink Sreder néu 1én sy phu thude ciia do tan cha chat rin rong long phu thude
nhi¢t do. Bay gidr 1a thict 1ap phuong trinh d6.

Gia si7 ta thue hién qué trinh hod tan rin vio 1ong nhu sau: lam néng chdy rdn A(r) thanh

long A(1). Sau d6 pha lodng A(l) vao dung moéi dé duoc dung dich l¥ uong ¢ nong do N,

Al ———— Al —— A(dd)

1 (2) _
P? D s To Ny =1 PHT N,

Ap dung dinh lvat Raouit (5-12) cho giai doan (2) ta cd:
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dud
— PA_

T po
P.‘\.]

N4

Lay logarit tu nhién hai v¢:

InN, =InP¥ ~InPy,

" Hinh 5-16. So dd hoa tan chét ran
A

Bao ham theo nhiét 4o T:

dT dT dT
Khi hoa tan dat dén can bang thi:
Pu, = P.’: diéu kien can bing pha 3 cha (4-2).
Mat khic theo phwong trinh Clausius-Clapevron (4-7), ta ¢6:
dnPy, _ 1"\1 )
dT RT-
dInPy, _ ';‘th1 ©
dT RT-

o day:
A, nhiét thing hoa phan t,
Ay nhiét bay hoi phan tir;

Thay (b}, (¢) vao (a) ta co;

dinNy _ Ay, Ay,
dT ~RT® RT?

Alh)
> Abh
Al Arc o A
Mg = Anc * Aes

Hinh 5-17. Sd do Hess.
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Theo dinh ludt Hess thi:

7\'1h - )\'hh = Age

Do dé: E'“N‘-\..z_’“% (5-19)
dT RT

(5-19) 1a phuong trinh Sreder ta can thi€t 1ap. Vi qué trinh néng chdy thu nhi¢t A, > 0 nén:

d_l.n N_\_ > 0 -
dT

Do hoa tan cba ran trong 1ong ludn ludn tang theo nhiét do.

Thi du: Xdc dinh nhiét néng chiy va do hod tan & 50°C cla naphtalen (C,tl,) trong

nitrobenzen néu biét nhiét do ndng chiy ciia C,Hy 12 80°C va do hoa tan ciané 625'Cla N Colls =

0.295. Xem dung dich la 1y tudng vi nhigt d6 ndng chay khong phu thuoc nhigt do.

Gidi: Ap dung (5-19):

M
dInN, = =25 dT

Tich phan phurong trinh nay theo can:

N=1—->NvaT,->T

! e A 0
S {T T]

1 T
G day: T, =273+ 80 = 353K

Theo ddu bai khi T = 298K thi do hoa tan la NCmHs =0,295.

Thay s6 vio phuong trinh trén dugc:

log0.205 = | L L
19111353 298

.. =193562.4 J/mol

P hoa tan ctia C,,H, 0 50°C I

foe N —?ﬁ[L_le—_{)zﬁég
8Ncws g1 1353 323]
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N‘Cw’ Iy = 0,54 1.
5.4.2. Do tang diém soi cha dung dich loing c6 chat tan khong bay hoi

Trong diéu kién dp sudt ngoar khong di, P = const, nhiét do soi cia dung dich hai ciu wr
chi phu thudc nong do.

That vay, viC=K - ® + 1

(J day, K = 2, @ = 2 (pha ran va pha long, ndng do tuong (ng 1a ndng do bio hoi}

Nghia la khi néng do thay doi thi nhigt do soi thay déi theo. Vi dung moi bay hoi dan (chat
tan khong bay hoi) nén ndéng do cua dung moi giam dan, do dé dp sudt hoi clia dung moi trén dung
dich ciing giam déan (P, =P .N,. N, giam nén P; gidm) va nhi¢t do soi tang din. Dicu nay dugc
chimg to trén do thi hinh 5-18. Dudng cong P = ¢(T) biéu dién quan hé dp sudt hoi dung moi
nguyén chit phu thudc nhiét do.

Puong cong P, = {(T) biéu dién quan hé dp sufit hai cla dung dich phu thude nhigt do.

Puong thing Py, {(dudng chim chim) song song truc hoanh bidu dién dp suat khi quyén
khong déi.

Hoanh do ciia diém A 12 nhiét do s6i cha dung moi nguyén chat T,.

Iloanh d6 cia di€m B 1a nhi¢t do s6i cta dung dich (chat 16ng soi trong diéu kién dp suat

hoi cia né'bing dp sudt hoi clia khi quyén). Qua do 1hi ta thiy nhiét do s6i cha dung dich 16n hon

nhiét do soi clia dung moi1 T > T,.

P

Rg= cons?

Hinh 5-18. Su phu thudc ap sudt hai clia dung mdi nguyén chat va dung dich vao nhiét
do.

169



Nhiet d6 soi T ngay cang tang vi P ngay cang gidm.
P'<P,thiT>T.
b0 tang di€m s6i
Ta goi T—T, = AT, 1a do tang diém soi.
Naudi tu thily AT Lién hé v&i néng do chat tan nhar sau:
AT, =K, .m, (5-20)
trong do: m: ndng do molan chat tan;

K,: hang s6 nghiém s6i;

_ RT;
T 1000,
vdi: T, nhi¢t do soi cia dung mai;

L& nhiét hod hoi riéng cia dung moi {J/g).
K., chi phu thu¢c ban chit dung moi, khong phu thude chat tan.

5.4.3. Su ha diém két tinh ciia dung dich loing

P
(1}
¢ (2
.
| (3)
A
|
o
|__u_.L___I I... _—
[ A 7

Hinh 5-19. Su phu thudc ap suét hoi vao nhiét da.
Ta xct truong hop chat tan khong keét tinh (chi ¢ dung moi két tinh).

Neu dp suat khong d6i thi nhigr do k&t tinh clla mot chit nguyen chit ciing khéng déi. Déi
voi dung dich thi khong nhu vay vi khi P = const:

C=K-P+1=2-2+1=1
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Nghia la nhiét do ket tinh phu thudce vio nong do dung dich. Mat khic vi do dung moi ket

tinh nén néng do chat tan tang dn, dp sudl hoi cla dung moi trén dung dich gidm dan (theo dinh

luat Raoul). K& qui a nhiét d6 két tinh ciing giam din. biéu nay dugc chimg to trén do thi kinh 5-

9.

do.

tan N.

Putng ABC bifu dién quan h¢ giffa 4p sudt hai cta chit rin nguyén chit phy thude nhiét

Putmg (1) biéu dién quan hé gilfa dp sudl hoi cia dung moi nguyén chat phy thudc nhiét

Puong (2) bicu dién quan he gilta dp suat hoi ¢ha dung moi trén dung dich ¢6 néng dé chat

Duong (3) twong v dudng (2) tng véi dung dich ¢6 ndng do N°, N* > N.

Tai cdc diém A, B, C ¢6 qud trinh can bing gifta pha long va pha ran (dp suil rieng phan

clia chiing bing nhau, nghia t, thé hod clia chiing bing nhau).

Vay:
T,: nhi¢t do ket tinh cla dung moi;
T: nhi¢t do k&t tinh clha dung dich ¢6 néng do N;
T": nhiét do két tinh ctia dung dich ¢6 ndng do N,

Pring 1a nhi¢t do ket tinh clia dung dich thap hon dung moi va nhiét do két tinh ngay ciang

giam dan.

Goi T, — T = AT, 1 d6 hu diém ket tinh (bang diém).
Ngudi ta cling tinh duge:

AT, =K, .m, (5-21)
trong do: m: ndng dd molan chat tan;

K,,: hing s6 nghiém lanh:

R.T;
K=z
1000.p
vai: T,: nhiét do két tinh cbia dung moi;

171



p: nhiét nong chay riéng cua dung méi [J/g].
K. chi phy thu¢c bian chat dung moi, khong phu thude ban chit chat tan.
Xac dinh phan tr lugng chat ran;

Cong thic (5-20) va (5-21) 1a co 50 cha phép nghiém s6i va nghiém lank ding dé xdc dinh
phin ti lugng ciia chilt tan,

AT =K.m (5-20,21)

m, AT duge xdc dinh bang thuc nghiém. Cic gid i K tng véi cac dung méi da cho sin

trong s6 tay hoid 1y . Tir dé 1a xde dinh duge phan tir lugng chit tan M,.

Néu lam thi nghi¢m véi g, gam chdt tan, g, gam dung moi thi m Li:

Thay m vao (5-20,2 1} ta tim duoe:
K.g,

M, =1000. (5-22)

&y
5.5. SUPHAN BO CHAT TAN TRONG HAI DUNG MOI KHONG TAN LAN

C6 hai dung moi A va B hoan toin khong tan 1an, phan thanh hai 1dp. Néu ¢é mot chat tan
X (ran, 16ng, khi) ¢6 khi ning tan ci rong hai dung moi dé {chit tan khong phan ly hay lién hap)

thi néng 4¢ ctia X trong A va cia X wong B win theo dinh luat phan bs Nerast.
5.5.1. Dinh luat phan bo Nernst
Niam {890, Nernst da tim ra dinh lnat:
d dp sudt va nhiét do khong dot, 15 36" nong do chal tan trong hai dung méi khéng ran Iin
fa héng se.
Nong do X trong A X(A)

=——" =const = K (3-23)
Nong d6 X trong B X{B)

‘" Néu khong ¢ trong bing thi xde dinh K biing cich 13y ! chdt tan di biét trude phan tir lugng:
K = M, ATg,

1000,

172



K: hé s¢ (hing s6) phan ba, phu thudc vao dp suiit, nhict do bian chat dung moi vi chat tan,
khong phu thudce vio luong trong doi cua hai dung méi.
Ta ching minh dinh luit dé nhu sau:
Khi qua trinh dat dén can bing thi;
Maiar = Ry
X

Moo TRTION o =000, FRTINN g

N “o __pu

A) 1) 1S
In—222 =220 MU = nK
N R

const(T)

N\.‘.\} — K
N

s

be6i v6i dung dich vo ciing lodng, vi cdc loai néng do ty ¢ bac nhil vdi nhau nén ta ¢6 thé
vigt {5-23) nhu sau:

N m Yo X C
MAY - AAY - . A2 - L) =...=¢ons{ (5‘24)
Ny My %Xy Clp

5.5.2. Ung dung dinh luat phan bé Nernst

Pinh luit phan bd Nernst ¢6 nhiéu img dung trong k¥ thuat hod hoc, luyén kim... Sau day,

ta x&t vai vi du.
(i). Chiét

Chiét ¥a su tdch chat tan tir dung dich bang mét dung méi khong tan in véi dung dich ban
dau ¢hinh 5-20).

Néu goi V, & thé tich dung dich chifa a gam chit tan ma ta muén chiét,
V. 1a thé tich dung méi diing d¢ chict

X, 14 s6 gam chdt tan cdn lai trong dung dich sau lan chiét thit n.

K Ia hé s6 phin ba.

Theo (5-23):



Néng da chat tan trong dung moi chiét

Ndng do chalt tan trong dung dich

—~  LAn chiét thir nhat:

Néng do chat tan trong dung moi chiét a-x
Nong dé chét tan trong dung dich X
o V R
a-— X, V a
V Q
K=- XE.__ l /
1
VI) Y - g
Hinh 5-20. So do chiét chat tan
g o8k
. Vli VC
Vl]
X, =a. —
V, + K.V

— Lin chiét thit hai:

Néng do chat tan trong dung moi chiét XX
\Y

1

Néng do chat tan trong dung dich X2
\Y

X, — X,
AY
K=-
Xy
VO
2
X5 0
V, + K.V,

Thay x, da tinh duge & trén vao cong thitc tinh x5

v, Y
X,=a|— —
il V, + K.V,
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—  San lan chiét thif n:

X, =4 A — (3-25)
" V, +K.V,

Thi du: C6 3 lit dung dich chifa 100g chat tan, ding 3 lit dung méi dé chiét, so sanh ket qua

theo 3 cich:
I.Ding 1 lanca 31it (V. =3,n=1)
2. Ding 3 ldn, méilan 1 lit (V. =1, n = 3)
3. Ding 6 lan, m&i 1an 0,5 lit (V. = 0,5, n = 6)
Biét rang hé s6 phan bd chal 1an giifa dung mot chiét va dung dich bing 10.
Gidi: |
Ap dung (5-25) cho timg trudng hop:

v
L x, =a. 2 =100 3
V, +K.V, 3+103

3 3
2. x,=a. _ Yo | _jgof 3 ] =1,23 gam
- V, +K.V, 3+10.1

6 6
\Y
3. X, =a]| ——1{ =100, ——;’_— =028 gam
V, +K.V, 3+10.0,5

Qua vi du ndy thiy: mudn chiét 16t thi cin chia nhoé lvong dung moi dé chiét nhiéu lan.

=9.09 gam

(ii). Mot véi &ng dung trong luyén kim

Dinh ludt phan b6 ¢6 ¥ nghia rat 16n dé phan tich cdc qud trinh luyén kim. Gang vi xi, thép

Vil Xi, Xi va sten la nhimg cap chét 1ong khong tan 1an chita nhing tap chat khdc nhau.

D¢ 1am sach thép léng khoi nhimg tap chat ¢6 hai nhuir luu huynh, phospho, v.v... ngudi ta
cé thé phet len bé mat thép long mot 1p xi 1dng, cdc tap chit sé phan b6 giita chiing theo dinh luat
Nernst. Thi du: & 1000°C luu huynh phan b trong sit va xi (oxyt sit) theo ty s6:

(%48).,

A -4
(%)



Bing cdch nio dé tam cho néng do luu huynh trong xi giam xudng thi 1a1 nhién ciing lam

giam noéng do luu huynh trong thép.

Einh luat phan b Nernst con tmg dung cho cdc dung dich ran va 16ng nim can bang véi
nhau. Thi du: su phan bé cdc tap chit trong qud trinh két tinh. Didu nay da duoe ing dung rat hiéu

qud d¢ Fum sach kim loai bing phuong phip "néng chdy viing”.
Nam 1952 Pfan di tim ra phuong phdp néng chay viing nhur sau:

Céc tap chiit phan bo khong dong déu gilrta pha 16ng va pha rdn tiép xtc nhau va tuan theo
dinh luat (5- 23).

trong dé: C,,;; ndng do tap chat trong pha rin;
C,,;: ndng 46 tap chit wong pha 1ong;
K: hé s6 phan bs.

Neéu K < 1, khi lam néng chdy mot phéan vat li¢u ran thi chat 1ong tao thinh & giau tap chat.
TLidu ta Jam sach mot thanh kim loai hinh try bang cich lam "néng chdy ving" ddu A bing ngudn
néng H (thi du, 16 cam tng cao 1an) (hinh 5-21) néng dé cti tap chat trong kim loai long ban ddu la
C..
Viung nong choy
H

Coo
7,

7 8
ooo

H

Kitr lear rdn

Hinh 5-21. Sa dé néng chay ving.
Sau dé, di chuyén nguén H sang phii mét chit thi phan kim loai da néng chay {ai két tinh
v chi chifa tap chat véi néng do 1a C = K.C,, bé hon néng do tap chat ban dau. Tié€p tuc di chuyén
i din dén B thi Irong.kim loai long tang dan tap chit, trong kim loai rin ndng do tap chat s& giam

twong dng. Cir lam lan nhu thé nhiéu 1an ta dwge kim loai tinh khiét (phia ddu A).

Nguoi ta tng dung phuong phdp "néng chay ving” d¢ lam sach germani ding 1am cdc vat

fieu bian dan. Cdc tap chat (Cu, Fe, Ni) lam giam d6 din dién cia vat liéu bin din vi c6 hai dén tinh
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nang lam viéc cua cdc linh kién vo tuyén. Bang phuong phdp "néng chiy viing” ngudi ta c6 thé lam
sach cac tap chat dé (Cu, Fe, Ni) dén néng do nhé hon mot nguyen tr tap chat trén 10" nguyén

germari.
5.6. HOAT b DUNG DICH "
5.6.1. Khai niém
& cic phdn trén, ching ta d nghi¢n céu mot sO tinh chdt cua dung dich 1y tudng.
—  Dinh luat Henry:
P =K.N, (5-8)
~  Dinh luat Raoult:
P. =P"N, (5-12)
—  Dinh luat phan b Nernst:

"[l\_} [5_23)

4B}

Y
— Thé hod cua ciu tir i
i, =p; +RT.InN, (5-9
Céc dinh luat dé di nhién khong ding cho dung dich thuc, vi m&i quan hé tuong tic gilta

cdc tiéu phan trong dung dich thyc phitc tap hon rat nhiéu. Viéc xay dung cdc dinh luat mdi cho

dung dich thuc Ia cin thiét. Tuy nhién, di€u d6 rat kho thuc hién.

Ngudi ta cé y nghi la phdi tim mét dai lugng nao d6 ¢6 thé dién ta céac tinh chdt cba dung
dich thuc ma vin giit nguyén dang céc cong thific nhu dét voi dung dich 1y tudng ma lai noi 1€n

dugc sur sai khac giita dung dich thuc d6i v6i dung dich 1y tuong.
G. N. Lewis di dua ra mot dai lugng goi 12 hoat d¢ cba dung dich, ky hiéu a4,
a thoa man céc yéu cau trén.

Bay gid cac cong thic (5-8), (5-12}, (5-23).... déu c6 thé viét cho dung dich thuce, voi diéu
kien thay néng d¢ bing hoat do.

@ (5 day chi trinh bay hoat do cta dung dich khong dién ly, hoat d6 coa dung dich dién ly sé trinh
bay & chuong 8.
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Chéng han:
W, =u" +RT.Ina, (5-26)

ch

L 2 thé hod ciia cdu 1(r i & trang thii chudn
Ta chimg minh duge ring hoat do ty 1é véi dp suat hai ciia cau tir.

That vay, khi can bing thi thé hod cla cau tlr i trong dung dich bang th€ hoi ctia nd trong
pha hoi trén dung dich (diéu kién can bang pha tha 3 (4-2)).
i, =pt =pd" +RT.InP, (5-27)

|
‘The hod chia cdu 18r i & trang thdi chuan:

" = p™ + RT.InP* (5-28)

Ldy (5-27) tirdi (5-28):

ch - Pi
p,—p =RT.In oo

p =p" +RT.In PP:'L (5-29)

So sanh (3-29) vdi (5-26) ta duoc:

a = :_] (5-30)

P6 1a biéu thic lién hé gilta hoat do cha cdu ta i trong dung dich va 4p sudt hoi cua né.

Tir cong thie (5-28) va (1-4) 1a thay R.T.Ina, 1a cong chuyén ding nhiét 1 mol cdu tiri tir
trang thdi ¢6 dp suat hoi P-fh d€n mot trang thai khac ¢6 dp suat hoi P,

a, 1a dai luong khong thit nguyén theo (5-30).
5.6.2. Chon trang thai chuan

Trang thai chuan dugc chon sao cho khi tinh chét cia dung dich thire trd nén dung dich Iy

tudng thi hoat do trimg véi ndng do.

UV 4 trang thai ta chon theo yéu cau muc 5.6.2
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D61 véi dung dich cla hai cdu tir tan lanhodu 1odntht ta chon trang thdi nguyén chat tam

trang thdi chudn. Vi theo (5-12) d6i v6i dung dich 1y tuong 1a cd:

P =P°N,
Hay: N = Fo (5-12)
| P_O

So sdnh (5-12) véi (5-30) thi néng do bing hoat do chi khi P = PO, Do vy, déi véi
dung dich 1y tudng (hoan thién) néu chon trang thdi chat nguyén chat lam trang thai chudn thi:
a. = N Pi

i t_‘l;];

Dung dich thyc khong tuan theo dinh luat Raoult (3-12) nén:

N, #a; ot
P’

Su sai khdc giffa néng do va hoat do cua dung dich thie duge dac trung boi ié 56 hoat dé v,

y, = (5-31)

Néu dung dich 1a 1y weéng v, = 1.
Néu dung dich khong phai 1a 1y twdng v, = L.

D6 véi dung dich khi hod tan cé han trong long thi trang thdi chuin cla dung moi long (1)
ta vin chon 12 chit nguyén chat nhu trén: khi dung dich v0 ciing loang (ly wéng) dung moi van tuan
theo dinh luat Raoult (5-12).

Con d6i véi chat tan (2) 1a chon trang thdi chuan nhu sau: khi dung dich vo ciing lodng cht
tan tudn theo dinh luat ffenry (5-8).

N, =K.P, K: hé so Henry
So sdnh (5-8) véi (5-30) thi néng do bing hoat do chi khi:
P.ch - I_
' K
Do vay, chiing ta chon trang thai chudn cho chat tan 12 trang thdi ma tai d6 chat tan co 4p

sudt hoi bing nghich dao cha hé s6 Henry.
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5.6.3. Phuong phap xac dinh hoat do

G day chi néu mot vai phuong phip.
(i). Po dp sudt hoi

Theo biéu thirc (5-30), néu ching ta do duge dp sudt hoi P, va P thi s& xdc dinh duge hoat
do a,.

Phuong phap ndy don giin nhtmg chi thich hop cho nhitng chat dé bay hei.

Thi du 1: Ap sudt hoi cla Zn 1ong nguyén chat 957K 1a PS = 0,0512 atm, dp suat hai clia
né trén hop kim 1éng Zn - Sn 1a P, = 0,0208 atm khi N, = 0.226. Xdc dinh hoat dé cua Zn.

Gidi: Vi Zn, Sn & trang thdi 10ng tan 1in v&i nhau hodn 10an nén ta chon trang théi chudn 1a
Zn 1ong nguyén chat, nén:

P, 0,0208

2, =P =0.340
. P.;Tn 0’05 12
0,340
L= =1.508
Y{.n 0,226

Thi du 2: O 0°C thuc nghiém cho biét 4p suat hoi riéng phin ctta CO, trén dung dich H,0-

CQ, phu thude néng do dung dich theo bing sau (cot 1 va 2). Xdc dinh hoat do clia CO, va hé 6
loat do Yo, -

CCO; (em’/em’) Pco, Ceo, dep, = KP{:O3 Ao,
' Peo, ",
(1 (2) (3} (4) 5
33,74 30 1,12 54,00 1,60
26,65 20 1,33 36,00 1,35
16.03 10 1,60 18,00 1,12
8,65 5 1,73 9,00 1,04
1,80 1 1,80 1,80 1,00
0,90 0.5 1,80 0,90 1,00

Gidi: Khi CO, tan ¢6 han trong 11,0, dé xdc dinh hoat d6 ctia CO,, @ , ta chon trang thdi

chuan tng véi diéu kién:
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y¢h
I o2

Khi dung dich vo cling loding thi tuan theo dinh Juét Henry:

C, =K, P,

Lapty s6 €2 (cot 3) ta fim duge K, = 1,80 = const {chiing > khi C, = 1.8 cm’cm’ thi
dung dich 1a 1¥ tuong - vo cung lodng).

_ pech
Peo, =Peo, aco.

Nén: aco, = K-Pcc): (két qui g cot 4)

. K.P.- s 4.
Va. Yeo zat_oﬁz__- £O: (kétqua & cot S)
0T _

[RES C 0

(ii). Xdc dinh hoat do theo dinh ludt phdn bé
(i sir mudn xdc dinh hoat do cla cdu tr X trong dung méi A, a,,. Ta chon 1 dung méi B
hoan toan khong tan 1an véi A va la dung dich vo ciing lodng cua X.

Néenm: a4 =C, Y

Cho x phan bd vao 2 dung moi A va B. Theo dinh luat phan b6 Nernst:

. a.,.
28 _ K, = const(T)
Ao

Khi nong d¢ cta X trong A con nho thi:
a

CN.[.-\J _ NJLA) ZK (II)

C n
X B ax‘tli}

Biét K, ta s€ suy ra:

a\,t;\i = Kn 'auBl

Ma theo (I) thi:

ax.(A) = Kn'Cx__{B}

Thi du: Xdc dinh hoat d6 vi hé sd hoat do cia HgCl, trong nuéce theo hé s6 phan bo K, giita

nudc va benzen.
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S6 Noéng do Noéng do HgCl, C, Hoat dé a, a,
thit | benzen trong trong benzen, | K= C = c
w nudc, C, G, 2 i
(1) (2) (3) 4) (5) {6)

1| 0001345 0,000155 11,90 0,001345 1

2 (0,00369 0,000310 11,90 0,00369 1

3 0,00738 0,000618 11,90 0,00738 1

4 | 60,0648 0,00524 12,35 0,00524.11,90 = 0,0624 0,963

5 0,1578 0,01222 12,90 0,01222.11,90 =0,1460 0,925
6 | 0,2866 0,0210 13,61 0,02100.11,90 = 0,2500 0,872

Céc s0 lieu cho trong ¢ot (2) va {3) cua bang trén.

Gidgi: Trong 3 thi nghiém dau néng do C, nhd nén ty so G khong doi. Diéu dé cho phép
C

ta xdc dinh duge K, = 11,90. Gia thiét rang trong cdc thi nghiém 4, 5, v 6, a, = C, (xem i dung
dich loang) thi ta s€ cé:

a, = K,.C, (két qua tinh dugc & ¢ot 5)

¥, = & {(ké1 qua tinh durge G co1 6)
1

Ngoai ra con mot s6 phuong phap khdc nita nhu xdc dinh hoat do theo can bing hod hoc,

theo phuong trinh Gibbs-Duliem, v.v... ma ch.ling ta khong xét & day.
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CAU HOI VA BAI TAP
Cau hoi

1. Binh nghia va phan loai dung dich.
2. Trinh bay vé cic cdch biéu dién néng d6 va tim méi lien h¢ giita chiing.
3. Dinh nghia vé dai luong  nol riéng phan. Cho [hl’ du.
4. Daitugng. ol riéng phin ¢6 nhimg tinh chat gi?
5. Trinh bay vé anh hudng clia dp sudt va nhiét do d€n do hoa tan coa khi trong long.
6. Phdt bidu v¢ dinh [uat Raoult. Gidi han ing dung cua dinh luat Raoulr va Henry,

7. Trinh bay v¢ dinh luat Konovaloy 1 va img dung cia né. Nguyen tic cla chung tinh luyén
nhur the nao? Két qua chung tinh luyén he dang phi 12 g1? C6 thé thu duge hai cdu tir nguyén chat
khong?

8. Vi sao phai chung cit theo hai nude? Tinh luong hai nude cdn thiét dé chung 1y &u e

da cho.
9. Trinh bay dnh hudng ciia nhiét do dén do hoa tan ciia rén.

10. Chimg minh ring nhiét do soi clia dung dich cao hon nhiét do s6i cla dung méi, nhiét
do keét tinh thi thap hon.

L1. Phdt bicu dinh luat phan b3 Nernst va g dung cla né.
12. Hoat do 1a gi? Néu céc cich xdc dinh hoat d¢ da biét.
Bai tap
1. Hén hop dang phi clia hé ctylic - benzen ¢6 thinh phan la 44,8% mol benzen va 55,29%
mol rugu. Tinh thanh phan hén hep nay theo phan tram trong lwong ?

2. Ap suiit hoi biio hoa ciia phospho trén dung dich Fe - P & 2080K Ia:

Ny 0,0023 0,0061 0,0093 0,0100 0,0198

Pp.10* bar 2.15 6,79 10,66 11,31 22,40

Su hodt tan clia phospho trong sit ¢6 twan theo dinh luat Henry khong?

Dip 56" K=111.10°
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3. 0 25°C 4p suit hoi nude 1a 23,7 mmHg. Tinh 4p sudl hoi & nhiét do d6 cia dung dich

10% glyxerin trong nudc.

Didp 56" 23, mmHg

4. Hoa tan 0,645 g naphtalen (C,;Hy) trong 43,25 g dioxan (C,H,0,) thi doé tang diém s6i la
0,364"C. Hoa tan 0,784 g chat A vao 45,75 g dioxan thi dé tang diém 61 1a 0,255°C. Xac dinh trong

lugng phan ur cua chat A.
Ddp s6' M=210.1
5. Mot dung dich nuée két tinh & —1,5°C. Xdc dinhe
a) Nhiét do so6i cua dung dich.
b) Ap suat hoi cha dung dich & 25°C.

Ap suit hoi nude & 25°C 1a 23,76 mmHg. Hing s6 nghiém lanh va nghiém s6i cla nudc lan
luot 11 1,86 va 0,51,

Pidp so" a) 100,411°C
b) 23,42 mmHg
6. Xét mot dung dich gém 30% toluen va 70% benzen (theo khoi lugng) ¢ 30°C, x4c dinb:
a) Ap suit hoi téng cong clia dung dich va dp suat hoi riéng phin benzen va toluen.

b) Thanh phin hoi (theo phan tir phdn) can bing véi dung dich 6 30°C. Ap suat hoi clia

benzen va toluen lan lugt 1a 120,2 va 36,7 mmHg.
BPdp 56° a) 97.9; 88,1: 9,6 mmllg
b} 0.9; 0,1

7. O 25°C, hé s6 phan b6 cla rugu giita CCl, va H,O 1a 0,024. Xdc dinh sy phan bo 1 gam
ruou trong hén hogp gém 20mi H,O va 50ml CCl,.

Phan tlr luong clia rugu trong hai dung moi bang nhau.

Bdp so 0.9434; 0,0566
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CHUONG
HIEN TUGNG BE MAT VA HAP PHY

Trong tu nhién, cling nhur trong cong nghiép, nhit 13, trong cong nghi¢p hod hoc chiing 1a
thudng rat hay gap cdc qud trinh di thé. Vi du, sy phan huy hoac hinh thanh mot hop chit hod hoc
ran, su hod tan chit tan, chat khi va chdt 16ng trong mot dung moi nao do..., cdc qué trinh Xiic tac di
thé, céc phan tmg dién cuc, keo ty, cdc cong doan 1am sach va phan riéng cdc hon hop khi va long,
v.v... déu 1a nhimg qud trinh di thé. Trong d6, trang théi va tinh chit cla cic phén 1 {nguyén tir hay
ion) & bé mat phan chia pha (khi - rin, 1éng - rén, rin - rin, 16ng - 1ong, va long - khi) rit khic so

v6i ben trong pha thé tich. Sy khic nhau d6 tao ra mot hién tcong bé mdt dac bict.

Nghién ciu hicn uwng bé mdt a6 givp chiing ta hi€u duge rat nhiéu hién tuong khdc nhau
xdy ra trong cdc qué trinh hod hoc, vat 1y, sinh hoc,... lién quan dén nhimg hoat dong khoa hoc va

cong nghe cua chiing ta.
6.1. SUHAP PHU KHI VA HOI TREN BE MAT RAN
6.1.1. Cac khai niém va dinh nghia

o Sw hdp phu

Bén trong mo1 vat rin thuong bao gém cac nguyén ti (ion hodc phan ), gitra chiing ¢6 cac
lien két can bing d¢ tao ra cdc mang lien két cing (chat vo dinh hinh) hoac cic mang tinh thé ¢cé
quy luat {chat tinh thé). Trong khi d6, c¢dc nguyén 1t (ion hoac phan tir) nam ¢ bé mat ngoai khong
dugc can bing lién két, do do khi tiép xtic v6i mot chit khi, vat rén luén ¢6 khuynh hudng thu hit
cdc phan 1 khi 1én bé mat clia né dé can bing lién ket Két qua 12, ndng do cha chat khi & trén pha
bé mat 1én hon trong pha thé tich. Nguoi ta goi d6 Ia hién tudng hap phu. Vay, hdp plu la sir tdng

nong do ctia khi (hoi) tréa bé mdt phdn cdel pha (vdn - khi).



o Chdt hdp phu (chat hp) 12 chit c6 bé mat thyc hién su hdp phu. Chdt bi hdp plue (bhp) 14
chat bi thu hit [én bé mat chat hp. Vi du, silicagel hdp phu hoi nudc: silicagel la chat hap phu, hoi
nudc la chat bi hap phu.

®  Bé mdt riéng: mot chit c6 bé mat cang phat trién thi kha nang hip phu cang tot. D¢ c6 thé
so sanh kha nang hip phu gilta cic chat ngudi ta str dung khéi niem bé mdt riéng: d6 1a dién tich bé
mat cha chat hap phu tinh cho mot gam chat hip phu, ¢6 don vi [m’/g]. B& mat riéng cia silicagel
¢6 thé tir 200 - 700 m*/g (tuy theo cich diéu ché), zeolit 500 - 800 m?/g, than hoat tinh = 1.000 m¥/g

hodc 16n hon, v.v...
o Cdc kié¢u luc hdp phu

Trong hap phu, cc phan tr (nguyén 1if) ctia chdt bi hdp phu lién két véi bé mat chat hap

phu bing céc lyc trong tac khdc nhau:

- Luc Van der Waals: d6 1a cc luc tuong tic ludng cue - ludng cuc gilta cic phan tr (hodc
cdc nhém phan ). Luc d6 yéu va giam rit nhanh theo khodng cdch giita cic phan wr. Bor véi
nguyén tr, do cdc electron chuyén dong xung quanh hat nhan tao ra mot dién truong ngoal cia
nguyén tir. Dién trudmg d6 1am bién dang mot it dién rudng cha nguyén tir khic khi chiing tién sdt
lai nhau, vi tao ra mot luc tuong tde gilta chiing. Trong khi thuc, luc Var der Waals gay ra cic
tuong 14c gifta cic nguyén tir (phan tir) khi, do d6 din dén cdc sai khdc vé tinh chat cta khi thye so

vii khi 1y tuong.

Sit hip phu do cdc lye tuong téc Van der Waals duge goi la hdp plue vde IV, Trong trudng
hop niy, nang lugng tuong tic E, gilta cdc chat ran {chit hap phu) va cdc khi (chat bi hidp phy) chi

cao hon mot it hodc xdp xi v6i nang lugng hod long E; cua khi do.

- Luc lién két hod hoc: Cac phan tir (nguyén ) cla cdc chat khi tic dung voi cac “hod i ty
do” clia cdc tiéu phan bé mat vat ran dé hinh thanh céc lién két ¢6 ban chit hod hoc, nghia 14, ¢6 st
phan b6 lai mat dé electon trong phan 1ir (nguyeén tir) cla khi trong phic hdp phy trung gian [khi -

ran]*.
Su hip phu xdy ra do luc lién két hod hoc ducce goi La hdp phy hod lioc.

Hap phu hod hoc 12 co sd cho cdc qud trinh xic tdc dj thé. Song, cin phii luu ¥ rdng, trong
xiic tdc di thé, cdc lién k&t hod hoc khong dugc yéu qua, va khong duge bén qud, Néu yéu qui thi
chua diit dé hinh thanh cdc lien két méi v6i chét xdc tic, cdon bén qud thi chat xiic tdc khong con la

tic nhan trung gian ma s¢ 1a mot san pham bén ving
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Nhiét hap phu hod hoc xap xi 10 kcal/mol.
6.1.2. Cic phuong trinh hip phu diing nhiét

Trong nghién citu hip phu ngudi ta quan tam dén thé tich (V) chat bi hap phu (mg véi cic
dp suat can bang (P) clia khi (hoi) trén bé mit chat rén (chat hép phu) & tai mot nhi¢t do khong doi
(T = const). M6i quan he V = f(P) & T = const dugc goi [a duomg déang nhiét hap phu {phuong trinh
hdp phu ding nhiét),

Tuy thudc vao bin chat lue hap phy, ban chat va dic diém cta chat hdp phu va bi hip phu
ma ¢6 nhitng dudimg dé’ing nhiét hdp phu khdc nhau. Song, mot s6 dudng ding nhiét thuong dugc

biét dén v hay sir dung nhat 13 (bang 6-1):

Bang 6 - 1. Cac phuong trinh hdp phu déng nhiét

Tén Phwong trinh Linh vue ung dung
Langimuir V' 8- b.P Hap phu vat ly va hip phu
V. 1+bP hod hoc
Henry V=kP Hap phu vat Iy va hap phu
_ hod hoc
Freundlich . V=k.P"(n>1 Hap phu var Iy va hap phu
hod hoc
_ TemKin V =k logk.P Hap phu hod hoc
Brunauer - Emmett - Teller P 1 C-1 P Hip phu vat ly
- _——— = —
(BET) | V(P,-P) V,C V,CP,

Trong bing 6-1, V: the tich chat bi hap phu tinh cho mot gam chat rin, V,; thé tich chat
hap phu cin thiét dé tae ra mot 16p don phan tir chat bi hap phu trén bé mat ctia mot gam chat rdn &
dp suat can bang P, P,: dp suit hoi bao hoa ciia chat bi hap phu, 8= —  duoc gol la phan bé mat

m

bi hap phu. Tat cd cidic ky hiéu khdc Ia cdc hang 6.

Phuong trinh Langmuir duge \ing dung nhiéu trong linh vire hap phu hod hoc, Ia phuong
trinh duge sur dung trong tinh todn dong hoc cdc phin ing di thé. Phuong trinh BET a phirong trinh
hap phu vat 1y da 16p, duoc sir dung khd pho bién khi nghién ciu bé mat riéng va kich thude mao

quan cla ciic hé vat liéu mao quan.
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(i). Phucong trinh hdp phu ding nhiét Langmuir

188

Khi thiét 13p phuong trinh nay, ngudi ta xuat phat tir cic gi thiét sau day:

L. nhimg ti€u phan bi hap phu lién két vai nhirng trung tam hdp phu xdc dinh wén bé

mat chdt hap phu;

2. mot tam hap phu ¢4 thé lién k&t véi mot vi chi mot tidu phan by hap phu;

3. cdc ti€u phan bi hap phu khéng trong téc lan nhau;

4. bé mat hap phu 1a déng nhat, nghia 1a, nang luong hap phy rén 14t ca cdc tam Ja

nhur nhau.

C6 thé hinh dung sit hap phu nhur mot qua trinh dj thé:

kp
Khi + Rén
ky
Tai thdi diém
can bang: P [ -0
trong do: P: dp sudt can bing cha khi;

[ Khi - Rin)

I - 6: phan b mat chit hap phu rin con tréng, chua bi hip phu;

0: phan bé mat da bi hap phuy.

Toc dé qud trinh hip phu v, 11 1€ v&i dp suat P va bé mat w do:

vi=k.P(l-8)

Toc do khir hap phu v,
v, =k,.B

ki, k; 1a hing $6 hap phu va khir hap phu twong tng.
Khi can bang: v, =v,
ki P.(1-0) = k,.0
6 _ ki

Y =2 P=bP vsib=
-0 k- ' k-



_b.P

=— (6-1)
1+Db.P
(6-1} la phueng trinh ding nhiét Langnuir,
D61 v6i he gém hai chat khi A va B thi phuong trinh Langmuir ¢6 dang:
_ b,.P,
AT -
1+b,.P, +b,.P, (6-2)
by-Py

“1+b P, +h,.P,

ba. by - hiang s6 Langnutir cia khi A va B, P, P, - dp suat niéng phan ciia A va B tuong ting.
Tong qudt, khi hap phu déng thoi i chat khi:

b,.P, .
=~ —— Vi j=1,2,3, (6-3)

v i
I+Zb_]..l’j
1

C6 the bicu dién (6-1) bang dé thj nhu trén hinh (6-1):

# |
el p-————=
(a)
0 P

Hinh 6 -1: So d5 hép phu theo phuodng trinh Langmuir:
a: d6 thi “0-P”, b: sg dd hdp phy, O: phan t bj hdp phu,>z7 bé mat rén,
Khi P=0: 6=0
Khi P Ién: I +b.P=bP,
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b->1=8,

Khi 0 — . bé mat di dugc 1ap diay boi mot 16p don phan tir,
(ii) Phuong trinh hdp phu Brunauer - Emmett - Teller (BET)

Trong thye 1€, ngudi ta thiy ¢6 nhiéu dang dudmg dang nhiét hap phu khic véi dudmg

ding nhiét Langmuir, ching han, nhu dudng dang nhiét hap phu ¢é dang hinh chit S (hinh 6-2).

Cédc nha khoa hoc Brimmauer, Emmett va Teller di tim ra ly thuyét giai thich va dién ta dinh
luong moi quan hé d6 dudi dang phuong trinh dang phiet mang tén BET. Ly thuy¢t BET cho réng,
sur hap phu khi (hoi) trén bé mit ran la hap phu vat 1y, & gial doan dp suflt cén bing can thap (0,05 <
P/P, < 0,3) su hip phu xay ra nhu 1y thuy¢t hap phu Langaudr (phan tr khi lién két trye tép vai cic
tam hap phu trén bé mit ran, va 16p hap phu don phan 1), Song néu tiép tuc tang 4p sual hap phu thi
su hap phu ¢6 thé xdy ra khong phai don iép (phan 187) ma da Iép (phan tr) nhu hinh 6-3, khi P tién
161 P, thi ¢6 thé xay ra sy ngung 1u. Do d6 dudng dang nhiet hap phu gén gid i P/P, = 1. tang vt
1én, tao ra dang chit S (Hinh 6-2).

&

] |
\-‘& |

X
- |
‘iw |
N [
|
|
|
|
|
|
|

a P/,g =f

Hinh 6 -2: Dudng cong hap phu dang chir S:

P ap suat tuong doi; P,: ap suat hoi bdo hoa.
P .

4]

190



XX X, O )
TS S S

Hinh 6-3: So do hiap phu da 6p (phan tl) theo ly thuyét BET.
Pé thiél lap phuang trinh ding nhiet hip phu BET, ngutn ta déu thira nhan cdc gia thi€t cla
Langnuiir, song con digc bo sung thém:

1) Entanpy hip phu cta cdc phan ur khong thuoe 16p thit nhat déu bang nhau va bang entanpy
hoa long Q.

2) SO 16p hap phuy r® nén vo cling 0 ap sudt bio hoa.

Dua trén ¢o s6 dé, ngudi ta dd thict 1ap dugc phuong trinh BET nhr:

-V _ R (6-4)
Vv
it 1__P___ IF_P_+C‘_P__
P\) Pl\ I)U
Bieén déi (6-4) ¢6 thé nhan duge dang gidng nhu phuong trinh BET & trong bang 6-1:

P _ 1 CaF (6-5)

V.P.-P) V,C V,C'P

Dang (6-5) thuin tién cho vi¢e xdc dinh thire nghiém bé mat riéng cla chat hap phu (s€

trinh bay o phan sau).

o Xem sit hip phu da Idp trén bé mat déng nhat bao gém mot loat gai doan hap phu tao ra cdc phiic

hip phu:
11oi + bé mat tu do s~ phutc hip phy [R - don phan iG]
Hot + phiic hap phy [R - don phan wr] = phitc hap phu [R - hai phan ur}
Hoi + phite hap phy [R - hai phan ur}] « phirc hip phu [R - ba phin ti]
V.V (a)

Trong dé {R - don phén r]: 9

[R - hai phan ti]: 7&
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[R - ba phan url:
Gia sir 0,. 8.. 8, ... phin b¢ mat bi chiém bai phute [R - don phan tw). [R - hai phan ur]. ...
Lurgng hap phu:

V=V, (0 +20.+ 30+ ) (o
V: thé tich chat bi hap phy (cm'/g)

V,: thé tich chat bt hap phu tuong Ung véi mot 16p hap phu dan phan tr dac sit trén bé mat rin
{emg).

Hing $6 can bang cua cic giai doan hap phu don 16p, hai 18p....

(LB coo 0 ~
Y *pe, PO,

O day. 0, phan bé mat ty do chua bi hip phy. K, 12 hang s6 16n hon so v6i K. vi khd nang hap phu
chia cdc 16p thix 2, 3, ... gidm manh do nang luong hap phu y€u va theo gid thiét 1 clha BET th) K.=K,=

.= K,. v&i K, hiing s0 clia gia1 doan ngung W {cin bang hoi «— long): K| = il (P, dp suat hoi bdo hoa).

Q

Do do:
P
0, = K,.P8 = K, .PG, =—p-—.0i W
, Py

k]

p Y
0, =K, P8, :(KL.P)3_8i Z[—P— 8,

V.V

Thay cdc gid 111 8. 05, g, vao (b):

2

P P
V=V, K PO T+2—+3 | +- ()
P, P,
* Qud trinh ngung tu: Hoi = L.ong
Khi can bang: P, a
(P.: 4p sudt hoi biio hoa. hoat do cia long. nguyén chata= 1)
_ a 1

Hing s6 can bang ngung tw: K = = =
Pﬁ

o
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Mat khic:

P (pPY
9, +0,+6,+0;+..=0, 1+K1P.I+—+[-—J T+ lp=1

(g}
o P(}
Vi LA L) [ (h)
B, P, - P
P‘.!
Nen: 1+2£+3[P_] +“_:—l.._" (1)
Ps Pu [] B P }H
P,
Thay (i) vio (d). @a cé:
V=V . Klﬁpﬁ.n__ (k)
)
PO
Tir (g) va (h):
[ P
A P (N
PRI I+ K,P——
P
|- — v
PD
Thay 0, vao (k)
ve . VeleP o (m)
oy e
PO PU
R 3
Thay P bang —- :
[):p_L____..I__E (1)
® I)u Kl. Po

Va ky hiéu K, — ¢ . chitng ta s& dugc:
KL

13- HLIIK



. P
C.—
V PU _ (6'4)

-y =
U FOL P
PL! P[.! Pu

D6 chinh 13 phuong trinh BET ching ta edn thiét lap, o

(it} Xdc dinh bé mdt rieng theo phuong phip BET

Hi¢n nay, phuong phip BET duoge iing dung rat pho bién dé xdc dinh bé mit riéng cla cic
chdt hap phu rin.

Nguyén tac cla phuong phdp Ja:

Sir dung phueng trich BET & dang (6-5):
P ] -1

P
I _.
V(P,-P) V,C V, CP

Nhan thdy ring gid tri P anm bac nhat ciia bign s¢ P

V.(P, - P) P

Tar T = const, ngudi 1a do thyc nghiém gia tri thé tich chat bi hdp phu V ang véi dp svat can

bing wong doi P Sauds thi€t 1ap do thj nhu trén hinh 6-4. Doan thang nhan dugc trong khoang

p '
gia .trj P 0,05 dén 0,3 s€ cho ta cidc kél qua:
P,
tgo = c-1 (u)
OA=—'— (b)
vV .C

a1}

Tir (a) va (b) chiing ta s& xdc dinh duge V,,, C

Biet V,, la the tich khi bi hip phy tao don lop (phin 1) bé mat, ¢6 (hé tinh duoc s6 phan 1ir.
Bé mat riéng ctia chét hap phu bing tich 6 s6 phan 1&r bi hap phu (tink cho 1 gam chit hiap phu) va
tiet dién ngang cha phan tir dé.
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ViR-#

y &

A

2

e .

Hinh 6-4: Dé thi diing dé xac dinh bé mét riéng theo phan (ng BET.

Trudng hop hay gip nhat trong k§ thuat do bé mat hién nay la hap phu N, ¢ 77 K (nhiét do
clia nitd 10ng). Néu V,, duge biéu dién bang don vi cm’.g "va bé mat Syer 1a m’.g”! vh thita nhan 1ié1
dien ngang clia mot phan tir N, 1a o = 0,162 nm’, thi:

Sme =435V, (6-6)

Tiét dién ngang cua mot s6 phan i khi & trang théi hip phu, nm’ (Bang 6-2).

Bang 6-2; Tiét dién ngang o clia mét s6 khi & trang thai hap phu, nm?

Chat bi hap phu Nhiét do hap phu, K G, nm’
N, 77 0,162
0, 90 0,141
Ar 77 0,138

90 : 0,144

Kr 77 0,202
90 0,185

193 0,217

Xe 273 0,220
CO 90 0,168
co, 195 0.207
298 0,253

nC.H,, 273 0.444
C.H, 293 0,430




< Hang 6 C dugc goi la hiing s& BET. dugc xdc dinh theo cong thie:

Qi
C=exp(AH, - "), (6-7)
exp(AH, R.T)

trong dé: AH,: entanpy hip phu;
Q,: nhiét ngung tu.
Doi vai N. & 77 K, Q, = 5.6 kJ/mol. gid tri C duge cho & biang 6-3.

Bang 6-3: Gia tri clla hang s& BET phu thudc vao entanpy
hap phu don l6p N, & 77 K

AH,. kJ/mol C
6 1.2
8 29
10 6.9
12 16,7
14 40
16 97
18 235

Gid tri C 4nh hudng dén dang ctia dudng ding nhiét hap phy duge thé hién d hinh 6-5.

'l 4 }

7] a2 a4 26 o6 F/P

i

Hinh 6-5: Anh hudng cla gia tri C dén dang clia dudng déng nhiét hap phu.

Phueng phap BET. néi chung. ¢é thé dp dung dé xdc dinh bé mat riéng cla 1a1 ci moi chat ran. mién

la ap sudl wrong déi P/P, nam trong khoang 0.05 dén 0.3 va hang s6 C> 1.+
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6.1.3. Su hap phu trén bé mat vat liéu mao quan trung binh

Theo quy dinh clia TUPAC (Tnternationa! Union of Pure and Appliecd Chenustry) vat licu,

bén trong nd ¢6 cdc hé mao qudn, ¢6 thé duge chia thanh:

- Vatlicu mao quan ldn. D6 1a vat licu ¢6 kich thude mao quan Ién hon 50 nm. d > 50 nm (d;

dudng kinh trung binh clia mao quin)

- Vitli¢u mao quan trung binh: 2 < d <

—

50 nm
~  Vili¢u mao quin nhd: d < 2 nm

Sy hilp phu trén vt li¢u mao quan nhé vi
mao quan Ién khong din dén sy ngung tu chal
long trong mao quin. Trong khi dé, dai vdi var
li¢u mao quin trung binh, chat bj hip phuy thudng

ngung tu khi dp sudt hoi con thip hon dp suat hoi

bio hoa. Pac biét, khi khir hip phu sy bay hoi 277
l ———
chat Iong tir mao quan thudng xdy ra & ap suat
thip hon dp suat can bing khi hip phu. Do ds Hinh 6-6: Budng hédp phu (—) va khir
84y ra “hién tugng tré™ khi khir hap phy. Puomg hap phu &) cla vt liéu mao quan
) ) L trung binh,
dang nhiét hip phu va khir hip phu thuong tao ra

mot vong € A, B, C, D, A nhur trén hinh 6-6.
(1) Ngung tu mao qudn va dinh ludt Kelvin

Phuong trinh Kelvin xde dinh moi quan hé gilta dp sudt tuong déi P/P, va 1, - bén kinh ciia

giot long hinh thinh & bén trong mao quan:

P y
In )—:—f.g—

o

(6-8)

trong d6: g: sifc cang bé mat eda chal long ngimg tu;
V2 thé tich mol cita chit 1éng ngime ty:
0: géc thim udt;

r,: ban kinh Kefvin duge dinh nghia nhu sau:
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g day: r, vir, 1a cde bdn kinh ctia mang long:
f: thira s6 phu thuéc vio hinh ddng cliia ming, nhu vay, f cing phu thudc
gidn ti€p vao hinh déng ctia mao quan:
{ = L: dai vét mang hinh tru hoac ban try;
f = 2: dai voi mang bdn ciu :
f = 3; doi véi mang hinh cau,

Nhit wén hinh 6-7 khi hdp phu trong mao quéan hinh try hé hai ddu, thanh clla mao quan
duoc che phil boi mot mang chit bi hap phu cho dén khi Xay ra su ngung tu 1dp diy mao quan.
Trong qud trinh hdp phy mang long ¢é ki¢u hinh tru. Nguoe lai, sau khi xdy ra ngung tu 1ap diy
mao quan mang long c6 ddng ban cau.

Tir phuong trinh Kelvin ¢6 thé thay ring P/P, cla qua trinh thodt hoi e mao quan ngumg
ludn tuon nhd hon P/P, cia qué trinh hip phu.

Thure vay, khi hap phu trong mao quan hinh try hé, mang long co bidn kinh Kelvin:

I
_:_+_,_

Vir. > ododor =1

Tacd:

In L fgV,.cos® f.gV, .cosd
" r, R.T n.R.T

0

V§i mang tru f = 1:

o P} gV cosB (a)
: rn-R.T

1]

hp: hap phu
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(1)

——

(2)

-t

N"'“__L

Hinh 6-7: Hinh dang clia mang 1dng:
(1) hinh tru: hap phu trong mao quan hinh tru hg;
(2) ban cau: khir hap phu trong mao quan hinh try;
(3) ban tru: khir hap phu trong mao quan hinh khe.

Khi thodt hoi tir mao quan:

11
— = — 4 -_
R R

Mang long hinh bdn cau nénr, = I

I 2
I K I'I

9]
r‘ _—
Yoo

p
I

6 RT

V6i mang ban ciu f = 2;

In L _—_f‘_‘c’-‘_/l_.__-?os_e
0 Jhp n.R.T

&)

6.R.T

“{_P ] _ gV, .cos0 _ -2fgV, cos0
Khp

(b)
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Vi cac dai lugng V. cosO, 1 déu duang, so sdnh (@) va (b) ta thay:

P P
| — <In| —-
P“ khp PL‘ [ITH
pods: | ) <f X (6-9)
P P
a ZKhp S hp

Chinh su sai khic dé gay nén “vong tré" ABCDA trén hinh 6-6.

Cac val liéu mao quan trung binh ¢6 cdc loai “vong re” khac nhau 1y thude viao hinh ding

cua Mao quar.
De Boer di phan loai cdc dang “"vong (r&" khdc nhau cho cdc vt li¢u-co cdu tric mao quan

trung binh khic nhau (hinh 6-8).

il =L AL
000 e[ T, cg & é;}qp‘l’?ﬁw

R, < Ry<2Ra  Ru 2 2R,
Ror 2 R

Hinh 6-8: M6 hinh cac dang mao quén tudng (ng v@i cac “vong tré” theo De Boer.

6.1.4. Gidi thién vé zeolit va cic vat liéu tuong (U zeolit

- (i) Zeolit

Ngiy nay, hau nhu moi ngudi déu bict ring, zeolit 1a mot vat licu c6 ciu triic mao quin

duoe st dung vat nhiéu trong nhimg [inh viyc cong nghiép. dac bigt trong cong nghiép loc - hod dau.
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Zeolit 13 aluminosilicat tinh thé, trong thién nhién c6 khoang 40 loai zeolit duoc phat uén.
Song, cic (g dung quan trong reng hap phu, tdch loc, xic tdc ... chil yéu nho vao cde zeolit tong
hop nhan tao. Cho dén nay, ngudi ta da tong hop duge khoang 200 loaj zeolit. Tuy nhién, cing chi
cé moL 56 it trong d6 c6 ung dung cong nghiép. .

Pon vi ciu tric co ban clia moi zeolit 1a ue dign TO, bao gom 1 cation T duge bao quanh
bai 4 ion OF (O duce ding cho hai uf dign canh phaw). Néu T la Si** thi wt dién SiO; rung hoa
dién tich, con T 1a cdc ion AL thi 10 dién AlO, mang mot dién tich am. Dién tich am dé thuong

dugc b trir boi cdc cation Kim loai hod tri 1+, 2+, v.v...

Cong thifc tong quit cua zeolit nhur sau:

Me,,. AL, x810,.yH,0,
trong do: i hod tri clia cation Me"";
x: 1y $6 mol SIOy/ALO:
y: s6 phan tit H,O.

Theo quy tac Lowensteo, trong ciu triic cia zeolit khong on 1ai lien ket Al-O- Al, ma
chi 16n tai cdc liecn két Al - O - Si v Si - O - Si. Do d6 ty s6 x 18 thiéu 14 2, 101 da i vo han ()
nghia la trong cau truc zeolit khong con Al nita (biy ity zeolit ¢o 1&n 1 siticalit vt cido e MTT ).

Khi x thay doi thi, trong mot gidi han nio do, ciu trdc clia zeolil cing thay déi.

Vi du: khi x = 2 chiing 1a ¢ zeolit ¢d ciu triic loai A x = 5: zeolit kigu Y, ho faujasit
(FAU): x = 6 - 10: zeolit mardenit (MOR), x = 20 - 1000: zeolit ZSM-5 (MFD ...

Citu triic tinh thé cla cic zeolit duge nghién cuu khd ddy ¢, Sau day 12 cdu tric cua zeolnt
A vit Y (duoe néu ra lam vi du), hinh 6-9. '

Pic diém cna zeolit la:

C6 cfu trie mao quin dong nhat, kich (e cdc cira 56 mao quan rdt xde dinh do dé ¢b th
phan riéng cde Khi o6 kich thude phin 1 Khac nhau. Do dé zeolil ¢on ¢61€n got Ja "y phan 11",
Kich thude mao quin cta 7eolit pam trong khodng 0,4 — 1,0 nm (+-10 A ).

Do bé mat zeolit ¢6 cée dicn tich am duce b trir bdi cdc cation. Do dé zeolit 1a ¢hit vo o

¢6 kha ning trao doi on.

Cac ten zoi cua zeolil va cde ma hicu quoc € (Structure type codes) duge 1UPAC quy dinh nhu
trong cuon NTLAS OF ZEOLITE STRUCTURE TYPES, Butteworth - Heinemann
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Hinh 6-9. Hinh thé hoc (topologie) clia zeolit A (a) cla zeolit Y (b).

Ngudi ta c¢é thé didu ché cic xuc tdc axit rin tir zeolit dudi dang H-zeolit va H-Me-zeolit
(11: proton, Me: La™, Ce™, ...)

Cdc xiic tic zeolit ndy dong mot vai trd quan trong trong cong nghé loc - hod dau:

cracking xiic tic, alkyl hod, isome hod, v.v..., v6i tr cach i xic téc axit ran.
(ii). Cdc vdt liéu trong tu zeclit

Hién nay c6 nhiéu vat lieu trong 1 zeolit (cau tric tinh thé, tinh chl ray phan 1, tinh chat
xic tac) dang duge quan tam nghién ctiu, trong dd, alumino phosphat (AIPO)” 1a vit ligu dang durge

chii y nhiéu nhat.

AIPO 13 aluminophosphat tinh thé va ¢d cdu trlic mao quan. Pon vi cdu tnic ¢d ban cla
AIPO 1a ciic tr dicn PO,* va AlO, (nguyen 1 oxy duge ding chung cho hai tir dién ke ti€p). Vi cic

ut dién PO,* v AIQ,” sap xép xen ké nhau nén mang tinh thé cha AIPO trung hoa v& dién tich.

Nhur vay, AIPQ khong cé tinh chat trao déi ion va do d6, khong thé chuyén AIPO thanh vit
licu axit ran. Ngudi ta phii thay th€ cde nf dién AlO, hoac PO, bang céc tir dién cia cic nguytn 6
khéc (Si, Co, Fe,...) dé lam xudt hién cdc dién tich du én bé mat AIPO, Su thay thé do lam xuat
hién mot ho vat 1igu AIPO rat phong phi (Hinh 6-10).

Lo vat licu ALPO, SAPO, MeAPO, vov... duge chd y vi ho ndy ¢6 tinh bén nhiét, ¢6 ciu
tric mao quan thodng hon, 6 do axit bé mat vira phai, va xde tdc cho nhitu phan ing héa hoc hon

so voi zeolil.

" Ky hiéu AIPO hoic AIPO, déu hoan todn ¢6 nghia nhu nhau trong cde cong bd khoa hec dang su
dung hién nay.
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MeAPO ““‘H-E.L
Me Mo ™™ MeAPSO
Si

AIPO L s SAPO El

m B EIAPSO
EIATO _

Me : Co(il}, Fe(ll}, Fedlll), Mg(1), Mn(1l), Zn(I1)
EL - Li(1), BOI, Be(l}), Ga(lll), Ge(IV), Ti(IV), Ar(V)

Hinh 6-10. So d6 hinh thanh cac vat liéu dan xuat cha AIPO.

Ngoai ra, ngudi ta dang ticp tuc tim ki¢m cdc ho vat liéu cé hé mao quan 6n hon zeolit vil
A1PO dé thyc hién cac phdn ng xidc tic cho céc phan & ¢6 kich thude [ém hon. P 1a vat liéu mao
quin trung binh, vi du nhu MCM-41, MCM-48, SBA-15... kich thudc cia cdc vt ligu mao quan dé
khoang 30 — 40 om, va i6n hon.

6.2. SUHAP PHU TRONG PHA LONG

Trong pha long, ngudi ta thuong gap cdc trudng hop:

- Hap phy cdc chat tan trén bé mit phan céch_ pha long - khi; long - 1ong.

- Hap phu cac chat tan trén bé mat chit ran nim trong pha kéng (vi du: than hoattinh hip
phu cic chat hitu co hoa tan trong nudc). '
6.2.1. Su hip phu trén bé mat 16ng - Khi. Phuong trinh Gibbs

Xét mot hé: nude hod tan mot chdt hoat dong bé mat (HDBM). Phan wr chat HDBM thuong
gbém 2 phan: (1) nhom ¢6 cye: - nhém - OH {ruou) - COOH (axit) - NI, (amin),... va {(2) phan
kheng cyc: goc hydrocacbon (HC).... thuong duge ky higw: O——W— . lrong dé O: phém  ¢o

cuc, . goc HC. Vé nguyeén tic: nhém c6 cyc twong tic manh voi dung moi 6 cyc (H,Ola

dung moi phan  cuc manh nén nhém c6 cuc con duge goi la nhom «a yede), phan HC tuong tic

161 v6i dung moéi khong cuc nén duge goi 1a wa dan).

Khi hoa tan chit HDBM viio nuée thi chat HDBM tap trung & trén bé mit cba nude (hinh 6-

11). Vi tuong tic gifa phan 1t dung moi - dung moi manh hon gidta phan wr dung moi - phan r
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IIOBM, neén cdc phin tr chat HIDBM bi ddy lén phia rén b¢ mat chat 1ong: phin ¢é cuc (U nude) &

dudi. phin khong cuyc hudng len trén khong khi (moi truéng khong cuc).

Hinh 6-11. So 5 hé&p phu chat HDBM trén bé mit 1dng - khi.

Nhu vity bé mat long (nuéc) dd hip phu cdc chat HDBM. S hdp phy nay tuan theo phuong
trinh Gifibs.

Thue vay, nang lugng tr do G cia mot hé di thé bao gém nang fuong ty do bé mat G va
nang lugng tu do thé tich Gy: G = Gy + G,
& luong |

Theo phuong trinh Gibbs - Duhend (3-4y:
Gy=n.0, + 0.0, (a)
trong dé: Ny, Wy 12 s6 mol va thé hod cua dung moi:
Ny, Wy 1& $6 mol vt the hod cla chat tan,
G 1a ning luong .lI:l' do bé mat ty 1 v&i bé mat S:
Gs=0.8, ' {(b)
trong dé, S dién tich bé mat cia chat long;
a2 h¢ 56 ty 18, vii ¢ tén goi 1a siie edng bé mdr {dac trung
cho nang luang twong tdc giita cdc phan 1 bé mat).

Do dé:
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G=n,1, +n.u,+05 (c)

Khi xay ra hiap phu, nang lugng ty do cua hé bién thién mot gia tri dG.

dG = n,.dy, + n,.dpy + .dn, + ,.dn; + 0.dS + Sdo {d)
Mart khéc theo phuoag trinh Gibby - Dulienm I (5-3): @)
[

dG = pdny + pdnog

So sianh (d) vi(e) aeo:

n,.dig + nadpn FodS + Sda =0 (g)

Vil gia thiét rang. dung dich di loang (lugng dung moi khd fan so vdi chat tan) néu xem p,
= const, do dédp, = 0. Treng trudng hop hap phu ndy, chiing ta thay sitc cing bé mit bién déi, con

bé mat van ludn ludn khong doi S = const, dS = 0.

Vay (g) rro thaph:

n..di, + S.do=0 (h)
n, 3 _
?.dp.: =—do 0
adp, =-do

Véi 4 = 12 ¢ 8 mol chat tan trén mot don vi dién tich b8 mit bing do hap phu,vi py = (' +

R.T.InC.
C: néng do chit tan (chat HDBM)

dC
dp=RT.—
My C

Do dé, tir {i) ta co:

€ do | (6-10)

~ RTdC
(6-10) 1a phuong trinh Gibbs tng dung cho su hap phu chat tan trén bé mat chat long.
Tir {6-10) ¢4 thé nhan thay:
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1) do > 0, a <0 nghia I, khi néng do chat tan ting, sic cing bé mat tang thi néng doé chit
C

tan & 16p bé mat nho hon trong pha dung dich. Su hip phu ld 4m, va chat tan nhu vay 1a chat khong
HDBM. Déi véi nude, dé 1a cdc chat dién 1y vo co: axit, kiém.

2) do 0. a < 0. Truong hop nay nguge véi trudng hop trén. Chét tan dude goi la chat
dC

ITEBM.

N&u chat tan 13 khi ta cé biéu thic twong ur:
P do
R.T dP

(6-11)

Chat khi bi hap phu va khong hoa tan trong long

6.2.2. Su hap phu chat tan trong dung dich trén bé mat ran

Swr hidp phu xdy ra trén bé mit pha ran trong dung dich phiic tap hon nhiéu so véi trong pha
khi.

Bai vi, ¢dc phan tlr dung moi ¢6 thé hilp phu canh tranh v6i cdc phan tir chdt tan; chit tan

gém cdc phéan tr trung hoa dién tich hodc cidc tiéu phan mang dién (chat dien 1y), v.v...
Sau day, ching ta chi xét moét s trudmg hgp thuong gap vé hap phu trong dung dich.

(i). Hap phu chat hitu co trén than hoat tinh

Nguisi ta cho rang, céc phan tr bi giir lai trén bé mat than hoat tinh 14 do hai nguvén nhan:
(1) hap phu vat 1y (chu y&u nhat) duoe thuc hién bdi cde tuong tdc yéu va thuin nghich gifta cdc
Pphén tr chat tan (chat hiru co) va tim hip phu trén bé mit than hoat tinh, (2) hdp phu hod hoc. Su
hédp phu kiéu nay tao ra cdc licn két hod hoc bén.

Trong rdt nhiéu phuong trinh dang nhi¢t hap phy duoe stt dung dé mo ta su hdp phy cia
cic chat hitu co trén than hoat tinh thi phuong trinh Freandiich duge tmg dung rong rdi hon ca:

X

|
qr:—zK.Cung ) (6-12)
m

trong dé:

q.: d6 hip phu bang luong chét tan bi hip phu bai mot don vi khoi lugng than hoat tinh &

trang thdi can bing;

206



x: luong chat tan b hip phu;

m: khéi luong chat hap phu (than hoat tinh);

C.: néng 46 cha chal tan trong pha 1ong & trang thiil can bang;
K va n: cdc hang s6 Freundlich.

(6-12) ¢6 thé duoc biéu dién & dang tuyén tinh:

Ing. =K + - InC, (6-13)

n

Biing thuc nghiém, ching ta ¢6 thé xac dinh duge cdc gid tri g, va C, tuong tng. Lap do thi

nhu & high 6-12. Tir d6 chiing ta ¢6 thé xdc dinh duge:

g = -
n

OA =1nK

Biét cdc gid trl thue nghiém 1ga vi OA ching ta s&€ tinh duge K va n.

in  A——

0 ) ﬂnC ——T—

Hinh 6-12. D6 thi Freundlich.
(ii). Su hdp phu chon loc chdt dién ly

Trong dung dich dién ly, bé mat chat hip phy ran s€ wu tién hap phu cic ion theo thif 1y sau:
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_Jon ciit dung dich ¢6 trong thanh phdn cdit tao nén hé mdt chdt hdp plny, hodc ahitng ion
déng hind véi ion cd trong hé mdt vet ran,

Vi dy: chat hdp phy la (Agh,. dung dich gém cé: I, CT, CaZ', Mg?, K" thi trude hét cic ion
I dugc hiip phu trén bé mat (Agh,.

- Sau khi hdap phi ion tién (1), bé mdt ydn tich dién (am). N6 sé hdp piit 1on i ddn
(ion déi). Néu trong ditng dich ¢ nhiéu fon doi thi bé mét sé hap phut ion ¢4 dién tich ton hodc hdp
phut ion nao ¢6 b kind (ké cd vo solvat)” nho nhdt.

Trong vi du trén (Agh), s& hdp phu ml’, sau d6 hap phu cic ion Ca*, vi ion Ca?' ¢6 dign tich
1én hon vi c6 bdn kinlt ion solvat hod nhé hon Mg™.

Trong dung dich nudc thit ty hap phu vu tién la:

—  Cation hod tri 1; Cs* > Rb" > K*>Na' > Li’

_ Cation hof 1 2: Ba® > St > Ca™ > Mg**

_ Anionhodtri 1 F<Cl<Br< NO, <T

(iii). Hién tuong tham wot

Hién tugng pha rin thdm uét pha jong tong 1y nhu hién tugng hip phu, nghia la, licn quan
dén sy bién 6 sifc cang bé mat giita cdc pha u€p xbc. Ciing nhu qua trinh hap phu, s thim uét toa
nhi{:i.

Trong nhidu trudmg hop, ngudi ta diing gid tri nhiét tham uct dé danh gid kha ning tham udt

clia mot pha ran doi vdi cde pha l6ng khédc nhau.

Vi du: nhiét thim w6t clia thuy tinh ddi véi nude 1on hon d6i v6i benzen, thé hi¢n kha nang
tham ud clia thuy tinh tot hon déi v6i nudce so vé1 benzen.

D6 thim udt duge xac dmh bing goc tham wét O hodc gid tri cos0.

Xét su tham w6t mot giot l6ng trén bé mat van (hinh 6-13). Khi dat trang (hai can bang. goc

0 duge hinh thanh boi tiép tuyén vii mang cong cua giot long, tai diém bien gidi M (tai M ¢6 can
bing ba pha: R - K, R - L, L. K).

* Cic ion chat dién ly t6n tai trong dung dich luon luon bi bao boc mot i6p cdc phan tir dung moi
fao ra mot cai “vo” boc. Néu dung méi 12 nudc, vo do goi 1a vo hydrat. N6i chung, vo dé got la VO
solvat.
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T T 7l A r Ll AL, S

M
Sh-n %-

Hinh 6-13. Md hinh bi€u thi gbc tham uét 0.
Liic cin bang:

Op-k = Ok T0) 086,

trong do:
Og.i ¢ Stic cang bé mat gilta pha rdn va pha long;
O slic cang bé mit gitia pha ran va pha khi;
O« stic cang bé mat gidra pha khi va pha long;

cos0 = DRE TORL (6-14)
Ok

Vio=0<180'nén-1<cos Q<+ 1.

Khi 0 =9, cos 0 = 1 chit 1ong thaim udt hoan toan.

Khi 8 = 180" cos0 = -1 chét 1ong hoan toan khong thim uét.

cosO cang 16n thi chal Iong tham w6t cing (ot

Tir (6-14) ¢6 thé nhan thdy ring, muén cosd 16n thi o, phai 1on va o, phai nho.

Nhitng bé mat thdm udt ¢6 cos0 > 0 duge goi 1a bé mat ua long, i lai cd cosO < O - be mat

ky long.

Hien tong thim uét ¢6 1dt nhiéu (mg dung trong thuc 1&: trong wyén ndi, trong viéc lamn

bén cic hé keo vit nhii tuong, trong k¥ nghé nhudm, thyc pham, v.v...
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CAU HOI VA BAI TAP
Cau hoi
I Dinh nghia hip phu. Phan biét khdi ni¢m hap phu vat 1y va hap phy hod hoc.

2. Chimg minh ring, khi trong mién dp suat cin bang hdp phu nho, phuong trinh dang nhiét

Langnudr c6 dang cha phuong trinh ding nhiét Henry.
3. Thiét lap phuong trinh dang nhiét hap phu Langmuir.

4. Viét biéu thire dién ta phuong trinh dang nhiét hap phu BET. Ching minh ring, phuong
trinh Langmuir ¢6 thé suy ra phuong trinh BET.
5. Trinh bay phuong phép xac dinh bé& mat theo dang nhié1 hap phu BET.

0. Visao ¢6 hién tuong tré khi hap phu vi khiv hap phu trén vat liéu mao quan trung binh.
7. Trinh bay cdc khdi niém co ban vé zeolit va cdc vat liéu tuong ty zeolit.
8. Vi€t phuong trinh dang nhiét hap phu Gibhs va kha niang 1ing dung cua no.
9. Trinh bay quy tic hip phu chon loc cdc ion trong dung dich nudc.,
Bai tap

I. Nghi¢n ciiu hap phu N, ueén silicagel nguoi ta di nhan duge két qua:

P/P, 0,055 0,061 0,077 0,094
Viem /gy 10 0,1313 0,1343 0.1399 0,1489
PP, 0,120 0,158 0,177 0,209
V(cm¥g).107 0,1535 0,1640 0,1693 0,1769

Xdc dinh bé mat riéng cia silicagel va hing s6 C, bigt rang tiét di¢n ngang cia phan tr N,
bing 0,162 nm?.

Pdp 506" 614 m'/g, C = 166
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2. Xidc dinh bé mat rieng cla than hoat tinh, ngudi ta hap phy riou metylic ¢ 293K 1¢n
than. Két qua thue nghiem nhan duge V,, = 176,6 cm’/g. Biét rang mdi phan tir metylic 6 tiét hi¢n

ngang bing 20.10"* cm®.

Hay xdc dinh bé mat riéng cfzallhan hoat tinh da.
Bap sé*949,7 m’/g.

3. Tinh do hap phu clia axit butylic trén bé mat phan chia nudce - khong khi ¢ 293K, nong

dé dung dich can biing C = 0,1 mol/l. Siic cang bé mat o phy thude nong do theo phuong trinh:
o[Nm'] =755.10"- 16,7.107 In(1 + 21,5 C}

Bip 50 5,03.10* mol/m?
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PHAN II
BONG HOA HOC VA XUC TAC

Pong hod hoc [a mon hoc nghién cttu vé 18¢ do va co ché chia cde phan img hod hoc.

Toe do cia mot phin tng khong chi phu thude vao ban chat cla cdc chit tham gia phén ting
mi con phy thuoe vao nhitmg yéu 16 khdc (nhiét do, néng do, chat xuc tdc,...). Tat ca cdc yéu 18 anh
hudng dén t6c do cla motphan (ng hod hoc la déi tugng nghien ciu clia dong hod hoc.

Xin luu ¥ ring, nhiét dong hoc chi cho phép chiing ta xét dodn chiéu huéng w dién bicn ciia
mot qud trinh (¢4 thé xdy ra hay khong xay ra rong mot diéu kién nao do), nhung nhiét déng hoc
chi khdo sdt he & trang thdi can biing, nén khong hé cho biél mét tin hidu nio vé 16c do, nghia 1a, sy
bi¢n déi cic tham s6 clia hé theo thoi gian.

. !
Vidu, phan tng: H, (k) + ;02 (k) = H,O{
AG "y (p/y = - 254.8 kJ/mol

AG",4y phan 1mg rat am, nghia 14 phan tng c6 thé xdy ra mét cdch hoan toan & diéu kién
298°C va 1 atm (K =~ 10*). Song phén g d6é hdu nhu khéng xdy 1a trong diéu kién da cho. S di
nhur the 1a vi t6c do ciia phan ting cue k¥ nho (dién ra cuc k¥ cham), nén d diéu kién binh thutng,
ngudt ta ¢ tudng nd khong xdy ra.

Do d6, viéc nghi¢n cttu dong hod hoc 1a hét sife can thiél, nhat 13, khi xem xét vé mat nang

SUat va ciu tric cong nghé ctia mot qud trinh.
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CHUONG

DONG HOC CAC PHAN UNG HOA HOC DONG THE

Phan ting hod hoc bao gdm ciic chat tham gia 6 ciing mot pha {trang thai vat 1y) duge goi la
phdn ting dong thé. Vi du, phan (mg xa phong ho4 este ctyl axetic vdi Xt xay ra trong dung dich

theo phuaong trinh:

CH,COOC,H, + NaOH = CH.COONa + CGH;OH
hoac phan tng oxy hod CO va oxy trong khong khi:

COk + 120,k = CO, (k)
la nhitng phan ting déng thé,

Né&u cdc chit tham gia phan img cd trang thai pha khdc nhau thi phan (ing duoc goi la phan

ding di thé. Vidu, su chdy cua cacbon:

C(n) + O(k) = CO(K)
hoac sy phan Ly clia cacbonat canx1:

CaCO,(r) = Ca0 (1) + CO, (k)
7.1. NHOUNG KHAI NIEM CO BAN
7.1.1. Téc dg phan ung

Pinh nghia: Khi phin tng dién ra trong diéu kién thé tich va nhiét do khong doi, bién thién
ndng do cla mot chdt batl ky nao tham gia phin (mg, trong mot don vi thoi gian duge goi la téc do

plan 1mg.
Gia thi€t phan (ng xay ra theo phuong trinh:

aA + bB + .. —» gG + dD + .. (7-1)
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trong dé: a, b: hé s6 1y lugng cua cdc chdt ddu tham gia phan ting;
g, d: h¢ s 1y luong cla cdc chat cudi (san pham dugc tao ra trong phan ung).

Phan ting chuyén tir trdi sang phai, nghia 12, di&n ra theo chiéu 1ang ndng do clia cic san

pham, thi dugc goi 1a phdn ting thudn, phin (g xay ra nguge lai 1a phdn ting nghich. O trang thii

can bing, van to¢c phan tng thuan bang van t6c phan img nghich.

Gia st riing. & thoi diém t,, ndéng do cla céc chatla Cy Cp, s va Cg Cp, - 0 thoi

diém (, (1, > 1,), nong do cha cic chat f: €, Cy, . o vA Cg,s Cp, - thi e do phan tmg

trung binh cua (7-1) la:

A Ca, —Ca, v = Cy, =Cy,
At - ., " B — S
L -t t: _t:
y _ C(i3 _Cul v _ an *Cnl
G 7 St Duab ., .
t, — t, -t

Téc d6 thue cha phan (ing 1a dao ham cua ndng do mot chat bat ky tham gia phan tng theo

thoi gian.
dC dC
v, =-——2, Vg = ——
dt dt
dC, dC
Vo = <, Vp = — (7-2)
dt dt
o Dy i dat trude bidu thic t6¢ do (viét cho cdc chat diu tham gia phan vng) 1a dé gid tri

clia t6c do phin ting 12 mét dai luong duong.

DI nhién rang, gifa cac .dc_f\ dcﬁ, dcs; | E’_ ... ¢4 cic gid tri bang 6 khic nhau,
dt dt dt dt

nhung chiing luén ty 1¢ v6i nhau theo hé s6 ty luong cla phuceng trinh phan tng (7-1)

Do d6. khi xéc dinh toc do phan dng, vé nguyén tic, chiing ta co thé xdc dinh bing bat c(t

gia tri dc, nio clia phan tmg. Song vi 1y do thuc nghiém (thi¢t bi, dé nhay,...) ngudi ta tim

dt

cdch theo di sy bign thién ndng do cla chit ndo dé dang xdc dinh nhat.
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- Néu phan (g 1 thu nhiét hoac tod nhiét, nhiét do cha moi trudag s€ bién doi va s& anh
hudng ding ké dén gid tj toc do phan (ng, do d6, phan tng phai dugc dat trong mdt binh 6n dinh

nhiét (tecmosta).
- Néu phan g xdy ra wrong pha khi thi biéu thifc dinh nghia téc do duge viét dudi dang:

y= (P, 4p sudt riéng phan cua chdt diu)

hoic v =—%, (P,.: dp sudl riéng phin cla chat cudi)
dt

- Poi khi, do dé thuan tién cho viée tinh todn hay xdc dinh thuc nghiém, ngudi ta biéu dicén

téc do phan vng qua cdc dai lugng khéc nhir: bién thién cua mat do quang, goc quay cuc, ... theo

thisi gian. Song, cie 9% d6 (X: mot tham 55 vat 1y) déu ty le véi €
dt dt
k)
) t
3, My
'D- __________ —_— —
N i
i‘é l,o :
My [
— — J— — - — —— — — — — == —1
| |
' r
|
] |
| |
| |
| |
! !
| |
1, t, 1, A

Hinh 7-1. Minh hoa cach xac dinh td¢ d& phan (mg.

Pé xdc dinh 18¢ do phan ung, ngudi ta do thyc nghiém nong dé chia mot chat phan img nao
d6 theo thii gian, sau dé xdc dinh hé s6 gdéc cla ti€p tuyén cla dudng cong C = (1) ta1 mot thoi

diém nio doé (t,).

Vi du: phan ing A — B.
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v, = [M) = hé s6 gdc cua tip tuyén v, tai t,,.
dt /.

v, = (Q[B]] = hé s6 goc cua tiép tuyen v, 1ai t,.
dt /,
1

- [B:]‘[Bllz 5[B]ZM;_*%
t, —t, At t, —t,

v

th

7.1.2. Pinh luat tic dung khéi luong

Su phu thuge ciu e do phan tng vao ndng do cla cdc chat tham gia phin tng duoc xic
dinh bang dinh luat tde ding khor fiiong, nhu sau: i mot nhiét do khong doi, t6c do phdan 1ng fuon

ty 16 thudn vot tich s6 cde nong dé ciia cde chdt phan ing & bt it mot thei dién néo.
Xét phan ting phan ly 2 HI thanh I, va H, & pha khi:

2HI < H, + I,
Heic viét dudi dang:
HI + HI = H, + 1,

g vai cic ndng do nic thai: Cy,  Cy C,, €C,,

Can c( vao dinh luat tac dung khoi luong:

e Toc d6 phan img thuan:
- - o il
v=k(, .G, =k

« Tac do phan ing nghich:

P61 véi phan tng tong qudt:

v=kCL.Ch
v=kCL.cl...

KhiC, =Cp=...= | thi:

v=k
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K : hiing s6 toc do phan mg thuin, ¢ gid tri bang 16¢ do phan g thuan khi néng do cic
chat déu bang nhau va bang don vi.

a, b,... 1a hé s¢ ty lugng cla cdc chat tham gia phan iing A, B,... tuong tng.

Tuy nhién trong thye 1€, it khi a, b,... 1a hé $6 t lugng trong phuong trinh (7-1} ma i
v=kCU Ol (7-3)
m=#anzb, ..

Chi trong trudng hgp dac biét, phan tng (7-1) 1a maét phan ting don gian, xay ra mot gial

doan (phdn g nguvén té) thim=a,n=b, ...

(7-3) 12 biéu thire todn cia dinh lut tdc dung khéi lugng hay con goi B phuong trinh dong

hoc ctia phan dng.

Chu ¥:

¢ Khi dp dung (7-3) cho cdc hé thic thi néng d¢ phai duge thay bing hoat do. dp suit dugc
thay bang fugat,

D6i vdi phin ting di thé: khi + rdn (16ng), vi nong do (dp sudt hoi bio hod) cia rin vi long

13 hang s6 & mdi mot nhiét do, nén trong bicu thiic cla t6e do bidu dién theo dink luat téc dung khoi

luong chi ¢cé mat 4p suidt (néng do) eta chét khi.

Vidu: 2Fe(ry + O,(k) = 2FeQ({r)
‘.\? = .IE'PU:
v=Kk
7.1.3. Phan tir s6 va bac phan ting

Trong mot phn ting nguvén 16, cdc 1iéu phan (phan tir, nguyén tir, goc ion,....) tham gia

phan tng tdc dung tryc tiép vdi nhau tao ra mot chuyén hod hod hoc.

Vi du, mét nguyén 1 natri tdc dung véi mot phan tir ¢lo tao ra mdt phan &t NaCl vd mot

nguyeén tir clo:

Na + Cl, —» NaCl +

" Thuat nglt nay tuong duong véi cdc thudt ngif nude ngoai (réaction élémentaire (ti€ng Phap),
sneMeHTapHas peaxuus (liéng Nga), elementary réaction, elementary step (tiéng Anh)
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12 mot phén iing nguyén 16 hoac mot chiyén hod hod hor ¢ 3.

Trong mot phan tmg nguyén 18, s tiéu phdn tiong 14¢ frie tiép, dong théi vai nhau dé gay
ra mot chuyén hod hod hoc dugc goi 1a phdn uf s6. V61 thi du trén, phan tur sO cua phan ung la 2
(mot nguyeén tir natri va mot phan tir clo). Phan tir s6 coa phan tmg khong thé bang khong hoic bing
phan s6, vi s6 tiéu phan tham gia phan (ng luon ludn 1a thie va nguyén.

Ciéc 1inh todn 1y thuyét chimg 0 rang, xdc suit va cham dong thdi gilta 3 hat (ti¢u phan) &
dp suit khong cao 1a rat nho so véi xdc sudt va cham gida 2 hat, con xdc suat va cham dong thoi cua
4 hat va cla 6 hat 16n hon 1a bing khong. Do d6, phan tif s6 ciia mot phan ting nguyén t6chilal, 2
va 3. Khong ¢6 céc phan tir s6 bang khong, phan s6 hodc 16n hon 3.

Trong diéu ki¢n thuc t&, trong quang thi gian 1 gidy (Is) ¢6 rat phiéu phan ing nguyén 1o
duoc thyc hién. Ching han, sau 1s ¢6 10™ kg NaCl dugc tao ra theo phan tmg nguyén to;

Na + Cl, » NaCl + Cl

’ -8
¢6 nghia la, trong s cé 10 % 6,023.10°° = 10"" phan (mg nguyén t& c6 ciing bdn chdt nhu nhau
58,5

goi la mot giai doan phan iing.
Thong thuong, mot phan tng phiic tap dién ra qua nhiéu giai doan phan g, Ngudi ta phan
chia cic phan ing ra:
e Phin (ng mot giai doan:
A > B
» Phan img 2 giai doan (noi tiép):
A - B -» C
giai doan I giai doan 2
¢ Phin g song song:

giai doan |

Y

B
A —

Y

C

giai doan 2

Mai mot giai doan phan ¢ng duce dic trung bdi mot gid tri hing s& 18¢ do. Néu phan img

gom nhiéu giai doan néi 1iép thi t6c d¢ phin iing chung sé duge quyét dinh boi hing s6 t6c do cla
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giai doan chgm nfit. NEu phan ng bao gom cdc giai doan seng song thi t8c do phan tmg chung

duge quyét dinh boi hang s6 toc do ciia giai doan swhanh nhdt.

Phuong trinh dong hoc cia phan tmg giai doan (hodc cia phdn img nguyén t3) tuan theo

dinh luét tic dung khoéi lugng.
Vi dy, mot phan tng phifc tap gdm hai giai doan néi 1iép, nhur sau:
(1) (2)
A —» B + C — D + E
thi tdc dé cOa giai doun phan ing -
v, =k,.C,
v, =k,.Ch.Cp
Néu ¢ do clia giai doan (1) cham nhét thi tdc do phan ting chung v dugc quyét dinh béi v,:
vav, =k,.C, ()
N¢u giai doan (2) la cham nhat thi:
vav, =k,.Cy.Ch (b}
Goi bde phati wing la Iié 56 nii cia nong dé trong pliong trinh déng hoc (biéu tluic dinh

lugt tde dung khot lugng) cua giai doan quyét dinli 16¢ dé phdn img clumg, thi v6i vi du trén, ta ¢6

bac phan img bang | (trudng hop a) va bang 2 (4 trudng hop b).

Trong cac phan dng mét giai doan, tién hanh trong pha khi, bac cla phan ng triing véi
phan tir s6. Con trong dai da s6 trudmg hop, bac phan ting khong tring vGi phan tir s6, bic ¢6 thé
bang khong, phan s& va s6 nguyén (tham chi ¢é bac 4m). Phan nhiéu trong cdc phan tmg di thé (khi
- ran), do cdc chit khi tham gia phan ung bi hip phu trén cic chat rén (hogc xdc tic rin) nén trong
phuong trinh 8¢ do (phuong trinh dong hoc) cia phan (ng thudng cd cdc s6 mii phan s6, am hoac
bing khong (s& xem x¢t k¥ trong phan chuyén dé dong hoc xiic tic).

Tém lai, néu mot phan Gag:

aA + bB —  Sanphim
¢6 phuong trinh t6¢ do duge bicu dién bang:

v=kCoCh (7-3)
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thi, phan tng cé bdace m doi vt A, béic n dot vai B va béac ching cna phan ting 1a m + . Nhur vay,
bac phan tng 1a mét dai luong dong hoc hinh thire, nd cho phép tinh toan duge gid tri cha v, do dé
ilip chiing ta thi€t k& 1o phan tmg, ndng sudt thiét bi.... né khong cho phép hiéu 13 ban chal cua qua
trinh.

Trong khi dd, phan wt s6 cho phép higu 13 ban chit cua timg giai doan phan (mg, hiéu rd
duge xir tién trién ciia phdn ting qua ting giai dogi ¢6 ban chat chuyén hod hod hoe ide nhau, hay
n61 mot cich khdc, hi¢u ré duoc co ché phdn ring.

7.2, PONG HOC CAC PHAN UNG DONG THE PON GIAN MOT CHIEU

Nhur dd néi & trén, trong thue té€, cic phan tng thuong Ia phiic tap, bao gém nhiéu giai doan.
Do ban chit khidc nhav cba timg giai doan va do méi quan h¢ gifta chiing, do diéu kién phan img ...
ma viéc xic dinh phuong trinh 16¢ do cho mot phan g 1a rit phitc tap.

Tuy nhién, ching ta can bict ré cdch xdc dinh déng hoc cla cic phan iing giai doan (1ap
hop clla ciac phan g nguyén 16 cling ban chat), dé sau d6 tép tuc nghién ciu cic phan ing phic
tap. D6t vai cic phan tng gial doan thi cic khit niém phan 10 6 vii bic phan tng 1a tring nhau.
Thong thudng, ngudi ta hay ding khii niém bac phan tmg dé goi tén phin tng.

Trong phan nay, ching ta khao sdt cdc phan tng giai doan la cic phan ting don gian mot
chiéu.

7.2.1. Phan ung bac 1

Dé 1a phan tmg chi ¢6 mot tiéu phan (phan i, nguyén tir...) ban diu tham gia chuyén hod
trong mot phen itng nguyén 6. Tap hop cic phian tng nguyén 16 nay tao ra mot phan tng giai doan
hiic 1.

Trong thyc té, ngudt tu thiy cac phan \tng phan huy, dong phan hod, phdng xa... xay ra theo

quy ludt nay.
Vidu:
CH-CO-CH, —» ClI, + H, + CO
hoac: CH,-CO-NCI-CH; — CH,-CO-NH-CH,-Cl
o Phuong trinh dong hoc
Phin img tong quat: A — san phim

Tarc=0 C,
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t C=C,-Xx (7-4)
C, 12 ndéng do ban ddu clia A tai tho didm ban ddut=0
x L néng do cta A da chuyén hod, Cla néng do titc thii cla A tai thoi diem 1.

Theo dinh nghia vi theo dinh ludt tic dung khéi luong, ta cd:

vz-d_(“z';;,c, (7-5)
dt
trong do: C, 13 néng do tic thoi cla chil A;

K, : hing s0 t&c do:
: thol gian,
Tir (7-5), ta ¢6 thé bién doi (phan ly pich 50):

€ T ar (7-5)
C

Tich phan {(7-5'):
InC = —E t+const
const: hing s6 tich phan.
Tai t = 0 (thoi diém ban déu cla phan img} thi C=C,.
Ta ¢6:  InG= const
Viy: InC= —1_;:.1 +InC,
C

— C
klzl.ln—“zl.ln—L- (7-6)
t+ C t C,-x

(7-6) 1a phuong trinh dong hoc dang tich phan clia phan ting bac 1.
o Tir(7-6) c6 thé nhan thay rang, thi nguyén clia K, la

« N&ut biéu dién bing: giay, phiit, gio... thi:
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[k,]=s", phit', h....

Dai hugng nghich dao l ¢6 ¥ nghia [4 thai gian séng trung binh clia mdt phan wr (tiéu
k'l

phan).
e Tir(7-6) ¢6 thé biéu dién ndng do tifc thdi cia Ctheo t:
C=C, ¢t (7-6)
Néu C, - C=x: ndng d6 cia A di tham gia phan 1mg thi:

x=C, (1-¢™"y (7-6")

N|J\

/‘_1

Hinh 7-2. Bién thién nong d6 cla chat A theo thdi gian.

Trong hinh 7-2. biéu dién su bién thién cia ndng do clia chit A theo thdi gian phan (mg (va
coax=C,- Q).
Tai diém gip nhau clia 2 dudng cong C = (1) vaictia C,- C = (1), tacd C=C/2, thdi gian

phéin iing véi ndng do C/2 d6 duge goi Ia thisi giun ban phan huy 1,5 (1).

T (7-6) ta co:

— C
k, = ! An—="—= ! An2
7y (1) C_uz T (1}
3
ﬂc,,(l)zl"f“zﬁ (-7
| k,
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Nhu vay, thot gian ban phan huy (chu ky ban huy) cta phin (ng bac | khong phu thuoc vio

nong do ban diu cla chat phan ing.

Vi dy: Mot dong vi phéng xa sau | gios phan huy mat 75%. Tinh hiing s6 van 16¢ phan huy

chu k¥ bin huy, thoi gian cdn thiét d¢ phan huy 87,5% va s6 phin tram bi phan huy san 15 phuit.

Giai: Ap dung cong thite (7-6) 1a cd:

. I C
klzlln T =—In---*

t C,-x
Co L 100 1 10

| dn. . —=—.In
60 100-75 60 23

Ap dung cong thic (7-7):
_ 0693 _ 0,693

_"1 - — o
D k0,023

=30 phut
Thai gian can thiél dé phan huy 87.5%, thay vio (7-6):
-

I 100

R P LT
0.0231 100 -87,5

Sau 15 phiit, s& phan tram phan huy 1a:

1 100
- ln P —
0,0231 100-x

x=2927%
7.2.2. Phian ung bac 2

Nhitng phan ing bac 2 mot chiéu thutmg gip la:

Hb + I, = 2HI
2NO, = 2NO + O,
CH.COOC,H, + NaOIl = CH,COONa

Tong qudl, tu c6 phuong trinh phin tng:

15- HLIK

+

C,HLOH

]
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A + B - sinphim
t=0: a b
t: d-X b-x
G day, a va b 1a nong do ban ddu cla chit A va chdt B, twong 1ing, tai thoi diém bét dau
phan limg t = 0.
a- X vab-x lanong do tie thii cia A va B, tai thai diém ¢
x la nong dé clia A va B da tham gia phan ting.
e Phuong trinh dong hoc
Theo dinh nghia vé t6c d¢ phan (ing va dinh luat tic dung khoi luong ta cé:

v = Z: = k,.(a—x){b-x) (7-8)

K, 12 hing 6 t6¢ do cla phan tmg bac 2. Phan ly bign 56 vi tich phan (7-8) ta dugc:

dx

Ia—x).(b— o° Ikz.dt

Sau Kkhi tich phan” vi xdc dinh héing s6 tich phén ta ¢6 phuong trinh:

= L ey b (7-9)
© tla-b) b-x a

N&u néng do A va B bing nhau, ta c6;

dX — a4
— =k, (a—-x)
dt )

Sau khi tich phéan:

- =k, t+
a-X il
hoie: k. = ] LR (7-10)
1t aa-x)
" D¢ tich phan, dp dung tinh chiat: 1 A, B . Xéc dinh A, B va tich phan cic phan

(u—-:\'“}_(b— X - a —\ b-x
thite don gian dé, hilng s tich phan dugc xdc dinh khit=0, x =0.
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*  Tir(7-9) va(7-10) a ¢4 thir nguyen ciia k, I

— I

[ky]=

[Thaii gian).[Néng do]
Néu, thoi gian biéu dién bang s, néng do bigy dién bing mol/lit thi:

[k_;] =lit.mol" &

*  Néukhi x = /2 thi thoi diém d6 ting véi chu k¥ ban huy.

1 a?2 1
== S o L
Fr2(2) Kk, aa2 k,a
! 7-11)
Tl.-'2(2)=:_ (
k,a

i

Nhu vay, chu k¥ ban huy clia phan lng bac 2 phu thude vio néng do ban diu cia chit phén

tng.

Vi dy: Dung dich este eyl axetic cé nong do ban diu 0,01 N xi phong hod vdi dung dich
NaOH ¢6 nong doé 0,002 N trong thai gian 23 phit dat duge do chuyén hod 10%. N&u nong do ban
dau giam di 10 [an thi thei gian phan tng s& 14 bao nhiéu néu musn dat duge «iy chuyén hoa 10%

nhur trudc.

Gidi: Day 1d mot phan ing bac 2 mot chiéu, c6 néng do ban diu cta cic chat khic nhau,
chiing ta 4p dung cong thiic (7-9):
! a-x b

K, =- dn oo
b-x a

T a-b)

Thay cdc gid tri t = 23 phuiit, a = 0,01, b = 0,002, x = 10% clia a, x = 0,001. Ta c6:

. — 2
1 g 20120001 0002 o

n — ——
T 23.0,01-0.002)  0.002-0,001 0,01

7|

Neéu gidm néng do ban dau 10 ldn, chiing ta s& ¢6 a = 0,001, b = 00002, x = 00001 1hay
vao (7-0), ta cé:
] '_0,00I -0,0001 0,0002

b= ———— g T OIS oo phat
3.19.00,001-0,0002)" 06,0002~ 0,000 0.00]
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7.2.3

228

. Phan ing bac 3

Phan g bac 3 rat it gap, c6 thé néu mot val trudng hop lam vi du:

2NO + O,

I

2 NO,

2C0 + O, 2 CO,

1]

Phin g 16ng quat:

A + B + € — Sinphim

a, b, c: nong do ban daucia A, Bva C{t=0);

X: ndng dé di phan ing ciia A, Byva Crai t;

a-X. b-x, c-x: néng d6 tic thoi cva A, Bva C.

Phuong trinh déng hoc:

v= dx k;.(a—x).(b—x)(c—x)
de

Khia=b=c¢, tacd:

% =k .(a-x)’
dx =
Ea-_x)]' = kldt

Sau khi tich phan, ta c6:

ﬁ;:i_.lm?_%_
T |a-x)y a

Chu k¥ béin huy:
] Il
2k, (@ 2) a’ ] k,a"

3
12 ()= =

i

(7-12)

(7-13)



e Dai v6i phan (ing bac n c6 cdc ndng do céc chat ban diu nhu nhau, thi ta cling ¢d cdc ket qua

trong tr nhue d6i véi phin img bic 3:

L L. (7-14)
n (ﬂ—l)l (a_x)n—'l a||—I|
n-1
o =— 2 (7-15)
= n _1 k an—l

e Trong thuc t& con hay gap phan ing bac 0, nghia 13, t6c do cia phan tmg ludn ludén khong déi:
_dx
dt

x 13 néng do6 clia san pham phan dng.

v =kC" =ko (7-16)

C ia néng do cta chit ddu, nhung vi mot 1y do nao dé, C khong bién doi theo thoi gian
phan tng (do néng do chat dau qud 1on so Vi néng do san phdm; hodc trong phan ting di thé khi -
ran, do phin bé mat bi hp phu kha 16n...)

Tir (7-16), ta thily thit nguyen cia K 1a:

— [Néng do)
Kyj= ———

[Thon gian]

Néu, néng do ta mol/lit, thoi gian las, thi:

[k—[;] =mol.lit".s

7.3. PONG HOC CAC PHAN UNG PONG THE PHUC TAP

Phan tmg phic tap bao gom nhi¢u phan ¢ng giai doan don gian. S6 lugng, ban chit va maoi
quan h¢ cua cdc phan ng giar doan trong mot phin ttng phic tap 1a dicu khong thé nhan biét mat
cich dé& dang, ma phii trai qua nhidu nghién ciu 1y thuyé va thue nghicm mdéi ¢ thé xidc dinh

duoc.

Trong khi khao sit ¢dc phan ting phic tap, ngudi ta thifa nhin mot luan diém sau (quy tde
déc taph: "Néi trong mot hé ¢6 nhiéy phd ing xdy ra déng théi, i méi mor plidn ting déu doc lap

Vi nhau va 16c do clia nd van 1¥1¢ tric (iép véi néng dé ciia chdt tham gia phan ing'.

Duta trén ¢ so d6, cde quy luat dong hoc cda phan ing phiic tap dd duoc thiét lap.
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D¢ thuan tién cho viéc nghién citu, ngudi ta phin chia phin (tng phic tap thanh: thuin

nghich, noi tiép, song song,...
7.3.1. Phan tng thuan nghich

DG Ja phin tng gdm hai phan ting don gian mot chiéu xay ra theo hai hudng ngudge nbau:

k

aA + bB + ... —_— eG + dD +

k

Phan g thuan xay ra tr trdi sang phai:

k
aA + BB + ... ———»

va phan g nghich - tir phdi sang tréi:

Téc do phaning: v = VoV,
&¢day, Vv :tdc do phan ing thuin:

v : toc do phan ung nghich.

Khi dat dén trang thdi can bang, v=0

K : hiing s0 can bing clia phan img thuan nghich;
k: hing 6 téc do phan tng thuén;
k : hang s& téc do phan tng nghich.

e  Phdn img thudn nghich bdc I

Phan img 16ng quat:
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A =—= B
Ky
Tai thoi diémt = 0: a 0
Tai thoi diém t: a-x X
Tal can bang t..: d- X, X
trong do: a, ndng do ban diu cia chat A;

X, nong do cva B & thoi diém t;

X, nONg d6 clia B ¢ thai diém can bing:

a-x, néng do cla A & thoi diém t;

a-X... nong do cia A & thoi diém can bine,
igele g

Duya vio quy tac doc 1ap clia phan tng, ta c6:

dx —
o3

==k, -kC,

:E.{a—x)—.l;.x
Xk + k(A —x) VO A =::i?‘:
dt K, +k,
jfi = ftk, +k,)dt

-In(A -x}= (E_] + E).t+c0nst

Khit=0, x =0, do dé: const = - InA

(7-18)

(7-19)

(7-18) va (7-19) 1a phuong trinh dong hoc (dang tich phén) cla phéan dng thuan nghich bic
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e Tir(7-18) néu biét hang so can bing K = E (xdc dinh thue nghiém hay tinh todn) chiing 1a
k

—

¢6 thé xdc dinh rieng 18 Ky va K, .

e Néudcanbing thi k,.(a—x,.)=k X, hogc y - Ka

Nhur vay, phuong trinh (7-18) giong nhu bi¢u thiic hiing s6 10¢ doc cta phan (ng bic nhat
mot chiéu (7-6), chi khdc 1a thay nong do ban ddu C, bang gid tri A (néng do cta chit dau da
chuyén hod & thoi diém can bang X..):

X

i{q|+[<::%.ln—"‘— (7-18)
X, —X

Fal

Vi die: Phan ing chuyén hod axit y-hydroxybutyric thanh y-lacton trong moi rudng nudc la

phan tng thuan nghich bac 1:

CH;OH—(CH3),—COOH ——=  CHh—(CH),—CO
O

Xay ra nhu sau:

Thai gian, phit 21 50 100 120 160 220 o

Néng do axit da phan @ng, x | 2.41 496 8,11 8.90 10,35 | 11,15 | 1328
mol/}

Néng do ban ddu cua axit laa = 18,23 mol/t ctia lacton bing 0. Xdc dinh hang 56 cin bang

v hiing s& t6¢ do cha phin g thudn va nghich.

Gidi: Hing $6 can bang cta phan ung:

= . = - — C = 2,683
a—-x, 1828-1328

kX, 1328
k

Tie (7-18) va (7-18'):

|
I

] A 1 X,
= Jdn———=-.In-—
t A-x t X, ,—X

ol
-

s

Tinh cho gid tri & 1= 21 phit:

_kT+E :—]nln——b'£—=9‘54
21 1328241

232



Tuong tir cho cdc thén diém khie, ta duoc:

t, phut 21 50 100 120 160

220

(gl' + 'k—l) 1o} | 9.54 9,35 9.43 9,24 9,45

8.32

(k—l N k—l)m _ 9.54+935+ 9,;13 +9,24+945 107 =9.4.107

Torg="-72683.va k_, + k_] =9.4.107 giai ra dugc:

1.1

k, =6.85,107 pht”
k, =2.55.107 phat’
e Phdn img thuan nghich bdc 2

Phan ing 1ong quit:

A + B =—= C + D
k2
~ Tai thai diem t = O a b ¢ d
Tai thoi diém t: a-x b-x C+X d+x
dx — —
v = n =k, {a- x}(b-x) ~ k, .(c+ x).{d+ x)
(

*)

a _~ ‘_- .
Giai phuong trinh (*) ching ta s& duge bicu thie xde dinh k, va kK, nhu trudng hop phin

tmg thuan nghich bic 1.

7.3.2. Phan ung song song

Phan {mg song song 14 phan (ng ma i mot {¢ac) chat ban dau ¢ thé 1ao ra cic sin pham

phan g theo hai hoiic nhiéu hudng khic nhau.

Vi dy: Phan tmg phan huy KCIO, do dun néng:




2KC| + 302

/
N JKCIO; + KC!

e Phdn itng song song bdc I:

6 KCIO;3

Phan (mg tong quat:

k, B t=0
(1) t X1
A \
t=0: a k2 C t=0
t a-x 2 t X3

X=X + X5
Toc d phan img: v = dx = dx, + dx,
de  dt dt

Téc dé phan img theo hudng 1

_ dx,
dt

Tée do phan vng theo hudng 2:

v -=k,(a—x)

dx,
v, =—=K,(a-X)
> T4 >
Tée do phan tmg chung:
dx

v=—-=Kk,.(a—-x)+k,.(a—x)
dt )

= (k, + ky).(a-x)
dx

a—X

=(k, +k,)dt

Sau khi tich phan, ta dugc:

K +k, =12
Tt a-x

(7-20)

Phuong trinh (7-20) wong ty nhu phuong trinh (7-6) ca phin (ng bac nhit mot chiéu, chi

khic & chd hing s téc do dugce thay bang 2 hang s6 t6c do hop phan song song.
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hodc:

Luw ¥ rang:

vy __dxlfdl _dxp _kpa-x) _h
v, dx,/dt dx, k,(a-x) k,

x, Kk,
= — =c¢onst
x, ki

(7-21)

nghia 1a, ndng do (luong) san pham cia cdc phan g song song luodn ty Jé véi cic hiing 6 toc do

ciia phin mg song song hop phén tuong tmg. Viy, mudn nang cao hiéu suat san pham cita mot

phan tng nio dé, ching ta cin tao nhimg diéu kién thuan loi dé ting cudng hang s6 1o¢ do phan ing

do (chit xic tdc...) dong thoi lam gidm hing $6 10¢ dé cua phan img Khic.

L ]

Tir phuong trinh (7-20) va (7-21) chiing ta ¢o thé xdc dinh riéng ré duoc k, va k,.

Ciic phan (g song song phic tap khic (bac 2, nhiéu hudng...) ciing dugc xem xét nhu di

véi truong hgp phan dng song song bic 1 da xét.

7.3.3. Phan ing noi tiép

Phin ting néi ti€p 1a phan tng bao gém nhiéu phin img giai doan k& tiép nhau, nghia 13, san

pham cla giai doan nay lai tham gia vio giai doan ti€p theo.

Thi

(COOGCH,), + NaOH - NaCOO-COOQC,H; + C,HOH + NaOH

- C,I11,0H + NaOH
— NaCOQ - COONa + C,H.OH

Truding hop don gidn nhdt 12 phan g noi ti€p gébm 2 giai doan bac 1:

(1) (2)
A — B — C
ki Ky
Tai thdi diém
ban diut = O a
t: a-X X-y y

Téc do phan ing (1) chuyén A — B:



dx
v, =-—=k,.(a—Xx)
| dt 1 (
Giai phuong trinh (7-22) taduoc:
x=a.(l—-e kil

Néng do clia chat A d thoi diém t

[A]=a-x= e

e Toc do phan img trung gian chuyén hod chat B:

dix =)
dt

—k,.(a—x)-k,{(x=Y¥)

Thay (7-24) vao (7-25):

dix — _
___(X___)’l:k] kot I\ (x=y)
dt
hoac: fj(xd y)+k (x-y)=k,ae i
t

Giai phuong trinh vi phan (7-25)", ta duge néng do clia B & thai diém t:

[B] X—y=a.——— e - e

va: . [Cl=y=a(-~ —k—k‘—.e"""' AT

+% Giai phuong trinh (7-25):

Dal x - y = z. Phuong trinh (7-26) tr& thanh:

Cho v& 1rii cla (a) bang O:

—d—z+k 2=0
dt

Phan ly bién s6 va tich phan:

* Céch gidi (7-25) chi dé tham khao
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d
St
Z

Inz=-k,t+Ink

z=Fe™*! {b)

(E: hiing $& tich phan)

Vi ve phdi cha (a) 2 0. 1a hdm cda t. va do do d6 xem E ciing la hiim clia t. Vi phan (b) ta cé:
%:—kﬁ.E.c""z" +e'k3".d—t (<)
dt - dt

Thay (b} va (¢} vao (a):

ok K E K n
~k,.Ee ™ 4o kf".d— + kyEe™ =k ae™M!
2 dt 2
T Ky
hoac: ﬂ — k].ag o
dt e—k:.l
hoac: dE = l(,.za.i:('<3_""}'T dt {d?
Sau khi tich phin. 1a dugc:
E = l'il .a.c(kg—kn.l +C (C)
ky -k,
Thay {¢) vio (b):
kl tha-kpht -kyt + vkt
zZ= agtitM e 4 Ce ™ty
ko -k,
P l(| ~Kyt v kot
hoac: 7= ae M+ e (g}
ky -k
Khi t = 0 thi z cling bang 0. Do dé:
k
C — _ -1 (h)
Thay (h) vio (g). ta cé:
z=x-y=a, k, ettt K, ek
Ky -k, ky =k,
k k L .
X-y=a- '-—-—.(e e "3[) (i)
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Day la lod gidi (7-27) 6 rén.
Thay x tir (7-23) vao (1) holc (7-27). ta co:

: k .
'=a.1—e"‘l" —a‘—l ..... -, c“‘]' _e—k3.1
’ ( ) k. -k ( )

hoac: y=all- Ky ekt 4 k; PR )
k., -k : :

(k) chinh la a1 giai (7-28) o trén. «

Hinh (7-3) bi¢u dién sy bién thién néng do cia cdc chat A, B va C theo thoi gian.

] (el 4
.
R i
,§ﬁ |
! (‘\S}L\
*.“-
e TN Z
[ -
i
Tmax Thos gian

Hinh 7-3. Bién thién nong dé clia cac chat trong phan dng néi tiép theo thai gian.
Tir hinh (7-3) thily rang, ndng do ciia A 1uon gidm theo thai gian, néng do clia € - san pham
cudi cling, ludn Tudn ting. Nong dé cua B - hop chdt trung gian, ban ddu tang qua cue dai, sau dé
giam.

Tal diém cuc dai: dx-y) _ 0
dt

d(‘\'—}'):al Kk, (—k,.e_k"' +k’.e—k3_|)=0
dt k, -k, -

pl‘a Cé: k| .e—kl.tmax — kz-e—kz.lm_“

_Ink, —lnk,

foon =
1IN RY kl _k2
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Pat ;- X2 dodok, = k..

L (7-29)
max (r—l)kl
thay (7-29) viio (7-27), 1a ¢é:
a _r.lnr I r
(x _}’)..m = I_ e hee (7-30)
-r

Tir (7-29) va (7-30) c6 thé nhan xét ring:
Nong d¢ cuc dai cia chat B phu thuge khong nhiing vio gid tri tuyét doi coa cdc hing sa

r=—

van toc timg giai doan ma con phu thude vio ty s6 clia chiing [ Ka |. r cang ién, gid tri
K,

cyc dai clia [B} cang 16n va cang gdn v6i thoi diém bat ddu phin ing.

Puding cong y = f(1) cua chit C ¢6 di€m uén tring véi cue dai cta dudng cong x - y = ¢(t)
cua chat B. Diéu dé chimg 16 réng, lic ddu C duge hinh thanh véi t6¢ do 16n, vé sau giam

dan.

Céc tinh todn cling chitng minh ring, véi r 1dn dudng cong y = f(1) lic ddu hiu nhu triung
v6i truc hoanh, nghia 1a chiat C trong mot quing thasi gian phan img ban dau khong thé pht
hién duge bang phép phan tich. Quing thdi gian d6 thuong dugc goi la chu k3 ccm ding.

Néu k << k, thi phuong trinh (7-27) ro thanh y = a (1 -e)*"', ¢6 nghia 13, gial doan mot
¢6 t6c do rat nho, nén nd quyét dinh t6c do chung ciia qud trinh, Phan ting ndi tiép A—> B

— C xay ra nhu mot phin tng bac nhat mot chiéu, chuyén A dén C.

7.4. CAC PHUONG PHAP XAC PINH BAC PHAN UNG

Thue nghiém chimg 16 riing, cic phan (mg don gian  rat it khi gap.

Vi du: phan (ing H, + Cl, = 2HCI (a) ¢6 16¢c do: v = k [CLI{H,]. Vi phan ting dé xay ra

khong don gidn nhu ¢ phuong trinh ti lwong (a), nghia 13, bing sy va cham trire ticp dong thoi giira

mot phin tlr H, va mot phan tir C1,, ma thye ra, né bao gém rat nhiéu phén (ing giai doan. D6 1a mot

phin img phiic tap.
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Tuy nhién, di don gian hay phifc tap, chiing ta déu ¢6 1hé bidu dién t6c do cha bilt k¥ phan
mg nao dudi dang:

v=kC}Cy...

v6i:  k: hing 6 ty 1¢ (hang s6 van 16¢c thue, hogc bicu kién...);
m, n.... bac phan ting ctia chal A va chat B, ... wong ung.

Neéi 13 phin Gng don gian, thi m, n,... la bac thuc cfia phin (ng va tring vl phan tu s6. Neu

1A phan tmg phifc tap thim, n.... chi 13 bac phan g bicu ki¢n (hinh thic).
Do vay, m, 1,... €6 thé: - nguyén hay phan s6
- dwong, am hay bang 0

Vi thé, biac phan img phai duge xic dinh bing thuc nghiém. Sau day 1a cdc phuong phap

thudmg hay duce sir dung.
o  Phuong phap thé

Dua vao cdc s6 licu thuc nghiém, thoat tién ngudsi ta thay thé cdc so liu do vao cong thic
(7-6), sau do vao cong thirc (7-10) dé tinh todn cdc gid tri hing s6 16¢ do phan (ng. Néu cdc gid lri
hing $6 t8¢ do 1a nhu nhau theo cong thifc (7-6) thi phan tng ¢6 bac n = 1, hoac theo cong thie (7-
10} thi phan tng 1a bic n = 2, néu khong thi phan img & co bac 3, phan s6 hodc bac khong (s€ tim
cach xédc dinh bing cic phuong phap khac).

Vi dy: Phan tmg xh phong hod este metyl axetic v&i NaOH ¢ 298K

CH,COOQCII, + NaOH = CHCOONa + Cl.0H

Xay ra nhu sau:

Thosi gian, s 180 300 420 600 900 1500
Nong do. NaOHl | 000740 | 000634 | 000550 | 000464 | 000363 | 000254
C, kdlg/m'

Noéng do kiém va este ban dau déu nhu nhau va bing 0,01 kmol/m®. Xdc dinh bac phan tng

bing phuong phép the.

Gidi: Thoat tién, thay cac s6 liéu vio phuong trinh (7-6), tai t = 180 vd t = 1500 s, ta nhan

duogc:

240



nSe = L 290 _g 0167 5"

|
=0T T80 0.00740

— C
k :‘—.ln - 1—0‘0]

© - In = 0.00091 §
£ C 1500 0,00254

Cic ket qua nhan duge chimg 16 rang, céc gid tri hiing s6 t6¢ do khong nhu nhau, nghia 13,

d6 khong phai la phan ng bic 1.

Sau dé, chiing ta thay thé cdc 56 ligu vao phuong trinh (7-10):
a—c¢ 1 1]
a.c tlc a

E; l [ : 1-—]:0,1';‘6 m'.s" kmol"

oot x b
t afa—x) ¢t

(3]

T180°

0.00740 0,01
K. = _1__ [ N 0,196 m's' kmol”
= 1500 40,00254 0,01

Nhu vy, phan tmg xa phong hod este ctyl axetic bang NaOll 1a phan ing bic 2.
s  Phuong phdp do thi

inl,

0 t
Hinh 7-4. Bidu dd xac dinh bac phan (ng bac 1.
Néu phan ¢ng 1a bac | thi ta c6:
C

E:l.ln =
t C
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hoac: InC = —E.t +1nC,
Lap db thi “InC - U (Hinh 7-4) ta c&:

tgo = =K,
Néu cie diém thue nghiém ndm trén mot duong thang thi phan (g 1a bac 1.
Néu phan tiing khong phai la bac 1, thi thir nghiém theo phuong trinh dong hoc phan ting
bic 2., hoac bac 3.

Dua vio phuong trinh (7-14), ta ¢6:

=tn -1k

Hinh 7-5. Bidu dd xac dinh bac phan (ng bac n.

Thay cic s6 li¢u thic nghiém vao do thi bén (hinh 7-5) khi cho n céc gid tri khidc nhau, n #

1. Néu v6i gia tri n niao cho dudng bidy dién 1a dudmg thing thi d6 chinh la bac cua phan (mg.

e  Phuong phdp chu ky bdn huy
N¢u phéan tng 14 bac 1 thitheo (7-7) chu k¥ ban huy khong phu thude vio nong do ban dau.
Néu phan ting c6 bic n# 1 thi chu k¥ bin huy phy thuoe nong dé ban dau.
2" -1

T = — =
(n-1k,a"
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»-)nl_n

Hay:  lg7),,(n)=1g— L -(n-1).1ga
(n-1k

n

Xay dung biéu dd “1g T,,5(n)- lga” (1inh 7-6):

g B

—u——-—fga

Hinh 7-6. Bi8u dé xac dinh bac phan (ng theo phuong phap chu ky ban huy.
Gid tri n duge xdc dinh tir hé s6 gdc cua do thi
tgoe = - (n-1)
n=-tga + |
Vi die: Phan timg chuyén xyanat amoni thanh ure xay ra trong dung dich nuéc:
NH,CNO —» (NH,),CO

Xic dinh bac phan tng theo cac so licu thue nghiém saw:

Nong do ban dau ctia NH,CNQO, a, mol/] 0,05 0.10 0,20

Chu k¥ bin huy, T,,5.h 37.03 19.15 0.45

Gidi: Qua cdc $8 licu thye nghiém thay, 1,5, phu thudc vao néng do ban dau ching 16
phan tng khéng phai 1a bac 1. D€ tim bac cla phan iing, chiing ta dp dung phuong phip dé thi (hinh
7-7). '

Iga - 1,3010 - 1.0000 - 0,6990
g1, 1.5685 1,2821 0,9754
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Tir 4 thi. ching ta xac dinh duge tgo
tga = - 1
n=-tgo. + 1=2

Phan ving 1a bic 2.

Hinh 7-7.

e Phuong phdp cd ldp
Phuong phdp nay ding dé xdc dinh bac phan iing cua timg chat phan img.
Thi du, phan img gém 3 chat dau A, B, €, thi:
_dx

Dé xic dinh i, ngudi ta 1ay néng do clia B va C cit 16n so véi A. Khi do cé thé xem Cy, Ce
= const.

Do doé:

dx 7o D D
vt =kChCLC, =K CYy
dt
Xic dinh m bing mot trong nhimg phuong phdp da né trén. Cung lam tuong ty nhu the doi
voi Bva C.

Bic chung cba phin tmg la:
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n=i+k+l
75 ANH HUGNG CUA NHIET BO PEN TOC DO PHAN UNG HOA HOC
7.5.1. Phuong trinh Arrhenius
Néi chung, téc do ciia mot phan tng hod hoc tang khi nhigt do tang. Thue nghiém ching to
rAng, t6¢ do phan tmg tang tir 2 dén 4 lan khi nhiét do tang 10 do. P& dac tnumg sy phu thude clia
t6c do phan tmg vio nhigt do, ngudi ta duta ra he e
l'('|'+|_0_

= -

]

& day: k¢ hing 86 to¢ do phan tmg o nhigt do T,
K. o: hing 6 16c do phan tng o nhict do T + 0.
Gid tri trung binh coa y = 3. Do d6, khi nhiét do tang 100 K thi toc do phan ing ting 3" =
59049 lan.
Tuy nhién, ngudi ta co thé xdc dinh duoe mai quan hé gitta hing s6 toc do va nhiét do bang
mot phuong trinh chinh xdc hon, xuat phat tir phuong trinh dang dp Van't Hoff ciu phan tng hoi
- hoc:

dink _ o

dT R

(7-31)

. Ky s n T . o
trong do, K = —1. hiing s6 can bang cua phan iing;

+

k,: hing s6 16¢ do phan (ng thuin;
k,: hing s6 van t6c phan tmg nghich;
AH: hi¢u img nhiét cla phan ing;

R: hang s6 khis

T: nhiét do K.

(7-31) ¢6 1hé duge viéet:

245



kl
dml\ dink,—dInk
, _ dlnk,—dink, _ Al (7-32)

dT drt - RT2

Hicu tmg nhiét phan (mg 6 thé duge viét dudi dang higu 50 cla 2 dal lugng:
AH=E, - L,

Do doé, ur (7-32), ta ¢é:

dlnkI dink,. F’l L,
- = 57 T3 (7-33)
dr dt . R.T° R.T®
Hoac c6 thé viét:
dlnlfl_ B E|____
drt R.T* (7-34)
dink, _ E, '
dT R.T?

Thue nghiém chimg 16 ring B = 0. Do do6, chiing ta ¢6 thé bi¢u dién 10ng quit cdc phuong
trinh cua {7-34) nhur sau:

dink E
_ =— = (7-35)
dT R.T"

(7-35) 1a phutemg trindy Arrhenius biéu dién sir phu thuoc clia hang 50 toc do phan ting vao
nhiét do. Pai lugng E ¢6 thir nguyén nang lugng va duoc gol 1 ndng liong hogat hod.
7.5.2. Cach xiac dinh nang lugng hoat hod

I'ich phan phuong trinh (7-35) véi su thira nhin E = const:

dink = _E ;.dT
R.T {7-36)

E
Ink = —- — +1Ink,
R.T
N&u thiét 1ap dé thi. tryc tung ghi gid tri ink, truc hoanh ght gid tri ' thi (7-36) ¢6 dang
T

dudng thing (Hinh 7-8).
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Lo

g . 7y

Hinh 7-8. Quan hé gilra InK va ; cla phan (ng.

Tt hinh 7-8, 14 ¢6:
OA =Ink,

wp=-=
g£@ R

Tir do. ching ta xdc dinh duge E va k, (7-36) duge bidu dién dusi dang:
_E
k=k e R", (7-37)

trong da, k,: hé 6 ti 1é (thita s& “orude exponen™);
Ii: nang luong hoat hod.
*  Nhu vy, tai mat nhiét do di cho néu phan {ng co nang tuong hoal hoid nho thi hing s¢
toc o (16¢ do) phén tng 16n va nguge lai.
* DG vdi mot phan tg da cho, hing s6 toc do phén iing ting theo ham s& ma véi nhiét

do.

Vi di: Xde dinh thue nghiém hing s6 vin toc cla phan tmg phan huy N,O. di thu duge cidc

két qua nhur sau:

t'C 0 25 35 45 55 65

k.10 0,0787 346 13,5 19.8 250 487

Hity xdc dinh nang tugng hoat hod ciia phin (ng.

Gidi: Lip bing
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1"C 0 25 35 45 55 65
1/T.10° 3.66 3.36 322 3,15 3.05 2.29
-Ink 14,05 9.59 891 7.61 0,50 533

Xay dung dé thi [nk = t(%} (hinh 7-9).

__5,_

fn &k

—_ f4 r . . — —

Y7
Hinh 7-9.
Tir dé thi hinh 7-9 ta cé:

g =- 12436
Dodé:E=-R.tgp=-1987.-(12436)
E=24.710 cal/mol

¢ Gl clui: Ngudt ta ¢6 thé tinh nang lvong hoat hod tir biéu thic tich phan xdac dinh phuong

trinh (3-35). chi cin biét hai gid tri cia hiing 86 16¢ do k o hai nhiét do:

TATENL: [ S O 8 B
ky, RIT, T,] R|T T,

Do dé: | = R I K12 ‘[L _L] (7-38)

.].]

Tuy nhien, vi vi¢e xdc dinh $6 liéu dong hoc thudmg dé b énh huéng boi cic didu kién thuce
nghiém, do do viée tinh E theo (7-38) phdi thie hién nhiéu lin dé Jay gid uj trung binh, néu khong

s¢ bi sal $6 hon so véi phuong phdp d6 thi.
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7.5.3. Y nghia cha nang lugng hoat hod
Pé thiét 1ap phuong trinh Arrhenius ching ta da dat AH=E, - E,
Piéu dé ¢6 thé duge hinh dung nhu sau:

Mot phan g hod hoc ¢ thé duge xem nhu mot sy chuyén dich hé bao gém cdc phan tlr
ban diu ¢ mdc ning lugng tmg véi trang théi I (hinh 7-10) dén hé c6 miic nang luong & trang thai
IT bao gém cdc san phim phan (mg dugc hinh thanh. Su chénh léch muc nang lugng cua haj trang

thai dé biéu hien & hicu img nhiét ciia phan (ng AH.

\I

4H

Hinh 7-10. Bién thién ndng luong trong qua trinh bi€n d&i hoa hoc.

Pé phan img dién ra theo huéng tir T dén I1, chiing 1a phai cdp nang lugng dé h¢ vugt qua
thém néng lwong E,, tai d6 cic phan tir duge hoat hod dén mue ¢6 thé tham gia phin ¢mg hod hoc.
Sau d6, hé chuyén dén trang thdi bén vimg II, va tod ra mot nang lugng E,. Tathay E, - E, =Q >0
phan tmg toa nhiét. Theo quy wdc ciia nhi¢t dong hoc, Q =- AH. Do d6 AH =E, - I,.

Phan tng nghich dién ra theo con dudng nguoc lai, nghia 13 he phai vugt qua thém nang
luemg E,.
Nhu vay, theo hudng tir 1 — 1I phan img dé xay ra hon (E, < E,), phan (ng nghich 1T — [

khé hon vi he phai “vugt” qua mot “qué doi” ning luong E, cao hon.

Trong phuong trinh Arrhienius, cic dai lugng E duoc goi 1a ndng ligng hoat hod, dé ia ndng
ligng di 161 thiéte cdn thiél so véi mitc ndng liwgng trung binh dé phan tit ¢6 thé tinge hién phdn ing

hod hoc.
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= 6. CAC THUYET PONG HOC VE PHAN UNG DONG THE

Tir lau, con ngudi mudn biét 1o bin chdl cda cic tuong tic hod hoc dé giai thich moi cach
hop 1y cic két qua thuc nghiem, mat khac, mudn bang con dudng tinh todn 1y thuyet dé xdc dinh toc
do (hing s6 toc do, nang luong hoat hod....) cha cdc phan (ng hed hoc.

Do d6 ¢6 nhiéu 1y thuyét dong hoc phan tng da dugc dé ra. Song, c6 18 cho dén nay, ¢O hai
thuy&t duge néi dén nhiéu hon ca vi 1y do lich sif v néi dung khoa hoc cua nd. Dé 1a 1y thuyet va
chamn hoat dong va 1§ thuy€t phifc chat hoat dong.

7.6.1. Thuyét va cham hoat dong

Arrhenius chinh 1 ngudi d¢ ra thuyét va cham hoat dong clia cdc phin g ludng phén tir,
dua trén cde két qua cua 1y thuyét dong hoc khi 1y teang.

Trong mot phan tng ludng phén 17, hién nhién 1, cdc phan tr khi phi va cham vao nhau
thi m&i din dén phan img hod hoc. Do d6. 56 va cham z {trong | sec. 1 cm’) ciia hai phan tr khi A
vi B s8 lién quan dén toc do v cta phan tng:

A + B — sanphim

Theo 1y thuyét déng hoc - phan tir clia khi, chiing ta xdc dinh duge s6 va cham giira hai

phéan
NTE
,= (?T"k‘rj g, (7-39)
m
trong do6 , n,: s& phan tirctia A trong | cm’;

n,; s§ phan tir ciia B trong 1 cm'’;

k: hang s6 Boltzinann;

p: khoi fugng nit gon cua cdc phan tir va cham, néu:
m,: khoi lugng phan tit cua A;

ey

]

m,: khéi ligng phéan tircua B, thi =
m, +mg

r; 16ng ban kinh clia hai phan trr,, r T =1a+ 1y

Gia thi¢t riing, 1t ca cdc va cham kép dé déu dan dén phan lmg thiz = v.
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Vi du: phan tng 1L, + Hlgg = Hag, + L, @ 700 K, latim, s6 va cham tinh duge z = 107 va
do 46, téc do phan (ng 1a cye k¥ 1an, phan (g s& ket thuc trong khoang 107%. Tuy nhién, trong

thue 1€, sy phan ly cua HI xay ra cham hon nhiéu.

Tit d6. ¢6 thé két luan ring: khong phi moi va cham déu c6 hiéu qua din dén phan g,
ma chi ¢6 nhimg va cham cua cac hat ¢6 dinh huéng khong gian thuin joi mdi thyc hi¢n phan tmg.
Do do:

v=0.7 (*)
trong dé, o thira s0 khong gian hogc xdc sudt thuan loi hinh hoc.

Tuy nhién, gia thiél dé khong duge thyc nghi¢m thira nhin:

e Nhu chiing ta di biét, moi quan hé giita hing s0 16¢ do va nhiét do 1a quan hé ham mi

i
k =k, ®7 (Arrhenius) song theo gia thiét (*) thi v (hodc k) chi phy thude nhiét do theo quan
— _
hé I (viz= \a'!T )

o P¢ phi hop vdi ket qua thye nghi¢m thi 6 phai ¢6 gid tri = 10107, Gid tri © qua nho lam
mat ¥ nghia vat iy coa y&u 16 thuan loi hinh hoc. Vi the, ngudi ta cho rang, dong nang chuyén dong
ciia cac phan tir tham gia phan g mdi la y&u t& quy&t dinh tinh higu qua va cham. NEu goi n la
xdc suit dé cdc phan tir tham gia phan Ung c6 néng luong bing hay 16n hon ning lwong E (nang

lugng hoat hod) thi biéu thifc 18¢ do cha phan (mg cé thé duge viét:

102
2nk.T 3
v=0zn= c.[ —-ﬂ——) TN, NN (7-40)
Tl
1 ¢é thé xic dinh duge tir dinh luat phan bd Boltziman n = gt
a2 -E
Do do, v = G(Efk_f] ‘rl_nA_nH oRY (7-41)
n

Vi 16c do ciia phan {mg ludng phan tr 1a:
v =kan,.fp (7-42)

D6i chicu (7-41) vi (7-42), ta o

| k.

k=AT>¢ "7, (7-43}
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trong d6 A la hiing & chia cdc dai lwong 1, K, p, o... Biéu thic (7-43) khd phi hop voi biéu thifc

Arrhenius (k = k,.e™™7), chi sai khdc mot dai lugng T'?, song dai luong dé khong gay ra su bién

“*T theo nhiét do.

déi k ding ké so vai e’

Sau day I mot vi du vé viéc 4p dung thuyét va cham hoat dong:

Phan éng phian ly HI + HI — H, + I, 6 nang lugng hoat hoa thuc nghiém la 45900
calfmol. § 556K, hing s6 t6c¢ do Ta 3,5.107(L.mol.s™).

Van dung |y thuy¢t va cham hoat dong chiing ta s€ tinh dugc:

\ [Zn.k.T)m
z=t"]———1 .n,ng
nl

vi don vi ctia n 13 s6 phan wtfcrm’® va C (mol/1) nén ¢o6 quan hé:

3 L]OOO
©6.02.10%
~ ey il a3 N2 ) . .
thi: z=r. 2r k. l. | é_,02.10 .C,.Cy {50 phan tu/cm ']
0 1000

Dé biéu dién z qua dan vi mol/l, ta thyc hi¢n:

1000 rg{zu .k.'l‘} 6,02.107

Z.———7 =
6.02.107 n 1000

zZ'=

D6 chigu vai (7-41) va sau khi chuyén dai don vi, ta co:
. 142 3 E
N k. 6,020 -~ )
k =r(2i—r 6. e RT (mollit'.s™)
H 1000

Biét cdc gid tri:
= 3,5.10%cm

k(" hing s6 Boltzmann = 1,3.10" erg.do”

- My
2.6.02.10%
o=1

" Chy y khong 1an k Boltzmann va k - hang s6 t6c d¢o. Do hai dai lugng nay thutng dugc ky hiéu
truyén thong nhu thé, nén téc gia khong mudn thay doi trong tridmg hop nay.
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Ta cé:

=351077

1/2 , E
o2z 138007 65566020023 6021070 <
k:(,;,s_lo 3)‘_ T ] 77 1987556
128 LO00

Tinh ra, ta ducc: E = 45,000 cal/mol
Nhur vay két qua thu duge xap xi véi thye nghicm (45.900 cal/mol), tmg v&i hé¢ s6 o = 1.
D61 v6i cdc phan tmg ludng phan tr khac, cac kiém tra ciing cho mot két qua tuong .

Tuy nhién, 19 thuyét va cham hoat dong khong fim dwoc su phu hop thye nghiém doi véi
céc phan tir phiic tap. Bo1 vi, 1y thuyét d6 xem cdc va cham chi don gidn 14 va cham cd hoc, xem
phan tir nhv cdc quéa cdu dan héi, khong xem xét dén cdc hiéu img phan b6 lai niang luong trén cac

licn két hod hoc trong va sau qué trinh va cham.

Mat khac, thuyét ndy khong dp dung duge cho céc phan tng don phan 1ir. Trong do, cic
phan tir tham gia phan dng khong nhat thiét phai thue hién bing cac va cham kép, ma c6 thé b.ing
con duong hdp thu nang lugng, phin b lai lien ket...

7.6.2. Thuyét phirc chat hoat dong

Mot phan img hod hoc xdy ra co thé duoc hinh dung nhit mét qua trinh bich doi lien e
khodng céch giita cdc hat nhin nguyén tir theo thoi gian. Trong d6, cdu hinh clia phan tir ban dau
chuyén qua ciu hinh trung gian - phic chét hoat dong, 16i sau do, chuyén thanh mot cau hinh cla
san pham. Chiing han nhu, trong phan (mg phén ly HI, mot phiic trung gian dugc hinh thanh nh& sy
phan bé lai cic lien ket giita cic nguyen uf, nhy hinh 7 - 10A:

H H S H H—H

I I | S I 1 — 1

Hinh 7-10A. Su hinh thanh phic trung gian.
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Theo 1y thuyét chia Eyring va Polanyi vé trang thai qud do thi cac chiit ddu va cdc phiie chat
hoat déng luén 16n tai trong trang thdi ¢an bing; phic chét hoat dong ¢6 the duge xem nhir mot
phan tir binh thuong. moi tinh chat cla nod dédu tuan theo cde dinh luat (tinh todn) nhict déng hoc,
nhung chi ¢6 mot diéu khdc biet la: ngoai ba bic tw do chuyén dong tinh 1i€n cua trong tam, phic
chat hoat dong con ¢b mot bac o do chuyén dong tinh tién trong, doc theo dutmg (ioa d9) phan

ung.
Xét phin tmg 1dng quat:
A + B = X > C+ D
& day: A, B:cdc chét ban dﬁﬁ:
X*: trang thai qué dd hodc phiic chdlt hoat déng;
C. D: san pham phéan img.

Trong thuyét phic chit hoat dong, ngudi ta hinh dung ring, phiic chat hoat dong ¢6 the
nang cao nhit, ndm & dinh cla dudng cong thé nang, v sau dd chuyén thanh san pham phan (ng
(hinh 7-11). T6¢ dd phan tng v duge xdc dinh boi 10¢ do chia phife chat hoat dong trugl qua dinh thé
nang.

Gia sit, nong do clia phife chat hoat dong la C, (phan tiem’), thoi gian tén tai cta phic
chat hoat dong trén dinh the nang la T.

Do dé, 16¢ do phan dng (bi€n 1hién ndng do trong don vi thai gian):
C
X

v=—
T

(7-44)

1 c6 the duoe bidu dién qua 16¢ do chuyén dong trung binh u cha phitc chat hoat dong va

khoang cdch d.

biét rang: u= ==
&day: k:hangsé Boltznann;
T: nhiét 40 K;

w: khoi fugng rdt gon.
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01

.

& /?0‘/75

-~

74

L C+0

Dubng phon dng ——m—

Hinh 7-11. Bién thién thé nang clia hé.
- Nén: -
8
sz.T
V mp

V1 giifa cic chat ddu va phie chat hoat dong.luon luon xdc 1ap can bang, do dé:

. C.
K'=—%
C.Cy
C. =K'C,Cq

X¢ét trong mot khodng céch 8, C..= K'.C,Cpb
Thay qu* vio (7-44), ta cd:
* r—’—.
VoK Co Oy [ | (7-45)
y o

D6 chifu (7-45) v6i phuong trinh t6c do phan ing ludng phan tr v=k.C..Cp

Tacéd: (=K' . Zk.T (7-46)
\op

Nhir vay, thuyét phitc chdt hoat dong che phép thi€t Jap moi quan hé gilta cdc dai luong

nhiét dong hoc va déng hoc.

Nhé cdc tinh todn ciia nhiét dong hoc théng ke ma (7-40) dugc chuyén thanh
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kT .. kT C,.

k=— K =2-, : (7-47)
h h C,C,
Vi nang luong tu do cha qua trinh hoat hod ¢6 thé xdc dinh:
AG” =-RT.InK (7-47)
va: AG"™ = AH" — T.AS”
_AR™ —ast
nén: K'=¢ RT g R
AHET asT
Taco: k = ?‘c RT R (7-48)

Tir (7-48) c6 thé nhan xét rang, hing s6 (8¢ do phan ing khong nhimg chi phu thude vao
nhiet do, ma cdn phu thude vao hidu tng nang luong (AH") va vio cfu hinh (AS") clia cidc phdc chit
hoat dong clia phan tng.

Bing con dudng 1 thuyét thudn tuy, thuyét phiic chat hoat dong tinh todn dugce hang 6 k,,
(thira 56 trude exponen) clia hing s6 tdc do, do d6 thuyét phic chit hoat dong con duge goi la

thuyét téc do tuvét doi cia phan tng.

Céac kél qua cla thuyet phitc chat hoat dong ¢6 thé 4p dung cho phan (ng don phan u,

ludng phan tr, qua trinh khuéch tan...

Tém lai, 1§ thuyét phiic chat hoat dong mo ta khd 6t ban chat vat Iy v hod hoc cla cdc
bign déi hod hoc. Song ¢6 18, trd ngai 16n nhal trong viée (mg dung 06 la bo mdy tinh toan khong

don gian.
7.7. PHAN UNG QUANG HOA

Quang hoé hoc 1a linh vyc nghién ctiu cdc phan ting hod hoc xay ra duéi téc dung cla dnh

sang thuoc ving nhin thay va vimg it ngoai.
7.7.1. Ciac giai doan cua phan ung quang hoa
Phin img quang hod xdy ra qua ba giai doan:

1. Giai doan hap thu photon, trong dé cdc phan tr chuyén tir trang thdi co ban sang trang thii
kich thich.

2. Giai doan quang hod so cip: cdc phan tir kich thich tham gia trve ti€p vao phan vng.
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3. Giai doan quang hod thit cdp hay con goi la giai doan phan img "to1": céc sin pham cla giai

doan so cip 1iép tuc tham gia phan tng.

Vi du: Dai vai phan tng H, + Cl, — HCl duge kich thich boi anh sing:

e  Gial doan hap thu photon: Cl, + hv = Cl'
e Giai doan s¢ cap: Cl," — 2C1
’
e Giai doan thi¥ cap: Cl+H, > HCl+H

Cé trudmg hop chdt tham gia phan tng A khong hip thu inge ti€p birc xa dé chuyén lén

trang thai kich thich A", mi bing cdch va cham v&i mot phan tir D khic da bi kich thich
D+hv—D
D+A>D+A

(3 day chat D dugc goi 1a chdt cam quang. D’ 1a chat cho nang luong, con A 1a chét nhan
niang luong.

Pac diém cua phan (ng quang hod 1a ¢6 do chon loc ca0 o v6i phan (mg nhi¢t. boi vi dnh
sdng véi bude song thich hop co thé kich thich mot phan t& hoac mot lién két nhét dinsh ma khong
anh huogg dén cdc phan thoic cic lien két khéc.

7.7.2. Hiéu suat lugng tir

Pinh ludt dicomg hiong quang hod Einstein

Su phu thuoc gifra luong chit tham gia phan tmg trong giai doan so cdp va nang lugng bi
hap thu tuan theo dinh luat duong luong quang hod cua Einstein.

Dudi tic dung anh sing, méi phda i tham gia phdn ting 3o cdp chi hdp tug mét ligng nr
dnle sdng.

N6i cich khdc, s3 phan 1l tham gia giai doan so cap bing 6 photon bj hap thu. Vay mudn
chuyén mot mol chét sang trgng thii hoat dong chiing ta cdn cung cdp mét nang luong 1a 6.02.10%
photon.

E=N,bhv = N“;;h E (7-49)

-

trong do: h: hing $0 Planck;
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N, 86 Avogadre (6,02, 10,

v: tin 50 4nh sang;

% budc séng anh sang.
Hidu suat hicong nr

Hiéu suat lugng tir cta phan ting quang hod 13 ty s¢ gilra phin tir phan (ng N va s6 photon

bi hip thu N, trong don vi thin gian.

N S& phan tlr phan huy
(P = — =
N, S& photon bj hép thu
trong dé: N = I ;
* " hv

I: ning luong bic xa bi hip thu;
hv: ning luong photon.
Tuy nhién. do phan fing thi cdp ma trong nhicu trutng hap ¢ = 1.

Vidu 1: phin ting quang hod 2111 — H, + [, & viing sdng 280 - 300 nm xay ra theo so do:

Hl+hv > H+I Phan (mg so cip
H+HI — H, +1 Phin ng thit cap
[+1 =1,

21+ hv > H, + [,

Trong trudng hap nay, ta cd:

N 2

— =2=2

N 1

Vi du 2: phan ¥mg quang phin amoniac
2NH, —>N, +3H,

Xay ra & bude séng A =210 nm ¢6 ¢ = 0,2 vi do mot phan cic goc tu do hinh thanh trong

phan dng s¢ cdp tdi ket hgp thanh phan tir ban ddu,
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7.7.3. Mt vai phan Gng quang ho4 dac bidt
Phdn ing quang hop
Pay 1a phan iing quang hod quan trong nhat xay ra trong the gidi ty nhien:
CO,+ H,0+hv + clorophin — 1/2 (CH,0),+ O, + clorophin
Clorophin 1a mot phitc <o kim chita Mn dua lai mau xanh cho 14 cay {dang lyc 18), n6 bip
thuy dnh sang mat (ot va dong vai trd chat cam quang, chit nay truyén nang lugng cho CO, va H,0
dé tao thanh Oy v (CH,),: xenlulozo. dutng....
Chup dnh
Phim anh 12 mot mang xenluloaxctat hoac kinh dugc phu mot 16p geletin ¢ mudi bromua
pac (AgBr) o dang huyén phu phan tan min, Dudi tic dung ciia anh sdng khi chup, mot phan ng
quang hoi xiiy T
Br+hv— Br+e
Agh+e—> Ag
AgBr+hv —> Ag+ 1/2 Br, (1

Anh sing khi chup anh chi du d€ gay ra cic mém bac cue min ban diu theo phan {mg (1}
Sau do phlm duge “wwdng” {hodc ‘rira”), nghia 13, phim da chyp duge nhiing vao mot dung dich chit
khir, vi du, hydrogquinon. Bay gid, phan tng khitr Ag'+e—> Ap dé dang xdy ra tal nhimng ché da
¢6 cdc hat Ag di duge hinh thanh ban ddu khi chup anh (1). Do d6, lugng Ag (mau den) s& y 1¢ visi
fuomg dnh sdng chup ban diu. D¢ dinh hinh phim ngudi ta hoa tan phin AgBr khong bi khir bang

dung dich hyposunfit natri.
AgBr +28,0:" — Ag($,00," + Br-
K&t qué thu dugc 1a phim am ban.
In anh 13 qué trinh nguac lai xay ra trén gidy anh.

Syt phdi quang: khi hip thy photon, mot phan tir c6 thé bi kich thich. Néw sau khi bi kich
thich phan ur tra lai mot phin hay toan ho nang hugng hip thy dé tro vé cic rang thdi bén hon, dudi
dang dnh sang. N€u thoi gian phat sang ngin, la co hicu ing fuiynlt guang, néu thoi gian phét sdng

dai {(hang gi® tré 1én), ta ¢6 hiéu tng fan quang.
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Chdt phdt quang 1a chat ¢6 kha nang phdt sing lau hang gid hay hang ngay sau khi da duge
chifu sdng. Khi thém vio chit phat quang mot juong nho chit phéng xa, thi chai & ty phit quang
khong cdn phai chi¢u dnh sing trude. Cic chat nay dugc dung lum mat 86 dong ho va mit cic dung
cu do dac.

Phospho bi oxy hod cham trong khong khi 14 phan ng ¢6 kém theo sy phil sing. Do 1a
phan tmg hod guang. Trong phin (mg hod guang, nang lugng do phan (mg hod hoc 104 ra dinh cho
su kich thich phan wf, nguycn tir san pham phdn tng. Sau dé, biic xa dnh sang lai duge phit ra tir cic

san phidm dugc kich thich dd.
7.8.PHAN UNG DAY CHUYEN

Phan tng day chuyén 12 mot phan tmg phiic tap, nhung né khic V61 cie phan (ng phuc tap
khéc & chd cdc phan img nguyén 16 (phin (ng giai doan) cna nd luon phu thude lan nhau, moi mot

phan tng giai doan xay ra lai dan dén mot hoac mot 56 phan iing giai doan u€p theo.

Phén tng day chuyén thubng rdt hay gap trong thuc 1€ phan ung chiy, phan mg hat nhin,

cracking nhiét diu mo, phan iing oxy hod vai O
7.8.1. Cic dic diém ctia phan dng day choyén
Phin fmg day chuyén cd thé chia lam ba giai dozn.
Vi du, xé1 phan {ng: H, + Cl, = 2HCl {a)
(i). Gfai doan phit sinh diy chuyén (khot mao)
Pay 12 giai doan tao ra cac tiéu phan hoat dong {gdc tu do, ¢ic nguyén t,...).
e Trong phan 1mg (1), Cl, dudi tic dung cia dnh sing;

lCl, +hv=Cl
5

e Hoic nhd sut 6 mat cia Na:

Cl, + Na = NaCl + Cl
Tic nhan khoi mao cho giai doan nay ¢6 thé 1a: dnh sdng; hod chat, nhigt do hodc chiit xic
tic.
(ii). Giai doan phiit trién mach
Trong giai doan ndy cic tiéu phan hoat dong téc dung vao cdc phan tr ban ddu dé 1ao ra san

phim phén tng on dinh va mot hodc nhiéu tiéu phan hoat dopg mdi. Vi du:
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Cl+H,»>HC+H
H+Cl, » HCI+ (]
Cl+11, > HCl+H

Néu trong mot phan (ng nguyen (0, mot tiéu phan hoat dong chi tao ra mdt tieu phan hoat

dong mdi thi chiing ta c6 phin dng ddy chuyén kliong phdn nhanlt, néu sinh ra hai hoac nhiéu tiéu
phan hoat dong mdi thi ¢6 phan vng ddy chuyén phdan nhanh.
Vi dy: phan tng 2H, + O, = 1,0
Nhis tic dung xuc tdc cha mudi Pt ma céc phan tir H, duge hoat hod thanh cdc nguyen ur H.
Sau do:
H+0,—>0lH+0
OH+H,—» H,0+H
O+, >0OH+H..
Chiing 1a ¢6 thé hinh dung su phét trién manh mé cua phan tmg day chuyén phan nhanh
nhu o dé hinh 7-12. Nhu vay, véi phan tng day chuyén phan nhdnh, t6c do phan (ing ting rat

nhanh, c6 khi dot ngot, néu khong co cdc bién phap khong ché.

Hinh 7-12. So d6 phan (ng day chuyén phan nhanh.
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(iif). Giai doan ngdt mach
Do dai ctia mach mot phin ting day chuyén ducc tinh bing s6 phin (mg giai doan (mat
mach) ndi tiép nhau. Vé nguyén tic, mach s& kéo dai cho dén khi phin ting hét cdc chit ban déu.
Song, do nhiéu nguyén nhan khéc nhau, cdc tiéu phan hoat dong bi mat hoat tinh (bi “"cheél™), va do
dé 1am cho mach khong phat trién duoc nita (ngdt mach).
Vi dy, d6i véi phan gng (a), giai doan ngit mach c6 thé la:

Ct+Cl+M=C,+M

H+Cl+M=HClI+M

H+H+M=H,+M

M 13 mot tiéu phan thit 3 ndo dé (bui, tap chat, thanh binh...). Khi ¢6 mot va cham ba giira
Cl, Cl va M, thi M & ti€p thu nang lugng 104 ra do tic dung giita €1 va Cl, lam cho Cf, g vé trang

thdi bén, khong bi phan ly tiép.

7.8.2. Su nd day chuyén va no nhiét

Va’hng e ,nbﬁ_?/‘

Ving né”
oy céay?;?

7z /V/l.*'é?fﬂ’ef T
Hinh 7-13. Gigi han clia cac mién né.

Trong khi nghién citu sy oxy hos cha hoi phospho N. N. Xemenop vi C. N. Hinshelwood da phat

hién mot hién twong mai, dac trumg cho phan tng day chuyén: dé 1a gidi han nd rrén va gidi han nd
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dudi. Hay néi mot cach khdc, trong mot mién dp sudt nao do, phan g phat trién rat manh va gay

nd, con trong mién ap sudt thap hon hodc cao hon thi phan tng lai phat trién 6n dinh.

Trong mién dp sudt thip (dudi P,, hinh 7-13), cic tiéu phan hoat dong thudng va cham véi
thanh binh va bi mat hoat tinh. Xdc suat va cham d6 cang 16n né€u ty s6 gitta bé mat thanh binh va
thé tich ctia binh cang 16n. Khi su ngit mach khong di 16n so véi su phdt trién mach thi téc do cia

phan tng 1 hiru han va 6n dinh.

Khi ting din dp suat (16n hon P,, hinh 7-13), xdc suat va cham thanh binh cua céc tiéu phan
giam, dén muc su “sinh s6i” cla cdc tiéu phan hoat dong qua 16n so v6i su “tir vong™, thi phan ting
trd nén “bling né” (nd). Bay gid, ta ¢é gici e no dioi. Gidi han nay it phu thude vao nhiét do ma

phu thuoc nhiéu vao hinh dang binh (thi¢

Tang dan ap suat, dén gid tri P.. 1 cham giita cdc phan tir khi trong pha the
tich 1a rat 16n. Xdc sudt “tlr vong™ clia ciic tiCu phian hoat dong do va cham ba vai kKhi tro, bui,... rat
16n. Do dé, téc do phat trién mach giam di va phan tng day chuyén lai trg vé trang théi 6n dinh.

Tai P, chiing ta c6 gidi han né trén ciia mot phan tng day chuyén.

R& rang 1a, gidi han nay it phu thudc vao hinh dang thiét bi ma phu thudc chi yéu vao tap
chat, khi tro, bui,... va vio nhiét do (chuyén dong nhiét),

Cén phan biét hai khdi niém né’ day chuyén va né nhiét. N6 day chuyén la do su tang vo
cling clia cdc tiéu phan hoat dong. N6 nhiét xay ra 1a do nhiét phan mg toa ra khong kip giai thodt,
lam nhiét do tang dot bién va lam cho t6c do phéan tmg (dp suét) taing dot ngot ma gay no.

Trén hinh 7-13 gi6i thiéu cdc viing nd: a - gidi han nd duéi (day chuyén), b - gi6i han nd
trén (day chuyén), c - giéi han né nhiét, bat dau tir day, nhiét do 1a tdc nhan lam tang nhiét do phan
(ng va gay no.

7.8.3. Co s ly thuyét dinh lugng vé phan ing chuoi
Phdn itng day chuyén khong phdan nhdanh
+» Gia str trong suét qud trinh luon bao dam diéu kién: trong 1 don vi thdi gian (gidy). trong thé tich
phan tng xuat hién n, tiéu phan hoat dong. t: thai gian t6n tai (thdi gian séng) cta ti€u phan hoat dong, nghia
la sau T giay ti€u phan hoat dong s& chét hoac s& sinh ra mot tiéu phan hoat dong méi. a: xdc xudt phat trién

mach, B: xdc sudt ngat mach, o + B = 1.

Tai thoi diém t, hé ¢6 n tiéu phan hoat dong thi t6c do tang s6 tiéu phan hoat dong la:
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d_n:nu_n_,{} (1)
dt T

rﬁ $& tiéu phan “chét™ trong mot don vi thost gian, Tich phan (a) tu s8 cé quan hé n = f(th

T
" dn E
I—-— = {dt
.
vi: d(n0 _nb = —E.dn
T T
Do dé:  jp— Ny =E.l
M
hos 0 .t
0act ) —a
np e
1] T
n,.t Rl .
n=—""/1-¢ * {b)

Biéu dién n = f(1) bang dd thi nhu trén itinh 7-14.

"

™

Hinh 7-14. Quan hé n va t cla phan (ing day chuyén khdng phan nhanh.

Khi t — % phan tmg di vio ch€ do 6n dinh. ldc dé n_ =n {c)

(UM

= A

Khi dat trang thdi on dinh thi Ccll_n =0
t
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Toc dé el phan ong 1

Vo= - 6 = i {d}

Phdn itng day chuyén phan nhinh

Troug phan dng day chuyén phan nhidnh, mét téu phan tham gia mot giat doan co bin (i nach)
wo ra 2. 3. tigu phan hoat dong méi. Do su phan nhanh nen toc dd cua phan g tang nhanh hon nhidu w0

v phan tng khong phin nhauh.

NEU got 3 1a xdc suat phan nhinh. thi 18¢ do ting »6 téu phan hoat dong la:

dn np nd
- = nn_ - 4 - .
dt T T
dn n .
hodc: — =n,—-—.(3-8)
dt T :
Sau khi tch phan ta durge:
n,.t Dip-an
n= " .l-e (e)
B-8
¢ Néu > &, suu mét thasi gian nhilt dinh 1 — ) phan ng ciing trd nén on dinh véi e do
V= n“ .
B8

» Néu & > 3. 16c do phan tmg tang vo han theo this gian.
Thure vay. suy e

7
H

n,.t lcé—li:
n=_‘“—lev -1
S-B

Khi t = thin - =,

56 tiéu phin hoat dong tang vo han véi thdi gian theo ham s6 mi (hinh 7-15). vi do dé. phan tng

-

nhat dindi & tién vio viing na, «
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Hinh 7-15. Quan hé n va t trong truong hop § > p.
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cAu HO1 VA BAI TAP
C:au hoi

| Hoi teong nghien ey cua dong hod hoc K gi? Picu kKhie nhau ¢o bin gua nhigt dong,
hod hoc va dong hoi hoc fagi?.

2. Pinh nghia e do phan ang. Ciich xdc dinh. Vict bicu thie dinh lult tac dung khot lugng
cho phin (mg (biac 1, biac I, song song, noi ugp...).

3. il nghin bie va jraan £ 0 vl phun g Y ngh et chiing. Pon vi do cua cac hing
o toe do bae khouy . hie ooy R

4. 'Trinh bay cde cich xdc dinh bic phan dng.

5. Anh huong cta nhiét do dén toc do phan tmg. Phuong trinh Arrfienins.

6. Nang lugng hoat hod: dinh nghia, ¥ nghia vi cdch xde dinh.
7. Trinh by néi dung co bin cia thiyét va cham hoat dong v phiic chat hoat dong. Nhin
&L vé ciie can cfr khoa hoe i méi thuyel.

8. bac diem cia phin ung quang hoit? Ihin tng day chuyén o phat la phan g quang hod
khong?

9. Pac diem cua phan tng day chuyén? Phan bi¢t sy nd nhict v no day chuyen,

Bai tap
1. Chu k¥ bin huy cta phan tmg bic mot N.Q; 0 298K 1a 5,7h. Tinh hing 0 (6¢ do v thol
gian cin thict d¢ phan buy 75% N-O. ban diu.
Papso k=012h" 114h

2. () 283K hang s& 16¢ d cla phin dng Xi phong hoi eyl axctat la 238 N5 Tinh thoi
giun can thict dé xi phong hod 50% elyl axetat kb
a/ 1 1t ety! axetat ndng do 120N tic dung vai |t NaOll [/20N.
b/ 1 Lt ety] axetat néng do 1/20N tic dung vé6i 1 lit NaOH HI0N.
Biip so: af 168 %

b/ 6,87 5



3. Suu 10 phut hai phan tmg bac 1 va bac 2 déu chuyén hod hét 40%. Muén chuyén hod hét
60% chat dau thi médr phan tng mit bao nhiéu phot. Tir kél qui nay so sidnh toc do cua phan
g bic | vit bic 2.

Bap sé: biac 1: 17,9 phit.
bic 2: 22,5 phuit.

4. Phin tng phan huy (CIL)O-CCI-CH; trong etanol xay ra theo bac 1. Két quit thue
nghiém nhur sau:

T.K 273 298 308 318
k. s 1,16.10° 3.19.10°7 9,86.10 2.92.10°
Xdc dinh ning lugng hoat hod va tinh k..
Pdp 50" E=91124 Jinol

k =7.510""

LN

5. 0 651K chu k¥ ban huy cia phin tng bac 1 14 363 phit. Ning lugng hoat hod 1a 217360

J/mol. Tinh thai gian cdn thi€l dé chat d6 bi phan huy hét 75% & 723K.
Ddp 50, 13,46 phi
" 6. Mol phin (mg bac mot ¢é nang luong houat hod 1a 140300 J/mol. Hang s6 16¢ do k,, trong
phuong trinh: k = k™™ 13 5.10".s™,
O nhiét do nio chu ki bin huy s& La:
a/ 1 phut
bf 30 phin
Bap so: a/ 196°C
b/ 89°C
7. Trong dung dich axit y&u, 1,0, phan tng v&i jon thiosunphat theo phuong trinh:
H,0, + 28,0, +2H" - 2H,0 + S.0,°
Toc do phan tng khong phu thudc vio nong do 1.

Nong do ban dau cua [H,0,] = 0,0368 M



Néng do ban diu cha [S,0,7] = 0.0204 M
0 25°C. cic k& qua thue nghiém nhu sau:
T, phiit 16
[5,0.7).10° 10,30
a/ Phan tng 1 bac may?

b/ Giii 1r1 hang 56 toc do phan tmg?

Pip so-

36 43
5,18 4.16
af bac 2

b/ k = 1,92 L.mol"'.phut
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CHUONG

PONG HOC CAC PHAN UNG DI THE

Phain ting di thé'1a phan {mg xity ra gita cdc chit thuoe cde pha Khdce nhau.

Vi du nhu, sy chdy cua cac nhién lizu ran hodc long, sy khir cic oxyt ran bai cic khi, cic
phan (ng xic tic chuvén hod hydrocacbon...

Ciic phan ung i thé thuong rat hay gap trong e nhién cing nhur trong ¢ong nghiép, ching
¢6 mot 1dm quan trong dac biét nhat la, trong cong nghiép hod hoc vir luyen Kim.

Nhu chting ta da biét. dong hoc coa cic phan tng dong thé da kha phic tap. Nluug  ong
hoc cac phan (mg di thé Tai con phtc tap hon. Bai vi, trong truding hop nay phan ting hod hoc khong
xay ra trong pha (hé tich mi trén bé mat Ugp xdc giffa cde pha. Do dé. ngoii cdc tham 50 hoi hoc,
thi cdc tham s vt 1§ lien quan dén su chavén chdt ¢6 anh huong dic biet dén cde qud trinh di hé.

§.1. SUKHUECH TAN
N6i chung, mot qua trinh di thé thudng bao gom nhiéu gial doan, phan (mg xiy ra tren be
miit phan cdch pha thutng bao gom, it nhit, 3 giai doan sau day:

i) Van chuyén cde chit tham gia phan tng dén bé mat phan cach pha - dfn ving phan g
{dua oxy dén bé mat than d¢ thue hién phin (mg chiy, dua hydrocacbon dén bé miit x1c tic
axit rin d¢ thue hign cdc phan img cracking, isome hod....).

i{) Phan img hod hoc bé mit Ky ra trén ranh giGi phan cich pha.

ii) Van chuyén cidc san pham phan ng ra khoi viing phan (g,

Nhu vay, t6¢ dg cua mot phan tng di thé phy thuge vio 16¢ dd cun timg giai doan (hod hoc.

hoic vim chuyén cic cha). Toe do giai doan ndo clidm nhdt s& quyét dinh toc do chung cla i qud

trinh.



Do dé, trude hét, ching ta khao sit cic dinh luit lieén quan dén sy chuyén chit bang Kiudeh

i,
8.1.1. Binh luat Fick I

Khuéeh tan 1a mot qud trinh chuyén chat rong khong gian dan dén san bang nong do trong

todn hé.

Khuéch tin xiay ra mot cich tr dién bién khi ¢6 sur chénh léch néng do. Dong chat & di tir
mién nong d6 cao dén midn néng do thap. Bong luc cua khuéch tin la gradiens pnong da. Trong
khuéeh tin, chat di chuyvén theo khong gian v thdi gian, do d6 néng do cia chat li ham cta toa do

(X.y, Z), va thii gran t:
C=f(x.y.7,1)
Néu su khuéeh tdn chi xay ra theo mot hudng X nao do thi:
C=p(x.1)

Toc do khueel tan vy, duge dinh nghia 14 lugng chét chuyén qua mot don vi thdi glan, qua

mot dom vi tiét dién khuéch tan.

v, = (8-1)
S.dt

trong do: dn: lirgng chat khuéch tin;

dt ; khodng thai gian khuéch tdn;

S: 1i¢t dién khuéeh tan (vudng goe véi hudng khuéch tin).
(8-1) doi khi duge goi 1a dong khudeh tin P.

Téc do khuéch tin phu thude vio do chénh léch (gradient) nong do. Gradient cang 16n thi

stf khuéceh tan cing nhanh va cang thuan lgi. Do do:

dn iC
v,=P=- -=-D. ut (8-2)
S.dt dx
dC .. . . otk
2~ ¢ bién thien ndng do theo hudng khuéch tan x.
dx

Pé v,, 1d mot dai luong duong, nén ta thém dau trir rude .V theo hudng khuéch tin X,

dx

dC < 0. D: hé 56 1y 1¢, c6 tén 1a he s khuceh tin.
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Khi CE =] thi D = v,,, nhir vay, D [A van ¢ khuéch tin trong didu Kién gradient nong do
dx

bang don vi.
Tir (8-2) ¢6 thé bigl thir nguyén cua D Ji:
[D] = [LT
L, do dai, T: thai gian {theo quy udce vé thit nguyén)

. o g CMToom”
Do dé, don vicaa Do the [a 22

s phat
(8-2) 1a bicu thirc 10an cla dinht fudt Fick 1.

8.1.2. Pinh luat Fick I

Pinh luat Fick 11 cho biét moi quan hé gifra ndng do. thdi gian va khoang cdch khuéch tin,

¢ ('
T
— 5 :52 -
" \
LY \
| ax ] x

Hinh 8-1. M& hinh xdy dung dinh ludt Fick II.
+» Xét sur khuéch tin qua 1iét dign S, = S, = 1 em” theo true x. S, cidch S, mér khoang dx (Hinh 8-1)
treng mét don vi thoi gian €6 mot luong chit P, qua S,. Mot phén cia I, ¢6 thé luu lai trong thé tich S,dx va
mét phin P, (P, < P) di qua S.. Hicu s& dong chat khuéch tan P, - P, duge tich tu trong mot dan vi théi gian

trong thé tich S.dx = dx. Do dé. ndng do trong thé tich dx bien thien mét dai lwong L dC. Lugng chat tang én

trong thé tich dx sau thai gian di bing dx.dC. Trong mot don vi thivi gian. luong chat tang fén la d\'d_(-:. . nhu
dt
Viy:
dC
P, -P, = —dx ()
_ dt
Mat khdc can cir vao (8-2) 1a cd:
d . 0 dC
) ax Ox dx
084 & tb)
ex”
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T (a) va {b) ta ¢

‘ £ ,\I
o) - 1_)\ oC (8-3)
at L | (5\1

Zxa
X = i, u la khoang ¢ich khuceh tin,
(8-3) 12 bi¢u thic todn cta dinh luat Fick 11 Dink luat dé phan dnh méi quan hé vé 8¢ do
[ aC

- \' - ' # E - - =
brcnthicn noug do v = _J trong [Gp khudéeh tdn véi gradient nong dé [
\ al LS

E)(_‘ R

ON )

8.1.3. Pong hoc khuéeh tin én dinh

b6 i reomg hop khi lugng chit khuéeh tédn di viio nguyén 16 the tich «x (hinh 8-1) diing

. . . L I o - (e
bang lugng di ra. Do do, nong d6 cua chit khong bien dor theo that gian, nghia la (__] =q.
-
et
w—i

£ (Néag 38)

e
4

() \

Hinh 8-2. Ma hinh khuéch tan tir pha | dén pha il

Tir (3-3). 10 o

D Ao
oY S (8-4)
Lox )
4 - A (&)
dx
Hoac: dC = Adx

C=Ax+B (b)
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Néu ¢d su khuceh tdn theo hudng x tir pha T dén pha [ qua khodng cich khudch tin o, ta

C=C khi x =0witbhat ky
C=Ckhix=0withitky
Thi: ¢, =B
C=Ax+( ()

Vi C.=A8+C,

A= E‘...Z_E___L‘ = dc . thay A vdo ()
& dx

(': _C:_: TE::.]__‘\' +C1 (8'5}
0

Tir (8-5) thay rang. rong ché do dong khuéch 1dn on dinh, i bt k¥ thai diem nao nong do
cia chat khuéch tin luon [ ham wyén tinh véi khoing cdch (nhir trén hinh §-2).
Trong trudng hop ndy, vin 1oc khuceh tdn duge xdic dinhe

) ¢, -G,
Yih = _(_ii = _D.dC =0, - Jo ==

Csdt T dx 5

8.2. PONG HOC MOT SO PHAN UNG DI THE: THUONG GAP

(R-6)

Phin ting di the rat phie tap v da dang. Noi chung. trong mot he phan img di the ludn bao
2om cdc cap pha (irang thai vat 1y): khi - ran, }ong - ran. tham chi doi khi, ton tai ¢d 3 pha khi - long

- ran {hydro hoa diu thyc vat {long) bang xtc tic Raney nicken (ran)).

Sau day, ching ta chi xét mot s6 phan tmg di (hé thudmg gip vi cd ban nhat d¢ trén co sa dod

hic¢u duge nhing qud winh di the phie wp hon,
8.2.1. Dong hoe ciac phan ang bé mat

‘I'rong thire tién, chiing ta thudmg hay gap cic phan tng di thé khi - rin, long - ran. Pha ran
thudmg 12 cic chit tham gia phan tmg (cacbon trong phan img chiy, oxyt trong phin tng khie. )
hodc cdc chat xic tic ran (zeolit trong phan tmg cracking hydrocacbon,...). Khi cic pha khi (long)
UEP auw .. pha rdn trong trang thii dong (dong khi hoic 1ong chdy qua ¢dc hat rian), thi trén bé mat
ran bao gid ciing tén 1ai mot ming khi (1ong) én dinh v6i do day 8. Su chuyén chat qua mang do

luon luon tuan theo cic dinh [uat khuéeh tin. Do 46, nguoi ta goi d6 1 mang khacéeh idn, Phia bén
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ngoil ming dé (trong pha thé tich) thi sy san bang ndng do ¢6 thé bing cdc bién phidp cudng hiic

nhu khudy ron, doi hna..., nén ndng do trong pha thé tich (khi, long) thudng nhu nhau tai moi diém.
Bay gidy chiing ta xét mot phin (ng xay ra trén bé mat pha ran (R):
Ay, + R —  Sinphim (a)
(i). Toc do khuéch tdn (v,) rat nho so voi toc do phdn iing bé mat (v,
Vi €< Vi

Bé thuc hién phin g, trude hét, chat A phai khuéch tdn dén bé mat R, sau 6 méi xay ra

phin ng bé mit gitra A va R (hinh 8-3).

N
\
N\

DH

NN
\

A(K)

kY
kY

RN
\\\\\\ \

2
o
o
o |
!

Hinh 8-3. SJ d6 chuyén chat A dén bé mat R.

Gia st ndng dé ena A trong pha khi [ C), trén bé mal clda R, nong do coa A 1a C, = 0, vi
toe o khucch tdn (v,,) << 16¢ do phan dng bé mit v, nén chit A chuyén dén R bao nhicu thi 1ap

tie phan tng hét bay nhieu. Do dd, tc dé ciia phan (g tong cong (v,,) duoc quyct dinh béi v,,.

v, =v, =D. il B mi,=0

Nén: voo=

<, =kC, (b)

Nhu vay, phan tmg (a) 13 phan tmg bac 1. Vi | = D , nén thye chat k 12 mot hang s6 khuéch
3

tan.
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Khi khdo sdt &nh hudng ciia nhiét do dén téc do phan ing ta cd:
dink _dInD _ by (©
dl dT R
Gid tri E thu duge tie quan hé Arrhienins (¢) khong phai 1a nang luong hoat hod cta phan
itng ma la nang lugng hoat hod cha giai doan khuéch tdn (Ey). Gia tri By, thudng nho, vi du, trong

dung dich E,, chi khoang 2 - 7 keal/mol, He so bién do61 nhict cua D chila E“_‘“ =1-15.
D
Do d6, khi nghién ciiu mot phan (ng di thé (kh{ - ran, 1ong - rin, ...) néu thu duge mot gid

tri nang lugng hoat hoa nho (< 7 keal/mol) thi cén kiém tra xem phan (mg cé bi khong ch& boi

khuéch tin hay khong, chit dimg vos két luan vé ban chit phan tng bé mat, vé tam hoat dong,...
(ii). Toc do kiwéch tan (vy) xdp xi téc do phdn ing bé mat (¥ ppm)
V'LI = vpu‘hm

Trong trudng hgp nay gid i néng do C, ca A trén b mat pha rin R khong bing khong: &

= 0.
Ta ¢6 to¢ do khuéch tan:
D .
Vie 75 (C,—Cy)
. D s I
ba = =k, (hang s6 toc do khudch tan)
i)
Gia str riing, phan ting hod hoc bé mat 1a phan tmg bac 1, thi t6c dé phan ing bé mat (Vo)
fa
dcC,
- kG,
dt il

Di nhién rang. xdc dinh truc ep bing thuc nghiem nong d C, la khong thé.

Tec do chung ctia qud trinh biing toc do clia timg giui doan riéng re.

v :-—d—;l—:k“.{c|_Cj):kpuhm'cl (d)

P

Vi €O thé xdc dinh duge bang thuc nghi¢m theo su bign déi C, rong pha khi. Nong do G,

trén bé mat pha rin khéng do duge truc 1i€p. song c6 thé tinh todn:
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C,=- Ky € (e)
Kk +ky,

|

thay (e) vao (d), ta dugc:

- A
‘. k,, C |
_dil =k, {C, _Cl):kkl'(cl — %
dt L k, +k

juhim

k'L k wrhin -
LU Ry
kLt +k

pebm

1Ling 56 k,, c6 thé xdc dinh bing thyc nghiém. Hang 6 d6 bing:

k. = I.(“Lk_iff’h'”._ (8-7)
! klﬂ + k]mhm
T (8-7) ¢& thé nhdn thay rang:
L
k e k kt k b

Néu ta goi k 1 hiing 8 t6c do, va bay gid, néu goi 1K 1a “tra fue™ thi trong trudng hop v, =
Ve 18 o
Tra hic phen ting ching being tong 1rd lie ctia timg givi doan.
Su chdy cla than (Oyy, + C,, = CO, CO,) & nhigt do thap hon 1.100"C (bit dav tir 600 -
700°CY co df_n-lg_ hoc phan img tuin theo quan he (8-7).
(iii). Téc do phdn ting bé mat v, rdt nho so véi toc do khuéch tdan (v,)
Vi << Vg

Tdc do phan ting chung dude quyét dinh bai toc do cua phan g bé mat:

:d—)\:l\

vpu‘ = V]lu‘hul dt pubm CZ
Vi vy, rédt [ém, nén ¢ bé mat ran néng do C, = const.

Vo = K = const (8-8)
Phan g 1 bac khong. Téc do phan tng luon 13 mét dut lugng khong doi theo thdi gian.

Trong trudng hop nay néu xde dinh nang lugng hoat hod theo quan heé Arrhenins th gia tri

nhan duoce s& phan dnh ban chit cla phin (ng bé mat trén pha ran.
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Trén diy, néu ra mot vi du don gidn nhat v¢ phan dng bé mat. Tuy nhién, van dé thue ra

khong don gian, vi cdc phin tmg bé mit trong pha rin xdy ra ril phiic tap. Chiing ta s& Xét mot s8

truomg hop hay gap, lién quan dén cic qué trinh cong nghiép, nhat 4, vé xdc tic di the.

8.2.2. Cic mién phan ung

Nhur di néu ¢ trén, dsi vé1 phin dng di thé Judn luon ¢é moi quan hé mat thiet gifra sy vin

chuyén chit phian tmg dén bé mat phan tmg. Chinh vi vay, trong nghién cifu cdc phan g di thé,

phin (mg xic tic di thé ngudi ta hay it dung thuat ngit “mién phdn g &€ néi lén quan hé giita

cde 16 do (hing 6 tée do) cia mdi mot giai doan (khuéch tdan, hod hoc) déi vé6i 6e do chung cua

qud trinh.

(i). Mién ding hoc

D6 Ia trudng hop khi t6¢ 3o phan (img thuan tuy hod hoc la chim nhat va né quyét dinh 16¢

do chung clia toan bo phan img xiic tdéc di thé (trugng hop (iii) cia muc 8.2.1):
\rplrh:n (k[nrhm) << Vi (kkl)

(ii). Mién khuéch tan
10 la trudng hop giai doan chim nhat la khuéch tin (trudmg hop (1) cla 8.2.1)
Vig (kll) << \rpu‘hm (kpuhm)

(iii). Mién qud do

ino A
nu z N z I
N
N
AN
N
AN
o,
= N
™
AR
~ "~
N -
N .
N\
7

Hinh 8-4, Quan hé gilta Inv va 1/T trong cac mién phan (mg:

I: mién déng hoc; \l: mién quéa dé; |1 mién khuéch tan.
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Khi téc do khuéch 1dn va téc 4o phan (mg hod hoc xap xi nhau trudng hop (i) cta (8.2.1):
Vil (kkl} = vpuhm (kpuhm]

Pé xdc dinh mién phan dng ching ta 6 thé ¢ nhiéu cdch. Song, nguoi ta thudng hay dua
viio hé 6 bién doi nhiét do Khdc nhau clia Ky, VA Ky mit phin dinh mién phan tmg. Dir vao sy phu
thuoce cha (o do phan img (v) vao nhigt ds T (Inv - 1/T) ¢6 thé xét dodn mién phin Gng: trong micu
dong hoc, 4o doc cua dutng bidu dién quan hé Arrhenins 16n hon Ao dac trong miién khuéeh tan

—

(b~ JT).
Hinh 8-4 minh hoa m&i quan hé Inv va 1/T trong cdc mién phin tmg khde nhau.

No6i chung, midn dong hoe thudng tén tai O cac khoang nhiét do thidp, nang cao nhiet do.

phan tmg s& ti¢n ddn vao mién qud do vdi den midn khwéel tan.
8.2.3. Pong hoc cic phan ing xic tic

(i). Phdn ting xiic tdc khi - ran _
Hau hét cac phin tng duge st dung trong cong nghiép hoa hoc déu la phin (g xdc tic di
thé, trong dé, cdc chat tham gia phén tag vi san pham phan ting thuong & trang thii khi (hoi), con

cac chat xic téc & trang thii ran.

Vi du nhu, cdc phan tng cracking ddu mo, refocming, isome hod cac hydrocacbon... déu suf

dung chil xtic dc rin zeolt (HY, HLaY, ZSM-5...).

Bay gids chiing ta xét mot trudng hop don gian nhat: cdc phan tir chat A khuéch tan dé dang
dén bé mat chit xdc tdc ran (nghia la qué trinh khong bi can 15 bai v,,). Sau d6 A bi hdp phu tren
bé mat chat xuc tdc. Cic phan tir bi hap phu d6 & trang thai hoat dong, tham gia phan ing dé thanh
cAc san pham.

Ag, ———— Sén pham (a)
Xtic tic ran

P thuc hién phan img, chat A phii dugc hdp phu hod hoc trén bé mit xic 1dc. V& nguyen

tic, su hip phu nay khong ducc hinh thanh cac lien két qud y&u va qud manb gidfa A vit bé mat xuc

téc ran, va tuan theo phuong trinh ding nhiét hap phu Langmuiv don 16p (bang 6-1, chuong 6).

LI AN
b P,
dong do: 0,: phin bé mat bi hap phu boi chat A;
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P.: dp sudt cta A trong pha Khi;
b,: hing s& hap phu cua A.

Vi1de do phanitng bé mat ty 1¢ véi nong do chét A trén bé mat xic tdc, hay noi cdch khic.,
ty lé voi 6. Doi véi phan g (a) ta cd:

_ dP, _

P
dt

LI

'urh-n'— - (b)
"4 b, Py

rong d6, Ky, hing so toc do phan (mg bé mat. Phan tich (b) ta thiy ¢6 thé co 2 trudng hgp gidi

han nhu sauw:

—  Khib, hoic P, khd nho, do d6é b,.P, rat nho so vai 1: b P << | nén:

_dPy

V= =
WLLTIT
dt :

b,.P, =kP, (8-9)

VGl k = Kpyma ba = cONSE

Nhir vay, trong diéu kién dé (trong viing 9, nho) phan ting 1a bic 1 do1 véi A.

—  Khi b, hoic P, khé 16n, sao cho b,.P,rdt lén so véi 1, b, P, >> | thi B=1.

- d;);\ = kpuhm (8_10)
t

V=

Nghia Ja, khi 04 khd 16n (0, = }, hap phu toan phin) thi phan ting la bac khong do1 vai A.

N¢u tién hanh xde dinh thue nghiém bac phin fng trong mot khodng rong cta dp sudt chat
A thi ching ta sé nhan duge bic 1 cla phan (mg ¢ ving dp svdt thap, bac phan sO & vimg dp sudl

trung gian, va cudi cling, bac kKhong & viing dp suat cao.
v

Kowbm |~ ——

%

Hinh 8-5. Su bién ddi bac phan (g theo ap suét chat A.
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Trong viing phan ng bac khéng, nang lugng hoat hod xdc dinh duoc bang thyc nghiém
chinh 14 nang lugng hoat hoa thue et phan dng (E,,):

d]n\"' _ dlnkp-bnl _ E|h
dT  dT R.T?

Thue vay, chiing ta biét ring trong phan (g xiic 1dc di thé bé mat thi téc do phan tng bang:
dP,
__dl_ = B b M A

\J’

Nhiét do, dong thai tic dong 1én ci 2 dai luong Ky, v 0,
Ky PhU thudc nhict do theo quan heé Arvhienius.

8. vi hap phu la mot qud trinh 1od nhict, nén khi nhi¢t do tang thi kha nang hip phu glani,

hay 6, giam va nguae lai.

Nhimg khi 6, = ! thi tdc dong cia nhiét do chi con déi véi K. do dé, biy gid, ching ta

x4c dinh duge ning luong hoat hoa thirc cua phan g (E,).

Trong cdc mién khde (quéd do, khuéch tan, hdp phu yé€u...) nang luong hoat hod thuc nghiém

xiic dinh duge déu cé gid tri khdc véi B, va duge goi 13 nang lugng hoat hod bidn kién (E,).
(ii). Phdn ting xic tdc léng - ran

N6i chung, phin ting xic tac 1ong - ran ciing duge khio sat tuong wr nhur phan tmg khi -
rin. Song, trong truding hop mot chat tan rong pha long duge hap phy trén be mat ran thi phuong
trinh ding nhiét hap phu thudng hay duge sir dung nhdt [a phuong trinh ding nhiét Freundiicl
(bing 6-1, chuwong 6).

trong do: a, néng do bé mat hop chat tan A bi hip phu bdi mot don vi khoi
lugng cht xic téc ran;
x: lugng chat tan A bi hip phu;
m: khoi lugng chat xiic tic;
C.: néng d6 can bang clia chat tan A trong dung dich;

K va n: cdc hing s6 Freandlich.



Toc do phan ting bé mit la:

_ d(_‘ A1 . . Tn
A9 pr - F = Mpurhm - .\‘ - }\ puhim K C (8- i1 )
v =kC

|ur
v k = K, K= const

Nhu vay trong phan tmg x(c tdc 10ng - rn, chi khi t6¢ do khuéch tin kha nho thi phan ung
s I bac | (nhu trudmg hop (i) cta 8.2.1). con dai da s6 trudng hop, phan mg déu ¢6 bac phin s6

dai véi chat tan.
8.2.4. Pong hoc qua trinh hoa tan

Hoa tan 13 qué trinh rit hay gap trong thye € hoa tan duong. mudi trong nudc, hod tan cdc

kim loai trong md) Lrudng axit,...

Hoa tan 13 mot phan tmg hod hoc bé mat, dudi tic dung cta dung mdi, cdac phin tir (nguyén
1ir, ion....) clia bé mat rin bi solval hod va tach khoi mang ludi cimg, tao thanh mot dung dich bio
hod bé mat, véi ndng do C, (néng do bio hoa).

Vi téc do khuéch tén tir bé mat rin qua mang khuéch tin 8" thuong chiam hon gial doan

solvat hod, do dé trén bé mat rin ludn tuon bio hod chit tan (C,).

SRR

NI

Hinh 8-6. Sd dé hoa tan chat rdn R,

Do do, dong hoe qud trinh hod tan ran vio long thye chit la dong hoc qud trinh Khuéch tén
vdi néng do ban diu 1a C,, ndng d¢ cudi 1a C viv hudng khuceh tin la tif bé mal rin dén pha long

(hinh 8-6). Theo (8-6) 18¢ do cua qui trinh Ta:
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v, = b (C,-0) (i}

o

Dé ting 16¢ do hod tan, ngudi ta thudng tdng nhiét do dé tang gid tri ctia D, khudy manh dé
lam “mong™ chiéu diy 1dp khuéch tin 8, khudy cang manh thi 8 cing nho, mat khdc, khuady Jam

tang qué trinh chuyén chit trong pha thé tich, bao dém (C, - €) luon ¢ gid tri 161 uv.

Bing x4c dinh thyuc nghiém ngudi ta ¢6 thé xdc dinh duge gid Ui dc {bién thién nong do

dt
trong pha thé tich theo thai gian) ma:
dn V dC
e (b)
Sdt S dt
kéthopa by €S, DS g
S [ oY
Phin ly bién so: c _ k,, dt
(4] - C [
voi k, =2,
Y
Sau khi tich phan ta duge phuong trinh dong hoc cua qud trinh hoa tan:
K, = n S ©
t C,-C

1]

(¢} c6 dang tuong tu nhf phuong trinh dong hoc clia phan (ng bac nhat mot chiéu.
8.2.5. Pong hoc qua trinh két tinh

K&t tinh 13 mot qué trinh di thé rat pho bi¢h trong thién nhién va trong thyc tién cong nghe.

Dai véi linh vie xdc tic hip phu, ket tinh duge tng dung mot cdch higu qua dé téng hop
cdc vat liéu ¢6 cdu tric mao quan nho: cac vat liéu zeolit (A, X, Y, ZSM-5...}, cdc vat liéu tuong 1
zeolit: AIPQ, SAPO... vi cdc vat ligu M41S (vat liéu mao quan trung binh)...

Cho dén nay. ngudi ta da biét 1d mot 56 quy ludtl co bin xay ra trong qua trinh két tinh.
Song, ciing con rat nhiéu vin dé cén phai duoc tiép tyc nghién citu, nhat la van dé cé mat clia cde
pha la trong chat long ket tinh.
(i). Khdo sdt dinh tinh

K& tinh 12 qud trinh hinh thanh cdc tinh thé rin tir mot pha long. D6 1a mot qud rinh

chuyén pha: long < rin, véi si xudt hién mot pha mai (ran) tir trong 1ong mot pha 1ong.
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V¢ nguyeén tic (quy tic pha Gibbs (4-3)) thi khi lam lanh mdt chit long nguvén chat dén
nhigt do két tinh "I thi bat diw két tinh pha rin, tit d6 nhiét do k&l tinh duoce gilt nguyén cho dén khi

qua trinh k¢t tnh két thie (pha 1ong chuyén hoan toin thanh rin): dudng L12R, hinh 8-7,

7;903“9/'017) 4
Hinh 8-7. Bi€n thién nhiét do trong qua trinh két tinh.
C=k-+1=1-2+1=0,%hi P=const

Nhumg trong thye 1€, khi nhié¢t do ha dén Ty, su két tinh vin chua bit ddu (hinh 8-7). Mai
dén nhiét do T, méi bit dau xuat hién cic mdm (nhan) tinh (hé ve ciing bé. Sau dé, cdc mam tinh
thé bdt diu 16n len (quit trinh k&t tinh tod nhiet), do dé nhi¢t do tang dan 1én dén Ty, Tai d6, qud
rinh k&t tinh on dinh, tao ra cic tinh thé ¢6 kich thude (g vdi dicu kién can bing: dudngl_ | m2R.
hinh 8-7.AT =", - T: duoe goi la do qud lanh hode do qud bdo hod.

Nhur vy, két inh bao gém hai giat doan:

- Giai doan tao mam (nhan) timh the, gan lién vai diéu kien qua lanh (hoac qud hio hod).

- Giai doan phét r1én mam (nhan) thanh tinh the Idn.

Quan he gitta to¢ do hai giai doan d6 dnh hudng rét [on dén s6 lugug va kich thude tinh the
dugc hinh thinh.

I~
jo ]
A



< Khdo sat dinh luong’
Theo Iy thuyét vé dong hoc kél tinh, viée Xuat hién mam pha méi cin phai 100 mor cong tao mam
(tao ra bé mat mai). Nong dd cua mam duge xdc dinh:
_"\m

C,, =Be RT tad

-m
VG, I3: hing sa:
A, cong tao mam:
NI vidy, tai niot nhiét do nhat dinh cong A, cang nhdé thi néng dé méam cing [én vio ngue lai.
Né&u got v, 12 16 do teeer i, nghla 1a 6 Liegng méam hinh thiank trong mot don vi than glan thi v,
nhat dinh ty 1 véi C,, v 16¢ do chuyén chal (khuéeh tdn) trong pha long d€ o mam, v, — kv, .C,
~Ey
. L RT
Vi =K e

Vil E,,: nang luong hoat hod cua sy chuyén chat:

k., hing so toc do chuyén chal:
=ty -Am

S v =k eRT oRT
Dods: v, =k,c®l e (b)

véi k,,: hang s6 ( k .k, B).

Déi v mam lap phuong. cong A, duge xdc dinh:

mo bo - (LJ
T.(AT)
V¥ BZE(&j_L
RAp Qi

& day: o site cang bé mat:
AT T, - T = do qui bdo hoi:
p: khéi luong rigng:
M khoi luong phan (i

T, nhiét do két unln

"1y thuy¢t cla qua trinh kér tinh duge dé ra dau tién bai Gibbs. J. W vl Volmer M. va Frenkel AL L
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Q,,: nhigt ket unh.

Niug vy, B phu thude vao ban chat ciia chdt ket tnh.
Lir (by v (C} 14 ce
R I T _
A I\m‘C € (8 12)

- 1:'L1 it
R

Khi giam nhi¢t 46, thi thia 6 € giam nhanh theo nhigt do. com thira 6. k&' N1 ang khi

phict do giam {trinh 3-8).

\_ -Ex¢ iRT
e 114

—

A7

Hinh 8-8. Quan hé cla v,, va cac thua s clia v, (8-12) vai AT.
Tir hinh (8-8) nhan thay rang. V,, tang treng do qud lanh (49 qud bio hoit) nho, rde diém F 1a do
Bl
thin 0 (:'r"\'“1 tang nhanh kKhi nliet d6 giam. Thira s0 dd mang y nghia xdc st o mam. Xic sudt do tang
Kii d0 gud lanh (40 quai bio hod) tang.
N¢u tiép tue tang 4o qud lauh (do qud bio hoi) sau diém F. thi v, khong tang N mi gidm vi @ nhict

do gui thip, do nhdt cla i Khd Jon, vivdd linh dang (kha nang khuéch tan) clia chit giam (thé hign & thira 50

nho.

Luu ¥ rang. mot o chit ¢é cu triic phan W pinie 1ap khong thé k&t tnh, vi do linh dong ctia nd rit
kem (khuech tin kho Khan. 16m) do d6é khi Bun lanh, ehat jong chuyén tir pha jong den trang thin “thiy

tnh’ ran.
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Nhu di néi & wen, sau khi xuat hién. mam durge phat trién thanh tinh the an.

Sy phit trién dé dugce thre hien bing cich tao ra nhimg don vi tinh thé hai cludu, “lap ghép” lén cic

mat cia mim tinh the ba chigu so cip.

Tuong W ninr trudng hop (8-12). chting ta ¢d toc do cua giai doan phit trien man:

LBt
L _(eRT e TN WET
Vooim =Ce £ (8-13;
Vi L: nang luong hoat hoa chuyén chat dé phat ricn mam;

C v B: ciic hang s0:
rp: st cang bé mat trén cdc mat ha chiéu.
Phuong trinh (8-13) néu lén quan hé giita van toc phit widn mam voi do qua lanh (46 qud bio hoa).

(wong 1y nhu phuong trinh (8- 2},

Tuy nhiei, anh hutng cta AT dén e do 1ao mdm manh hon so véi e do phat trién mam. Pieu dé
hé hien & chd, AT wong (8-12} ¢6 mi binh phuong. con AT trong (8-13) c6 mii bac mot. Vi the cue dai cia

v, chuyén vé phia AT 1én hon (Hinh 8-, e

Vo

Upfm

|
!
|
|
| .
4 AT

%

Hinh 8-9. Su phu thudc clia téc dd giai doan tao mam (v,,} va téc dd giai doan phat trién

MaM (Vi) V30 AT,

Tir hinh 8-9 6 thé nhan xét rang:
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Khi do qui bido hoa nho (trude AT,): 16e do tuo mam (v,)) nhd hon tae do phdt trién mim
(Vnd: v, < Vi
Do d6, 6 lugng mam tinh thé duoe tao ra it nén kich thude tinh the 1én.

Khi d¢ quad bido hoa l1én (sau AT), t6¢ do phat trién mam (Voy) NhO hon toe dé tao mim v, )
Vo < Voo Do d6, Tugng mim tinh theé duge tao ra rit nhidu va cde tinh the €6 kich thude

nho.

Ngoar ra, dong hoc qud trinh keét tinh con bi anh huding rat 16n bai cdc tap chit khong tan

hoiic hoa tan trong pha long.

3.

19- TILEIK

Khi c6 mat cie mdni la (tap chit khong tan) thi sir xudl hien mam tinh thé dé dang hon teén

cde mam la, nhat 1a gitta mim la vi mam két tinh ¢6 cdu tric twong tr nhau.
Nh& ¢6 mam la ma si két tinh xay ra & do qud bio hoa nhd hon.
Sur ¢ mat cha cic chil tan ¢6 the lam thay doi sic cang bd mat gifta pha 1ong va pha ran v

lam

mn

gitta pha ran - pha rin (gilta cic mam 2 chiéu), do do ¢é thé dan dén thay doi v, vi v,

thay doi kich thude tinh thé duve hinh thanh.
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CAU HOI VA BAI TAP
Cau hoi

l. Binh nghia vé su khuéch tin. Vi€t bi¢u thic todn vi néu 1d ¥ nghia cua dinh lugt ek Tyva L.

I~2

Dac diém cta cdc phan ng di thé. Dinh nghia vé mién phan tng.

3. Neéu rd quan hé gilta hang s6 van 16c khodeh tin (k) va hing s& toe do phin (g bé mat (k..

trong mot phan tng di the.

4. ‘I'rinh bay s bién doi cia bac phan tmg xte tac khi - rin, khi dp sudt cta chat tham gia phin

img thay déi. Trong didu kién nao thi cluing ta c6 the xde dinh duge nang luong hoat hod thye?
5. Cic y€u 1o chinh anh hucng dén toe dd hol tan mot .(..‘h'[l'l ran vio pha long.
6. Su két tinh bao gém may giai doan? Quan hé gifta tdc do ciic giai doan dian dén cic hé qua gi?
7. Neéu 1o va giai thich vai trd cla cic 1ap chat hod tan v khong tan trong qud trinh két tinh.

Bai tap

1. Tac do hoa tan cia CaSO, trong nude ¢ 298K nhan duge nhur sau:

Thor giant, h 0 0,083 0,167 0,200
Nong do CaSO, trong nudc, g/l 0,08 0,348 0,984 [,132

Thé tich pha long | lit, néng do bao hoa ¢l CaSO, 0 298K hing 2,094 g/l. BE mat cla

Falht

miu CaS0, 1a 31,55 em?. Chidu day 16p khuéch tin § = 5.10"m. Hiy xdc dinh h¢ 86 khuéch tin.
Pidp 3o k=2306h"
D =57.10"cm’/h
2. 'Te dd hod tan clia mot miu da hoa cuong trong axit HCL IN bang 0,091 mdlg/ls tng véi
khoang thén gian fam cho ndéng do cla axit gidm di 1/4 so voi ndng dod ban dau. He gidm nong do
axit thém 1/4 nita thi can moét thai gian 1a bao nhicu?
Dap so: 39 phit 32 5.
2. Mot dng nghiém dung nude duge dat trong mot phong rat kho P = 0) & 293K, Nude s¢
bay hei. Muc nude duge gilt nguyén khong thay doi. Trong ong nghi¢m hoan toan khong ¢d doi

L. Tiét dign éng nghiém 1a S = 0,05 m*. Ap suit hoi biao hoa clia nude P, = 0,023atm. I'imh he¢
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s kKhuéch 1dn cua hoi nude vao khong khi. néu khoang cdch tir mat thodng dén miéng ong la 1,85

cm va sau 87.5 h lugng nude bay hot 1,94.10 'mol. Tinh hé s& khuéch tin D.
Ddap so: D =0.24 cm?/s

3. Ruou etylic bay hoi trong moi truong hydro. cé hé s& khuéch tin & T = 303K 1a 0.4673
em/s, & T = 323K I 0.5465 cm¥s.

Xiic dinh he «& khuéch tin cua etylic & T = 313K.

Piip 56" D = 0.5067 cm’/s.
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CHUONG
X0cC TAC

9.1. KHAI NIEM CHUNG

Su xiic tac: dé 1a hién tuong gia tang t6¢ do cla phan Ung nhi tdc dung clia mot chat xic

tic.

Chat xiic tac: 1a chat 1am bign déi téc do phan tng bing cdch tham gia vao cic gial doan
phan Umg trung gian, va do d6, sau phan tng lugng va ban chat hod hoc cha chét xic tac khong bi

bién dai.

Chat xdc téc lam rdng t6c 4 phin tmg duge goi 1a chdt xuc tdc dwong, 1am gidm 16¢c do
phan img duge goi la chdt xiic tdc dm. Song, ngay nay thudt ngil xic tdc hau nhu chi dé biéu thi mot
hiéu tng gia tang (Gc do phan ng. Néu sy xic tic xdy ra giifa chat xic tic cling pha véi cdc chat
tham gia phan ting thi 46 1a xiic tdc déng thé, nguge lai 1a xic tdc di thé.

Céc phin 1ing xuc tac dong vai 1rd it quan trong trong cudc séing cua chiing ta. Hau hét cic
phan tng sinh hod tao ra trong o thé con ngudi, cde phan ing kidm sodt sy hoat dong cia bo nio
vi clia cae ¢o quan Khic cua ¢o thé séng déu 12 cdc phan ng xic tic. Quang hop 12 mét phan tng
xiic tic quan trong doi voi the g16i thue vit. Hau hét cic qud trinh xdy ra trong cong nghiép hod hoc
déu 1a phan tmg xdc tie, dic biét. trong cong ughiép loc hod diu.

Neéu ké tir nam 1835, 14n ddu tién Berzeliuy dia ra khdi niém va dinh nghia xic tic, thi xuc
tac ¢6 mot lich sir gdn hai the ky.

Song chi bt dau tix nira cudi thé ky 19, x(c tdc méi c6 vng dung cong nghiép.

Ngay nay, xdc tic dem lai rat nhiéu loi nhugn cho cong nghiép hod hoc, do do nguoi ta

thudmg cho rang chat xic téc 1a var liéu chién higc.
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Trong phan (ng, chat xic téc 10n tai dudi dang fop chat trung gian xtce tae dde biét. Hop

chit trung gian xdc tc co dac diém:

). rat kém bén, thdi gian song rit ngan, khong 10n tai trong dung dich mi chi duge tao

thanh trong qua trinh xdc tic.

i). Ia cdc hop chat bé mat, khong ton tai thanh mot pha doc lap, tinh chdt cua ching rat

khdc véi cac hop chal 16n tai trong pha the tich,

Doi khi ngudi ta phét hién tryc ti€p cic hop chat trung gian, vi du bang phuong phap pho,

thi céc hop chat d6 khong phai la cac hiop chdt tring gian xiic Hic,

Tuy nhién trén co sd cdc hop chat do ¢ thé suy ra, phan dodn vé cdu hinh cla hop chit

trung gian xuc tac.

So d6 mot phan tmg xiic tdc duge viet nhu sau:

A+K — AK _ (a)

AK+B —» C+D+K (b)

A+B - C+D (c)
trong dé: A v B: céc chit ddu;

C va D cic san phdm phan tng;
K: chat xuc tic.
Phan Gng (a) va (b) xay ra véi t6c do rat nhanh so vdi phan (mg tryc 1iép gitta A va B khong
c6 xtc tac {phan tng (¢)).
-84 di phan tng {a) va (b) c6 t6¢ do 16n la do nang lugng hoat hod tao ra AK va phan huy
AK déu nhé hon rt nhiéu so véi nang luong hoat hod clia phan ng (¢} {xem hinh 9-1). -
Tir hinh 9-1, thay ring, phan tng (c) c6 ning luong hout hod E 16n hon nang luong hout hod
E,, E, cla cac giai doan (a) va (b). Gia st I5, > E, thi téc do phan ung xdc 1dc dugce quyét dinh bai

giai doan da:

iy -
k, =k,e &
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(A

Toar d& phon ong
Hinh 9-1. Budng dam: phan Ung khong xuc tac.

Pudng cham cham: phan (ing ¢d xuc tac.

Hing s6 t6¢ do clia phan tng khong xic tic:
R
k=k,c ®!
Giastt k, =Kk, thi sy tang t8c do phan ting ¢6 xdc tdc va khong xtc tac Ja:

- (F=Ti5)
k B R.T (d)

Né&u E, cang nho hon E thi ty s6 (1) cang 1én.

Chat xtic tic cing hoat dong thi t6¢ do clia phan @mg (a) va (b) cang nhanh, K lai “quay
vong" dugc cang nhiéu trong chu trinh xiic tic. Do d6, trong phan (ng xdc tac, fiong chdt xie tar
khong fon {(phdn tram) so véi lugng chat phan ung. Vi du, mot hat bach Kim rit nho (kich thude ~

10 - 10" °m) rrong mét giay cd thé phan huy 100.000 phan tir H,O,.

Chat xdc téc chi cd kha nang Iim tang t6¢ do phin tng, chit khong lam thay doi ban chat
nhiét dong clia phan tng, nghia 1 néu mot phan tng ¢é AG,, > 0 thi khong c6 bat ky mot chat xic
tic nio cé thé lam cho phan tng xay ra.

Hién nay, chua ¢ mot Iy thuyét duy nhat vé xiic tic dé giai thich moi quy luat hoat déng

clia cdc xdc tie khdc nhau. Vi vay. ngudi ta chua hicu hét dugc cic quy ludt hinh thanh cta cdc hop
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chat trung glan xGc tde. Do vay, nhiéu 1y thuyét xic tc khic nhau duge dé ra nham dép Ung cho
timg dang xuc tdic khic nhau.
9,2. XUC TAC PONG THE
9.2.1. Pang hoc cac phan iing xic tic dong the

Phuong phép thiél 1p cdc phueng trinh dong hoc cua phan tng xde tic dong thé, vé nguyén
tic, khong khic véi phaning khong xte tic. Tuy nhién, khic véi phan tmg khong xte tdc, trong
phuong trinh dong hoc cé thé khong dua vao néng do tit cd cdc chil tham gi phin g,

Vi dy. téc do phin tmg gitta axeton vi 1ot khong phu thude vio néng do cua iol, ma phy
thude vio néng do cuia axeton va cua ion H' {chdt xic tic).

H

CHCOCH, + HI —4—— ClIL,COCILI + HI
C11,COCH,
_die = My ren.cocn |
t : ;

Sa 1 nhu thé 1 vi, giai doan chim nhat cua phin tmg 16ng cong la giai doan enol hod xeton

xay ra duéi tac dung elia cdc ion H'

CH;COCH; CH;-C

SCH,

Giui doun tic dung gilta enot vi iot xdy ra nhanh:

OH
CH;-Co v 1y, ——  CHCOCIL  + 17+ 1
=CH,

Trong cic phin ing xtc tic dong 1hé, tdc do phin tug ludn 1y 1¢ véi nong do chat xie tic.

Vi du, phin (ng thuy phan dutng sacarozo (sac):

4
H
CpaHn0y + 1,0 — 2 CelinOs
—ﬂc"“—”:k.c\_w.. ‘
dt e

X6t phitn iing 1Ong quat:
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ki ks
(ABKy ——  Sinpham + K (a)

A+ B + K
ks

Gia sir ¢6 hai chit A va B tdc dung vdi nhau khi ¢é mat chat xuc tic K. Giira A, Bvi Ko
ra mot phiic chat hoat dong (ABK)". Sau d6 (ABK)" phan huy thanh cdc san phdm va hoan nguyén

lai chat xic tic K.

Theo 1y thuyel phite chit hoat dong (myc 7.6.2) thi gifta cde chat diu va phtic chat hoat

dong luén t6n tal cin bing, do dé:
ki.[ALIB]JA[K] - [ABK]'} = k,.[ABK]" (b)
trong do: {A].[B],JABK]" tuong (ng Vi nong do cia A,B vi ABK”.
[K] nong do cha chat xic tdc & trang thai 1y do.
Tir(b) ta cé:

« _ k[AlB]K]
A = vk [AllB]

Do dé, t8c do cua phan tng téng cong:
eo_ dla] _ k. [ABKJ* = LkMB_]__[ ] (9-1)
d k, +k, [A][B]
Phan tich {9-1) ta nhan thay:
e Néuk, >> K, thi k,[A][B] >> k., do d6:
d[a]

V=— 2 ’“-‘k:,.[K] {9_2]
dt

Phan g bic 1 déi vdi chit xiic tac.

o  Neuk,>>k ,[A][B] thi (9-1) tr& thanh:

d[A] ](1‘.1('
dt ](3 ALBH (

V=—

Tir (9-1} dén (9-3), trong moi trudmg hop ching ta déu thay tdc do cla phan tmg xic tdc

dong thé déu phy thuoc vao ndng do cila chit xiic tic.

K€1 luan dé hoan toan duge xdc nhan bang thuc nghiem.
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9.2.2. Xic tic axit - bazo

[on H' viion O11 €6 thé xiic tic cho nhiéu phan ting, dic biét cho cic phan tmg thuy phan.
Vi thé xtic tic axit - baza i mot trong cdc dang xic tic pho bién trong dung dich.

Theo thuyét axit - bazo cta  Bronsted axil 1a ¢ic chit cho proton, baza la cde chit nhan
proton. Gilra bazo va axit trong dung dich ludon cé moét can bang:

B + HA == BH + A (@)

& day: BH' la cac axit lien hop cia bazo B;
A" 13 bazo lien hgp cua HA.

Trong mot phan ng xic tic axil - bazd, gilta chit xdc tdc (axit hodc bazo) va chat phan (mg
luon xay ra phan mg proton hod, nghia 14, proton dugc chuyén tir chal xiic tdc axit dén cdc chat
phdn timg. Proton 1 tic nhin manh nhidn cdp electron nén ¢ thé 1am phin ba lai va lam yéu ning
luong lién két cta cdc chat phan ing. do d6, Yam tang kha nang phan (ng clia chdng.

‘Frong phan tmg (a), néu xem HA 14 xiic tdc thi chit phan (mg 1a mot bazo. BH" dugc xem
nhir hop chét trung gian, va sau do, BH" s& duac chuyén hod tiép tuc thanh cdc san pham phdn (mg.

Nhuf vay, nong do Cmr 1a mot thong s6 quan trong dol vai t6c do phan (mg xuc tic axit - bazo.

Tir (). chiing ta ¢6 thé xdc dinh duge € e

LS (9-4)
B LK,

1§

trong do: Cno : ndng d6 ban dau el baza {chit phin img),
K: hiing s6 can bang cla phéan (g (a);
PR
’ i ! Bl
VG, a . hoat do cla proton;
¥, he 56 hoat do cua chit phan ng:

Yo hé s6 hoat d¢ cia BH'.

Bay gi&r chiing ta xét mot truong hop don gidn nhit cta phan tg xie tdc axit
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Phin ing phan huy B thanh cdc san pham C, D dusi tic dung xic tdc HA dién ra nhiéu
giai doan:
af Proton hod B bang xtic tic HA xdy ra véi t6c do nhanh:
B + HA = BH + A

Theo (9-4), ta co:

_ Kh,
e )
B 1+Kh, ¢

-

b/ Giai doan BH" thinh CH", D xay ra vdi t6¢ do cham, quyét dinh toc¢ do chung cla phin

tng:
BH' —-» CH* + D

K|
veke ok Kb o
MU K,

véi k: hing sd 8¢ do.

Néu K.h, << 1, nghia {3 twong tng véi trutng hop kha nang proton hod yéu cia chit tham

gia phan ing va nong do xic tac nho, Ta ¢é:
v=kKh, C,
vt ky, =kK.h, (9-5)

Phan tmg 12 bac khong.

{9-5) dugce goi 1 h¢ thic Hammetr. He thie nay dugce xde nhin bang thuc nghiem doi véi
nhi¢u phan tng: phin huy axit focmic bdi xiic tic H;50, (85- 90%), thuy phan etyl axelal bdi xiic
tdc axit HCL. thuy phan dudng sacarozo bai cic axit HCIO,, H,80,, HICI, LINO, v.v...

¢/ Giai doan cudi cing 1a khir proton ciia sin pham. Giai doan nay xay ra rit nhanh v
khong anh huong gi dén tée do phan g chung:

CH" + A~ > C + HA

Trén day, vinh by cic ¢o so 1y thuyét cla xic tdc axit - bazo nhin ndi rd vaj rd quan

trong cua qud trinh proton hod. Téc dé phan tmg xic tic axit - bazg Juon tuy thude vao bian chat

cua chdt xtic tic, chat phin tng va t6e do cia timg giai doan ¢o ban trong quid trinh xiic dc.

299



Trong trudng hgp chit xic tic 1a céc bazo, ching ta cling ¢6 thé ¢ dugce nhimg két qua
trong . Bay gio, chat phan iing 1a mét axit 1ién hap va téc do phan tng duge quyét dinh bdi giai
doan tdch proton.

9.2.3. Hi¢u Gng mudi - anh hudng caa lue ion dén tée do phan dng

*% Nhiéu khi ngudi ta nhin thiy ring (6c do cdc phan tng xdy ra trong dung dich nuwée cling bi dnh
huang bol ndng dé va ban chir cha cde mudi ¢é mar rong dung dich. Song. sy ting t6c dé phan dng do mudi
khéng ¢6 bin chat xte tdc. ma de anh turdng cha lyc ion dén hing $& t6¢ do phian tng. Nén ngudi ta goi dé 1a
hicu img muoi,

Thure vay. néu xét mdt phin ang:

A +B3B <= AB 5 sanphim (a)

Theo ¥ thuyét phiic chat hoat déng (7-47}3. hing 0 t6¢ &0 phan tng la:

ko= kp.—0 (b)

Theo nhiét dong hoc thi:

a . Y.
L]
K' = At st Tan (©)
a,a, C.Cy 7.7,

Vi a: hoat do. ¢: ndng do. y: hé s6 hoat do:

k=ke K. Jadn «@

Al

Kok IaTs
H

.
AR

voi: k, =k K,

i il

Trong dung dich vé cling lodng cdc y= 1 vdi k= k.
Trong cic dung dich thue, ndi chung k # K,
Theo Iy thuyét dien |y thiy luon phy thude vao I ion theo hé thirc:

- —!\zzﬂ

y=¢ .‘eli.l



aday. A hing so. doi var dung dich meée 6 298K = 0.51:
z: 50 dién tich cna iom;
B: himg s& {1y 1¢ nghich v&i ban kinh ion);
I: lue 1on.
Luc ion duge dinh nghia (xem muc 10.3.1):
[=05Y C .z,
rrong da, z: & dién tich ion:
C.: néng do ion i (iong/l)

Néu A va B 1a nhitng tidu phan mang dién (z,. z,) thi:
A8 y B8 5 AB#A™78) 5 Sap phdm

Thi: k — k e—ﬂ,il.[ZA2+ZBE—{ZA+ZH}EI.ﬁ’e(BA+BB_[}A]3'”

o

- k C]_{)Z.ZA.ZB.\l et[}f\“[i“_ls,\gt M
0" .

Hoac: lnk =Ink, +102z, 2,1+ (B, +By =B )1 (9-8)

AR
“Tir (9-8) ¢6 (hé nhan thdy rang. néu tuong tdc gifa cdc ti€u phan tich dién la yéu thi téng
(Ba + By =B, ) e gid tri rdt nho. do d6(9-8) tré thanh:
Ink =Ink, +1.02.2, 75+t (g)
Nhu vy, Ink 13 him bac nhat cia \/I .

K&t luan ndy hoan toan phit hap véi thue nghiém (xem hinh 9-2; <
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0,6 -

®
*
]
1 2
04 .
Y 3
a2 -

4
i:kla? /
. ad o=t O

=2 \
L]
®
-Gz .
L6 5
-g4 i
o af g2 g3 VI

k - C s
Hinh 9-2. Su phu thudc log— vao V1 clia mét s6 phan dng:

r

1- [Co(NH,):Br** + Hg®'; 2- 5,07 + 1,
3' ON=N_COO_CEH5- + OH_ : 4' CH3COOCQH5 + OH-,
5- H,0, + H' + OH" 6- [Co(NH,);Br|>* + OH-.

9.3. XUC TAC DI THE

9.3.1. Pac diém clia xiic tac di the

302

Phan (ng xtic tac xdy ra trén bé mdt phan chia pha la dac diém cta cdc qud trinh xdc tic di
thé. Trong phan tng di thé thong thudng, chat ran c6 thé 1a mot trong ciic tic nhin phan

ing, con trong XUc tic di thé, chat rin thudng la pha hoat dong xic tic.

Nhu bit ky mot phan tmg di thé nao, phin img xiic tic di the gom nhiéu giai dogn vatly va
hod hoe ndi 1iép nhau. Do dé, tuy thude vao diéu Kién phan ting ma t8c do cua phin tGng
chung s& duge quyét dinh bdi giai doan chuyén chat (khuéch tin) hoac giat " an e tdc bé

mat (xem muc 8.2.2 va 8.2.3).

Chdt viic tde ran ¢é rat nhiéu dang: Kim loai (kin: loai bot, cdc kim loai trén chdl mang,
hop kim x6p,...), cdc oxyt (vo dink hinh hay tinh thé, oxy! axit hoic oxyt bazo, cau tnic dac
khit hay cé cau tric mao quéan, din dién, ban dan hay cdch dien,...), cic zeolit,... Do dé, xé
vé phuong dién ban chil tam hoat dong xiic tic, cd= hop chdt trung gian bé mat, thi x(c tic

di thé 13 mot Iinh vue khoa hoc hét sic phie wp. Vi th&, hién nay khong ¢6 mot 1y thuyét



duy nhat vé xic tdc di thé dé gidi thich mei hanh vi xdc tdc, dé tién dodn . lya chon va dé
didu ché chat xuc tac 16t cho cdc phaniing hod hoc,

o Hdp phu ta mot giai doan quan trong trong xuc tdc di thé. Nguoi ta cho rang, cdc chat long
hoac khi phai dugc hdp phu trén bé mat ran thi mdi c6 thé din dén cic hoat dong xiic tdc.

6 thé hinh dung ring, bé mat pha rdn cé thé hap phy cdc phan tir khi theo cic ki¢u sau diy
{Hinh 9-3): )

g Z iy Iz

A 8
1

mol, &

be

+

coch 1o

Ak oar’/?g

i
I
|
]
| 1
|
|
|
|
|
|

5—4 5b—d o--- o o
Hinh 9-3. So dd vé cac kiéu lién k&t hap phu.
A —— B: phan t& AB trong pha khi
o—o0: tiéu phan bé mat
e Mién I d6 13 mién hdp phu vdar Iy, hay 13 hip phu Van der Waais. Trong mién nay, nang
lugng tuong tic gilta bé mat va chit hap phu rat nho (c& lkcal/mol), hop chat bé mat duge
tao ra rat kém bén vimg, cdc phan tir bi hiip phu khong bi bi€n dang lién két. Trong mien

ndy, khong thé xay ra cac bién do1 xiic téc.

e Mién II: 46 la mién hdp plut hod hoc. Trong mién nly, cdc phan tir Khi lién k&t v6i bé mat
manh hon. Su hap phu doi héi mot nang lugng hoat hod dé thing luc day giita cic ddm may
electron cha phan tir khi véi nguyén tir bé mat. Phan tr khi bi bi¢n dang va khodang céch
lién két tang ién. Nang tugng hoat hod hip phu héa hoc ¢6 ¢& nang luong hoat hod cua mot

phan tng hoa hoc.

Sir hdp phu hod hoe tao ra mot hop chit bé mar khong qud yéu va khéng qud bén 1a diéu kién tién

quy€t dé tién 1di thue hidn cdc bién doi xic tic.
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Day 1a mién xiic tdc tuong 1mg véi 1y thuyct da vi clia Balandin (1929), s& duge xét sau day.

* Mién HI: d6 la mién gidi han cha hdp phu hod hoc. Trong mién niy, cé sy tao ra cic

nguyén tir hoac cic géc do dutt lién két trong phan tir chat bi hap phu.

Pay la mién xiic tdc dai dién cho 1§ thuyét xiic tic electron clia Roginski - Vonkensten vi ly

thuyét géc cua Xemenop - Voevorski,

e Mién IV: mién hinh thanh cdc pha thé tich cla cdc hop chat gitra chat khi va chat xiic tic.

Mién nay khong c¢6 y nghia trong xic tic.

Nhur d& néi & trén, chua cé mot Ly thuyét tong quat vé xdc 1dc di thé. Song, cac 1y thuyét ap
dung riéng cho ting loai xic tdc cling dd mang [ai rat nhiéu ¥ nghia khoa hoc va thue tién. Vi thé

sau day ching ta khdo sdt mot s8 1y thuyét co ban.
9.3.2. Thuyét xic tic da vi

Thuyet nay do Balandin A. A. dé ra nam 1929. Theo 1huyét da vi, xtc 14c 1a mot hién tugng
hod hoc. Luc hoid hoc chi tic dong trong mét khoiing cdch rit ngan. Do dd, thuyét Bafundin cho
rang chi ¢é nhiing nguyén tir cia phan (I nam trye i€p trén bé mat xiic 1dc moi tham gia cde bién
doi xic tic.

Vi du, trong phan img dehydro hod cdc ruou, xay ra sif cit hai lién két clia cling mét nhém
CHOH ndm trén bé mat (1{inh 9-4):

Cll, CH;
CH; —
CH, CH» CH, CH»
H H

/ 4 H\ /H
CHOH CHOH CH CH

Hinh 9-4. So d6 minh hoa cat lién két theo thuyét da vi.

Khi dehydro hod xyclohexan, phai ¢6 hai nhém — CH,

ndm trén bé mat xuc tdc tham
gia phan tng. Nhu vay, cdc nguyén tr cha xic tic va cha cdc chil tham gia phan tng tao ra mot
phitc trung gian, trong do cdc lien két ban ddu bi bién dang, y€u di va ditt ra dé hinh thanh mot hop

chat trung gian “xiic tic - nguyén tir phan tng”, hay goi I3 “phifc da vi”.

Quad trinh xay ra nhur so dé sau:
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AB + CD —» AD+ BC {a)

K K K

* ‘."u‘ .
A D A:_' _________ ) ~D A D
A
B ¢ Bi-co-momee s C B——oC

K K
trong da: K: nguyén tir x(ic tic;

AB, CD: chat phin (ng;
AD, BC: san phim phin (mg.

D¢ hinh thanh “phiic da vi™ thi cdc nguyén ur trong phic phai lien két vdi nhau: cde lien ket
giita cdc nguyén tr phan (ng va gitta cdc nguyén tr phan (mg véi cdc nguyén xuc tac khéng duoc
qud yéu va qud bén. Vi tinh chat cla lién két phu thude vio ban chit hod hoc cita céc nguyer i vi
khoang céch gifta ching, nén sy hinh thanh “phic da vi™ duoe quyét dinh bai hai yéu (6: tuong (ng

niang lugng va tuong tng hinh hoc.
(i). Quy tdc twong ting hinh hoc

Pé hinh thanh phite du vi phdi ¢6 sir tong ing gitia cdce khodng cdach ctia cde nguyén i va
cdc véu 16 doi viing cia ode phdn it tham gia phin g vé ciia bé mdt chdt xic tdc.

Vi du, déi véi “phic ludng vi™, khi hap phu ctylen tir hat tam xtc tic, thi géc O (hinh 9-3)

o .

doi hm phii bang 109". N&u lién két C — C bing 1,34A thi khoz’mg cich gitta K — K phai bang
2.2 ?A Khoiang cich Ni — Ni trong mang lui tinh thé bang 2 48A nghm la xap xi vai khoang cich

yéu céu & wén, do do, niken 1 kim loai tot cho phan ting dehydro hod cua ctylen. Két luan di duge

thue nghi¢m xic nhéan.

C C

0= 109" a=109"

Hinh 9-5. So dé h3p phu etylen trén hai tam xuc tac, Cicacbon, K: tdm xUuc tac.

20- THLLK

)
o
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Ngoai co ché “ludng vi”, ngudi ta cling hay gap co ché “tam vi”, “lyc vi”. So do “phic luc

vi™ gilfa benzen va bé mit mang bit dién coa bach kim duge hinh dung nhur sau (Hinh 9-6):

Hinh 9-6. Sg d6 tudng Ung hinh hoc cla benzen va cac nguyén ti bach kim trén mét
mang tinh thé.

(ii). Quy tdc tuwong ting nang luong

Theo Balandin, giai doan cham trong x(ic tac di thé 13 hap phu cic chat ddu hoac khir hap
phu cdc san pham cudi. Hay néi mot cdch khdc, ning lugng hoat hod phan (ing xdc tic bé mit phu

thude vio ning lugng hdp phu hoac khir hap phu.
Xét phan myg:
AB + CD —» AD + BC ()

P& thuc hién phan ing, cic lién két A — B, C— D bi cat dé hinh thanh cic lién két mdi A
—K.B—K.C—K,D—K.

Do d6, nhiét hdp phuy L, bing:
By = - Qan + Qax + Quk =~ Qe + Qe + Quik, (c)

trong d6, K: tim xdc tic; Q: nhiét bién doi lien k&t (-: dit lién két, +: lien k&t hinh thanh

" (xem so do bmuc 9.3.2).
Tuong tur, ta ¢6 nhiét khu hap phu By, bang:

Ekhp = Qap - Qan - Qux + Que - Quk - Qex (d)
Néu got nhidt phan tng (2) 1a w:

u=- Q- Qen + Qan + Que (c)

Goi 10ng nang luong cla cde 1ién k&t bi dit va duge hinh thanh 1a s:
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$=Qun+ Qe+ Qup + Que

(g)
Goi tong ning luong lién két cha cic nguyén 1y chat phan tng va tam xdc 14 i g:
Q= Qux + Qux + Qex + Quy (h)
q con dugc goi 1a thé hap phu.
Tir cic biéw thire (d) - (h), ta ¢6:
5 Lt .
Ehp:q-5+2— (0
$ u
E’khp:_q+5+5 (k)
Bi¢u dién (i) va (k) bang dé thi (Hinh 9-7)
E
S$/2
/7
G L 7
'\\ AL Vi
o h ™ . ,\ 45° —
NPANG 7
K goe
0

£
kh
y P

F y

Hinh 9-7. Quan hé E - q trong phan (ng thu nhiét:

—— . Ung vdi cac phan {mg thuc té;

1 iing vGi cac diéu kién khéng thé xay ra phan dng.

Khiq=0,1lr(c) tacé: E =- Q- Qe
Tar T (- Qun - Q) vé dudng thing cit truc hoanh mot goc 45", Ta ¢d dudng:
5 U

E|1p:q_;+_'

- . I
Tuong ty. 1a v& duoe duong . = —-q+ 5LV
4 g 5 5

- s
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Theo ly thuyet da vi, thi mot trong cde giai doan cham nhat }a hdp phy hoic khir hap phu,
do d6, nang luong hoat hoi cha phan Ung “phic da vi™ thudng 1a mot dai lugng nho hon E,, hodc
Ekhp'

Theo Balandin thi;

E = - E]l]]
4 (9-8)
E

3

hOE‘.:lC & - 4 EI-.'I\p
Tir hinh 9-7 thay ring, diém cat ctia hai dudng L, va Ey,, cba mot phdn ing thu nhi¢t trong
g v6i nang luong hoat hod clia phdn ting 1 nhé nhat, Lua chon chat xtc tde sao cho ¢6 th¢ hip

phu tuong img véi diém O s& cho t6c do phan ing 16n nhat.

. g . u
bieu kientoruwu la: E= — . q= (9-9)

b2 |

Bén trai dieém O, nhiét hip phu 160 hon nhiét khir hap phu nén hap phuy la giai doan cham -
quyét dinh tdc do phin (ng: bén phai diém 0, thi moi quan hé déu ngugce lai.

Nhu vay nhd quy tic tuong gng nang luong ma ching ta ¢d thé 1ua chon xlic tdc dé cé nang
lugng hoat hod (61 wu, hoic cii (hién xtic tic biang cach bién déi ban chdl hod hoc (thanh phan hod

hoc) trong khi diéu ché xiic tic.

Thuyét da vi di dua ra cdc két luan khd phit hop véi thue nghiém. Song, thuy€t nay cling co

cde nhuoe didm:

1) Viée chdp nhin “phitc da vi” ndi chung mau thuan véi nguyén ly can biang vi mo, nghia

13, hai phan @mg thuan va nghich phai di qua cting mot trang thii trung gian.

Vidu, xét phan ting:

: : :
A D A-namem D A———m1D
K’ ‘ ‘ . K K's | L K K' e 'K
B C I C B—-C
] ‘. .
K K~ K
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Phan (tng thuan xdy ra tir céc tam KK, con phan tng nghich xdy ra tir cdc am K’K’ nhu
vay, }a mau thudn vé1 nguyen ly can bing vi mo. B¢ khic phuc mau thuan dd, phic da vi phai duoc
140 ra tir bon tam KKK'K’, va nhu vay loai trit kha nang “phtc ludng vi™ cla thuyét nay.

i) Thuyét da vi khong dp dung dugc cho cac phan ting xay ra true tifp tr cac phan tir khi
vGi phite hap phy bé mat. Phan (g loai nay ciing rit hay gap trong xic tac di the.
i) Thuyét da vi chi quan tam dén nang luong hdp phu, khong quan tam dén phan ing bé
mat 1a chua hop 1y.
9.3.3, Thuyét cum tam hoat dong’

Theo thuyét nay, pha hoat dong xdc tac 1a mot pha vo dinh hinh bac gdm mot nhdm nho
(cum) céc nguyén 1 ndm ngoii mang tinh thé. Chi nhitng nguyén ti - cum nguyén t nhu the mdi
1A trung tam hoat dong xuc tic. Pha tinh thé (bé mat tinh thé) khong c6 chiic nang xic tic ma chi
dong vai 1rd clia mot chal mang ¢dc tam xiic tdc, gdm n-nguyén tir, duge ¢b dinh vao chat mang
bang cic luc hap phu.

Néu goi @ 12 phin bé mét chat mang bi chiém bdi chit xic tac:

Luong chit xiic tic thuc 1€
o = (a)

Lawrgng chit xuic tic can thiét dé tao ra mot bé mat don §dp trén
chét mang

thi ngudsi ta nhan thdy ring, rat nhi¢u phin (ng c6 hoat tinh xuc tic cuc dai tng v6i gid trl o =
0001 - 0,01.

Tir céc s6 licu thue nghiém, ¢4 thé phan chia thanh hai nhém phan tmg nhu hinh 9-8 (1) va
0-8 (II).

Tai sao lai 6 k€t qua nhu theé ? Thuyét “cum tam hoat dong” cta Kebozev giai thich nhu
S
Bé mat tinh thé thyc ra 1 khong déng nhat vé mit nang htong va hinh hoc. No bi chia

“manh™. méi “ménh” ¢6 kich thude ¢ 107 - 10° cmé cdc ménh bi tich khoi nhau bdi cdc “'vi ranh”

" Thuyét ndy do Kobozev N.1, nha bic hoc ngudi Nga dura ra ndm 1939 véi tén bang tiéng Nga:
reopus ancambreit, duge dich ra tiéng Viét 1 “tap doin hoat dong’. O day. ching 16i ding
(thuat nglt “cum tam hoat dong”™.
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do ciic khuyet ta1 ciia mang tinh thé. Méi “manh” duoc xem nhur 1a mot “hé™ (thé nang va hinh hoo)

doc lap véi nhan. Cic nguyén w ro1” vio “he” chi duge phép di chuyén tron

g d6, khong the vuot

qua “bidn gidi” va tao nén nhing nhém tam hoat dong xuc téc (xem hinh 9-9).
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Aa

!

(Z)

14 .
Y
o °<::a.x: D{max ‘b{

Hinh 9-8. Su phu thuéc cuia A va a theo «

A: hoat tinh xUc tac téng; a: hoat tinh xuc tac riéng (a = Ay
o
N&u goi p 1a dién tich duge phép di chuyén clia mol nguyén

]

trong do: A: dién'tich cua "manh™;

o dien tich bi chiém boi mot nguyén tr xiic tdc.

S

G

Hinh 9-9. Su phan “manh” bé mat tinh thé tao ra cac “cum tam hoat déng™.



Tong s6 “minh™ ¢l bé mit S &
S
(C)
S: bé min xUc tac tinh cho mot dem vi khéi luong hoic mot don vi thé tich giic tic
Goi (9, XGC sudt TToiT nnguyen e vio mot manh™;

v: 56 nguyeén tir trung binh trong mot “manh™;

A: hoat tinh xie tic;

r,. hoat tinh xiic tic cho mot “eum tam hoat dong™ gém n nguyén .

Trong khoing gid ui cun o nho. xdc suiil o, wan theo dinh Judt phian ha Paisson -

Smoltuklopski.
Y (d)

Y

m = —.
n!

Néu ndng do bé mat trung binh el wiic tée Ta € (nguyén tifem?), thi s6 nguyén (W uding

binh trong mét "manh’” bang:

v=C_CA {c)
Mat khic ta co:
a=Co (g)
Tir (e} va (g):
A
v=—.0 = pat (h)
o]
Thay (h) vio (d). ta duoc:
non e
®, = p o< (i)
n!
56 “cum tam hoat dong™ , bang:
. X o n. — s
pmat, =zt P (k)

n!

Hoat tinh xtc tic chung, bing:
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A=z 1 = Z”.(_p'ﬂf_. (9-9)

P (9-10)

o n!

Tir (9-9) va (9-10) co thé xdc dinh dugc cac gid i cue dai:
ot =t (9-11

) . _n-l1

p

(9-12)

max

(9-11) va (9-12) uong ng vai trudng hop thuc nghi¢m cua hinh 9-8 (I11) véi n>1.
Khin = 1 thi a khong cé cuc dai, nhu trudng hop hinh 9-8 (I).

. C6 nghia 1i, khi cum tam xuc tac chi gdbm mot nguyén r thi hout tinh xtc tic riéng a luon

lubn giam theo o Khin > 2 thia co cye dai.

. . T o n n- . .
Tir (9-11) vaa (9-12) vaa tir cac s0 lieu thue nghiém cua a® =-.dab = __..I ching ta co
g max é’-

max
p
thé xdc dinh duge s6 n rong mot “cum tam houat dong™ v s& dién tich clia “manh™ chifa cum tam
da.

Thuyét “cum tam hoat dong” clia Kobozev di giai thich rat nhiéu két qua thuc nehiéni. nhat
|a dSi v6i cie xic tdc cluster kim loal (cum nguyen tir kim loai). Song, nhi¢u ¥ ki¢n cho rang thuyét
d6 khong dé cap dén vai trd cua thanh phin hod hoc cta chit xuc tac, cla cde yeu 1o hod hoc trong
qué trinh xiic tdc 1a diéu khong hop 1y.

9.3.4. Thuyét xic tic electron

Thuyét nay duge xay dung bdi Roginski va Vonkenstein, nam 19438,

Noi dung chil yéu cua thuyét nay la mé ta dinh luong ¢o ché& xtic tic clectron va xdc 1ap
méi lién he gifta tinh chat electron va tinh chdt xiic téc clia cdc chat bin dan.

Thuyél xuc 1dc electron, trude hét, do L thuyét v¢ i tde ban dein. duoe tng dung trong
[inh vuc phan tng oxy hod khu. Cic két qua chia thuyét nay co the dugc sir dung cho chat di¢n mot,

khong dp dung duge cho kim loai. Tuy nhién, trong diéu kién oxy hod, hdu het cdc kim loai déu
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duce phit bai mot ming oxyt. Oxy, hydro, nito nhanh chong va ¢ ding bi hap thu bai cde Kim loai
tao nén mot mang bian din. Nhu vay, nhi¢u phan (ng xic tic la kim loai nhimg thue chit Ja xie tic

bin din.
({). Chat hdan dan

Chat ban diin khde véi chit cach dién 1a ¢6 electron (hoge 16 trong) din dign, Khic VGl Kim
Joai 13 cd mot viing cd niang luong ddi vai electron (hoic [& wong). Néng do cdce electron din dign
trong kim loai khoing 10 - 10" (56 electronfem’), trong chilt bin din khoang 10" - 10%, wong
chat dien moi I thip hon 10%. Do ndng do el cdc electron trong bin din khong 16n 1am nén ¢ 1thé
xem cic electron 1a doc 1ap voi nhau, khong tuong tdc lan nhau. Nhu vaty, trong 1y thuyst xic tde vé
chit ban din, bai todn cin phii gidi 1a bai todn mot electron.

Trong kim loai cdc mife nang lugng cla electron din dién vi electron tién két néi 1iép nhav

{hinh 9-10u)

D1 vdi kim loai dé chuyén electron vao ving dan, khéng dor hoi mot ning lugng nio ca.
Trong khi d6, d6i vai chat bin dan (h‘mh.O-IOb), electron phai virgt qua mot hing rao nang lugng U
- ~nang luong hoat hod dan di¢n”. Do dd, trong kim loui clectron 1a chung cho 1win hé, cé the
chuyén 1y do trong kim loai, con trong chit bin din, sir chuyén dong electron lién quan dén sy bich

461 trang thdi cla jon hodc nguyén ur.

Thong thudng, dé rong cla ving cam khong 16n Am, chi 0.2 - 0.3 eV. Cic clectron wr do

\\\\\\\\\\
Ving 1 ae
MU \

T, Ving cém

ducc 1ao ra do nang lwong nhiét hoic bic xa dién ...

Ying l1én hét

5)

Hinh 9-10. So d8 cac viing nang luong cla kim loal (a) va chat ban dan (b):

[}
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= Vlng gach vudng: miic nang iugng ng véi cac electron lién két (viing hoa tri);
»  Ving gach ngang: mic nang lugng Ung véi cac electron tu do (ving dan);
= A cong thoat cla electron tir kim loai vao mdi truong.
Chat bin din duge hinh thinh do sy thay d6i thanh phén ty lugng hoac do ¢é miat mot
Tuong tap chat.
Vi du, oxyt kém (ZnO) ¢é lan mot luong rat nho Zn kim loai (dang tap chat). Dudi tic dung
nhiét, cdc electron trr do xudt hién ti nguyén tr Zn:
Zn > Zn* + e
Trong mang 1uGi, e lién két khong chat véi Zn' ma c6 thé chuyén tir ion Zn™ nay dén Zn®
khdc (Zn ** cliia ZnO).
"+ e — Zn'
Su xudt hién céc ion Zn®, vi vi ti cla chiing chuyén dich trong mat mang tinh thé. Oxyt
kém v&i kém du 13 chat ban dan dén electron, hoidc goi la héin dan loai n.

Khi nung trong khong khi, oxyt niken nhan thém oxy dé thuc hién phan img:

2Ni* o+ %02 — 2N + Oy

Mot phan 1t O, tham gia phan tmg s& tao ra 4Ni™, nghia la oxy dd tao ra cdc 16 tréng”
mang dién tich duong trong mang Judi oxyt niken. N&u bay gid ¢6 mél electron nhiy tir Ni** sang
Ni™ thi diéu d6 tuong dirong véi su hodn déi vi tri Ni** va Ni™ theo hudng ngugc lai.

Chat bin didn din “16 réng™ duong duge goi 1a bén déin loat p.

(ii) Xiic tdc trén chat ban ddn

Theo 1y thuyé&t xiic tic ban din, hi¢u ing xiic tdc xay ra wén bé mit chat bdn dan Ja do cdc
chal tham gia phan ving tao véi bé mat bin din cac lien k&t hod hoc klidng dhdt bén, khong thdt véu:
dé 1 lien két mot electron. Néng do cha cde hén két do cang 16n thi hoat tinh xtic tic cang lan.

Pé don gian, ching ta xét truong hop chat tham gia phan tng 1 cdc nguyén tr A ¢é mot

clectron. Trén hinh 9-11, trinh by so d6 hinh thanh cdc lien k&t gitra A va bé mat chat bdn dan.
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Hinh 9-11. Sd 34 hinh thanh cac lién két giita A va bé mit chét ban dan.

Vi tri a tuong ing vdi trang thai cla A khi con & xa bé mit tinh thé. Nguyén tir A cing ti€n
dan d¢n bé mat tinh (hé thi electron cta né cang bi hit vao mang ludi, hinh thanh lién két mot
electron (electron cla A ding chung cho ¢a lien kél) - vi tri b. Lién két mot electron khong that bén

v ciing khong that yew, ddng mét vai tré guan trong trong xuc tic,

Né&u trén bé mat chat hip phu cé electron tur do (chat bdn dan) thi electron ¢6 thé 1am cho
ion bé mit ré thanh nguyén tr - vi trf ¢. Néu A bi hdp phu trén d6 thi sé tao thanh mot lién két hai
electron bén vitng - vi tri d. Néu cép electron bi kéo léch vé mot nhan nguyén ti pio dé thi s& xuat

hién lién két hod tri ion.
Nhu vay ¢6 ba kiéu lién két:
i. Lién két mot clectron (lién két dong cuc yéu).
2. Lién két déng hod tri.
3, Lién két ion.
Lien k&t ddng hod tri va lién két ion déu bén vimg, khong thich hop cho xiic tdc.
Bay giy chiing La xét xac sudt hinh thanh ciia moi loai lién k&t trén.
Néu got N: 56 nguyén tir (hay phan r) bi hap phu;
No: 6 nguyén tir (phan 1) & trang thii lien k&t mot electron ;
N,: 6 nguyeén tir (phan 1) & trang thii lién k&t dong hod 1ri;

N,: s6 nguyén nr (phan tr ) & trang thii lién két ion.



VA goi M. My, My 13 xde sudt (phin) cde nguyen or nm o trang thdi lién két mot electron, lién két
ddng hod tri va licn ket ion (uong img.

Tacdo: N=N, +N, + N,

Ny = Mo
n N
N
—_ N3
n, N

Cic gid tri 0, n,, n, dac trung (hdi gian séng trung binh cla nguyén 1 trong mot frang thdi

di cho so vdi thoi gian 6n taj clia né trong trang thii hap phy. Gid i dé phu thude vao nong do

clectron hodc nong do 16 trong™ trén bé mat nhu sau:

1
R )
I+ —+—
A n,
N, = 1
L E—
l+~éﬂﬂ+~p0
n, n,
TR
B A

trong dé: 1 li s6 electron vy do trén bé mar;

A v B: hang s6;

A=ae ™M B=ae o

a= f’y—f;.2ﬂ.m|‘k.’l‘.
.2

o day, g, rong lugng thang ke viing din;
: khéi luong higu dung ciia electron w do;

vi nang lugng chuyén mot tiéu phin hap phu tir rang thai licn ket yéu (lién ket mal
electron) vao trang thii Hén két manh (lién két jon) nhé olectron viing dan:
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h: hing s6 Planck.
Cac bidu thie 1, 1, N2 duve bidu dién & dang dé thi nhu & hinh 9-12.

Tir hinh 9-12 ¢6 thé thily rang, xac sudl tao ra lien két n, di qua mot cue dui khi
néng do electron tr do trén bé mat 1ang. Cic xdce suit hinh thanh lién két déng hod tri 1, v lien két

n, ludn tang hoac gidm theo ny.

7

Hinh 9-12. Xac suét hinh thanh céc lién k&t phu thudc vao s6 electron tr do trén bé mat
chét ban dan.

Nhu di néi 6 tren, lign k¢t yéu mot electron dong vai trd quan trong trong xtic tic. Do dé.
cin phai chon cdc diéu kicn thich hop: nong 4o tap chit. néng do khuyét tat, phiong phip didu che,
diéu kién phan mg.... 4 sao cho ¢6 n., cuc dai, nghia 14 tmg vai trang thdi ma cdc nguycn tr, phan
1t ¢6 kha nang tham gia phan img xdc 14¢ 16n nhat.

Thuy¢t xlc tdc electron chi han ché ing dung trong Jinh vyc xtic téc bin dan, theo co che
oxy hod - khir khong thich hgp cho cdc xic tdc theo co ché ion {thuy phéan. déng phan hod.
cracking, hydrat hod, v.v...) va mdt 6 co ché xic tic khac.

9.3.5. Gidi thit¢u so luge vé cac thuyét xac tic khace

o Ngoai ba thuy€l di trinh bay & trén. cdc nha bac hoc Xo viél da dé ra mot s6 thuyét khiic nhur:
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Thuvét bé mar tinh the howr déng: thuyet nay cho rang. chinh toan thé bé mat unh thé ¢é tinh chat
xtic tie chif khong phdi cde trung tam hoat dong - cic phan nho riéng bigt chia bé mat. Hoat tinh xdc
tic phu thude vio ban chat hod hoc va do 1én bé mat cla chat xdc tdc. Vi the bé mat riéng 14

mot trong nhifng dac trung cd ban cua chil xic tde.
Thuyet bé mat tinh the hoat dong duce dé xudt vi phdt trién bol G. K. Boreskob.

Thuvet gind bdo hoa: thuyét ndy do X Z. Roginski dé xudt vio nam 1934, Thuyét wud biic hod xem
phuong phip didy ¢hé xie tic ¢é anh hudng on dén hoat tinh clia chal xic tdc. gdn cho sy xudt hién
clla cic cum tam hoyt dong L do “lar lich” clia xiic tic. €6 1hé néi. thuy€t qud bio hod - dé 1a thuyet
diéu che xtic tac hoat ddng.

1% thuy& qud bilo hoa xuat phdt wr nguyn 1y can thict mon ndng hegng ne do dw rén e mat v
rée. Nang lugng d6 cing 16n 1hi nhit dinh xie e cang hout dong. Nang lugng tu do cda phan ing
(ao ra Xie lie 13 cosd cho ngudn nang fugng tr do dir he mat. Cie e e 16t phai La qud bio hoa
nang luzong, khong nam trong trang thii bén vimg nhiét dong hoe. C6 bon dung qué bao hoa: qud

bio hoa trang 1hii {pha): qui bio hoa cau 1ric: qua bdo hoa tap chil; va qud bio hoa do phan tin.

Thiyét xtic tdc gac: huyel xic tde goc duoc xdy dung boi N. N. Xemenov vad' 3 Voevotski. Theo
thuyét nay. trén bé mat cdc Kim loai vit cdc chat ban din cé thé dé dang hinh thanh cdc hod ity do.

c6 thé xem mot vt ran lomot “goc 1w do vimo™.

Cic hod ri 17 do €6 thé 16n tal 1rén bé mat vt ran do cac lien két chira bio hoi. viu ¢ thé xual hign

trén bé mat Linh the.

Nhif su t8n tai vi xudt hién cdc goc tu do nén céc chat ran (kim loai va ban dan) s& 1 chat xic tdc ot

cho nhiéu phan img chudi. £
Nhdn xét:

Cic thuyét vé xic tic duge trinh bay & trén gitp cho chiing ta hidu 16 bn chiit xtic tic cua
cic kiéu phan 1ing (oxy hod - Khy, ion, gdc,...) trén cice loal xie tdc khic nhau (kim loai,
oxyt, tinh thé, vo dinh hinh...}. Tay néi mot cich khde, cde thuy€t do la nhimg truomg hop
cu thé cho timg Tinh vyc xc tdc rieng biet, minh hoa cho ¥ wdng: moi con didng xic tde
déu phai “di qua” cde phic trung gian xie 1dc dé hini thanlt va dE phdan huy nhdt (nang
Lisong hoat hod wha). Cac lien k€t trong phic trung gian hout dong xdc tic phai khong thit

y&u viu khong thit bén.



Cdc thuyét xic tic trén thudge trudng phit “Xo viet”. Do d6, trong cdc tai licu khoa hoc
(sdch gido khoa, chuyen khao ...) & Lién x0 vi ¢dc nude XHCN trude day duge dé cip dén

nhiéu hon mot cach ding k& so véi cac nude phuong Tay.
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CAU HOI VA BAI TAP
Cau hot
1. Binh nghia su xic tde va chat xdc tic. Cho mot v vi du.

2. Chimg minh rang chat xic tdc chi lim tang téc o phin tng ma khong 1am thay doi hang s

cin bang cia phin g,

Ll

Bing thuc nghi¢m ¢ thé phit hién duge cic hgp chat trung gian xiic tde khong? Phin bigt

hop chit trung gian xic tdc v hgp chat trung gian thong thutng.
4. Dic diém cia phuong trinh dong hoc cde phan (g xiic tic déng thé.

5. Binh nghia axit vh bazg Bronsied . Vi€t bicu thie 16e do phin (ng cla phin tng B — C +

[ xuic tie bo axit HA.
6. Anh hudng clia cic mudi dén tdc do phin tmg. D6 ¢6 phii L mot hicu tng xie tic khong?
7. Noi dung chinh cia thuyét xuc tac da vi. Pham vi (mg dung.
8. Noi dung chinh cia thuyét “cum tam hoat dong™. Pham vi tmg ding.
9. Noi dung chinh ctia thuyeél xic tdc dién tir. Pham vi tng dung.
Bai tap
C6 mot phitn tmg gom nhiéu giai doan co ban sau day:
l. COy, + S, = CO,,
2. HAK) + 28, = 2il,,
3. 2Hup + €Oy = HCO,, + 28,
4. H,CQ,, + S, = CHay,, + Oy,
trong dé S, Ia tam xic tac (tam hap phu), (K): trang thdi khi, (hp): trang thidi hip phy.
Bidt rang cic phin dng (1), (2) vit (3) xdy ra rat nhanh (cén bang hod hoc duge thiét lap lic
thasi), Phan ting (4) 1a gial doan cham nhil, ¢6 16c do nhd nhit so vér cie giai doan (1), (2) v (3).
Chitng minh ring. 16¢ do phdn (ng 1ong cong li:
K, K, K,

v=Kk,., ———
[l + \I.u"K , _P”j +K, P,

2 2
i Peol ts
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trong {6, k. hang s3 (8¢ do cta phan img (4);
K., K,, K hang s& ¢in bing caa cde phin dng (1), (2) va (3);
P,y Py, : dp sudt rieng phén cia 1, v CO, tuong tng;
Gy O + 0+ O =1
Os_: phin bé mat ty do (cha Sy);
8, phan b¢ mat bi hip phu bai 11;
B¢,: phidn b¢ mat bi hip phu boi CO.

Bai gidi:
s Toe do phan ing chung ducre quyct dinh bdi 16¢ do cha giai doan cham nhat:

v=vi=kib Byen,, (i)

Cdc piai doan 1, 2 v 3 xdy ra rit nhanh, nén lap tde dat 4én can bang, do do6:

B =K Ped N (i)
1
8,= (KD, )30, (iii)
0; ‘
9113(‘0-_“, = KB, 0% (iv)
Sﬂ
trong do: K., K, vi K; 14 hang s¢ can bang cla phan tmg 1, 2 va 3;

0, [a phin bé mat hiap phu cuai (i =S, 1, CO ..).

Thay (i1) va (i'ii) vao (iv) ta duge:

eiizt'ntm = KlK;Kapnz_ pf‘ue‘\, (\")
v, = kKKK, I’H3 l’a,Osa (vi)
v 956 +6,,+06,,=1 (vii)
I 1
nén 0, = {1:*(}(21’,13)1 +1<1pm] (viii)
D0 did:
v=k, KKK, &

[1+ K.py, - K,l’m]
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PHAN 11X
PIEN HOA HOC

Pién hod hoc 1a mon hoc nghién citu cic qud rinh xay ra gitta b€ mat phan chia pha ¢ 18p
di¢n tich kép: d6 la cic qua trinh chuyén hod nang luong hod hoc thanh dién ning vi ngugc laL
M. Lomonoxov 1a ngudi dau uén (ndm 1765) dua ra mdt quan diém sau sic vé mai lién hé gida
ciic hién tuong hod hoc va nhimg tinh chat dién hod cha vat chat. Theo ong, *néu khong ¢d hod hoc

thi con dudmg nhan thic vé ngudn goc dign tich La bi bé tic™.

wNam 1799, nhd phit miah nguon dign diu tién clia nha bac hoc Y Veite ma viee nghiérretiu dign
hod da phdt tnén manh me. Ngudn dign clia Volia gém maét day cdc thanh dong va kém. dudc ngan cach béi
cdc tim da tim axit. Méi mot cap thanh déng - KEm 1ao thanh mot pin. Noi uép cde pin do theo so dé:

kémn

|d6ng|axil|kém\d6ng axit | kém REE

cho ta mot hicu dién the lon giia hat dién cure déau vi cudi. Nha bac hoe Nga V.V Perrop 13 nguoi dav tien da
Jap mot he 4.200 cap pin déng - kém nhu the 4é ché tao kim loai (Pb. Cu. Sn. Hg) va thue hién phong ho
quang dién gifra cic dién cue than. Nam 1833, nhit biac hoc Anh Fardday da i ra cic dinh Juat dign phao.
tao co s¢ cho cdc nghien ctru dinh luong vé qud trinh dién cue. Nam 1839, nha bac hoc Nga fakobr di phat
minh ra phuong phip ma dién. pht én cde kim joat d& bi au mon mot 16p phil mong cua mot kim loal khac

chiu an mon va ¢ ve dep han han.

K§ thudt dién phan cing duge tng dung vao cong nghiép luyén Kim tao ra cong nghe di¢n hixen sin
<udt nhom. magie. vi mot s6 Kim loai khic. Trong cong nghi¢p hod hoc. dién phin duge tng dung dé san

xuat hydro, clo. flo, hypoclorit, pecloral..... &

Néi chung, dién hod hoe ¢6 mot vai tro quan trong khong nhimg dai v6i cde nghién ciu cd
bin trong phong thi nghitm ma con doi voi thue (€ san xudt clia nhi¢u nganh ky nghe hod chat.

juyén kim. dién 1, chong an mon va bio vé kim loal,...

T
]
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CHUONG 1 0

DUNG DICH DIEN LY

10.1. TINH CHAT DAN BIEN CUA DUNG DICH PIEN LY
10.1.1. Hai loai day dan

Phu thuoe vio kha ning dan dién, ngudi ta chia cde chal thanh: chat dan di¢n, chat bin dan
vi chél cdch dién, chit ¢ do din dien tir 10" dén 10°CY am™ duge goi la chat din di¢n. chit ¢6 do

din tir 10° dén 107" et - chiat cich dien. Chiat bin din ¢é do din dién nam giitfa hai loa trén.
Phu thuoe viao ban chil chuyén van dong dién, ngudi ta chia chat dan dién thanh hai logr:
Day dan loai {2 bao gém tit ci cdc kim Joai ¢ trang thdi rin vi ndng chay.
Ddc diént ciia day dan foai 1 la:
— 'Diin dién bang clectron

— €6 do din dién cao. Dudt tic dung cla dién tuomg, electon chuyén dich cé hudng tir cye
am sang cuc duong clia ngudn dien. Khi nhi¢t dé tang, dé dan dién cta kKim loui giam, vi

cdc ion & nit mang dao dong manh cin rd sy di chuyén cua eletron.

—  Day dan loai 1 ¢6 thé ndi trye t&p véi ngudn dien. Dong dién qua day din loai | chi gay ra
cde hicu tng nhigt, tir va cdc bicn doi vat 1y khic; khong gay ra cdc bién doi hod hec trong
ban thin vat Lidu dan dién.

Day dan loai 2: bao gom cic dung dich nude cia cic mugdi, axit vi bazo, gém mot s6 mudi

ndng chay.

Ddic diém ciia day dan logi 2 la:

‘o
I
N



Din dién bang cic ion. Do din dién clia day din loai 2 thip hon day din loai 1 nhiéu lan.
Nhung khi nhi¢t do ting, do do nhét dung dich giam, do solvat ciia ion giam nén do dan dién

ting.

Pac diém quan trong nhil clia day dan loai 2 1a khong 1hé ndi true 11ép véi ngudn dién ma phai

thong qua day dan loai mot.

Thi du: Ta ¢é dung dich CuCl,. Trong nude, CuCl, phan ly thanh cic ion Cu® va Cl. Cic

1on ciing khong the ndi trye uép véi ngudn dien néu khong ¢ sy can thi¢p cua day dan loai | (xem
hinh 10-1).
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Hinh 10-1. Sd d6 hoat déng dén dong dién cla day dan loai 2;

A nguén dién: + cuc duong;
- cuc am;
B: binh dung dung dich CuCl,;
+: thanh kim loai (Pt) n&i vdi cuc duong clia ngudn dién, dugc goi la anot;

- thanh kim loai (Pt) néi vai cuc am cla nguén dién, dude goi 1a catot;

@ : cation Cu®* ; e :anion : CI;
—E . chiéu dién trudng trong dung dich:;
SN chiéu dong dién trong day can loai 1;
—E: chiéu clia electron trong day dan loai 1.



Khi déng mach (cong tac K), dong dién di tir cue duong sang cuc am cuy nguodn dién,
clectron chuyén dong nguoc lai. Trong dung dich, dudi tic dung cha dién truong E, cdc cation Cu™
chuyén dich theo chiéu dign tnuong dén catot, tai d6 cde Cu™ nhan electron tir cuc Pt dé thuc hién

phan vng:
Cu* +2e - Cu"

Cu® kim loai duge hinh thanh vi bam vao cuc Pr. Trong khi dé, cic anion €I chuyén dich

ngugc chidy dién truong di vé anot, tai 46, Cl" nhudng electron cho anol (Pt) d¢ thuc hién phin tng:
201 - 2e —» QT
K&t quéa ia CuCl, bi phan huy thanh cic hop phan: Cu va Cl,.

Tir vi du trén thay ring, dong dién muon chuyén 1ai qua day dan loai 2 phal nho cic ion,
sau d6 cac ion thue hién cic phan tng oxy hod khi tai bé mit phan cich pha. Cdc phan (mg dién

hod xdy ra & cic dién cye chinh ta d6i wang nghién ctru cua dién hoid hoc.
10.1.2. Do din dién cua dung dich dién ly

Dung dich di¢n ly chita cdc ion {cation va anion). Tuy thugc vao ban chit va 56 luong 1on

ma kha ning dan dién clia dung dich dién ly khdc nhau.
Do din dien 1a dai luong dac trung cho kha ning dan di¢n cla cdc loai day dan.
Ciing nhir day dén loai 1, dién trd ca day diin Joui 2 duoc xde dinh theo dinh ludt Olun:

R=p

+

vl —

trong dé: p 1i he s6 tf 1& va dugc goi Ta dién e sudt cla dung dich;
S: 12 1ié1 dién cua dien cye (2 dién cuc duge dat song song vit dé1 dién nhau
{xem hinh 10-2);
I: khodng cdch gilta hai dign cuc.

Theo quy udc,do dan dign 13 dai luong nghich dio cua dién tré. Do do, do dan dién cua

dung dich dién ly ducc xic dinh:

(10-1)

L
Rp'
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Hinh 10-2. So dé binh do d6 dan dién:
1; 2: ban cuc kim loai c6 tiét dién S;
3; 4: thanh thuy tinh.

o D dan didén vidng: Pa lugng — duge goi la do dan dién riéng, va thudng duoe Ky hicu k.

P
o S (1017
R |
aw=1_11 (10-2)
p RS
Khil=lemviS=1cm’thid= ! (10-2')

R

Nghiu la, @ 1a do dan di¢én cta mot dung dich dién ly nim gitta hai dién cuye ¢6 ¢t dién

bing 1 cm®, vd cdch nhau 1 cm. Néu R [Q], [ [em], S [em?] thi 46 duge bidu didn [ .em™).

Pé xdc dinh 25, ngudi 1a phai xic dinh R cla dung dich va hang s6 binh {1y s6

).

wi—

< Dién rd R duge do bang phuong phdp ciau can bang Wheastone. DE do chinh xdc dé din dién cua
mot dung dich dien Iy nguoi ta cin phai (i) do chinh xdc nhigt do va gilr nbhigt do cia he do on dinh (bang
tecmosta). (i} loal bo st phan cue dicn cue (nghia li sy thay déi trang thdi bé mat cha dien cuc, vi néng do

dung dich quanh dign cue). (i1} do chinh xdce cdc tri so dien tro.

[
]
o0



D¢ tranh sir phin cue ¢é thé sir dung dién cue nhu muot Pt (tang bé mat dién cue) va dong dign xoay

chidu véi tan «6 500 d& 2000 HZ (rinh phan cuc ndng do). o

S dé do duge gidi thigu & hinh 10-3.

Hinh 10-3. S db do dién trd day dan loai 2 theo nguyén tac cau Wheastone:

U: ngudn xoay chiéu; R, dién trg da biét;

AB: dién tr& con chay. Tuy vi tri K ma ty s6 dién trd R. khac nhau;
Rd

E: &ng nghe; R, : binh do @& dan dién.

My phdt U cung cip dong xoay chiéu véi tan 56 ¢& 1000 HZ, phit ra nhitng tin hi¢u “pip-
pip" trong dng nghe E. Didu chinh con chay K sao cho tin hiéu ¢6 am lugng nho nhat. Tai dé, ¢ sy

cin bang:

Ro_R
R, R
Dodé: R =R, &
A R

Nhur vy, chiing ta da xdc dinh duge R, cta chit dign ly.

Pé xic dinh hing s6 binh | = 1 chiing ta sit dung mot chit dién {y chudn di bict trudc 2,
S

tién hanh xdc dinh R, nhy trén ta s8 xdc dinh duge hang s6 binh k.

Theo (10-2): k = 1= Far Ria
S
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Sau khi do duoc R, va biét k, chiing ta s& xac dinh duge @& theo (10-2):

= —
R

Vi di: Do dién ud ciia dung dich KCi 0,02 M ¢ 25°C bang binh do do dan dién duge R =
82.4 Q. Do dan dién riéng cua dung dich KCl nay 1a 0,002786 Q''em™.
Ciing diing binh nay do dung dich K,S0, 0,005N ta duoe R = 326 Q. Xdc dinh hing s6
binh va d6 dan dien riéng cta K,30,.
Gidi: Tir cac s6 licu chia dung dich KC1 0,02 M ta x4c dinh duge hing 6 binh:
k=R =824.0002786
k=0,2281 cm™.

Do dan dién riéng cua dung dich K,S0, 0,005 N la:

o k02281

=6977.107% Q'em’!
R 326

o Do ddn dién diong hicong

Pinh nghia: D¢ dan dién duong lugng 1a do dan dién cia mdt thé tich dung dich dién ly
chita mot duong luong gam chéit nim gifia hai dién cye song song va cach nhau [ em.

Gifta do dan dién duong lugng va do din dién rieng ¢6 moi lién hé nhu sau:

Ky hiéu do dan dién duong lugng la A. Gid st néng do duong lugng ciia chat dign ly la €
dlg/l. Nghia 13, C dlg chdt dieén ly chiia trong 1000 cm'. Vay ldlg chifa trong thé tich 1000/C cm’
Theo dinh nghia, thi 2 1a do din dién cla 1 cm’ dung dich, viy do din dién clia thé tich 1000/C la:

. 1000
= —
C

LA {10-3)

trong d6, & [(Y'.em™], C [dlg.I'}, & [dlg! Q' em’]

Ho din dién duong lugng dugce sit dung d€ so sinh tinh chat dan dién ciia cdc chit dién ly

khdc nhau.
10.1.3. Chat dién ly yéu va chat dién ly manh
(i). Hién tuwong dién Iy
Chalt dién ly ta chét khi hoa tan vao dung moi (H,0, CJIL...) ¢$ kha nang phan ly

thanh jon. Trude day, ngudi ta da timg cho rdng, su phan ly ion chi xiy ra khi ¢6 téc dung dong
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dién. Thuc ra, su phan ly d6 la do tdc dung cla cdc phan tir dung moi dén cdc lién két hod hoc trong
cau tric cua chat dién ly.
Thue vy, mot s6 chét ¢6 can tao tinh thé ion, hoac cic phan tr ¢6 cye (vi du: NaCl, HCI,

HBr...), dudi tic dung cua dung méi, bi phan ly thanh ion theo so dd sau (hinh 10-4).

Hinh 10-4. S0 @6 phan ly ion trong dung méi phan cuc:

a. [ phan t chat dién ly phan cuc:
@ phan t dung méi;

b.cation, bi bao boc mét i8p phan t& dung modi ¢
cuc, I8p dé dude goi la vo solvat (néu
dung méi la nude - vd hydrat );

c.anion, xung quanh cing cé mét vé solvat nhu

cation.

Nhu vy, su phin ly ion phu thudc vao ban chél cla chat dién ly va cla dung moi. Néi
chung, dung maéi ¢6 do phan cuc manh (hang s6 dién moi 1n), chat dién ly 6 lién két yéu gitta cic

ticu phan mang dién thi qud trinh phan Iy 10n ciing dé dang.
(ii). Cdc dic trung co ban ciia chat dién ly
Xét mot chat dicn ly don gian AB
Al = A" + B ()

Khi phan ly thanh ion tao ra cation hod tri mot A*, va anion hod tri mét B
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e Hiéng s6 phan Iy. Qui trinh phin ly (a) duge xem nhu mot phan (ng hod hoe. khi dat can
bang, ta c6 hing s& can bang cuia phan g (a)

_ATHB
|AB|

(10-4)

«

trong do, K¢ hang s& phan ly cua AB:
[A']: ndng do cla cation A* & trang thili can bing;
[B]: nong do cha anion B & trang thai can bang;
[AB]: néng dé AB chura phan ly & trang thdi can bang.

Néu dung dich ¢6 néng do nhd thi K duoe bicu dién qua néng do, néu dung dich thye thi

(10-4) dugc bidu dién qua hoat do:

K o= ovds (10-5)

ap
trong d6, K,: hing s6 phan ly bi€u dién qua hoat dé:
A5, Ay, A TUONE UNG VO hoat do chia cation, anion vi clta AR chua phin 1y,
o Piphdinlya

Nhu chiing ta dii bigt, khéng phai tat ca phan tir chat dién ly déu phan ly thanh 1on. Do dé,

ngudi ta dura ra khii niem do phdn fy a d¢ diac trung cho mife do phan ly ion:

56 phan tir phiin ly thanh ion

o=
Nhuvay: 0< o < 1 Téng s6 phan tlr chdt dién ly hoa 1an
Khi chat dién ly phan ly hoan toan a = |.
Khi chit hoa tan khong phan ly ion a= 0.
Gilta o va K, cd m6i lién hé nhur sau:

AB = A" + B )
Tai thi diéin

> (b)
ban ddut =0 C, 0 0

[}
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Tait C,.(1-a) aCo a‘(‘fo

voi,  C.ndng do AB ban dau,

a: do phan ly.

Theo (10-4) ta ¢&:

K = A 1B ] _ al,al,
7 [AB]  C,[l-al

2
_o L, (10-6)
1-a

(10-6) 14 biéu thnic toan clia dinh luat pha loing Ostwald:
Poi vét chit dien ly co anhod thi | - o= § (10-6) tro thanh K, = a’.C,

—
K,

Hoac: o= |=' (16-7)
¢

K. la hang s& chi phy thude nhi¢t d¢. Vay, tai mot nhiét do da cho, khi néng do cua dung
dich giam (C, gidm) thi o tang (o = 1). Nghia [a, khi pha lodng. do phéan Iy cita chat dién ly i g,

dé 1a noi dung cia dinh luat pha lodng Osnvald.
o  HesaVan't Hoff, i

Khi nghién ctru dung dich khong dién ly, ching ta di biét rang, do sy ¢6 mat cla chat tan
mi mot s6 tinh chat nhiét dong cla dung moi bi thay déi (xem chuong 5 phan nhiét dong hoc). Vi

du nhu:
- S tiing diém s61 va sy ha diem két tinh:
AT =K, m . (5-20)
AT, = Kh-.m | (5-21)
- Ap sudt thim thau ciia dung dich:

IM=cR.T

D&i vai dung dich dién ly, cdc biéu thic (5-20), (5-21)... chi ding khi duoc hiéu chinh b

mot he 56 ty 1¢ (he xo Van't Hoff i)

Al =1K.m



.‘ﬁ'l.‘“ - i.Kkl.m
IT=icRT

He s6 Van't Hoff | dic trung cho sur gia ting s6 ti€u phan (ion, phan tit khong phan ly) cla

dung dich di¢n ly.
[1¢ s6 i duoc dinh nghTa nhir sau:

Téng 0 tiéu phan (ion + phan tr) sau khi phan ly

Téng s6 tiéu phan (phan tir) ban diu
boi vai dung dich dien ly 1 > 1.
bai vai dung dich khong dién ly 1= 1!
Tong qudt: i>1
Lién hé gifta 1 v o
Xé1 truomg hop don gian AB = A" + B nhud(b), tacdt:

C

PDodé:oa=1-1 {10-7)

o NEu xér 1dng quit cho moi chat dién ly ¢o cav tao: A°, B*_ phan ly theo phuong trinh phdn iing:
Ly iy

A::B: =v, A" +v_.B s (c)
trong dé, v, : hié 6 ty luong cation;

v he s0 1y lrong anion:

z' ¢ dién tich clia cation;

z-: dién tich ¢la anion,
037 nhidn: v.z'=v z-=n

Vi du: Al(S0);, = 2AI% + 3507

v,=2.2°=3.v =3,2-=2



Tuang (ng vdi (c). ching ta ¢ hang s6 phan ly:.

_ I—Ax' ]\*+ '[B}. ]\"

K. —[‘A B ] (10-4°)
fa 1V .a T
K = . {10-5
) Ao, B,
Lien he gifta K, vi o
v,
K-c _ \"+\I" .\-'_\ <C0w1+v _I.:._C‘-l— (10-6')
-
Heé s6 Van 't Hoff 1t
i=(v, +yv - Lo+
Hay: SR el B o (10-7°)
v +v_ -1

(iii). Chdr di¢u Iy yéu va chdt dién Iy muni:
Dua vao céc tinh chit trén ngudi ta phan bit cdc chat dién ly thanh:
o Chdt dién lv yéu: D6 1a cic chit dien 1y ¢6 do phan ly o nho, o << 1. Cic axit va bazo hitu
cd, mot 6 mudi vo co nhur HaCl,, Hg(CN),, Fe(SCN)..... [2 cdc chat dién ly yeu.
Hing s6 phan ly cua cic chét dign ly y&u khéng phu thuge vao nong do, chi phy thude vao
nhiét do.
Trong khi dé, do phan ly o va hé s6 Van't foff ludn phu thude vao néng do:
0 < a = 1
1 < i

Tang nong do

—3
—

Chér dién Iv manh: DS 1a céc chilt dien ly phan ly hoan toan o =1. BDi¢n hinh la cdc dung
dich mude clia axit va bazo vé cg nhu HCL, 1,50, 1INO...., cdc baza: LiOH. KO, NaOH... Vi cic
muéi vo co NaCl, KCL. Na,S0,, KNO,...

P&t véi cdc chat dien ly manh Khong con ton tai khdi mi¢m hing s& phan ly, vi phdn (mg

han 1y 1 hoan toan vi khong thé bidu dién bing phan g can bing thuin nghich.
¥ g g1 g & Al gl



Do phan ly hoan toan nén mat do ion trong dung dich dién ly do rit [6n va do do luc tuong
tic tinh dién gifra cdc ion 12 ril dang ké ngay ca doi vdi dung dich lodng (trong dung dich dién 13
yéu, cic tuong tdic ndty ¢6 thé bo qua).

Hiéu img tuong tic tinh dién nay & duge thdly rd khi khao sat sau hon vé dung dich dién ly
manh & cdc phan sauw.

10.1.4. Anh huéng ctia nong do dén do din dién cia dung dich chit dién ly

Thuc nghiém xdc nhan ring, do dan dién riéng & cta chit dién ly yéu vh manh déu tang
theo néng dé va dat dén mor gid tri cuc dai, sau d6 & giam khi nong d¢ dung dich dién ly tiép tuc
tang (hinh 10-3).

Mic ddu vé hinh thire, méi quan he “ob-C” cua chat dién ly manh va y&u déu ed mot quy

luat giong nhau. Song, ban chat cia hién tuong la hoan toan khic nhau.

Thue viy:

- Déi véi chit di¢n ly manh: do phéan ly ¢ luon luon bang 1(a =1}, nghia Ja, su phan ly ion
xdy ra mot cach hoan todn. Khi ting ndng d¢ 1am cho s luong ion trong dung dich tang
nén lam cho % ting. Nhimg, néu néng do tang dén mic lam cho ndng do fon qua 1én, su
tuong tac tinh dién giita cdc ion 1a ding ké, dan dén cdn urd sy chuyén dong cua cile ion, v

do dd, 1am giam do dan dién riéng @&.

&

A —4 _
K [/ N %
[ ////\\’? <\
/i %
g, ///’\4‘3?

S e

i

y /%6“?

yCu50“ ;-?‘504

L2 cHycoon
— |

o 5 10 15 C(mol/iit)

Hinh 10-5. Su phu thudc cla dd dan dién riéng @ vao néng 46 dung dich dién iy.
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Poi vai chat di¢n ly yé&u: khi nong do loang, do phan ly clia chit dién ly y&u 12 16n nhat.
Tang nong do lam tang 6 lugng ion, mat khde, lam « giam. Moi quan hé giira sir tang so
ION VA SU giam o & dat duge gid tri t61 wu & C,,,.. Sau gid i C,.., su gidm o gid vai rd

quy€t dinh, « trd nén it nhéd nén s6 ion trong dung dich giam, do do @ giam,

Ao l
400 -
A
00 1\ HCL
1
\
i
\
2001 KOH

100 -j\r‘.\"ff

Hinh 10-6. Su phu thude clia 7. vao néng dé (C'), (dig.)"”.

Kohlraush da dua ra mot cong thic thue nghiem (1900) lien h¢ giita do dan di¢n durong
hrong vi nong do chat dien ly:

A=k, - ANC, (10-8)

trong da: Aot 4o dan dién duong ligng clia dung dich
di¢n ly vo cling lodng;
A hé s6.

Cong thite (10-8) khd phi hop cho cdc chat dign ly manh (xem hinh 10-6), Khi tang nong

do (J(_) lye twong tie jon tang. 1am giam t&¢ do chuyén van ctia cde jon nén A giam.

Boi vai chat dién ly yéu, khi JC giam thi « tang din dén s6 ion tang. Bic bidt, khi dung

dich vo cling loiing « tang dot ngot (o — 1) do do tang mot cach ro ret.
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10.2. LINH DO ION VA PINH LUAT CHUYEN PONG POC LAP CUA TON
TRONG DUNG DICH VO CUNG LOANG. SO CHUYEN VAN ION

10.2.1. Linh d¢ ion va dinh luat Kohlrausch

Nhur ching ta di biét, dong dicn duge chuyén vin qua dung dich dién 1y 4 nh& cdc ion

chuyén dong ©6 hudng dudi tic i ag cua dien trudmg gitta hai dién cuc.
Do dé, gitta do din dién, néng do 1on va van (6e chuyén van cla cdc ion ¢é maéi lien he chia
che.

X¢ét mot hinh try dung chat dien ly, €6 1€t dién ngang S, dat gilta hai cue ¢é khodng cich |
{Hinh 10-7).

Hinh 10-7. S0 6 chuyén van ion trong dung dich dién ly duéi tac dung cla dién truong.

bien lugng chuyén qua dung dich trong 1 dom vi thivi glan (s) Ia dong dién | duoc chuyen

1ai do cde cation v e4c anion:
I = 1, + 1, {d)
vl I: dong di¢n qua dung dich:
L: dong dign do cde cation chuyén tai;

L: day di¢n do cdc anion chuyén tai.

N¢u goi tdc do clia cation 1a u” (cm/s), 16c dd cha anion 13 v’ (cm/s), ndi

12 do duong luong
cla ion C, (dlg/em).

(=

Trong thon gian 1s, s6 cation chuyén Qua ict dién Sbang n, = Su'.C,.

Theo dinh ludt Furaday, mot duong huong
citlang (B6500).

gam 1on chuyén i mot dién luong I+ = 96487

Dodo:l, =8Su.C,.IF (b}
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Tuong tu, ta ¢o:
[ =Sv.C.F (c}
Tir(a). taco: L =u™ + vi.8.CLIF (d)
v, =C=C.

Van téc v’ vivy' phu thuoe vio ban chit ion, cudmg do dign ruong, nong do. nhi¢t do v do
nhét ciia dung dich.

N&u cic yéu 16: ndng do, nhict dd. do nhét,... duge chon swo cho kKhong anh hudng dén 16e
do clia ion, thi u” vy’ chi phu thuge vao cuang do dién trudng., nghia la:

, E oo E
U=t.— VvV =V.—,
I [

{e)

vOl I: khoang cdch gitra hai dién cue [cm ]
E: hicu di¢n the gitra hai dicn cue [von T,

u, v I cde he so v le. DS chinh 1a t6c do cla ion khi cuong d6 dién truomg, bang. 1

[ V/em } 1 u vi v con duge gol 1 toc do tuyél dai clia cation va anion  jem’. vl ], Tirgd)y va(e)

ta co:
1= [CRAPAST SFE (g)
[
Theo dinh ludt Ol
| = L = F..—l— (h)
R R
Theo (10-1) thi:
L. 0
R 1
Mat khic tir (J0-3), 1 co:
= (k)
1000
Tir (@), (h), (1) va (k)
E _I = [‘iA{;,'__S = Lic_é - (_U i—i}("_g[l_ (])
1 [ 1.000 | ]
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Tir ' ta co:

Ao=(u+ v‘),F.(—‘.IOO(} (10-9)

Doi vdi chat dién ly manh, sy phan 1y ion 1a hoan toan (w = 1) do dé 1y s¢ 9,](}00 =
¢

(chut y: C; trong (d}, (g). (1} va {10-9} bi¢u dién bang don vi dlg/em’, con C trong (10-3), (k) va (D).

don vi dlg/l). Dai véi chil dién ly yéu 1000_9_ -
C

Neéu ky higu A, =uFvak =vF (10-10)
va got A, L finh do cra cation, X 1a link do cia anion. |

Nhur viy, doi vét chat dién by manh:

h=h, + (10-11)
Boi voi chat dién ly yéu ;

A=A, +2)a (10-12)
Trong dung dich vo cimg lodng, &, > %, . — A, vk o —> |
Do d.é, doi voi moi chat dién ly (y&u v manh):

he=hy + A (10-13)

Nhu vay, trong mdt dung dich vo cing lodng d6 dan dicn dicong hiong ciia chdt dién Iy
héng tong linh dg ciia cde anion véa cation trong dung dich. D6 1 ndt dung vé dinh luat chuyén

dong doc lap ion cua Kollrausch.

(10-13) la bicu thite todn coa dinh Wat Kofirausch, trong d6 cic dai luong A,.. A dirge

biéu dién bing don vi nhu cia A, (dlg" €' .cm?).
.. do dan dién duang luong gidi han.
A linh d6 anion gidi han.
... linh do cation gidi han.
T (10-11), (10-12) vi (10-13) ¢é thé thay ring:

e Doi véi chat dicn ly yéu, néu bo qua danh hudng cla néng do dén linh do cla ion, va chip

nhin rang khi pha lofing d¢ din di¢n tang chi do do phaan ly thi:
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o= (10-14)

e D01 véi chit dién ly manh; (uy o ludn ludn bang 1, nhimg A, va A phu thugc vio noéng do
nén A, # A, va A= . D¢ dac trung sursai khie dé ngudi ta dua ra hé s8 din dién ;.
P+ A 1y

b= = (10-15)
"k, A, A

r r

Khi dung dich vo cing loang f, — 1 va 4 — ..

Mot diéu ddng chi y nira la: Do din dién duong lugng %, cia chdt dién [y manh thuimg xdc
dinh bang phuang phip ngoai suy dé thi % — JC ™. Con d8i vdi cdc chat dieén ly v&u viee ngoai
suy khong thé thuc hién duoc, nén thudmg tinh todn gidn tiép qu. ... cla cic chat dién ly manh theo
dinh luat doc lap chuyén dong ion cla Koltirausch.

Vi du: Tinh %, cia CH,COOH 6 25°C. Biét ring:

- 11 } N a2
A, =426, [ .dlg.cm’}

o CHRUOON

s =910 (' dlg’.cm’]

Es

. Nagt =126.5 [Q'I_dlg'i.t‘l'ﬂ?]

Giai: Taco:
A0 - at A CILeO0T W NaT Al L CHCT
(AI;. +3Y )+ (}Ji‘ +h00 )— (};' +3 ):?JL T

Hoac:
} HCI + }L‘H;Cll}l\lu _ ). Matl - }C”_;(_'i WHI
Thay s&:
426,1 +91,0-126.5= 390
;L(_;H_;(_'U{}ll =139() [Q-Adlg-l .sz]
o Nhdan xet:

Ngudi ta nhian thiy ring, trong dung dich nude, ion H* va OH' ¢6 linh dé kha 16n, nghia I

toc do tuyet d6i kha idn so véi nhiéu ion khic (xem bang 10-1).
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Bang 10-1. Téc do tuyet déi clia mét s& ion trong
dung dich nudc & 298K (Vs cm?)

len w10 lon _ v. 1O
i’ 40,1 r 74,0
Na' 2.0 Br 81,2
17N 363 Olr 205
Ca™ 61,6 NO; 74,0
Ba™ 66 S0,* 820

SO di. OIT va IT' ¢6 téc do Ién “bat thudmg™ nhur thé 13 do chine chuyén done trono dung
v [l é‘ - Ll = (=l =]

dich nuée khong theo co ché dich chuyén binh thudng, ma theo cg ché “nhay budge™;

Vidu:ion (11,0 vi phan tir H,0 dimg canh nhau nhuéig proten cho nhay:

[ T H ¥ Ill *
| | N I A
lH—O-—H_ FO=Il —— H-O .+ |H-0_H —
N T
"'

Dua trén ciu 1ao plmn W onude, 1 viée trao dai 11* g1 H,0' v 11,0 k& can, cin vugt qua
met quang dudng” ce 0, 86;\ nhtmng thuc &, di twang g voi mot sir dich chuvén cua jon 11,0

thumn 3.1 \ Hlon nita. sir chuyén dong cia proton con ¢6 thé thie hién qua mot o hop cidc phan 1
H,O nhr:

y O--H= O—H-- 011 ohzg H
S~ T i O~H  O-H

|
Do do. cic proton ¢6 thé “nhiy budc™ mot quang khd dai qua cic phan ur hoiie cym phan
nude dé dich chuyén rat nhanh trong dung dich dudi tic dung cua dign truding.
B0 [a 1y do vi sa0 HY ¢6 16¢ do tuy¢t déi rat 16n so véi cdc ion khic.

Boi véi OIT, ciing dugc gidl thich tong .



Bang 10-2. Linh d6 gidi han clia cac ion thudng gap

Cation o (' .dlg’.em’) Anion o, (O dleem’)
H* 349 82 o1 198,0
| U 38.69 Cr 76,34
Na’ 50,11 BBr 78.4
K’ _ 73,52 U 76.8
N1, 73,40 NO, 71.44
Ag' 61.92 Cil.CO0y 40.9
{/2 Cu™ 51,60 ClO; 68,0
(/2 Ba™* 63.64 1/2 80,” 79.8
172 Mg™ 53,06 1/2 CrQ,” 83
1/3 Fe'™ 53,5

10.2.2. S0 chuyén van ion
(i). Pinh nghia

Trong dung dich dién ly, dudi tic dung ctia dién wrudng, cic ion (cation va anion) la tic
nhan tai dién. Tai mot nong do nhat dinh, khi ning tai dign cua cac ion, di phién, duoe quét dinh

boi & do chuyén dong cla ching.

Phén dién luong do moi loai ion chu yéu tdi cc 01 tong s dién luong chuvén qua dung

dich dién ly dwoc goi la s6 chuyén van ion.
NéEu ky higu t, 1a 86 chuyén van cia cation.
I, 13 di¢én luong do cic cation chuyén tai.
I 1a dién lugng 10ng cong chuyén qua dung dich dién ly.

Ta c6 dinh nghia 8 chuyén van cation la:
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t, =—* (10-16)

t = (10-17)

Vil,+I =1 dodo:

1, +1_
t +t :...[_ |

Nhu & muce 10.2.1, k&t hop (b), (¢) va (e), ta ¢o:

1, = u.C__.S.F.% [ = \-"C_.S.F.%

+

b=(u+v).C SF. l%

(cdc ky hiéu gitt nguyén nhur & muc 10.2.1)

Do do:
1. u r,
L=—"=—"—=—
I u+v A+ (10-18}
[ v A
i =-" =

I v+u A +4_

Nhu vy, s8 chuyén vin ion bing ty s6 ciia t6c do ion (hodc linh do ion) so vdi 18ng toc do
cua cic ion (tong linh do ion). Hay néi mot cich khdc, ion nio cé tdc d6 cang lon thi khi ning
chuyén tii dién lugng cing 16n.

Tir (10-18) ¢6 thé tinh todn duge s6 van chuyén ion néu bidt duge linh dé cia 1on. Nguoc
lai, n¢u xic dinh thue nghiém duge t, vi t, ching ta ¢6 thé tinh todn duge Tlinh do ion.

A=A, +2) =14
A=t +h)=t.4

Cin hru y rang, s& chuyén van ion khong dic trimg riéng cho timg ion, ma né con phu

thuoc vio linh dé cua ion cap doéi.

Vidu:
Chat dién ly Kl NaCl LiCl 11CI
1.(ClL) 0,506 0,604 0.670 0,170
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(if). Cdch xdc dinh s0 van chuyén ion

Anot Caldt
+ —_

N y

Hinh 10-8. So d8 chuyén dich dién tich clia cac ion
(xac dinh s8 chuyén van theo phudng phap Hittorf).

S6 chuyén van ion duge xdc dinh thue nghi¢m bang phuong phip Hittorf (1854).
Hinh 10-8 mo 1a s chuyén dong cira cdc ion trong dung dich HCL khi xay ra di¢n phin,
Gia sir. chiing ta hinh dung mot binh dign phéan duge chia thanh ba mién:
I - mién anot.
IT - mién trung gian.
111 - mién catot,
A. Trudc khi dién phan: néng do ctia HCl trong 3 mién nhu nhau (ky hi¢u 1T7(+). CI'(-),
HCI{+})). Mdi mién déu ¢6 6 cip *.

B. Dusi tac dung ciia dién trudng, 117 chuyén vé catotl, gid sir, vdi 16 do gap 5 lan so vai ClI
chuyén vé anot (u/v = 5). K&t qua la & mién anot | dur 6 dién tich am (- - = - -~ ), & mién catot du

6 dién tich duong (+ + + + + +). Cdc di¢n tich du nay phan tng ¢ dién cuc:
—  tai anot: 6C1 - 6¢ = 6C1 — 3Cl, T “
— fai catot: 6H + 6¢ =6H — 3H, T
C. Sau khi dién phan:

— O mién trung gian 1I: ndng do cia HCl khong thay doi



— O mién anot I: néng do cia HC) giam
Al‘l“‘—‘(‘l- =5 -

— () mién catot I1I: ndéng do cia HCE gidm

An.=6-5=1|
Nhur vay, Y = An, =3
voooAn,

T (10-18), ta cd:

¥

t, u_ Ang
t_. v An,

Tir {10-19). 1a co:

L R ML Y S
An,+An, 5+1 6
An
_ = n“--—:—--l-—- :lZOI?
An, +An, 3+1 6

(hoac:t.=1-083=017).

(10-19)

Xic dinh thue nghiem biéh thién nong do tai 2 mién 1 vi 1L An, vd An.. chiing ta s¢ tinh

durge cic s6 van chuyén t, vitt cua cdc ion.
10.3. DUNG DICH PIEN LY MANH
10.3.1. Hoat do va hé so hoat do

‘frong dung dich di¢n ly manh, ludn tén 1ai cic hic twong 1dc tinh dién gifra cdc ion. Do do.

cdc tinh chat nhiét dong clia dung dich dién ly manh thudng sai khic so véi dung dich 1y wéng.

P& hi¢u chinh sir sai khic d6. ngudi ta thay th€ gid tri rdng do bang hoat do rong céc bicu

thite tinh todn tinh chat dung dich.
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Moi quan hé giita hoat do va nong do nhu sau:
a=vy,.C,
trong do: a: hoat do clia chl dign ly:

C: néng do cna cide chat dién ly;

(10-20)



v.: hé 56 hoat do trung binh.
D6t véi nhimg dung dich vo ciing loding y. —> 1 viidodda — C.

v. phan dnh sy twong tic finh dién chung (trung binh) cla cac calion vi anion ton tai dong
thot trong dung dich di¢n ly. Thye ra, trong thyc 1€ nguoi ta khong thé tich rieng 1& anion va cation
dé xic dinh thue nghiém hé s6 hoat do cia anion y. hoidce clia cation v,. Mai tuong tic tong cong cua

cation va anion dugc dac trung bai mét dai lugng goi La fie ion 1. T duge xdc dinh boi bicu Lhite:
1-1yc .22 (10-21)
= —Z.z ‘i .!.I- . e

trong do, C:néng do cuaioni [ion g1l :
z,: hod tri cua ion.

Khi néng do khong 16n (< 0,05 dlg/l), ngudi ta ¢6 th¢ xidc dinh hé 6 hoat do trung binh

theo cong thic:
Iny, =-A~1, (10-22)

& day, A: hé s6 phu thuge nhi¢t do. hing s6 dién méi cua dung moi vi hod tri cta cdc 1on

cua chat dieén ly.
D6i vai dung dich nude cha chat dién ly ludng phin (kidu KCI), & 298K. cong thic (10-22)

¢6 dang: Inv, = - 05077 C..

Mat khic, h¢ 86 hoat 49 trung binh v. ¢d thé duoe xic dinh bing nhicu phuong phip thirc
nghi¢m khdc nhu do dp sudl ho biio hoa, do do giam nhiét do k&t unh, do dé ting diém soi.... Dua
vio k61 qua thue nghiém va k€t qua tinh todn theo nong do nhu dung dich 1y twéng., ching ta co thé

xic dinh su sai khic giiva thye nghiém va tinh todn. nghia la, c6 th¢ xdc dinh duge v,.

< Trong cong thire (10-20) iy thude vio céch bicu dién klic nhat néng dé cha chat dign ly ma ching

1a c6 cdc mol quan hé gilta nong d¢ va hoat do wong xdng (bang 10-3).
Do dd. ta co cac dang:

a =7:.C oA, =Yem ay = YN {10-20")
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Badng 10-3. Biéu dién thanh phan dung dich qua néng dé va hoat 4o

Cach biéu dién nong do Pon vi do nong do K¥ hiéu
Nong do IToat do
mol/l niol chal tan C a,
] it dung dich
malan mol chit tan m A,
1.000 g dung méi
mol phin s¢ ol chit tan
{phan tir phin) 0 mol chat tan + 5§ mol N a.
dung méi

»  Khi chal dién ly phan ly thanh cdc ton. thi ing véi mot ndng do chat dieén ly. ching ta ¢6 thé xic
dinh duge nong do cha timg loai ion. Gia sir, ndng do cha cation [ m,. anion 1a m . thi s¢ ¢é cde gid i hoat
dd cation a, v anton a wong dng. Vil dung dich khong 1y wéng nén a, 2 m, via = m. hay néi mor cécli

khdc gilta a, va m,. a. vii m. ciing co mai lién hé:
'+ + d

a, = y,In, d4=7.n.

trong dé: v,: ¢ s¢ hoat 4o clia cation:
v 1 hé 0 hoat do cua anion.
Trong thue (€ nguot ta ciing khong thé xde dinh duoc a, vi a_rigng ré. do d6. cling phai dra ra mot

khii niéim hoat dé ion trung binh a..
Ay = ¥4 00,
Vi, ¥+ : hé 50 hoat dong ion trung binh:

m,: ndng dé ion trung binh.

Néumot chitdien ly eddang A 13 phan ly theo so dé:

A, B, =v. A" +v_B”

v, 3

thi chiing ta cé moi quan he gilra cic dai lugng néu trén nlur sau:

(v v,

{10-22)



10.3.2. Hiéu tng dién di va hiéu dng bat doi

Su chuyén dong clia cdc ion trong dung dich dién ly manh, dudi tic dong ciia mot dién
trudmy, bi can trd bai hai lue: tue dien di (electrophoretic force) va luc bat doi (relaxation foree).
Theo quan niém cua Debve - Hilckel vt cha L. Onsager (1926) thi: méi mét ion trong dung dich
dién ly manh duoc bao quanh bolr mot “ddm may” cdc ion d&i. Vi the dudi tic dung cita dién
trudng. ion trung 1am chuyén vé cuc nay, thy "ddm may" ion d&i Jai chuyén vé cuc khéc (hinh 10-
94). Do dd, “didm may” tao ra mot lye kéo ion trung tam nguge lai vai hudng chuyén dong clia nd.

Ngudi ta goi luc do W fue dién di,

Khi jon trung tam vt “ddm mdy™ ion chuyén dong theo hai hudng nguoe nhau, tich xa nhau
v mot khoing cdch ndo dé, “ddm may" ¢ii bi phd huy v lap tic xudt hién “ddm may” méi. Nhu
vay, luon ludn 6 sir hinh thanh va “tan 12" cua “dim may™ 1on dot. Vi su “tan ri” khong tie thai,
nén trong mot khoang thai gian nao dé mat dé ion cha dim may phia sau ion trung tam (xét theo
hudng chuyén dong cta ion trung tam) ludn Iudn 16n hon phia tre, tao nén mot “dam may”™ ion
do} bar dai g (hinh 10-9b). Lyc can xuat hién do tinh bat déi xing cta *ddm may™ khi iop *~ung

taim chuyén dong theo hudng cla dién trudng dudc goi la fire bt do.

<]

a) )

Hinh 10-9. So d minh hoa hiéu (ing dién di (a) va hiéu (ng bét déi (b).

Néu ky hi¢u anh huang coa lyc dién di dén do dan dién duong lugng 14 A, va cila lue bit
doi 1a Ay,. thi ching ta ¢6 thé viét:

A= - g - g

Khi khéng ¢6 anh huong ctia lye dién di va bat dai (A, = Ay = 0) thi do dan dién duong

lugng bang & = A..
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Cdc yeu 10 anh hudng dén A, vi A,

- Néng do ciia dung dich dién ly: khi néng do cdc jon giam thi mdt do ddm may ion giam, ¢

néng do vo ciing loding thi khong con ddm may ion, do do Ay va A,e — O va hoe R

- Dién thé gilta hai dién cye: ting dién thé gilta hai dién cyc lam 16¢ do chuyén dong cua cic
ion tang. Téc do cha cdc fon cang ting thi kha ning hinh thanh “ddm may™ ion cang nho,
do dé, hy vi Ay cang nho. Khi dién thé khd 1on. “dim may™ ion hoan toan bi phd huy. do

A6 gy Vil Ay — 0.

Nam 1927, nha bac hoc Pic M. Wien, lan ddu tién phat hi¢n su phy thude clia do dan di¢n
duong Wuag voi dien the E, 4 = ¢(E), E cang tang thi X cang tang. Do do, quan hé A = ¢(E) duoc
goi la higu tng Wien.

- Tén & cla dong dien xoay chiéu: khi 1dn s& v cang tang thi tinh bt doi xung ctia ddm may

ion giam, 1dn s6 y ¢& 10% " thi hiéu img bét d6i hoan toan bi xod bo. Ay — 0.

Sir phu thude & = @(v) duge Debye va Fal Kenhagen tien dodn bang 1y thuyét nam 1928 va
duge goi 1a hidu Gng tdn xa do dan dién (dispersion effect).

Nhur vity, khi do & ¢ tdn s6 cao cua ddong dién thi Ay = O, do do, chiing ta ¢6 the xdc dinh

riéng 18 Ay, Ang bing cde thue nghiém thich hop.
10.4. MOT SO UNG DUNG VE PHEP PO PO DAN DIEN
10.4.1. Xac dinh do din dién dugng luong
o Da6i vai chit dién ly manh, dp dung cong thic Kollranscli (9-8)
A= - ANC
Do do din dién phu thuoc néng do trong khoang gidi han C < 107 mol.I”, xay dyng do thi
“ 2 -3¢ " viingoai suy dén néng'do C = 0. Chiing ta & tim duge gid tri A,

e Do vai chit dien ly yéu, khong dp dung duge cong thite Koldlraueh (10-8) ma 6 thé xdc
dinh A.. ctta mot chit dien ly y€u thong qua ., clia cic chdt dién ly manh (nhu vi dy muc 10.2.1
tinh /., ciia CH.COOL) dua trén dinh luat chuyén dong doc lap ion clia Kohilrausch (10-13).

Chii ¥+ Phép do do dan dién chi cho phép xdc dinh A, A, cla chit dién ly. Mudn xdc dinh

4 dén dién duong luong cla timg ion phai biét duge s& chuyén van t,, 1, vi:

A=A Po=1

o)
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10.4.2. X:c dinh d¢ phan ly o vit hing s6 phan ly cda chat dién ly yéu
Trude hét xdc dinh R clia dung dich sau d6 xdc dinh % va A

%, cha chat dien ly yéu tinh theo dinh luitl doc lap chuyén dong 1on cua Koldrausch (10-

Tir d6, cd thé xic dinh o theo (10-14):

Dudi day 1d mot vii s6 liéu thue nghiem (bang 10-4).

Bang 10-4. D6 phan ly o cla mot s6 chat dién ly yéu

7(298 K) 1y
“Ta
Chat dién ly Otdlgt.em? N
(.005 mol.l" 0.01 mol.l” 0.1 mol.l"

CH,.COOI1 390,72 0,057 0,041 0,0134
NIH,OH 2710 0,055 0,041 0,0134
- Mg80, 133.06 0,740 0.669 0,449
K JFe(CN), 184.5 0.889 0,853 0,530

Bi¢l g = }_ ¢6 thé xdc dinh hing s6 phan ly (10-6):

l hl
v A

K = —C,=——
CT-a A, -3)

C

v

Vi dis tir 6 ligu cua bing 10-4, chiing ta c6 thé tinh duge hing s6 phan ly cta CH,COOH &
298K vitai C, = 0,005 mol I'":
L=k, = 0,037, 390,72 =22.27

_ 22,27°.0,005
T 390,72,390,72-22.27)

=1,72.107

Tai C, = 0,01 mol.I"
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A =0,041.390,72 = 16,019
(16.019)°.0,01

.= - =1,75.107
390,72.(390,72-16,019)
Tai C,= 0,1 mol.l":
2 =0,0134.390,72 = 5,235
(5.235)°.0.1 1810

© 390.72.(390,72 - 5.235)
Cic gid i K, tinh cho 3 gid tri C, déu xap xi nhur nhau
K.=172.10%=1,75.10" = 1,8.10°".
Cidc 506 licu thue nghiém thu duge & bang 10-4 [4 hoan 10in chinh xdic.
10.4.3. Phép chuan do bang dé dan dién

Phuong phip nay duoc tmg dung cho cic trudmg hgp dung dich can chudn do ¢6 mau hoic
bi duc.

Nguyén tac co bin ctia phuong phdp 13 thay thé mot trong cdc ion cla chat cin dinh phin
bang ion cla chat dinh phan ma linh do cia cic ion dé kha khdc biét nhau,
Vi dy /: Chuan do mot axit manh (HCl) biang mot bazo munh (NaOH):
H +Cl'+Na"+ OH =H,0+ Na* +CI
—  Trude khi dinh phan, dung dich ¢hi buo gém cic jon H* va .
—  Thém diin NaOII vao hé thi xay ra phiin tng H* + OH = 1,0
H,0 1a chat kém phan ly, do d6 luong ion H* duge thay thé din bang cic ion Na'. Nhumng
linh do cii: H rat 16n so v&i cha Na*, (1" = 349.1;., ™ =50.1) do dé do dan dién cur he giam
dan (hinh 10-10a).

Sau diém twong duong, lugng NaOH thém vio [am tang dot ngot do dan dién {doan BC), vi

ion OH ¢6 link do khi lén (1™ =198.0).

B la diém twong duong, ting v6i thé tich V,, clia NaOIl duge ding d¢ dinh phan. Tir dé,

ching ta s€ xdc dinh duge néng do cna HCL

"
Lh
N



x 4 X x
A ¢
P p L
18 r 5
i £ G
i
|

|
! !
! .- i —— | —

Ko V(em?3) Yo v Yid, Yoty y

NaOH
Q) b) <)

Hinh 10-10. Minh hoa sy dinh phan bang phuong phap do dé dan dién.

Khi dinh phan mét bazo manh bang mot axit manh ching ta cling 6 mdt bae tranh wong ny.

Vi du 2: Dinh phan mot bazo manh bing mot axit yéu:
NaOH + CH,COGH = H,0 + CH,COONa
Na* + OH + CILCOO + II' = H,0 + CH,COO + Na*

Vil + OI' - H,0, nén sy dink phan nay twong duong Vi vi¢c thay thé ion CH,COO
ALY nén do dan dien @ cia bé giam (doan DE, hinh 10-10b).

Sau di€m fuong duong, viéc them CH,COOH khong lam tang ddng ké do dan dién vi axit axetic Ia

: NI
choion OIT, ma A7 160 hon

chit dién ly yéu.

Vidu 3: Dinh phan hén hgp axit manh, axit yéu (1ICI, CH,COOH) bang mot bazo manh
{NaOH),

Trudce hét, NaOIT trung hoa HCI nhu trudmg hop (a), sau dé trung hod CH,COOH. Sau khi
dmnh phin hét CILCOOH, do dan dien cua hé tang dot ngdt, vi du OH (ITinh {0-10c).

—  DPoan HI: dinh phan HC, V,,,: thé tich NaOH tai diém twong duong tng vai luong
NaOl{ dinh phan axit manh HCL

— Doan IK: dinh phan CH:COOL, V4, thé tich NaOH diing dé dinh phan c4 axit manh va

veu.

- KL: sau diém wong duong,

23- HLHK 3
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CAU ROl VA BAI TAP
Cau hoi
1. Phan biét day dan loai 1 vi day dan loai 3 néu o ban chat dan dién vi cdc dac diém
khac.

2. Dinh nghia do din dién riéng va do dan dign duong Jugng. Phuong phip xic dinh do dan
dién riéng.

3. Phan biet chat dién ly yéu vi chit di¢n ly manh: néu 1o cdc diém giong va khic nhau
giilfa ching.

4. Pinh nghia vé linh do ion. Cong Unte (10-14) vi (10-13) ¢ thé k& hgp think:

2 =g f, duoc hay khong néu muon biéu dién t6ng quit chung cho ci chat dién ly yéu vie manh”

5. Anh hudng clia nong do dén do din dicn rieng va do dan dién duong lugng. Gidi thich

moi quan hé do.
6. Pinh nghia s6 chuyén van ion vt cdch xdc dinh theo phufong phdp Hittorf.
7. Trinh bay vé higu tmg dién di vi hi¢u (mg bt doi. Cdc yéu 16 anh huong dén hat higu
tmg do ?
8. Trinh bay nguyén tic va cde vi du minh hoy vé phuong phép dinh phan bang do dan dién.
Bai tap
1. Bien 1rd mot dung dich KCL0.02 N & 298K trong mot binh do do din dién do duoc la

4573 Q. Bidt 4y = 0,002768 {'cm’'. Ding binh nay do do dan dién cta dung dich CaCl, chita
0.555 gam CaCl, trong mét lit. Dién trg do duge Ja - 1050 Q. '

Tinh hing s binh, do dén dién duong luong clia dung dich CaCl,.
‘Ddp s6° 1,265 cm™
1206107 Q' em’

120,6 €' dlg".cm’

Tl
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2. Do din dien duong hrgng gidh han cla axit propionic & 298K 1a 385.6 O'dlgom’
1Ling & phan ly cua axit nay L 231107, Tinh do dan dién duong lugng cua dung dich 0,05 M coa
axit g cing nhict dé. '

Ddp sor 8,34 Q' dlg"'.em’
3. Tinh do din dién riéng cta dung dich chita 0.00IN HCI v 0,005N NaCl o 298K. Xem

cic dung dich dé 1 vo cung lodng.

Diip s6% 2 =1.06.107Q'cm!
4. D6 dan dien duong luong cia NH,CLirong dung dich vo cing lodng 2, = 149,7 Q Ll
.cm’. Linh d¢ ion K(l”_ =198, A% =76.3. Tinh do din dicn duong lugng gidi han cua
NILOH.
Buip s6: 2714 Qldlg!.om’

5. Bien phan dung dich KOH 0.,05M trong mot binh do 6 van chuyén. Sau khi dién phaa,
dung dich anot ¢an ning 80 gam ¢ nong do 0.0456M, con tar dign luong k¢ déng {(milc ndi uc, vai

binh do s6 van chuyén) the duge 47,7mg Cu Két tia.
Tinh s van chuyén cua ion K.
Diap sait, =0.234

6. Trong dung dich NILCI s6 chuyén van ciia CI' (1) bang 0.491. Tinh 16c do tuyet doi va

linh do clia cation néu bict do dan dien duong lugng gidi han A, = 149 Q.dlg" .cm™.
Bdp sa 75.8 Q'dlgt.om’
7.8.10" von™ sec”.cm’
7. Xde dinh luc ion ciia dung dich 0,01M H,S0, va 0,02M MgSO,.

Diip 36 0.1

fad
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CHUONG 1 1

DIEN CUC VA PIN

Trong chuong 10 chiing ta da khdo sdt cdc tinh chat clia day din loai 2 - dung dich dién ly,
dudi téc dung cia mét ngudn dién bén ngodi. Trong trudng hgp dé, cdc hién tuong xdy ra trong

dung dich va cdc phan (g hod hoc xay ra trén bé mit dién cye 1 do tic dong cua nguén dién bén
ngolu.

Trong chuong nay. nguge lai, chiing ta s& khao sit sy xudt hién dicn thé dién cuc va ti cdc

dién cyc ¢6 dién the khidc nhuu cd thé tao ra cdc pin hod hoc: chuyén hod nang thanh di¢n ning.

N61 chung, mét pin hod hoc dudce céu tao nhu sau (Hinh 11-1):

- I
te
c
!
— == — _]i=-_
— —-~A—:—--B— -
— == —--
—_—— . — . M
—_———
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Hinh 11-1. Sa dé c4u tao pin hoa hoc.
+: cuc duong, dién cuc ¢o dién thé duong han dién cuc bén trai;
- cuc am, dién cue ¢b dién thé am hon dién cuc bén phai:
A phan ch(ta dung dich dién ly (mg v6i cuc am:
B: phan chita dung dich dién ly (ing véi cuc duong:;

C: vach ngan: cac ion ¢d thé chuyén van qua Jai duge.

)
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Neéu chat dién ly ciia phan A va B 14 nhu nhau thi Khong cdn ¢ vach ngan C.

Khi déng cong tac K. dong dién o mach ngoai chay tr cye duong (+) sang cuc (), con

clectron chuyén tif cue am sang cuc duong. Ampe k& A bdo hieu gia tri dong di¢n [ qua phy tat R.

Vay, dien cue cta pin 1a gi? Visao lal xuit hien dién thé dien cye? Khi xudt hién dong dién

& mach ngoiti thi bén rong pin, 1ai ¢dc bé mit dién cyc di xdy ra nhimg qud trinh @17
D6 1a noi dung nghién cidu cha chuong 11

11.1. PIEN CUC

11.1.1. Co ché xuat hién dién thé dién cyc trén be mat phan cich pha

Tuy thudc vio ban chat vi dac diém cla hai pha tiép xtc, ngudi ta phan bi¢t: dién 1hé tiép

vite. dién thé khaéch tdan, dién thé' dién curc.

o Dién thé tiép xic (p,) xual hién wrén bé mat tGi€p xde cua hai pha kim loai do su chuyén
dich electron tir mot kim foai nay sang mot kim loai khiic. Hudng chuyén dich electron va dau dién
tich clia cde kim loai phu thugevao cdng thodr electron tir ¢dc kim loal dé. Cong cin thiét de tich
electron ra khoi 16p bé mit ngoai cing cha kim loai duge goi li ¢dng thodt clia kim loai. Khi tiep
x(ic vdi nhau, bé mat kim loai nao ¢é cang thodr electron nho hon s€ tich dién duong. Trong khi dé,
dién thé Gép xiic @, u 12l bé mat tidp xdc ctia hat kim loar A va B bing hiéu 6 cong thodt electron
A, vA Apcla hai kim oar do:

A.-\ —Ay

Qo = '
e

trong d6, e: dién tich electron.

Vi du, cong thodt electron cta Zn va Cu tuong g 1 7.06.10" v 7,12.10™" jun. Vicong
thodt electron cita Zn nhé hon cda Cu, nén Khi ti€p xiic cdc electron chuyén tir Zn sung Cu, do dd
Zn tich dién duong, Cu tich dién am va wén bé miit 1iép xic Cu - Zn (Hinh 11-2) xuat hi¢n motL dién

thé tiép xiic bang:

_(7.12-7.06).107"

= S —0.033 VY
('p(_u Zn 1,66.10_“

L
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Hinh 11-2. So d5 tiép xuc cla hai kim loai Cu va Zn:
K - bé mat tiép xuc.

*  Bién ihé kucel dn (@) xudt hien trén bé mat 1Ep xue ctta hai dung dich (khdc nhav vé
nong do hoac khic nhau v& ban chat chit tan) do stf khic bigt vé linh do hodc tde do khudch tin cia
1on Khi qua mang ngan C (Fhinh 11-3). Néu hai dung dich cua cling mot chit dién ly tiép xie nhau
nhimg vdi ndng do khic nhau, thi phia ben dung dich ¢6 ndng 46 In hon s& tich dien ducng néu
anion ¢é linh do lén hon cation, va ngugce lar. Vi dy, khi tiép xde hai dung dich 01N va 0.0{N
NaOH, thi dung dich 0,IN NaQH tich di¢n ducng, vi ion OH' ¢6 linh do Idn hon linh d6 ion Na*
””un =174 & 291K chuyén tir dung dich dac sang dung dich loing, )‘x.-.' =435 0 291K). Trén
bién gidi Uep xtic giita hai dung dich xuat hién mot 16p dign tich kép ¢6 hi¢u dién the bang v.035

vion.,

¢
--\'_ :
.
— I+
Na OH '_:j: e 0k
gorn T orH
-4
— |+
-+
. 1 ’

Hinh 11-3. So d6 xuat hién dién thé khuéch tan gitra hai dung dich.

Khi 1iép xtic hai dung dich 0,04 vi 0.05N HCI, dung dich lodng tich dién duang. vi H* ¢6
hinh do l“. =315 0 291K, I6n hon linh do cta CT }‘r: =55 va trén bién gidi tép xiic xudt hién
mot di¢n the khudeh 1dn bang 0,033V,

Nhur vay. dien the tiép xiie v dién thé khueeh tin thuong rit nho, ¢d hing chue mV, nen
nguot ta thuong bo qua rong cde phép do dan dung, con trong cde phép do chinh xdc cin phii ké

dén, nhit 1a, trong cde nghién ctru tinh chat cic he dién hod.
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*  Dién the xuat hi¢n trén bé mit phan cdch dién cJe ran - pha long (dung moi. dung dich dién
ly) duge goi la the' dién cic {§).

Khi nhiing mét thanh kim loai vio bat ky mot chat long phan cue nao hode nhing vio mét
dung dich mugi cua kim loai thi trén bé mit phian cich pha xuit hién mot dién 1hé€ dién cuc do ¢é
mot sa ion kim loai chuyén tir pha rdn vao pha 1ong, hodc nguge lai, tit pha long vio pha ran. Huong
chuyén dich cha ion kim loai duce quyvél dinh boi hai yéu t&; nang luong trung binh ctia cation
trong kim loai (g,) vit nang luong trung binh cla cation trong dung dich (g;). Dai luong &, chi phu
thudc vao ban chat kim loai. con dai luong &, con phu thude vivo nong do (hoat dé) cla cation trong
dung dich va vao ban chat cta dung moi. Vi vy, wy thuée vao ndng do (hoat do) cation trong dung

dich, ¢6 the ¢6 nhimg trudmg hap xay ra nhu sau:

(i) Néu g, > &, thi cation chuyén tir pha rin vao pha 1ong cho dén khi dat dén can bing g, =

g Trong trudng hop nay, bé mat kim loai tich dien am, dung dich tich dien duong.

{11} N€u g, < g 1hi bifc tranh 1a nguge lai. Cic cation tir dung dich chuyén tir pha 1ong vao

pha kim loat cho dén khi g, = g; bé mat kim toai tich di¢n duong, dung dich tich dién am.

(1i1) Khi g, = g thi hiu nhir qud trinh chuyén pha cla cdc cation dat trang thdi can bang,
hay néi mot cich khdc, khong ¢ surchuyén pha clia cation giira dién cye viv dung dich... Tuy nhien,
do pha rin ¢6 kha ning hip phu dic biét cation hoac anion trong dung dich 1én bé mat cia né 10 ra

mot cdu triic 16p kép khic vai 2 trudmg hop wen.
1
N6i chung, trén bé mat di¢n cyc xuat hién mot 16p dién tich kép ¢é cdu tric nhu s do &
hinh [ 1-4.

\\\ A loar ‘\\\\\I

Hinh 11-4. 50 @4 hinh thanh I8p kép trén bé mat phan cach kim loai - dung dich.
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Hinh 11-5. So d6 cau tao Idp kép va su bign déi dién thé phu thuds khodng cach x
tinh tir bé mat dién cuc.
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Da s6 cic cation A* hinh thanh mt 16p chat sit bam vao bé mat dién cye, véi do day 3,
tuong duong véi bin kinh cia ion A* hydrat hod. Khi di chuyén dién cuc trong pha long, hoic chii
long chuyén dong tuong d6i véi pha ran thi 16p d6 chuyén dong theo dién cuc. D6 1a mot 16p dign
tich kép cd can tao "chat sit”. Tiép dén, phia bén ngoai 16p dé la 16p "khuéch tin”, mat doé cation
thua thét hon, ¢6 do day d, 1ai d ndng do cation bing néng do anion C, = C. Khi di¢n cuc chuyén
dong, 16p khuéch tdn lién tuc "tan rd" va lien tuc "hinh thanh" tvong tu nhu dim may electon xung

quanh ion trung tam.

Gia sur @, 1a dién the 16p kép (hiéu s6 dién thé gilta dién cuc va cdc ion trong 1dp kép), g
vGi khoang cich 8, va, & (zeta) ta dién th€ zeta (hiéu s6 dién the giita mot diém bat ky 1ir 8, dén
bi¢n gidi 16p khuéch tén d, thi téng @ = @, + & I hi¢u s6 dién (hé giira dién cuc va dung dich hay

thuting duce goi i thé'dién ciee cua kim loal.
Trén hinh 11-5 12 s0 d6 bi¢u dién cau tric 16p kép, 16p khuéch tin va dien thé tuong ting.
Trén hinh 11-5:
a: Khi g, > g,, khong ¢6 idp khuéch tan @ = ¢, (¢ v @, cling ddu va ¢6 gia tri am).
b: Khi g, > €,,, khong ¢6 16p khuéch tin, ¢ = @, (@ va @, cing ddu vi ¢o gid tri duong).
¢: Khi g, > €, cé 1dp khuéch tinp = o, + £.
d: Khi g, > g, ¢6 I6p khuéch tin ¢ = @, + £.
¢: Ban ddu g, > £, khi dat can bang £, = £, b¢ mit hip phy thém cation tir dung dich
P=¢ +§
o va § cd dau trdi nguge nhau.
11.1.2. Phan loai cac dién cuc

T4t cd cdc loai dién cuc cé thé duge chia thinh ba nhém: dién cue loai mot, dién cuc Joai
hai va dién cuc oxy hod - khir,
(i). Dién cuc loai mot

Dicn cuc loai mot 1a dién cuc chi trao dai thuan nghich v6i cation, hoac chi v6i anion: kim
{oai nhing trong dung dich muéi chita bido hoa cia néd ta dién cuc loai mot, hoat dong thuan nghich
chi véi cation. Vi du nhu, Ag trong dung dich AgNQO,, kém trong dung dich ZnSO,, Cu trong dung
dich CuSQ,,... v thudng duge ky hicu nhu sau:
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Ag/AgNQ, ZnfZnS0, Cu/CuS0,
Di¢n cue hydro ciing la dién cyc loal 1 hoat dong thuan nghich véi ion H'. Pt/H,/HCL

bien cyc ndy dugc ché tao bing cdch: mot day Pt nhiing trong dung dich axit (H") va <o

dong H, thoi qua dung dich axit.
Tren cdc dién cuc loai 1, xay ra phan (ng:
Ag'+e = Ag 7ot +2e = Zn
Cu* +2e= Cu H+e¢ = 1/2H,

Picn cuc logi mot hoat dong thuin nghich véi anion. Vi du, dién cuc CI; Pt/Cl/HCI

(nguyén tac cdu tao nbu di¢n cuc hydro).
Phiwn ing xay ra: Cl, + Ze = 2CT
(ii). Dién cuc loai hai

Piéen cuc loai hai 1a dién cuc hoat dong thuan nghich vdi cation va anion: kim loai duge phi
mot mudi (hodc oxyt) it tan chia kim loai d6 nhiing trong dung dich mudi dé tan cé anion cing (en

vi mudl kho ran.
Vi du, dién cuc Ag/AgCYKCI, dién cue calomen HgA1g,C1,/KCl, Hg/HgO/KOLLL..
(iii). Pién cuc oxy hod - kint

pién cuc oxy hod - khit 1 dign cuc gém mot day Pr hay vang (Au) nhdng vio trong mot
dung dich chita cdc dang oxy hod va dang khir. Vi du, Pt nhiing trong dung dich mudi cta FeCl, va
FeCl,: Pt I'e?*/ke™ hoic Pt | Sa2*/Sn*...

11.1.3. Sur phu thugc ciia thé dién cyc vao nong do¢ cia dung dich
Trude hét xét cho dién cye oxy hod - khir. Qua trinh dién cuc xay ra:
Ox + ne = Red (11-1)
trong do:
Red: dang khir;
Ox: dang oxy hod;

n: sd electron trao ddi giita dang Ox va dang Red,

Lad
o
'



¢ electron.

Theo I s &l dong fien cong cye dut chuyen s maét Jdien luong gnd dang Red v
dung Ox bang:

AL, =oneN,. (&)

tong dé ¢ dién the dién cuc, N, 86 Avogadro

A = @aLF (b)
V&I 1788 Faraday = 96500 culong (e N, = ).

Mat khiic, bi¢n thién thé dang dp cta phan tng (11-1) bing

AG =Gy -G

LN

Theo (2-30): Gied = Higed

Va theo (5-26): 1,y = Kag + R T.Inag,,
Tuong W c6: G, =pg, = + RT.Ina

L
Do dé:

. ol B Hi ol
AQ = K R!u\l — “tlix +R.T.In T Red
i

Trong diéu kien P, T = const, theo {2-14):

()

AG =-A

(A HRY

K& hop (b) v (o) ta o

. . . . a..
ol = 1~y R "

a Hed
“uh _“ch R T a
g = T Erar B Toy
n.b ni o oa,y
“ch _ l\.ll
bt Q= =1 i, he dién cue ncu chuan.

n.I
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Tacd: -+ l_{‘_'l:.ln Aov.

) ’ t11-2)
nF a,, ' s

(11-2) 1a phurong trinh bicu dién quan hé gifta dién the dien cuc ¢ coa dién cue oxy hod -

khir trong dung dich dién ly. £é i pluiong trink Nernst iing dung cho thé dién cie.
L

o Poivar dicn cue loai 1, trao doi cation, ta ¢6 phin img dién hod:
Me™ + ne = Me (d)

C6 thé dp dung (11-2) cho (d), v6i diéu kién: Mc” duoc xem la dang OX. ¢6 hoat do rong

dung dich a,, = a,. Me i dang khir Red, ¢o hoat d¢ w,, = 1.

Nhu vay, phuong trinh bidu dién ¢ ctia dién cure loai mot thee nong do la:

4]

¢ =@ +-R'T‘1na4 (11-3)
n.F

Khi a, = 1 thi ¢ = ¢", ¢ duge goi Ji thé dién cuce tiéu chuan, nhur vay, the di¢n cyc ticu
chudn cta dién cie loai 1 1a hiéu digén thé giita dién cue va dung dich. (g véi hoat do cla cation
bing don vi.

A

boi vai dién cue (PO 4/ " H,. ¢ duge guy ude bang 0, ¢ — (- Gic th¢ dién cye, dign

2 HYEHs

cue ticu chudn cla (AL ci moi dién cue khie déu duge so sdnh véi the dién cuce 9
H* 1=

bl

Néu dien cue toal mot hoat dong thuan nghich vén anton thi:
B + ne = B
Dang oxy hod Ox l1a chat B nguyén chat, a, = | va dang khir Red la anion B o trong dung dich
¢O hoat do a_thitlr (11-2) tacd:
, R.T ,
p=0"'———Ina_ (11-3
n.F

o Dién e loal hat:

Xét dign cuc Ap | AgCl | KCl. Pién cuc nay trao doi thuan nghich vai jon Cl” vi véi 1on Ag'.

Quai trinh dién cue ¢d thé viél nhu sau:

L
N
A
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AgCl + e = Ag + QI {(e)
Hoac: Ag" + e = Ag (g)

Dura theo (e) ta ¢6 thé viét:

; R.
P=Qp + In (h)
F a,,.a__
¢ el
Vi Ag va AgCl 1a chat ran nguyén chél nén a,, =, a5, = 1, do dd (h) ¢6 thé viét:
o R.T
Q=D aer —T.Inam__ (11-4)
(p?\(_,u 1a thé dién cuc tiéu chudn cla dién cuc AgCl/CL.
Néu viét theo (g) thi:
31 R'l—‘ 4 "\S‘
Q=P +—In
F 8 pe
Via,, =1 nén:
o RT :
(P:(Pp.g+_*F_-]“aAgT (11-4)

(Pa, 1 thé dien cyc ticu chudn ciia dién cyc Ag/Ag”.
Tir (11-4) v (11-4), ta ¢6 theé viét:

Y R.T « RT
Pauct — E .Inaﬂ_ =0, t . .lna}\g‘

] = @ +Elna a
('pz‘\gf_'] _(‘PAg F ! o Ap'

. ORT
S Pa T T-I“ L ey

trong do, L,,: tich s& hoa tan cia AgCl. Trong diéu kién 298 K, bict gid 1rf clia Lo, ta 6

Pt = 0,799 +0,0591g1.73.107"° = 0,223V



Do dé thé dién cie cia Ag ] AgCl | KC! ¢é thé duoe xdc dinh nhu sau:

¢=0223-00591ga _

Hoae: ©=0799+00591ga . (11-5)

Nhu viy, the dién cuc cua dign cyc loai hai ¢6 thé duge tinh theo hoat do cation hodc hoat

40 anion. Hai cdch tinh cho két qua nhu nhau.
V{ du: Dung dich KCl c6 ndng do 0,1N thihoat do a o trong dung dich la:

a __ = C
o e Vor

Biét: Y= 0.5

a .. = 0,75 x 0,1 =0,075
Hoat do clua Ag' la:
Lo _L73.1

O—IU
a_ . = ST 23407
W g 0.075

l

Thay EICL_ va a " vao (11-5}, ta cd

e

¢ =0,223-0,05.1g0,075 = 0,298 V

@=0779+ 0,05.1g23.10"" =0.298 V

11.1.4. Cic dién cuc so sanh
(i). Pién cuc so sdnh hydro SHE
(J trén (muc 11.1.2) chiing ta da noi dén dién cye hydro nhu la dien cuc loai 1 trao doi
proton, va la dién cuc duge chon lam di¢n cye so sdnh. (SHE: Standard Hydrogen Llectrode):
Pt H, HY A
(P, = 1 atm} a, =1
Pien cuc nay dugc quy ube co =0

Tri s6 va diu cia céc dign cyc Khie duge x4c dinh bing cich so sénh véi SHE (cdch do sT

n6i & muc 11.2. Pin hod hoc).
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Hinh 11-6. S0 do dién cuc hydro.
1. soi Pt; 2. ban Pt phd mudi Pt;
3. binh dung axit; 4. binh bé sung axit;
5. dong khi H, ; B. cau ndi voi dién cuec.

Ciu tao cuia SHIE dien ewre hydrogen duge ché 1ao tirmot bin bach kim (Pt duge phu mudl
It ¢d 1o tang bé mat hoat dong cua di¢n cuce, nhd do, hydro khi bi hip phu trén dicn cue dé diang
phan tén vao dung dich vi nguee fai. Dicn cue dé duoe nhiing vao dung dich chita ion (thutmg 1a
11,50, hodc HCL. Mot dong H, sach dugc théi qua dung dich véi mot dp suat khong doi. Dung dich
dude chita trong mot binh thuy tinh dic biét (hinh 11-6). Dién cue chi nhing mot phén trong dung

dich.
Cic can bang sau day xiy ra trong dién cue hydro:

20 ¢

H>(khiy=s==== 2 H (b1 hip phu trén Pt) _— 7 |1_‘10+ + 2¢

Ne&w bo qua giad doan trung gian, ta ¢6 the viét:

4210 ¢ .
Hy(khi) === | === 211,0" + 2¢

1Hoac biéu dién phan tng dudi dang:



!

II+e~= ' H,
2
Thitie (11-2):
o RT , @,
p=q 4 I
1 },—‘n_\ [ -
i P

=0 (trong diéu kién 1iéu chuan: a, = 1, P,h =1)

(pu'/-znz
Pai véi cdc phép do chinh xdc cdn phat tinh dén dp suat hoi bdo hoa cua dung dich.

(ii). Pién cuc so sdnh calomen SCE (Standard Calomel Electrode)

Pt

T
|kt
— L L
ZZ4-He Ll KCiL baa hoa
/////ﬁ
ng Cl[z
4 v 355 Hit 165
--‘-‘_‘—--
b}

Hinh 11-7. Dién cyc calomen U ¢hé tao (a).

bién cuc calomen thuong mai (b).

Khi 1am viéc voi dién cue hydro, ngudi ta phai chudn bi can thin v doi hoi cdce thao tic
phitc tap. Do do, ngudi ta thuong sir dung dién cyc calomen lam dién cuc so sanh gidn tiép. Vi dién
cue nity dé chd 1o, dién the clia nd da duge xic dinh chinh xdc vai dién cuc hydro. Hau hét cic
phong thi nghi¢m di¢n hod hién nay déu sir dung di¢n cye so sanh calomen (dang bdn san), hoac co

1hé ty ché tao.

Diéen cuc calornen (chinh xdc han 1a di¢n cuc calomen - thuy ngan) gém dién cye thuy ngan

trong dung dich KCl ¢6 néng do xde dinh va bio hoi Hg,Cl, (calomen): Hg | Hg,Cl, 1 KCL
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Trén hinh 11-7, wrinh bay cic dang dién cuc calomen. Di¢n cue calomen L dién cuc loai 2,

dién thé eda 16 ¢d thé tinh theo CINER hoic theo a.. (nhudién cue Ag 1 AgClHTKChmue 11.1.20)

Iz

1

(11-6)

. RT
(P\.':l| - (P[[:_- 1 __FT- ']n ﬁl F::-

llOiTl'L‘Z (Punl = {p:\'il' - ¥ ) In at'l ' ( ! 1'6}

trong dé:

8} 1 + ] . ] 2
= -—.lna ..
Peai = Py op e a4

=@, +——.InL, Cl
L IR rohla

vai L, . : tich $6 hoa tun cia Hy,Cl.
Hgat'ls AN

Nhur vay, tat T = const dien th¢ dién cyc calomen chi phu thuoe vie néag do Cl (néng do
cua KCI). Ngudi ta thudmg ché tao cic dién cuc calomen ¢6 néng do dung dich KCl bing 0.1 N: |
N vit bo hod. The dién cyue cia né duge xic dinh chinh xic véi dien cue so sdnh hydro. Khi nhiét

do thay doi dién the cia 06 ¢6 thé hi¢u chinh theo cic phong (rinh,

KCl: Hg.CL, (1) | Hg ¢ = 0,3338 — 0,00007 (T - 298)
0.0 N §0'C  ¢=0.3355, G18°Co=0.3343 V
KCl: He,Cl, (r) | Hy o = 0,2800 — 0.00024 (T - 298)
I N G0°C ¢ =02860. G18Cp=02817V
KCL: Hy,ClL (1) g 0 =0.2415 - 0,00076 (T — 298)
Bio hod 30°C @ =02605. G18'Cp=02468 V

11.1.5. Bang dién thé dién curce tiéu chuin

Sats day la biang the dién cyc tiéu chudn clia mét 6 logi dign cye (bang 11-1). Dicu kién so

sl 1 dicu Kién tiew chudn (hoat dojon = 1. P = { atn. nhiét do 298K).

370



Bang 11-1. Dién thé dién cyc tiéu chuan cla cac dién cyc loai 1 (Prgs . V)

bién cuc

Phan ymyg dién cuc

Py {V)

Lifla” Li' + le = Li — 3,045
K/K” K+ le = K - 2,925
Rb/Rb* Rb' + le = Rb - 2.925
Cs/Cs! Cs" + Je = G - 2023
Ba/Ba™ Ba™' + 2¢ = Ba - 2.906 N
St/Se™ St o+ 2 = Sr —2.888
Ca/Ca’™ Cu't + 2¢ = Ca —2.866
Na/Na' Na' + le = Na —2.714
Mg/Mg™ Mg™ + 2¢ = Mg - 2,363
Be/Be™ Be’ + 2e¢ = Be —1.847
AUALT AlY + 3e = Al ~ 1,662
Znfin’! 7n + 2e = Zn —0.763
Cr/crt '+ 3e =0 — 0,744
Fe/fe™ et + 2¢ = [e — 0,440
Cd/Cd™ Cd™t + 2¢ = Cd 0402
Co/Co™ Co'* + 2e = Co -~ 0277
Ni/Ni™* Ni** + 2e = Ni - {,250
Sn/Sn St + 2e = Sn — 0,140
Pb/Pb* Pb** + 2¢ = Pb - 0.126
Cu/Cu™ Cut + 2¢ = Cu +0,342
Cu/Cu’ Cu' + le = Cu + 0,521
He/Hg™ Hg™ + 2¢ = Hg +0,788
AgiAg’ Agh + le = Ag + 0,799
Au/Au™ AUt + 3e = Au + 1,398
Au/Aw Aut + le = Au + 1,091
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- . N " - - 4]
a)  Pidn cue logi 2 thuong dinig dé so sanlt (P, V)

Badng 11-2. Dién thé dién cuc tiéu chuan cla dién cuc loai 2

bién cuc ‘Plz‘ux (V)
Ag/AgCl, KCl {bao hoa) + 0,197
Ag/AgCl KCL(]1 mol.I') + 0,236
Ag/AgCl KC1 (0,1 moll") +0,290
Hg/Hg,Cl,, KCI (biio hoi) +0.2412
Hg/tHg,Cl,, KCi (1 mol.I™} +0,2801
Hg/Hg.Cls, KCI (0,1 mol.l™") +0,3337
Hg/Hg,S0,, 11,80, (0,5 mol.l") +0,679
Hg/AlgO, KOH (1 mol.l') + 0,107

b) Cdc loai dién ewe loal hat ke ((pgqg , V)

Dié¢n cuc

Phan img dién cuc

M0y (V)

Pb/ibO, OH

PbO + H,O + 2e¢ =1b + 20H

- 0578
Ph/PbSO,, SO* PbSO, + 2¢ =Pb + SO,” ~0276
Ag/Aal T Agl + le =Ag + T —0,152.2

~ Ag/AgDBr, Br AgBr + le = Ag + Br + 00713
Ag/AgSCN, SCN' AgSCN + le = Ag + SCN' +0,0947
Hg/11g0. Ol HeO + H,O + 2¢ =1lg + 20H +0,0984
Ag/AgCL, Cl AgCl + le =Ag + CI +0,2223
Hg/Hg,Cl,, CF Hg,Ci, + 2e = 2Hg + 2CY +0,2679
Hg/11g,50,, SO~ Hg,80, + 2e = 2Hg + SO/° +0.6141
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Bang 11-3. Bién thé dién cuc tiéu chudn cla dién cyc oxy hoa - khit

a) Khang phu thude vao pH ( (ngg. Vi

Dié¢n cuc Phan ung dién cuc ©S0q (V)
[Co(CN). 1™, [Co(CN),]* [Co(CN) " + le = [Co(CN)]* - 0,83
(P/Cr', Cr* Cr't + le = Cr™ — 0,41
(PO/Ti™, Ty Ti"* + le = Ti* - 0,37
(Pry/Vh, v V* 4 le = V¥ ~ 0,20
(Py/Sn™, Sn*' Sn** + 2e = Sn* +0,150
{Pty/Cu?', Cu* Cu™ + le = Cu +0,167
(Pt)/[Fe(CN), 1", [Fe(CN)y, " [Fe(CN)1" + le = [Fe(CN)]* + 0,356
(PO/1,, T L+ 2e = 2T + 0,535
(Pv)/Fe't, Fe? Fe™ + le = Fe™ +0,771
(Pty/tlg™, Hg' Hg™ + le = IIg" +0,90°
{Pt}y/Br,, Br Br, + 2e = 2Br + 1,065
(PO/TI™, TI ™ + 2e = TI* +1.25
(P/Au™, Au* Au'+ 2e = An't + 1,29
(P0)/C),, CI Cl,+ 2e = 2CI +1,358
(P1)/Ce™, Ce™ Ce* + le = Ce™ + 1,61
(Pt)/Pb™, Pb** Pb™ + 2e = Pb* + 1,69
(Pt)/Co™, Co™ Co"™ + le = Co® + 1,842
(PU/F,, F F,+ 2e = 2F +2.85




by Plur thuge vao pll (Phg, V)

bién cure Phan tng di¢n cuc (Do
(V)
(Pty/H,, H' 211" + 2e = H, + 0,000
(Pv/O,. OIT 0, + 2H,0 + 4e = 40II + 0,401
(PU/ASO,", AsO,", H AsO," + 21 + 2¢ = AsO" + HO +0,559
(PtyMnO,, MnO,, OIt MnO, + 2H,0 + 3¢ = MnO, + 40I1T + 0,587
(Pt)/Hydrogquinon, Quinon, H CJALO, + 211" + 2¢ = CH,O, + 0,699
(PO/MnO,, Mn™, H* MnQO, + 41' + 2e = Mn™" + 21,0 + 1,236
(PY/Cr,O,", Cr', 1Y Cr.0.7 + 14H* + 6e = 20+ 71,0 + 1,36
(P0/CIOy, Cl, HY ClO; + 611 + 6e = CI' + 3H,0 + 1,45
(PU/MnO,, Mn™*, H* MnO, + 8H" + 3e = Mn™ + 41,0 + 1,52
(PU/PbO,, PO™ | IT* PbO, + 4H™ + 2¢ = Pb* + 21,0 + 1,456
(Pb)/Pb0Os, PbSO,, 50,7, H PbO, + SO + 4H" + 2e = + 1.682
= PbSQ, + 21L,0

11.2. PIN HOA HOC

Pin hod hoc 1a mot phuong tién duge st dyng dé bién nang luong cua phin tng hod hoc
thanh.di¢n ning. Pin ducse cdu tao tir hai dién cuc, mai dién cue duge nhing trong mot dung dich
dién ly thich hop (nhi€u khi, dién cyc va dung dich dién ly tuong ting duge goi 1a mot nira pin).

bicu kien tién quyet d¢ tao ra dong dién [i hai dién cuc phai cé dien the khiic nhau, Sau
day, chiing ta s&€ x¢t cdu tao va siic dién dong (Sdd) cla pin va cdc tinh chat nhiét dong ca phan
ting dien hod xay ra trong pin.
11.2.1. Suic dién dong cua pin
(i). Ste dién dong cra pin

Xé1 cu thé moét pin:

(-)Zn 1 ZnSO,. dd Il CuSO,. dd | Cu (+)
Thong thuting dé ky hi¢u mot pin, ngudi ta dé vi trf cue (+) bén phai, cuc (-) bén tdi; | 13 bé

mat tiép xiic gitta dién cue ran va dung dich (ddj chit dién ly; Il la vich ngan hoac cau néi bang chat
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dien 1y KCI, NH,NO.,.... (cic chat nay 6 linh do cic cation v anjon xap xi nhau), diw |l chix pin
thanl hai nia pin.
Néu ky higu:
(-) CulZn 1 ZnSO,. dd |l CuSO.. dd | Cu (+)
C6 nghia 1. mach ngoai duge not bang day din bang Cu, giita dong va kém cé thé xuat
hi¢n dien (h¢ tiép xic {O1). Ngoal ra, & vi i vich ngin ¢6 the xudt hien hi¢u di¢n the khuéch 14
(). néu noi hai dung dich dién ly bang cdu néi K¢ hodc NIIL,NO, thi han che duae o,

Nhur ta da bigt:

(P:_l'u cu = 0‘342 v
¢ . =-0,763 V
FATRPAT

Vi " . duong hon rat nhidu so Vi (p: ..« do dé khi déng mach ngoii thi dong dién
tu Cun? A Fnct ' )

s¢€ chay tir cire (+) Sang erre {-) (xem sa do ciu tao pin trén hinh 1]-8).

X
b
L]

J!

|
1

1
I
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P
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Hinh 11-8. S¢ 46 cau tao pin Cu - Zn:
a: vach ngan ban tham: b: cau dién ly KCI:

R: phu tai: A ampe ké.
Khi dong dién chay tir CUC (+) sang cue (-}, trong pin xay ra phin (g dien Cuc:
Co* +2c=Cy
In-2¢=Yn™

Nhu vy, cue (-) kém "tan” ra, broxy hod, con & cuc (+) déng "két ia”, bi khur.



Siic dién dong cua pin (Sdd):
E=0,-0 (11-7)

Siic dién dong cia pin 1a higu s6 dién the gifta hai dién cuc khi pin hoat dong thuan nghich

nhiét dong hec.

Chit y: cong thirc (11-7) kKhéng ké dén dién the tigp xic (¢,) va dién 1h€ khucéch tan (@)
trong mach dién. Thong thutng .. ¢y rit nho so véi @, va ¢., mit khic, trong thue (€, ngusi ta co
thé tim cdch han ché hoic khic phuc anh hudng clia ¢, va @, Trong cic phép nghién aiiv chinh
xdc ngudi ta cdn bd sung vio (11-7) cde gid i £ @y, v = 0, (ddu £ty thude vao timg trudng hop

cu thé).

(ii). Phuong phdp do Sdd

4+ B
|
A Jid X
8
bl

NS
G ?_;QEDN__

Hinh 11-9 Sg d6 do Sdd cla pin:
AB: dién tré con chay; E,: ngudn dién acquy cé Sdd la E. E,: pin can do
Sdd: E,: pin mau Weston, c6 Sdd da biét; G: dong hé chi "0"; K: cong tic dao chiéu.
D¢ do Sdd cia pin hoat dong thuan nghich (nhiét dong hoc), ngudii ta khong thé diing trige
1iép von k&, boi vi, sé c¢6 dong dién di qua von k€. Gia sir cudng do dong dién 1a 1, dién o 1a R, aén
mach s& cé mot dién the roi LR. Sdd do duge s& nho hon Sdd thue cla pin mdt gia tri LR. Ngoat ra,

dong dién con gay ra cdc bién thién nong do, su phan cyc, v.v...
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Phuong phdp pho bich nhit d¢ do Sdd cia pin & diéu kién thuan nghich i phaong phép
xung déi (theo Poggendorff). Phuong phdp nay dya trén nguyén tac nhir hinh 11-9
Pin cidn do Sdd E, mac xung déi {(cye + ndi vai cue (+), cue - ndi vdi cue (<) véi ngudn dién
(acquy AQ). Thoat tién, déng cong tac K qua phia mach E,, di chuyén dan con chay dé sao cho G
chi diém 0. Tai dé, ta c6:
E AX
L2l ()

E, AB

Sau 6, dong cong tac K qua mach Ey, va di chuyén con chay dé G chi diém 0 nhu trude,

Ta co:
- AN
SN AV (b)
E, Al3
Tir (a) va (b} suy ra:
E,_AX
E. AN
Do dé:
AX
L o=k, - (11-8)
© AN

Nhu vay, ching ta da do duge Sdd cia pin E, ding theo dinh nghia E= ¢, - ¢..
G trp Iz, do duge trong dicu kién khong ¢6 dong dién & mach ngoai, hay ndéi mét cich
khdc, dong dién mach ngoai vo ciing nho, tmg véi diéu kién pin hoat dong thuin nghich nhiét dong
hoc.
11.2.2. Tinh chat nhi¢t dong hoc cua hé pin hoa hoc
(i). Su phu thuée cua Sdd vao néong do chat dién ly
a1 vai pin Cu - Zn:
(-3 ZnlZn 11 Cu®t | Cu (+)
Khi pin hoat déng, ¢ cie dién cye cic phan ing dién hod xay ra theo chidu ty dién bién:

(+) Cu’t 4+ 2e =Cu

() Zn-2e=7n"
Phan /g tong cong xity ra trong pin:
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Cu” +7Zn=Cu+ Zn™ {(a)
(a) la phin tmg ty dién bién theo chiéu tir trdi sang phai.
Theo dinh nghia (11-7), ta ¢é:

E= . = -
(p(‘u Cu™’ (pz',n Zn™’

Theo (11-3) th;

. R.T
¢. =" . +— Ina .
Cu Cu- Cu Cu- 21:‘ Cu~
. R.T
('P 2 __'(P Loy +_.Ina 3,
fuo ST nodns 2T fn-
Viy:
RT, a
C=¢ _— =L L -t - jn 2
pCLl Cu” (pZn FA (p(_‘u Cu-' (‘Dxn 2n=* 2F i a
Co
Dat: EH :( Al . - 1] .
' P(_'u Cu-" (pZn n-’
. T a. .,
Ia cd: Ez[:}’_&.!__mi_ (11-9)
2F a_ .,
Cu~

Tir (11-9) c6 thé nhan xét rang:

" la hi¢u s6 di¢n theé tiéu chuan cla dién cue duong va cue am.

2F 56 dien luong thue hién trao déi trong phan ng d6i vdi | iong cua ion hod tri 2: 2e N, =
2I-=nF(n=2).

- {a ty s0 hoat do cua cdc dang thude v& phai vi v& trdi cla phuong trinh phan (g (a)
a{'u:'
(huy:a,,=1,a.=1)

Do dé, néu trong pin di¢n hod thyc hién mot phéan iing oxy hod - khir tdng quit;

aA+bB+ .. =gG+dD+ ...
Chiing ta ¢6 the ¢6 két qua tuong tu (11-9):

I d
RT 32y (11-10)
nF  a‘.ap..

E=E°-
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(11-10) 1a phuong trinh Nerast biéu dién su phu thude clia Sdd vao nong do cic chat tham

gla phan (ng dién hod.

Mat khac, dp dung (3-1) cho dung dich ta co:

JLE
AG. =AG" +RT.In2afn

e P a’y .ag...
Vi, biét riing (theo 2-14):
AG ' = _Almux = _n'F’E
Thi:
e ; 1 g . d
g 8Gw _ AG, RT  afag.. (1t-11)
n.F n.F n.F a:\d}:
Sosanh (11-10) va (L 1-11), ta co:
E:—EEE (1'%
n.F
Ma theo (3-11), AG ;u =—R.T.InK, nén:
E”:R—'T.an (11-13)
n.F

Nhu vay biét ' (tlr cdc gia tri dién thé dién cuc tiéu chuan), 1l {(11-13) ching ta ¢6 thé xic

dinh duoc hing s6 can biang K cla phan tng dién hod xay ra trong pin.
Vi di: DoI véi pin Cu-Za, & 298K
E®=¢" -’ =0,342-(-0,763)= 1,105 V

Cu Cu®? (p'/.n Zntr

K = n.kE _ 2.96500.1.105 86,12
R.T 8.31.208

K =2.5.10"

Nhu vay, phan dng Cu™ + Zn = Cu + Zn™ & diéu kién tiéu chuin (1 atm, 298K, a, = 1) xiy

ra tlr tridl sang phai rit triét dé.
(ii). M¢i lien hé gitta Sdd E cua pin va cdc ham nhiét dong

Tir (2-17) ta co:
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() -

dT /.

Hodc: [d_AG] =—AS
d'[‘ '|)

Theo (11-11):  AG = -n.FL

Neén: [9&1 :_n_l:{gg) =_AS
dT ), dT /,
Hay: AS:n_F.[d—F) (11-14)
di tl

Nhu vay, biét hé s6 nhi¢t do cau Sdd dE ctia pin, ching ta <6 1hé xdc dinh duge AS cua

phan tng dién hod thue hién trong pin.
Mt khic, ta ¢4 (theo 2-19):
AG = AL -T.AS
AH = AG +T.AS

All=-nF|E +f(9b—) (11-15)
dT /,

(11-15) cho phép xdc dinh AH phan g dicn bod néu biet E va iﬂz .

dT
Vi du: Sdd cha pin cadmi - bac:
(-3 Cd | CdCl, (dd bio hoa) Il (dd bao hoay AgCl 1 Ag
& 25°C 12 0,6733 V, he s6 nhiét do cia Sdd a - 6.5.10" V K. Tinh AG, AS v ATl ctia phin (ing xay
trong pin G nhiét do do.
Gici- Phan ing xay ra trong pin:
2Ag" + 2e = 2Ag
Cd - 2¢ = Cd*
2Ag  +Cd =2 Ag+ Cd”
AG = -n.F.E =-2.96500.0.6733
AG =-12994T7 kJ
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Theo (11-12);
_ e y
AS = n.F.ﬁ =2.96500.(-6.5.107)
AS=-12545J K"

Theo (11-14):

All =~n.F J{E+T —}

=2.96500[0.6733+298.(-6,5.107)|
~167.33 K

11.3. PIN NONG PO

Trude diy, ching ta khao sdt cdc pin gdm 2 dién cuyc ¢é ban chit hod hoc khac nhau, mébi
cuc duge tiép xic véi mot dung dich dién ly tuong tmg, moi pin hoat dong trén co s& mat phan ‘g
hod hoc xdc dinh. Do d6, chiing ¢ tén 1a pin hod hoe.

Bay gt ching ta nghién cttu mot dang pin khdc. Stre dién dong cha pin nay khong pha Jo
phan {mg heid hoc tao ru, ma do s chénh lech ndng do clia chat dién ly miv ¢6. Vi vay, chiing ta 20i
d6 1a pin nong do.

C6 hai dang pin néng do dién hinh: pin néng do 6 su chuyén van ion vi khong cé su
chuyén van ion.

(i). Pin néng dé co siue chuyén van ion
Gia sir chiing ta ¢6 pin gom hai dién cue Ag duge nhang vio irong dung dich AgNO, 6

nong do khic nhau.
(-) Ag T AgNO, (C) HAgNO, (Cy T Ag (+)
B¢ phiu trdi [4 dién cyc (-) thi can phai ¢é diéu kien: C, < C, (theo phuong trinh Nernst).

Nhur vity, ngoai dién thé cua hai di¢n cye, con ¢6 mot dién thé khudeh tin duge tao ra giifa
hai dung dich ¢6 nong do khic nhau & vich ngan 1.
Tir(11-3) ta co:

P, =¢, + Rr—] An [Ag+ ]1
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RT [, .
(‘PE =(pn +_[::—'ln[Ag ]]I
Vi C, < C; nén ¢, duang hon g, do do:

=&T ln[Ag I (11-16)

E =o, ~ . !
P T A

Sdd E' xiic dinh theo (11-6) la chua tinh dén di¢n the khuéch tin @ gilta vch ngan hai
dung dich I va Il.

Khi hai dung dich ¢6 néng do khdc nhau tiép xiic qua mang ngan, thi s€ cd sif trao doi ion

gilta hai dung dich dé theo hudng cla dién trudmg, nhu o hinh 11-10.

Z [ I
. |
Ay @ = -1
|
I
|
t. } —Q Ny
I
!
a,< a,

Hinh 11-10. So dd van chuyén clia cac cation Ag” va cac anion NO'y qua mang ngan.

Néu pin thue hién mot su chuyén tai dién luong bing [T, thit, la $6 chuyén van cua cation,

t 12 s& chuyén van cla anion,
Luwu ¥ rang,
[Ag™ ], =[NO; ], =C,
[Ag"], =[NO; ], =C,

Theo (1-4), cong bién thién néng do trong qué trinh dang nhiét chuyén 1 mol chat:

A:—Krmgl

boi vai 1, mol cation:
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[Ag™ ],

A.=-t, RT.In==71
[Ag I;
Bdi véi t mol anion:
. NGO
A_=—t_R.T.In —[—O_‘ _}1_
[NO3 ]H

A,, A cong bién thién néng do ciia cation vA anion,

A=A _+A_ = —t+.R.'IZIn% —t_.R.T.]ng-

1 k]

-

C:-—h.R.T.InQ2
C

| C 1

=t_.R.T.In

={t_-t,}.R.T.In o]

. v
Vi L= t, =—-
U+v U+ v

Nen: A_YT'prinS:
u+v y
Matkhic: A =¢, nF
{v0in = 1, kt: khuéch tdn)
Do deé:
v-u RT, C,

L= — A = (-1
P u+v F "

Do dé, néuv =uthie, = 0, hodac t6c do tuyét déi clia cation va anion cang gan nhau thi @,
cing nho.
Stic dién dong clia pin néng do ¢ su chuyén van jon;

E=E +g,

Tu (11-15) va (11-16), ta c6-

RT €, v—uRT. C,
E=-n—2+ = 220 g2
: C, u+v F C,

L
o
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~ R E (11-18)
C

2y

Néu u = v thi

=1 thi (11-18) tr& thanh ({1-16).
u+v

(ii). Pin néng do khong co si chuyén vin ion
D6 la pin ¢4 Sdd chi phu thuge vio su khic nhau clia néng do dung dich dién ly.

Chiing ta s€ 1ip mét pin néng do ma khong lam xudt hién ¢, (do tiép xdc triee LEp gifta hai

dung dich ¢é néng dé khic nhau).

Vi du nhr:

(-) Ag | AgCL TICH(Cy) T Hy (P - (PO H, |HCL(Ch) AgCl L Ag (4)
Ml T i

| I1

Thye chit, pin nay gom 2 pin I vii [I mdc ndi iép véi nhau. Néu C, > C, thi [Ag'], < [Ag'],,,
va do do, dign cuc bén trdi 13 dién cue am hon dien cue bén phai. Khi 1am viée, bén wrdi 1a dién cue
oxy hod, pin I thue hi¢n cic phan (ng:

Ag-e=Ag'

H+-i-£i: HE

12—

H*+Ag=Ag" + _l) H, (I}

PinIl: Ag + e = Ag

T -e=w
2
Agt+ "H,  =ag 4w (1)

2
V6i Py =1 atm thi Sdd ctia pin 11 1a:

I ,'1 I+
L

fAg™ ]
D1 véi pin T thi qud trinh xay ra nguoc lai:
R. H”
E,=—E} ——T.In[—J[ ]
FooolagT
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Thue vay, néu tach riéng ré thi o pin k, phan (ng oxy hod Ag boi 1" khong the ur xay ra (Vi

@ . =0,799,3298K) mi phai dién ra theo hudng nguoc lai.

AglAg
Nhur vay, pin I phai nhan duge mot cong bén ngoati (tir pin 11} d& thye hién phan ing do.
Sdd cta pin (Ong:
I
E=E, +k,
- il 1 -
vi L) = Ejj, nen:

E:_[_{'-E 'm“_l jl'["ﬁ.‘i][l (11-19

Foo[H ), [Ag']

NE&u goi Ly 1atich s0 hoa tan ciia AgClthi:

L., L. .,
g, = ___‘,\;_m Vi ANy = e
|("l Il l(-'l ]11
Dods, =L, ['t_h'_lih_
F [y, [Cri,
Vi [H*|={Cl"|=C
Nén: E=2'_R'T’|ng' (11-20)
Hoac déi véi dung dich thuye:
2 .
po 2RI A (1120
) F 4,

Vi C, >C, nén E > 0. nghia la, cidc phan (g xay ra trong pin Ia tu dicn bién:
. . 1 . - |
Pinl: Ag+H"+CI" = S Hy +Ag" +CI" = S H, + AgCl +
, { |
Pin Il AgCle ~H, > Ag" +Cl + ZH, > Ag+ R +CI7 T
K&t qué 13 trong pin 1, néng do ctia HCI giam xudng va trong pin 11 néng ¢o HC! tang len

tuong tmg. Su san bang nong do & day, khong thue hién bing con dudmg chuyén van ion trye 1icp

ma biing ciic phan ting oxy hod - khir dign hod xdy ra o cic dién cyc.
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11.4. MOT SO UNG DUNG CUA PHUONG PHAP PHAN UNG DIEN HOA
11.4.1. Pin mau Weston

|
|

|
|
N\

i

Hinh 11-11. Pin Weston:
dung dich CdSO, bao hoa;
tinh thé CdS0,.8/3H,0:
hén héng Cd - Hg:

day Pt;

tinh thé Hg,SO.;

Hg.

o W N

Trong muc do Sdd cua pin, ching ta phai sit dung mot pin maw. Pin d6 cé Sdd 6n dinh, ©

298K ¢6 gid tri E= 101083 V, nd duge g dung pho bién hign nay wen thé gidi.
Céu tac clia pin nhu sau {hinh 11-11):

(—) Cd (Hg) | €dSO,. 3 H,O(r). €SO, Hg.804(0) { e (+)
3
Cuc (+) la mot dign cue loai 2. Cyc am i mot hén hong Cd - Hg (8g Cd trong 100g 1g).

1uong tinh thé CdSO,.8/31L0 du 4é bio dam dung dich C4SO; ludn bio hod & moi nhiét do. Phan

(ng xay ra trong pm la
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Cd + HpSO,+ SHO = 2Mg + CdSO,. SH,O
3 3

Sdd clia pinWesron phy thuoc it vdo nhigt dg, co th& xdc dinh chinb xic theo phuong trinh
Sl

F= 1,01830 — 4,75.10°.(1-20) - 9,444,107 (t-20)°

Chiti y: khi st dung pin miu Weston, khong duge cho dong dién 16n di qua. Dong dién cho
phép chi mot vi uA va rong moét thai gian rat ngan. Do cdu tao ca pin nhur trén (hinh 11-11) nén

khong duge dat (cdm) nguoe pin.
11.4.2. Do pH chia dung dich
Dua vao dinh nghia:
pll=— loga”, (401 vai dung dich thue cd néng do [H'] lén)
hoac: pll = —log[H"] (d&i v61 dung dich loang).
Nguyén tac do plt nhu sau:

Thiét 1ap mat pin gdm mot dién cuc so sanh {dién cuc calomen SCE, dien cue ¢lorua bac...)

con dién cuc kia [ dién cye ¢6 dién the phu thude vao nodng d¢ H cla dung dich muon do pH.
Vidu, ¢ 208K:
— th&dién cuc cta dién cuc hydro: @ =— 0.059 pH
—  thé dien cuc cla dién cyc quinhydron: ¢ = 0,0997 - 0,059 pH
— thé dién cue cua dién cue bismut: ¢ =0,132 - 0,0503 pH
— thé dién cuc cua dién cue antimon: ¢ = —0,050-0,031 pll
vit dién cue thuy tinh.
(i}. Do pll bang dién cuc quinhydron

Quinhydron 14 mot chii hitu co chifa hai dang: quinon (CJH,O,} va hydroquinon
(CJL(OH),) theoty (¢ L 1 1.

Hoi mot lugng quinhydron (du) vac mot the tich dung dich can do pH. Cam vae do mét
dic¢n cue Pt (hoac Au) chting ta duge mot dién cuc quinhydron, hoat dong theo phan ting:

CHO, + 2H" + 2¢ = CHOH), (a)
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Hoac viét don gian:
Q+ 2" + 2e = QII, (b)

Theo (10-2) i co:

" R.T E‘Q'afi
Poson, = Poon, +——In
/o, Qi I ™
Vi: 1o = .C‘;’ =]
TR C(;m:
Do do;
0 . RT
Posons = Qafons _2~3U-"_F_ pH
0 298K, Lp:v’ulh =0,6997 V.dodé:
8.314.298
¢ =0.6997-2303.—= . pH
Posor 96500 P

Pojan, = 0.6997-0.059.pH
bien cuc nay ¢d he s6 nhiét do dien the:

% =7.36.107 V.do'
e do pl, lip mot pin ¢6 so dé nhu sau:
(-) Hg | Hg.Cly, KCl (bio hod) || H' (pl1 = 2) Q/QHL (Pt (+)
Do Sdd cua pin: SCE-Q/QIL, (Pt) theo phuong phip xung 461 (mue (i), 11.2.2), ta duac E:
E =00 a1~ 0xr
= 0.6997 - 0,059.pH ~ .,
Do do:
_0.6997 — g, ~E
0.059

e (11-21)

U'u diém ctia phuong phip niy 1a don gian, nhanh chéng (vai gidy, phin tng (b) da thiet lap

cin bing). Nhuoe diém: khong do duoc cic dung dich ¢6 pH > 8 i quinhydron dé bi phin huy

trong moi trudng kiém.
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SCE

Hinh 11-12. Bo pH thec dién cyc quinhydron va calomen chuan {(SCE):
SCE: dién cuc calomen tiéu chuan:;
Pt: dién cuc Pt nhung trong dung dich chiia Q va QH, can biing voi
dung dich can do pH.

(ii). Do pH theo dién cuc thuy tinh

“*Thuy tinh la trang thdi qud lanh cia cdc silicat kim loai. Khi nhiing mét mang thuy tinh vao dung
d'jch axit dac. cde proton H' cd linh dé Ion va kich thude nho s& thim vio bé mar bén trong cia mang thuy
tinh, trao ddi v6i cic cation kim loai kiém. Néu x(r ly mot mang thuy tinh trong axit dac dit lau. cic ion H di
khd sau vao bén trong ming vi chodn ché dén mie mang d6 dat dén trang thai "bio hod" ion H*.

Sau khi dd x(r fy (bio hoa H*y néu nhiing mang thiy tinh vio hai dung dich ¢6 nong dé ion H' khic

nhau (nhung déu loing hon so véi dung dich x(7 1¥) tii hai bén bé mat clia mang xuat hién cdc 1dp kép khic
nhau (hinh 11-13).

a b
+ |- -1+
-1+

+ |- -1+
-1+

x + |- ol s

-1+

+ |- -1+
-1+

+ |- -1+
a b

Hinh 11-13. Sa d6 xuét hién cac 1dp kép hai bén bé mat mang thuy tinh:

a: dung dich ¢6 ndng do ion [H*],,;

B: dung dich cd néng do ion [H'
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Gia s (H'], = [H']p

Vi [H*]. ¢6 néng do 16n hon [H*], nén lwong ion H | clia mang thuy tinh aa di ra dung dich it hon
s0 véi mang bb (nhu dién 14 & sa d6 hinh (11-13)). Sy xudt hién dién tich am & bé mat dién cuc clia mang la
do céc jon H' roi bo khoi bé mat thuy tinh, tao ra mot 18p kép véi cdc jon H' do.

Dién thé ¢ tuo ra do 19p kép & hai bén mang thuy tinh duge xdc dinh & 298K la:

M, =0,059,1g{H Jy, (11-22)
H*]B

Tir (11-22) nhan thay rang. néu mot dung dich axit da bi€t ndng do. chang han [11"],. thi ¢, chi phu

thuae vio néng do [H'], chua biét coa mot dung dici. con lai. Dua vio nguyén tac dé. ngudi ta ché tao ra

dig¢n cye thuy tinh.
So d6 cdu tao ciia mot dién cuce thuy tinh vi céch ghép pin dé do pll nhu sau:

@Ag\Agcqn;o c11 Mang H Dungdmhcan\ KCl \nb_u.\ H1,®
g,1 mol/l: th) tinh . xdc dinh pHy r” biio hoa

(el SN CEW

Dlen cire noi chuan S U ol oD -

:4 ______ b l_t;r_l_qt.f?_lh_t_lx_l_mh ______ -

Stic dién dong cla pin nay. g 298K bang:
E =-0,1067 + 0,059.pH (11-233

Pit dién cure thuy tinh vio dung dich cin do pH,. ch& dat can bing. 16i do Sdd E cha pin rén bang
phurong phip xung dai. Tir d6. ¢6 thé xdc dinb duge pH:

_ s 1067
0.05915

U diém ciia dién cuc thuy tinh L& dién theé dién cuc cha né khong phu thude vao su co mat cla céc

chat oxy hod trong dung dich, gid tri dién the nhanh dat can bing. thao tic don gidn.

Nhuge diém chinh 1a di¢n 1rd khd 16n. do d6 doi hoi phii sir dung cdc thiet bi do dac nhay vdi céc
tin hiéu vé dién. Chinh vi thé ma ngdy nay ngudi ta thuomg bin sén cdc mdy do pll dua trén nguyén tic s
dung dién curc thuy finh, ¢6 4o nhay cao, khéng nén ding dién cuc thuy tinh dé do pH cha cic dung dich
kiém. pH > 9 - 10, vi bay gio dién 1he cua dién cuc bi anh huong cha cice jon kim loai. dac biet la kim loai

kiém.
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(iii). Chudn do dién thé ké

£ (mY) 28
|
|
|
' |
| I
| |
| |
X _J___.—-—-——_'
[ SR — 3
a) K‘d‘ VNcOH (Cm;) ) \'{td KUJG‘H (cm?

Hinh 11-14.a. D& thi su phy thudc cha E vaethé tich NaOH chudn do.

b. DG thi bisn thign AE. theo thé tich NaOH chudn do.
AY

Bin chat ciia phuong phap ndy 1a tha

céch theo dbi su bién thién the dign cuc hoat dong thuan nghich v6i ion cin dinh phan.

y thé€ cdc chat chi thi mau trong vi¢c dinh phan bang

Nguyén tac cia phuong ph

chat dung dinh phat

dp nay 1 tai diém wong duong néu théem mot luon
1, thi dién thé clia dién cyc s thay d6t nhay vot.

g nho (du)

Vi dy, dé chudn do axit, ngudi ta |Ap mot pt

n, trong dé ¢6 mot dign cuc hoat dong thuan
nghich véi ion H' cia axit.

(-y (Pt) H, | HC1 1 KC1 1 Hg,Cl, | Hg (+)

Phia trdi 1a dién cuc hydro, phia phii la dién cuc calomen, SCE.
Dién the dién cuc cha Hy:

RT 2

o , =-_~In-

. v 1
Heo i F

= P:

H,

néu P”2 =1 atm, nhiét d6 298K thi:

o , =0059.lga . =-0.059.pH

e
Sirc dién dong clia pin trén:

E =0 TP T @yce +0,059pH
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Po E iing vdi cdc gid tei the tich (V) ctia NaOIl. Xay dung dé thi "F - Ve va "
AL —Vyon | hrtren hinh 11-14.
Av !

Bict thé tich twong duong cia NaOH, ching ta s€ xac dinh dugce néng do cta HCL
Bén canh phép dinh phan axit, bazo théng thudng, ngudi ta con sit dung phuong phip nay
dé dinh phan cdc phéan g kél tia, tao phic va phan tmg oxy hod - khir.

(iv). Xde dinh hé s6 hoat d¢ ion trung binh cida chat diénly ¥,

Pé xic dinh Y, cua dung dich HCI ¢6 néng do C, chiing ta lap mot pin ¢6 cdc dién cue hoat

dong thuan nghich véi H' va CT.
(=) (P1) H, (1 atm) | HCI, C | 1Ig,Cl; | g (+)

Dung dich HCl ding chung cho ca hai di¢n cuc. Pin lap nhu thé khong cd hieu tng

khuyé&ch tan. Phan tng Xay ra trong pin.
Hg,Cl, + H, = 2Hg + 2H + 2CI
Theo (10-10):

E.ln A a {(a)
2F HY Tl

E=E" -
V]. p“2 =1 alet, al'{b’z('lz = l N ﬂ”.r._: 1.

Theo dinh nghia (10-22):

a,=Ja a, (b)
a, =7, C,
Pai vai chat dién ly 1 - 1 nhu HCI:
C'||' - Cn =C
nén: a, =vy,C (c)
Thay (b) vao (a) ta dugc:
T R.T
E=L" —I—.Inaf=F.°—-2[——.]na+ ()
F - F -
Thay (¢} vao (d), la ¢0:
7
E:E“—ll}'I.lnyt.C (e)
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New T = 208K, thi:
C=EY-00118.1gC—-0.0118.Inv,
Hoac:

o2, ~00118.1gC-E
0,0118

lgy. = (h)

Trong truong hop nay. chiing 1a ¢6: E* =0y,

Vay do Sdd | clia pin img voi cdc pi4 tri C kKhdc nhau, ching, n & xde dinh duge cdc v.

tuong ing. Tir dg, cd thé bigt duoc a, theo quan hé: a, = ¥,.C-
11.5. CAC NGUON DIEN HOA HOC THONG DUNG
11.5.1. Cac loai pin

Pin [3 ngudn dién mot chiéy dugc a0 ra nho nang lugng cla cic phan (ng hoa hoc. Pin
duge (ng dung rong Al trong k¥ thuat vo tuyén, thong tin, dién ti, tr déng hod va nhiéu Vinh vyc

kinh & quéc dan khic.
(i). Pin kho Leclanché” (Loclansé)

Pin kho Leclanché duge ch€ 1o diu tien nam 1868 bang cdch lam "kho" (dac) chin dien ly

trong ho tinh bot.
C#u tao cla pin:
() Zn (r) | NH,CL, dd NH,Cl, dd | MnO; (1) C(+)
véi ky hidu:
r: trang thai ran;
dd: trang thi dung dich 0 dung hé dién giab;
C: coc than graphit dan dién:

Sdd cha pin= 1.5 V.
Céac phan g xay ra & cac dién cyc nhs sau:
{-) 7n > Znt o+ 2
(+) INH," + 2MnO; () + 2e -> NH, + 2MnO(OH)

e

* Leclanché, k¥ su ngudi Phap (1839 - 1882) phdt minhra pin dioxyt mangan.

393



Phan (g téng cong:

7Zn + 2NH,' + 2MnO,(ry — Zn® + NH; + 2MnO(OID

Zn® tao v6i NI, thanh mot phic chat [Zn(NII,).]™*. Phic nay tich tu din dan quanh cue

duong lam cho pin mat dan kha ning hoat dong.
Nam 1888 Gassner cal tién ché tao chil dién ly dudi dang gel vot.

Pin Lecltanché 1a loai duge st dung rong rai nhat hién nay. G Vict Nam pin Leclanché duge

san xuat dudi nhan hiéu pin Con Tho (Van Dién, Ha Noi), pin Con Q.
(ii}. Pin kiém mangan -~

Cau tao:

(-) Zn, Hg | KO, dd | MnQ),, C (+)

Phan tng & cdc dién cue:

) {Zn +40H™ +2H,0 — [Zn(OH),(H,0), ] +2¢ 0

[Zn(OH), (1,0),] = ZnO +20H1" +3H.0O

(+) MnQ, + H,0+e — MnO(O1[)+ O~
MnO(OH) + H,0 +e — Mn(OH), + OH"

O cue am, ZnO phit din lén Zn v 1am cho Zn thy dong, can & phan (ng (i) tiép tuc xay

ra.
(iii). Pin kiém thuy ngin

PPin nay la ngudn dién chi véu dung cho ¢dc mdy tinh nho: cye am 1a Zn, cye duong bang
thép va tac nhin oxy hod 1a oxyt thuy ngan [I (HgO) trong mot moi trudng kiém (KOH va
Zn(OH}).

- Phiin tfng t6ng cong fa:
Zn(r) + [gO(r) + H,O + 20H — Hg + [Zn(OH),})*
(iv). Pin nhién liéu

Pin 12 phuong tién chuyén truc 1iép nang lugng ctia phin (ng oxy hod - khur thanh dicn

nang. Xét vé mat ning lugng, qud trinh nay thudn lgn hon vige chuyén hod cdc nhién li¢u gqua con
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dudmg dot chdy (oxy hod) dé thu nhiét, r6i sau do méi chuyén thanh dien ning. Tat nhién cach
hai nay don gian va kha thi hon rét nhiéu, nhung hiéu suat thip so voi cich thit nhat.
Hién nay npuoi ta dang tién hanh nghién ctru, hoan thién va phit trién ma! loai pin dua treén
phén tmg chdy cua Hy:
2H, + O, = 2H,0
Pin d6 dugc goi én la pin pluén licu,
So d6 hoat dong ciia pin nhu sau (hinh 11-13)

Hai dién cuc 1a nhimg vat liéu rin x6p c6 dong 1, va'O, di qua, nhing trong mot dung dich
kiém KOH.

Hinh 11-15. Sa dd cau tao pin nhién liéu H, + O;:

Khi pin hoat dong:

Cuc am: 2H, + 40H - 4e — 4H0
Cyc duong: 0, + 2H,0 + de — 401
Phén img tong cong: 2H, + O, = 2H,0

Nudc do pin nhién ligu tao ra duge hén tuc chuyén khot pin.

Hién nay ngudi ta da che tao duoc cic pin nhién li¢u oxy - hydro hoat dong & ap suat 30 -
40 atm & nhiét do 200°C.
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Vé nguyeén tic, higu suit chuyén hod clia pin nhién li¢u 6 thé dat dén = 100%. Tuy nhién,
con c6 it nhidu van dé vé khoa hoc va cong ngh¢ cdn phai ti¢n hanh nghien ctru vé pin nhién ligu
dé ddp ting yéu cau sit dung thue €.

11.5.2. Acquy

Acquy 13 ngudn dién hod hoc ¢6 khd nang hoat dong jau diii nho tinh chét thuan nghich cua
qud trinh phong dicn va nap dién ctia nd. Khi nap dién Ac guy tich trit nang luong 1l dong dién cua
ngudn dién ngodi nhd mot phin (ing hoa hoc. Khi phong dién, nang lugng d6 lai toa ra thanh dong
dien mach ngoai do su xay ra nguoc lai cla phan tmg noi trén.

V& nguyén tic, tinh chat va sy hoat dang ciia acquy khong khac gi vdi pin hod hoc, numg

cac phan tng dién cic clng nhu phan ng 1ao dong dién trong acquy 1a thadn nghich.
(). Acquy chi (cling thudmg duge goi 1A acquy axit <6 Img dung rét pho bi¢n) -
Ciu tao clia acquy chi:
(=) Pb, PbSO, () ] ;80 (32-34%) | PbO,, Pb (+)
Céc phan img xay ra:

— adién cuc bén trdi:

.. phong dign
Ph + SO —_— PbSO4 (1) + 2
nap dign

~ @& dién cue bén phai:

. 2 phong dién
PbO, () + 4H + S04+ e =m=——==PbSO4(n * 2 H-0O
nap dién

Phén (mg tong cong:

2. phong dién
Ph + PbO2(r) + 4H + 2804

2PbS0s(ry + 2H0
nap dién

Sdd (hiéu di¢n thé hai dién cue mach hé) cta acquy chitle 1,95-2,15V.

Acquy chi duge phat minh nam 1859 do G Panté *, ién nay, trén mot nia ugng chi thé

gi6i sdn xvdt ra dudge dimg dé san xudt acquy chi.

U diém chinh: ré, dubng cong nap di¢n - phong dien it bign ddi theo thari gian.

“ Gaston Planté (1834 - 1889) nha vt iy Phdp, phidt minh ra acquy chi nam 1859.

396



Nhuge diém: tudi tho khong cao, thodt hoi axit khi nap dién.

(ii). Acquy kiém niken - cadmi (Ni - Cd) va niken - sat (Ni - Fe) (dugc dung phé bién thi hai sau

acquy chi)
Phin g tao dong dién nhur sau:
phong dién
2 NIOOH + M + 2H,;0 =——= 2NiOH); + M(OH)
nap dién

& diy, M: Cd hoac Fe, chal di¢n ly - dung dich KOH, doi khi them LiOH dé tang kha ning
lam viéc cha dién cic oxyt niken. Sdd =~ 1,30 - 1,34 V déi vdi acquy Ni - Cd via = 1.37 - 1,41 doi
v&i acquy Ni - Fe. Acquy kiém ¢4 tuéi tho cao, dat dén 1 - 2 nghin chu k¥ phéng - nap dién.

Ngoai ra, ngudi 1a cdn ché tao cic loat acquy khie nhur:

- acquy niken - bac, vdi phan tng:

phdng dién

ApO + Zn === 7n0 + 2Ag
nap dién

Sdd: 1,60 - 1,85 V véi 100 - 200 chu ky lam viéc.

- acquy niken - hydro, véi phan (ng:
phéng dién
INIOOH + Hy =—=== 2 NilOH)
nap dién

Sdd: 1.32 - 1,36 V, v8i mot vai nghin chu k¥ lam vigc.

Cuéi cing, gidi thieu mot loai acquy sit dung chit dign ly khong nudc dang c6 rat nhicu
hita hen. DS 13 acquy liu huynh - natri v6i chat dién 1y ran keramit ché tao tlr aluminat natri. Tac
nhan dan dién 1a ion Na*, Acquy lam viéc & 300 - 350°C, véi phan ting:

phéng dién

3S + 2Na Na»Ss

nap dién
Sdd 1a 2,08 V. Nguoi ta lap ghép nhidu acquy thanh bo dé c6 dign th¢ cao. Loai acquy nay
duge sir dung nhidu trong cdc thiét bi cdn ngudén dién khéi dong manh: cdc mdy kéo ning, khai

dong dong cao,...



~ ? I » ~
CAU HOI VA BAI TAP
Cau hoi

1. Nguyeén tac cu tuo t6ng quit clia mot pin hoa hoc,

2. Nguyén nhan xuat hién csc 16p di¢n tich kép cua cdc loai dién the dién cuc,

3. M0 ta so dé hinh thanh Iop kép va dién thé dien cuc cia dign cuc kim loai trong dung moj
nudc hodc dung dich mude ciia cde musi kim loar.

4. Phan biét cdc loai dién cuc: loai 1, loai 2 va dién cue oxy hod - khu. Viét phuong trinh dién
the Nernst cha vimg loai dién cyc nrong tng.

5. Nguyén tac thanh lap vi cau tao cua mot pin hod hoc. Vit phuong trinh mo i st dign
dong (Sdd) phu thuge ndng do céc chit dién ly rong mot pin hos hoc.

6. Trinh bay phuong phip do Sdd cia pin. Tai sao ngudi ta khong dung von k& d¢ do Sdd ?

7. Trinh by ciu tao clia pin miu Wesion. Vi sao Nguoi ta hay dimg dién cuc loai 2 dé 1am
dién cuc so sdnh ?

8. Néu cic ing dung chinh cita phueng phdp dya vio phan g di¢n hod (do Sdd ciia pin) va
nguyén tac hoat dong cla timg phuong phip.

9. K€ tén cdc ngudn dién hod hoe ma anh chi bigt, viét cic phan (ng hod hoc xdy ra trong cédc

nguén dién do.

Bai tap
I." Thanh lap cdc pin (dién cuc duong, dién cyc Am) dudi dang cong thite so d6 cdu 1ao pin dé
thye hién cdc phan ing sau:
a/ Cd + CuSO, = CdSO, + Cu
b/ 2Ag" + H, = 2Ag + 2H"
¢/ H, + Cl, + 2HCI
d7 Zn'* + 2Fe™ = Zu* 4 2Fe™
2. Tinh Sdd cia pin 6 298K ?
(POCL (1atm) T (a= 1 Zn™ (a= 1) Zn
Viét phuong trinh phan img Xdy ra trong pin d6. Tinh  AG",,. Nhan xét ?
Ddp so- 2,121V
AG' 0y = 409,353 kJ

Phan (ng xdy ra theo chiéu nguoc lai;
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7ot +2CT = Cl +Zn

3. Thanh Jap pin xdy ra theo phan Ung:

Fe* (a= 1)+ Ce™ a=1)= Feta= 1)+ Ce" a=1
Tinh 8dd ESgg v A0 . 7

Pdp s6- 0,839 von, -80,88 kKJ

4. Stc dién dong cua pin:

Hg | Hg,Cl, | KC (0,1 Ny I H' (ptH[ =?) Quinhydron (P1) 6 298K 11 0,15V, Tinh pH cla

dung dich.
Pap s6° 3,65

5 Tinh hing $& can bang cuia phan g theo dién thé dién cyc uéu chuan:
ZnSO, + Cd = CdSO, + 7n

diéu kién hoan 10an thuan nghich, va T, P = consl,

‘Tinh cong clia phan (mg dd trong

a, 0= 0,001, a2 = 0.125, T=298 K.
Pap so: Phan img xiy ra theo chiéu
nguge lai, voi K = 1,6.10"

A = 8.14.10" kJ/mol.

6. Xdc dinh AH cha phin ng:
CuSO, + Zn = Cu + Zn SO,

Néu Sdd clia pin hoat dong thudn nghich voi phan (ing rén:
T.K 273 276
E.V 1,0960 1,0961
Ddp 56" -2,1.10%k)
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CHUONG 1 2

PONG HOC CAC QUA TRINH DIEN CUC

Trong chuong 11, ching ta nghién ctu cdc dign cue va pin trong diéu kién thuan nghich
nhiét dong hoc, rong do, cac dicn thé dién cue va sifc dién dong cta pin (¢ va E) duge xdc dinh o
trang thdi can bang khi mach h& (hai dien cyc khong duge ndi véi nhau bing day ddn loai 1, va

mach ngoai khong ¢6 dong dién chay qua).

Tuy nhién, trong thuc 1€, khi pin am viéc hoac khi thurc hién mot qud trinh dign phan thi
en luen ¢6 mot dong dién lién tuc chay qua day dan loai 1 (céc day dan kim loai) va day dan loai
2 (dién cyc - chat dién 1y), khi d6, pin va cdc dicn cyc hoat dong trong diéu kign bat thuan nghich

nhiét dong hoc.

Viec nghién cim cdc h¢ phan ing dién hod trong didu kién nhu thé la hét ste cdn thiét d¢
hidu 16 ban chat va quy Juat cba nhiéu qua trinh dién hod xay ra trong cong nghi¢p va trong

nhién,
12.1. PONG HOC CAC PHAN UNG PIEN HOA
12.1.1. Cic dinh nghia

Mot binh dién phan hoac mét ngudn dién hod hoc déu ¢4 hai dién cuc (vat dan electron) va

mét hodc mot s@ chat dien 1y (vat dén ion).
Trong ca hai trudng hop, ngudi ta déu goi:
o Anot la dién e 6 dé xdyra phdn g oxy hod:
Vidu Cu - 2c = Cu™

Ag - ¢ = Agh vy

26- HLIIK 401



o Catot ld dién cuc o dé xdy ra phdn tig kut:
Vide: Cu™ + 2e = Cu
Zn* + 2e = Zn ,v.v..

Mat khde, theo quy udc, thi dong dién bao gidy cling ¢é chiéu tir cuc duong dén cuc am (con
electron c6 chiéu nguge lai) ciia ngudn dién, do 46, cdn luu ¥ khi sir dung cédc thudt ngir anot, catot,

cuc duong, cuc am cua pin va h¢ dién phan.

Vidu: Mot pin (=) Zn | Zn®* Il cu* ! Cu ()

Hinh 12-1. Sg db cla pin (a) va cla binh dién phan (b}):

a.Pin déng - kém: b.Binh dién phan:
1, dong dién mach ngoai; —l>: dong dién mach ngoai;
—Z£ 5 electron mach ngoai; —< > electron mach ngoai,
_Lu®? . cation chuyén dich theo ——% - cation Cu?* chuyén dich
Zn?* theo chiéu dién trudng;

—=1 5L chiéu dién trudng. A
- + .
—-—i|— : ngudn dién ngoai.

va mot binh dién phan dugc cdu tao nhu trén hinh (12-1 ).

bai vdi pin: (pf_‘Ll/('u2+ >(p.’£|‘|/2112+
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Poéng 1a cuc duong (+), & d6 xay ra phan ting khir:
Cv* + 2¢ = Cu
nén dé 13 catot.
Zn la cuc am (-) , & d6 xay ra phan img oxy hoa:
Zn - 2e = Zn*
nén cuc Zn la anot.
Pai vdi binh dién phin:
Cu duoc ndi vdi cuc (+) cua ngudn dién, ¢ dé cd phan dng oxy hod:
Cu-2c =Cu”
nén cuc Cu la anot.
Zn dugc ndi v&i cue (-) clia ngudn dién, & dé ¢6 phan vng khir:
G + 2e = Cu
Cu bdm vao cuc Zn, trong trudng hgp niy Zn ta catot,
Tom lai:
Paéi véi pin: catot (cuc duong), anot (cuc am).

D6i vai binh dién phan: catot (cuc ndi véi cuc am cua ngudén dién ngodi), anot (cuc noi voi

cuc duong cua ngudn dién ngoai).

e Pién cuc don: D6 1a mot hé gém kim loai - chat dién ly ma trén bé mat phan cdch pha chi

xay ra ¢ mot phan @ng dién cuc duy nhit.

Vi du: Mot thanh dong nhing trong mot dung dich sunfat dong (khéng ¢é O, hoa tan). Trén

bé mit dién cuc déng, chi xay ra phan tng:
Cu/Cu™: Cu”* + 2 = Cu
hodc mot day Pt nhing trong dung dich sunfat sit II va sat I1I:
(Py Fe**, Fe™: Fe" + ¢ = Fe*
¢ Pién cuc boi: DO 1a moOL hé gom kim loai - chil dién 1y ma wén bé mat phan cich pha cé

thé xdy ra nhiéu phin ng dién cuc déng thoi.
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Vi du: mot thanh dong nhing trong dung dich mugi sunfat déng ¢6 hod tan O,, trong mai

truding axit nhe.
Trén bé mat dién cue dé ¢f cdc phan tng xay ra:
Cu = Cu™ + 2
120, + 2II' + 2 = H0
Phan (mg t6ng cong:
Cu + 120, + 2/ = Cu*¥ + HO
12.1.2. Toc do cia phan ung dién hoa
Néu xét mot phan tng dién cuc (phin ting khin):
a0x + ne — bRed {a}
6‘. day: Ox: dang oxy hod;
Red: dang kht;
a, b: cdc hé s¢ ty lugng;
n: hé 6 electron trao déi gita dang Ox va dang Red.

Theo dinh nghia vé t6¢ do phan (ng thi:

I dmy,
VRed =~
Ted dt
(b}
haiic: Vied =lm
' b dt

trong dS, dim,,, : bicn thién s6 mol dang oxy hod (giim di) tén mot don vi bé midr dién cuc,
trong mot don vi thii gian,
dm ., bi€n thién s6 mol dang khir (tang 1én) wén mot don vi bé mar dien cuc,

trong mot don vi thoi gian.
Né&u xét mot phan img oxy hoa & dién cuc:
bRed — aOx + ne {(c)

thi ching ta ¢d két qua tuong
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Vo = - Pdmg, 1 dmo, ()
b dt a dt
Tir (a) va (c) chiing ta thdy cdc phan tng dién hod xay ra déu thong qua sif trao doi electron
oiffa dang Ox vi dung Red. Do d6, tac do phin dng ¢o thé bidu dién qua sy bién thién so electron

ctia phan tmg.

Do dé:
1 dm, g,
Wy =, eRed (e)
dt
trong dd, n: he 56 ty hugng trao doi electron.
Vidw 7o'+ 2 = Zn
n=2
dm, . 4 bién thién lugng electron trao déi trong phan ting khir dign hod;
dt: khoang thoi gian dt.
Tuomg (u ta ¢6 i v6i phan ng (c):
1 dm, o,
VU\' = _'_..ﬂ (g)
nodt

Mat khac, ching ta biét rang:
q=m_F
rong do. q: dién luong [cnidng]
m,: luong electron [mol};
F: $8 Furaday = 96300 culdng.
Hodc:dg = dm,.F
1 xet chio mot dou vi bé mat. do doe

i= t(]j_q = lmi — mat do dong dién (dong dién trén mot don vi tiet di¢n di¢n cue,
{ dt
A/m?).

Nhu vay, ta ¢6:
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- _ lRl:d hOi:iC Vo, = E_Ox ( l2—lJ
n.F Y onF

v [{udl

hoac viet dusi dang chung:

yo | (12-2)
n.F

(12-2) 1a bieu thie biéu dién t6c do phan tng dien hod xdy ra & bé mit dién cue.
Trong biéu thide {12-2); v [mol/m’.s];

i: mat do dong dién [A/m?):

F: 96500 culong.

Vi gy nguge chiéu vdi dong dien ngodi (nguoce chiéu vdi dicn lrudng) nén ¢d gid tri am, do

do trude (12-1) ¢é diu — dé v luon 6 gid tri duong.
Nhin xét:
— Néu phan ng oxy hod va khir cing xdy ra déng thdi trén mot dién cuc:
a0x + ne = bRed
thi mit do dong di¢n tong cong i 1a 16ng mat do dong dicn khut i,y vd mat do dong dien oxy hod i,
P=lg, Higeg = NF(v, =V y)
—  Néumot phan (g dién hod dat dén trang thdi cin bing (Vi = vy ) thiiténg bing khong,
mac diu —iy,= iy, # 0. Trong trudng hop ndy iy, =ig =i, i, dugc goi 1a mdt do dong trao doi.

—  Biéu thirc (12-2) chimng o ring, néu mat do dong dién i cang 16n thi 16¢ do phin g dién
hoi cang Idn va ngirge lai. Nha bidu thie (12-2) ma chiing ta dé dang nghién ciu dong hoc cic qud

trinh di¢n cuc, néu xdc dinh thyc nghiém duoe cic giatri cua 1.
12.1.3. Sy Khuéch tin. Mat do dong khuéch tin i,,. Mat do dong gidi han i,

O trén ching ta d xét dén tée do cla phin tng dién hod ung vai trudng hop giai doan phin
tmg dién cuc la chdne nhdtr, quyét dinh 8¢ dod chung clia phan tng.

Tuy nhién, ching ta d¢u biét rang, d€ thuc hi¢n cic phan iing & bé miit dién cuc, cdn phai
van chuyén cdce chit {cdc ion) tham gia phan (ing tit trong ong dung dich dicn ly dén dién cuc. Néu
giar doan khuéch tdn nay ¢6 16¢ d¢ nho thi tdc do chung cta phin ting dién hod phy thude vio giai

doan khuéch tin nay.
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Theo (8-6) ta ¢6 vin toc khuéch tin:

vy, = -g-.(cI -C,)» {a)

trong do: [D: hé 56 khuéch tin;
&8: chiéu diy cla lap khuéch tin;
C: néng do trong dung dich clia chdl (ion) tham gia phan (ng;

C,: nong do cha chat dé ¢ bé mat dién cuc (hinh 12-2).

y
<
C |
- €
7y /]
2 ///l
/A
84/ /]
E/Ca / |
g / '
a7 |
7
A7/ |
Al =28 |
— x

Hinh 12-2. S0 d6 khuéch tan.

Vi st chuyén chit (jon) tao ra dong chuyén dich dién tich nén o6 thé biéu dién v,, bing mat
dé dong dién.,
Theo dinh nghia:

_dm'k:
Cdt

Vi
dmy, : lugng chiit khuéch tdn trong mot don vi thai gian gua mot don vi 1iét dién.

Do do:

0 D e oe (b)
dt o

[odc viét:
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dm, D
My yp=2 €, -COnF. (©)
dt d
trong ¢6, n: s6 dién tich clia ion. Vidu Znt,n=2;
F: sa Faraduay.
vi dm,,.n.F =dq, = diénluong duge chuyén van bang khuéch tin:
day, =i, = mat do dong khuéch tdn ()
dt ‘ _
Tir {c) va (d) ta c&:
(12-3)

1&:

D
=nF.—(C,-C))
8( 1 u

(12-3) biéu dién mat do dong khuéch tdn. Néu 6c do phan tng dién cue rit 16n, ndng do bé

mdt clia ion tham gia phan tng C, = 0 thi (12-3) tr¢s thanh:

i :n.F.%.Q = const (12-4)

i, dat dén gid tri gids han, nén ngudi ta goi mat do dong khuéch tin trong diéu kién do la
mdt do dong giot han, iy,

Nhian xét:

o Tir¢12-3) v (12-4) ta co:

_ili =1- Ci‘_
igh CI

hoic: Co_ly (12-5)
C"l igh

Xic dinh duge ty s6 "« ching ta c6 thé bigt duge ndng do C, trén b& mat dién cye tng véi
Igh
mot iy, di cho:

C,=C.(1-2 (12-5)

lgh
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12.2. QUA THE - SU PHAN CUC
12.2.1. Qua thé
(i). Dinh nghia

Dsi véi mot dien cue don, vi du Cu/Cu™, lai bé mat phan cdch kim loai/dung dich xay ra

phan (mg:
Cu™ + 2¢ = Cu {(a)

Khi dién cue & trang thdi can bang (khong 6 dong dién chuyén qua dién cye, mach ho) thi

dién the dién cuc ¢ duoc goi 12 dién the can bang, hay goi 1a dién the Nernst {¢"™). Theo (11-3) ta

co;
. R.T
ch — ol e
(pL'u cat (pCu Cut + n.F .IH[CU ]
O 298K ta ¢o:
ch — 5 -~ 2
Py cur =Pl o +0,0295.In|Cu~"] (b)

Né&u ngudi ta "dp" ("dat™) lén dién cye Cu mét dién thé ngoai khdc véi o, thi, khi:
Cu ’

v T

al o > (ptf’u o ndng do [Cu™] ting, do phan tng (a) xay ra theo hudng:

Cu — Cuv + 32Ze

vil ¢6 mot dong dién chuyén qua bé mat dién cuc, d6 la dong dién "oxy hod" hodc duge goi la dong

dtiof.

b/ ¢ < (p':‘“ T néng do {Cu™'] gidm, do phan tng (a) xay ra theo hudng:

Cuv* + 22 —» Cu
vi tuo ra mot dong dién khir, hay duge goi la dong catot,

Sur khdc nhau giita dien thé ¢ dp vio dién cuc vi dién the cin bang cta di¢n cuc " duge

goi 1a gud theé, ky hiéu bang 1.
n=o-¢° (12-6)
Nhu vay, qui thé cha dién cyc 1a duong, @ > ¢ thi dién cuc la anot (phan ttng oxy hod). n

> 0 tao ra dong anot.
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Khi qué the am ¢ < @™, dién cye Ja catot (phuan tng khin, dong dién di qua dién eye 1a ddng

catol,
Trong dién hod. ngudi ta hay sir dung dai lugng mat do dong dign:

1= --

S
trong do: i: mat do dong di¢n [A/m);
I: cudng do dong dien [Al
$: dién tich bé mat di¢n cye [m’].

Tir (12-2) chiing ta bi¢t rang i la dai lugng dac trimg cho 16¢ do phan g dién hod. Do do
trong khi nghién ctru dong hoc cie phin (ng dién hod, ngudi ta thudng xac dinh cdc dudng cong
bicu dién quan hé ¢ = {{i). Cic dudng cong d6 thusng duge goi Y cic diang cong phan cife hay

diteng cong "dong - the”.

Hién tugng dich chuyén dién thé di¢n cue so vai dién thé dien cuc can bang (9 do mot

done dién chuyén qua dien cue duoc goi 1 sir phen cie dién cuc.
=] ] T A H ex A A i d

(ii). Ddng ciia cdc duong cong phan cuc

4 yén 16¢ phdn
‘\i}ng fdng

Dyifng cang
ool

ﬁa‘d—"!g gf'c;;' Aar

Vé‘n 7o pﬁ.c;n
g fdng

Hinh 12-3. Cac dudng cong phan cuc nhanh,

Déng ciia cdic dudmg cong phan cye phy thude viio téc do clia phan img dién hod vi cde bicn doi

c6 the xdy ra ¢ bé mat dién cuc nghién ciu.
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o Truong hop chi phy thude vio toc da phin tmg:
Phan (ng xdy ra nhanh theo cd hai hudng (oxy hod vi khiry, hinh 12-3.
Trong trudng hop nay, v&i mot 1) rat nho di gdy ra mét mit do dong dién 1 khd 16, wong
mg vdi mot vin toc phan tng dién cuc kha 6n.
Phan dudng cong ving véi = ¢ - ¢ > 0 1d diong cong anot, g véi n = o - " < 0 I
dirding cong catof.

Phan (g chiam theo ca hai hudng (hinh 12-4).

ﬁd&ng cong

arol

ﬂbbkg cang
caldt

Rinh 12-4. Budng cong phan cuc cham:
N s qud the 161 thidu anot:
Wi » qud the 161 thiéu catot.
Trong khoing qud the 1, >0 vin' <0, khong ¢6 dong dien qua dién cuc, dien cue
bi "tra”. Ngoii khoang dé thi méi ¢6 mat do dong dién i, nghia L, mdi xay ra phan dng dién hoi.
e Truong hop bé mat dién cuc bi bicn déi:
Bé mat dién cue phan cuc thuan nghich:

Khi dp dién thé ngoai tao ra qud the va dong dién qua dién cuc, b mat dién cue bi bicn doi.
Ngit dong dién ngoai, bé mit dién cuc trd lai trang thai ban dau. Do d6 cic duémg cong phan cuc

khi qud thé tang hay giam déu trung nhau (hinh 12-5a).
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Hinh 12-5. Budng cong phan cuc thuan nghich (a), bat thuan nghich (b}
P.. d6 phan cuc catot; P,: d6 phan cuc anot.

Bé mat dién cuc phan cyc bat thuin nghich: khi ngat dong dien ngoai, bé mat dien cuc van
gilt mot do phan cuc nhat dinh, nguyén nhan 1a do bé mat dd by bién do6i khong thuan nghich vi ¢6
mot mang oxyt hodc mot mang khi che phu dién cue, Cdc dudng cong phan cyc khi 1 tang v khi 1
giam khong tring nhau. Hign tugng nay thudng gap doi voi cdc dién cuc boi.

Nhin xét

Tir cde trudng hgp nghién citu & trén 6 thé nhin xét ring: mat do dong i cang 1én khi dién

thé dp vao digén cuc cang I8n, do dé 16¢ d0 cla phan ting dien hoi tang khi di¢n the dién cyc tang,
(ifi). Xdc dinh thue nghiém cdc dudng cong phdn ciuc

0 o = . . . ., . . N .. .. o ' . - .
“* Bién cue can nghién ctu duoe ky hicu la dién cue fam viéc. dién the ¢, - cla no duoe xdc dinl theo

mat dién cure so sanh gy (dien cife calomen. v.v...).

Dién the dien cue ¢, duge thay déi nho mot Potentiostat (thiét bi didu chinh (hé) dp leén dién cuc
lam vige va dién cye rg (dien cue doi) nhimg hiéu dién thé khic nhau, hoac nhd mot Galvanostat (thiét bi

di¢u chinh dong) dp lén nhimg dong di¢n khiic nhau (hinh 12-6),

Po cic gid tri g va 1 wong ihng. chiing ra s& v& duoce cde dudng cong phan cuc,
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Potentiostal hadc
Gal vanosial

b

L

/ Dién e 9!?“9 e

S0 sdnk daéy

ﬁfen ce
igm wi€c

Dung dich diénly

Hinh 12-6. Sd d6 do cac dudng cong phan cuc.
12.2.2. Cic loai qua thé

Hién tugng phan cyc dién cyc va xuat hién qua thé 1a mot van dé hét sic phic tap trong NG
thuyét dong hoc cde qud trinh dién hod.

Song, vé co ban, ngudi ta déu thira nhin ring: phan ting di¢n hod xdy ra & cdc dién cyc la
mot phan ng di the dac thiy, trong d6 cd su trao doi dién tich gilia cic phan tr mang dién gilfa cac
pha, bao gém nhidu giai doan ké 1i€p nhau, nén giai doan nao cham nhat s& quy€t dinh t6c do chung
ctia phan tmg, s& lam "cham ¢ " chung cho cit qué trinh va (30 ra mot qud the tong g,

C6 thé phan biét bon loai qud the.

(). Qud thé khuéch tin

Néu cde giai doan khéc clia phan iing dién cuc xity ra nhanh hen nhiéu so véi 16c do vin
chuyén chat thi sy sai khic cta the di¢n cyc so vdi di¢n th& can bing d€ lam xudt hién dong dign
gua dicn cuc, gy raqui the dala do hict g Khuceh tin Trong trudng hop nay. qui the duge go
14 quit the khuech dn -

(ii). Qud thé hod hoc (qud thé phdn &ng) 1,
Hau nhir cac phan ting dién cuc déu bao gdbm mot (hodc mot vii) cdc chuyén hod hda hoc

thudn tuy. Ching c6 1hé la dong thé hoje di thé, c6 thé xay ra trude hodc sau giui doan dién hod.
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Ciic chuyén hod hod hoc khong phy thude vao dién the dién cuc, song lai anh hudng rdt ddng ké dén

dong hoc ¢l toiin bo gud trinh dién hod.

Do d6, ngudi ta dua ra khdi niém quéa th¢ hod hoe img véi dicu kién: 16¢ do cua cde glal

doan thuan tuy hod hoc 13 nho nhat, ¢6 vai tro quyét dinh dén dong hoc cua phan (mg dien hod.
(iii}. Qud thé chuyén pha, n,,

B0 Ia qud the gay ra do cde can trd lién quan dén su tao mam vix phds trién linh thé trong

qua trinh dién phén.

Sur hinh thanh mam tinh thé, su sip x€p cdc tinh the, sir phdt tién bé mat, v.v... deu doi hoi

nang luong do d6 gay ra cde qua the chuyén pha 1,,.
(iv). Qud thé dién hod, 1,

N¢u phan g dién hod nguyén 16 (giai doun cd ban) han ché 16¢ do cla toan bo phan ting
dién cuc thi s chuyén dich di¢én th€ so véi dién the can bang cla dién cuc duge goi la qud theé’
phong dién chdm (hoidc qud the ion hod chamj, trong thai gian gin day, ngudi ta con goi qita thé’

chuvén vdn dién tich.

Thue ra. bin chat ciia giai doan dién hod khong chi han ché boi su bién thien trang thdi hod
tri cha cdc tiéu phan (ciic dang) hoiic 1a chi bdi sy chuyén vin dién tich qua bé mat phan cich gifta
dién cuc - chdt dién ly, ma con lién quan dén su bién doi dong thai trang thdi hod 1y va trang thdi

nang luong cua he.
Vi du: phan ting:
HO' + e = H, + ILO
(H,,: nguyeén tir hydro hap phuy trén bé mat dicn cuce)
Trong d6, khong chi H,O" nhan dugc e dé dién tich bien thién tirZ = 1 dén  Z =0 ma con
6 su bién déi cha proton hydrat hod thanh nguyén tr H hip phu trén dién cic, nghia i, phat ¢6 su

cat dut lien két gilta cic ion hydro vi véi dung moi, ¢ s hinh thanh lién két méi gitta nguyén ur
hydro va kim loal dién cue.

Nhur vay, sir chuyén doi dién tich gifta cdc tiéu phan di¢n hod juon kém theo s bi¢n doi cau
triic vi ban chit ciia chiing. Su bién déi d6 cing sau sdc bao nhicu thi cing doi hoi nang lugng 16n
vt do dé, téc do clia giai doan dién hod cang nho biy nhiéu, nghia 1a, né s€ tao ra mot qud the dige

goi L qua the dién hoa ..
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Qud thé clia cd qud trinh digén cyce la:

n = M. + T]]‘ll + nkl + T]L'l‘

Ngoai ra, cin phdi ké them mot phan nang lugng bi 160 thit do dién tro mach dan dién.
Song, cidc sy tut di¢n the do khomg lién quan gi dén bin chat dong hoc cua qud trinh dién hod.
12.2.3. Ly thuyét dong hoc dién hoa

Ching 1a s& xét moi quan hé gifia mat do dong dien i va qua 1hé n cla dién cye, khi glai
doan trao doi electron (chuyén déi dien tich) li cham nhat, quyét dinh 1o do chung cua toan bo qua
trinh dién cye.
(i). 11é thitc Butler - Volmer

Ching ta khdo sit mot dién cue don, o do chi xdy ra mot phan (ing dién hoi tuong (g vidi

mot cap oxy hod - khir:

]
Ox + ne ==——= Red
3
- (@)
dé thict 1ap méi quan he gifaivan,
% Gia sir phan (ing oxy hod va khu déu tuan theo quy luat déng hoe phan ting bic 1. ta ca:
Yos = k?'[Red] (b)

VRed = kl[ox]
irong dé: V! tdc do phan Umg oxy hod theo hurdng 2:
k.: hdng s6 toc do phdan tng oxy hod:
[Red]: ndng do cha dang khir;
Vi 16C 6 phan tng khy theo hudng 1:
k,: hiing s6 t8¢ d phan g khi.
[Ox]: ndng do clia dang oxy hod.

Vi gia i€t ring. cic dang Ox vd Red muén tham gia phan Gng, phdi vugt gua mot thém nang

lugng (nang lugng hoat hoa) dé tao ra mot phiic chat hoat dong niue so dé:

Red — Red* — s  Ox

—_————

{c}
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Ko

Theo Iy thuyér phiic chit hoat dong (7-47) thi hang s6 vin t6c cla (¢) bing:

Koo =& K"

h
[Red’)
[Red]

Véi K™ = vigiathigt = 1

*

kT [Red ]
h

Thi k. = .
[Red]

Oy ™

(d}

ong dé: k: hang s Bolizmann = 1.38.10% I/K;
h: hang 6 Planck = 6.62.10°™ J.s:
[Red’]: ndéng do cia phie chal hoat dong ciia dang khit;
{Red]: ndng do cua dang khir & trang thit can bang.
Tuang tr nhu vay. d&i véi phan dng khir;
Ox =+ Ox* —» Red (e)

kT [0x"]

h o 1Ox]

“Red T (g)

Né&u xem sy hinh thinh phire chat hoat dong la giai doan khé khan nhat thi ¢é thé xem ki =kgo.
.

T (b, (d) va (g). ta co:
VOx = l‘U\[R":d]

(h)
Vied = klRud'[Ox]
Mit khdc, tr (7-47". ta ¢o;
AGg, =-R.T.In [Red ]
[0x")

AG :{Icll =-R.T.In m
X

Nén:

. kT AGy,,
Voo = Koy [Red] = T‘[Red].exp{— R—(I)}



: kT . AG
Voo = Kpog [OX] = == [Ox].ex LT Red
Red = B rea[OX] 0 [Ox] p{ o }
Theo (11-2)tacé i=nF.v. dod& .
FRT AGT
fow = lFlL--.[Red],exp{- _R‘;L]
1 | {k)

: n KT e
ed TTT .[Ox].exp[— —ﬁ"]

Bay gidy ching ta xél méi quan hé gita AG™ va @:

AG# 1 nang lugng ur do hoal hod nén nhat dinh phy thude vio hidu dién th¢ gilta dién cuc va dung

dich dign ly AU va do d6 phu thuode vao dién the dign cuc .

Trudmg hop AlJ > 0. nghia la dién the ctia kim loat (U, ) €30 hon dién thé cua dung dich chat dién

1y (U g dict)- €O dé s chuyén dich dién tich am {cdc electron) s&;

1 dén dién cuc (hinh 12-7),

thuan loi theo hudng oxy hod. cdc electron s& chuyén tir dung dic!

—  kheng thuan loi theo hudng phan (g khit (hinh 12-1. vi electron chuyén tr dién cye dén dung dich

nguge vai hudng clia electron dudi lue dién rudng.

Khi mét dien lugng q = n.IF duge chuyén qua 2 diém gifra hicu dién the AL, thi mat lugng nang

liong da tidu ton: nFAU dé 1am tang hoac giam AG* cha phin (g oxy hod hoac khi.

D6 v6i phdn (g oxy hoa:

AG),. ={aGy, ), —anFAU. M

trong da: @ 12 phin nang lugng litu ton. duoc goi 1 ié s6 chiyén vén hoac thira s d6i ximg cua

phédn tng anot:

(AG :)x ) - nang lugng ty do hoat hod ki AU =0.

o
Ddu — trong bicu thite (1} ching 1© AG;\ duoc giam thiéu. phan iing oxy hod dién ra thuan theo
huemg AU > G

Tuong ty nhu vay, ching ta co:

AG .I"'lctl = (‘&G ,:{ud ]n + ﬁnrAU (I‘ll)
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B¢ mai .oang drch
phén cach -

phdn cach | ——

e=17 e

o - e /—3__——-__
N e G -

—————— i A

- |TmmT— —-— -

8é mo/ Dung dich

AU =0 AU =0
Ukim Jwi >Un|un;: theh Ukim I ‘>U\|ung bwh
Hinh 12-7. Sd dé chuyén dich electron thuan Igi (a), bi can trd (b):

—E_,- chiu dign trueing:

= chiéu chuyén dich cé husng cla electron;
77\ : electron tham gia phan {ing dién hoa.
trong do:

(AG fed )u : nang lugng v do hoat hod khi AU = 0:

B: duge goi 1a hé 56 chuyén van, hoiic (hira $6 d6i ximg ciia phan dng catot:
a+f=1.
Néu thira nhén mot dién the chuin nio dé thi: AU = ¢ + const.
Do d6 cd thé vist:
AGp, =AY, —anFo. {(n)
vai: O = (AG;;‘ )ﬂ -o.n.Fconst.
AGjy = Byey —BnFo. (p)
vai: Red = (AG fed )0 - B.n.Fconst.

Thay (n) va (p) vio (k). ta co:
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Vi

; “F“] A?,\ anF(')
. Redl.exmy — - — [ex
Toxw = 0 [Red].c p{ o 1 p— ’

Ble n.F.
LA, l"hlxl [Ox].cx [ _R.ai}expﬁitﬁ

R.T RT
Par:
k.T A
koo = —— exp| - =2
Ox h F{ R.T]
k. BS.
chd = __T.e‘\.p _M]
h R‘T/.'
Thi:
: : onFo
i, =0Fkq. . |Redl.exp——
Ox ox-L l.exp RT
BnF.op
i =n.Fk Ox].ex
Red = Red-L l.exp——— RT
Chiing ta da biét ring khi ¢ = " thi:
im = i:w = i..
Tix (q) va (r). ta c6:
(x.n.F.(pCb\
i, =nFky [Red]ex (_
’ o ARed] TR

BnFe®
i =nFkg.,[Ox].exp —
L, =N et -LOX] cxp[ o T

Matkhdc. 1 =ig, +igeg:

i=n. Fl:ko\ [Red]. exp( !: 29} K peo-[0Xx]. exp[ B“?PH

Thay (s) va (1) vito (u) ta durgc:

cxp( a.n.F.cp) cxp(— B.n.hp]
. RT . RT ) |«

o 7 el N - b
exp a.n.F.(‘P expl - B.n.l“g_\
R.T RT J

()

(n

(s)

()

(u)
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Vin=9 —(p"l’, nén:

i=i, .{cxp(ﬂzﬁ'ﬂ] - exp[-- B'“‘F'ﬂ]} (12-7)
R.T R.T

(12-7) 1 biéu thitc Butler - Volmer bidu dién quan hé gira mat do dong dieén 1 chuyén qua

bé mat phan cich vai qud the n cua dign cue thue hign giai doan dién hod, trong do, su chuyén doi

clectron (dién tich) 1a giai doan quyét dinh vou:

i, mat do dong trao doi cua phan g (a), Afem™;

o hé 6 chuyén van anot cla phan ing (a) theo hudng 2:

Ox + nc - Red
2
[ hé 6 chuyén van catot cia phan ng (a) theo hudng 1;
i s6 electron trao doi trong phuong trinh phan img (a);
F: $8 Faraday = 96500 C/mol,
R: hing s6 khi = 8,32 J/mol.K;
T: nhi¢t do K.
(ii). Puong cong phdn cuc i = f(7)) theo he¢ thitc Butler - Volmer

Z(mV)

Hinh 12-8. Budng cong phan cuc i = f(n}.



Khi n =0 — i = 0 dudng cong phan cyc i 18ng di qua géc toa do. DSt véi mdi mot phan
ing dién hod cu the, gid i i, ¢o thé thay déi tuy thuoc vio thanh phin cla dung dich dién ly vh

trang thii bé mat dién cuc.
(iii). Hé thirc Tafel

Lan déu ticn (1905), khi nghién ciiu qua thé cla hydro tai catot, Tefel da thu duge mot hé

thitc thuc nghiém, Yién hé qud th€ voi mat do dong dién anot:
n=A+DB.lni,. (12-8)
(12-8) duoc goi 1a hé thiic Tafel, trong d6 A va B 1a cdc hang s6.
Tuy nhien, hé thic thyc nghiém Tafel ¢ thé suy ra tir 1y thuyét Butler - Volmer.

Thyc vay, néu 1 khd 16n va duong:

ex,{‘?ﬂ-r‘_:ﬁﬂ] >> cxp[— B-'?_-___F_ﬂ]
L RT RT

Do dé (12-7) trd thaah:
a.nfn )

i:i‘,.exp( 2T

Bay gid, thue ra chi con t6n tai mat do dong anot i,

Tir da:

bat: R.T
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Tacé: = A+B.Ini

D6 chinh 1a hé thae Tafel (12-8) o trén.

Né&u 1 khd 16n vi am, chiing ta cling c6 két qua teong 1y

n=A +B.Inl

A', B' 1a hang s&, trong d6 B’ < 0.

. 23RT .

= —.lgi,
p.n.F

_23RT
p.n.F

A

(12-8%

Cong thite Tafel cho thdy qud thé phu thude vao mat do dong dién i. Song, vi gid tri A chifa

cdc i, o T, ..., nén qud thé con phu thude vio vat licu dién cyce, trang thai bé mat dién cuc, nhiét

do, thanh phéin dung dich dién ly....

Dudi day 1a mot vii s6 liéu vé qud thé cua hydro ¢ 298K.

Badng 12-1. Qua thé clia hydro trén mét s6 dién cuc

Var ligu Qua thé i [V]
dién cuc Taii= 107 Aem? - Taii= 10" Acm?
Pt (pht mugi Pt) -0,03 -0,05
Pt (tron) -0,10 -040
Fe -0,36 -0.64
Cu -0,58 -0.82
C (graphit) -0,70 -0,99
Ni -0.75 -
Ag -0,76 -
Pb -1,08 -1,12
Hg - 1,04 - 1,21

Tir bang 12-1 ¢6 thé thdy rang, qud the cua hydro wrén dién cuc Hg la 16n nhat va rén dién

cye Pt 1a nhé nhat. Bé mat dién cue Pt tron c6 qud thé 16n hon dién cuc Pt phi mubi.
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Su phu thue clia qud thé vao bin chat dién cyc 1a hién tuong dién hinh doi ydi khi. Déng

chii § 13, qud thé cha oxy phu thude vio vat lieu dien cuc theo trat tu khic vdi hydro.

Ni

Co Puphiimusi) Fe Cu Pb Cd Pr(tron) Au

Y

Qua the tang

Qua the cia kim loai wén cdc dién cyc thudng nho nén khong ding ké.
12.3. MOT SO UNG DUNG VE PONG HOC CAC QUA TRINH PIEN CUC
12.3.1. Dién phin

Dién phan 1a mot qué trinh thyc hien cac phan tmg oxy hod khir theo hudng ngugc lail vdi

huéng tu dién bién nhiét dong hoc, bang nang luong dign.

Trong qud trinh dién phan, luong clectron nhubing tit anot ding bang luang electron nhin

drge O catot.

(i). Dinh ludt Faraday

Luong chét duoc hiph thanh & anot hodc & catot ty 1é v6i dién lugng dung dé dién phan.

Gol,

cuc:

m 12 lugng chit duge hinh thanh [g]:

t: thoi gian dién phin [s];

q: dien fugng chuyén gua trong thdi gian t [C];
I: cudng do dong dién [A];

S: bé mat dién cue fm?];

i: mat do dong dién [Afem?];

n: hé s6 ty lugng trao ddi cha electron trong phuong trinh oxy hod hodc khir & dién

& catot: Ox +ne = Red (a)

Ganot: Red —- Ox +ne (b)

IF: 1 Faraday: dién tich ctia mot mol electron = 96500 C (culdng)

M: khéi lugng phan tir cha chat [mol].

Luong m chat duge hinh thanh bang s& mol n, sin pham nhan v&i M:
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m= np.M

‘Theo (a} va (b), dé tao ra | mol san phim, can ¢é n mol electron, nghia l cin mot dien

luong bang n.F. Dé tao ra n, mol san phim, cin mot dién lugng:

q=n,nF
Hoic: q =Lt
Dodc') n = [!
" nF
Viy:  m=n, m= MM (12-9)
n.
llodc: m = '_S‘FM (12-10)
n.
(\’i i= -[— }
s

(12-9) va (12-10) 1a bicu thiic todn cla dinh luat Faraday,
(ii). Dién dp dién phdn
Néu goi dién 4p dién phan U la hiéu dien the 4p vio hai cuc dé phan Ung xdy ra trong binh

dién phan, thi U phy thuoc vao cac y€u 16 nhiét dong, dong hoc va tinh chat dan dién cua hé dien
phan.

Xét mot binh dién phan (hinh 12-9a):

- ¢
.{i- Red,~~0ux,
I 1‘3 L
1 ch ¢h
Cato? Anot % g, AN l
i .
T ! A
| — i--—-—-] | 1
i I €=~ | %o, i %mg | |
T | L-—-—,—-—[
\ - Ox, : Red, ] | Ui : ’5;_1
I Ox;~Red,]

Hinh 12-9. Sg d6 binh dién phan (a), dudng cong phan cuc (b).
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e () anot; cé mot cap Redox | thue hién phan img:
Red, — Ox, + ne

e O catot: c6 mot cap Redox 2 thyc hién phan (ng:
Ox,+ ne —» Red,

—  Néu ép vao anot dién dp ¢, (hinh §2-9b) cao hon dién thé can béing c¢la cap Redox,, (pf"

chr

(@, = ¢ +n,~ M qud thE anot) 1hi phan img dién cire § anot s& xdy ra v6i 16c do tuong (g

vOi mét do dong 1.
~ O catot, ing v&i mot dién &p ¢, nho hon {am hon) q);b clia cap Redoxy, (¢, = 05" +1,. M
qua 1hé catot), phan ing xay ra v&i mat do dong catot 1.

Trong truémg hop nay, anot va catot déu 1a cic phan tmg cham, cdn phai c6 mot qud the 161
thiéu 1, , M,,, thisydicn phan mdi bit dau xdy ra ing voi dién dp U,

Upi =0 08+ (s, =My (12-11)
Frong (12-11):
e S8 hang ((p;'" - (p;h ): dac tring cho tinh chét nhiét dong hoc coa he.

. Sa hang (r| m ~ i ): dac trung cho tinh chat dong hoc cia he.

Ngoai ra, cin phai bé sung thém mot sd hang nita vao (12-11}: sut the do dién trd r cva binh

dién phan: r.I (I cudng do dong dién).

Tém lai, dién dp dién phan bang:

U={o® -5 )+{n,, M, 1 (12-12)
U=, —¢, +rl _ (12-13)
trong do:

(p1 = (p‘i'b +nm|

(Pz = Lp;b + nm:

D6 vdi cac phan tmg dién cyc khong ¢6 qud the thi s6 hang thif hai cua (12-11} khong

hién dién.



(iii}. Dién phdn H,0

H;O duge axit hoi (bang H,S0,) d¢ ting do din dién. Dién cuc 1a Pt, dung dich dién ly
g6m H,0, SO,*, H* (hinh 12-10).

bicu kien tieu chuan: T = 298K, pi =0, py, =1 atm, p;;, =1 atm,

Céc cip Redox ¢6 thé thuc hién cdc phadn (ng dién cuc sau;
H*/H, ¢6 o)., =000V
0,/H,0 cd ‘P%«_. o = 1,23 v

5,0, /80,7 <6 ¢° =208 V

52057 80,7

L

! |
PF Pt ~

3
&

k3
-
-

123 785 e

HyO, SO, H*

) b)

Hinh 12-10. (a) Binh dién phan.
(b} So 46 phan cyc (vé& khdng theo ty 1& xich).
Qua th& anot (41 thiéu déi v6i phan g 11,0 —» O,

r]111| = 0"62 v

Qua thé catot (i thiéu d6i véi phan tmg H' - H,:

N, =005 V

Tinh dién dp di¢n phan t6i thiéu U, dat lén hai dién cyc binh dién phan:

G anot. ¢6 thé xdy ra hai phan ng:
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HEO——>%O2 +2e+2H" {a)

2807 = 8,0, +2e (b)

Vi dien thé dien cue (P S,0,7, SO, khd cao nén ion SO,* khé bi oxy hod. Do doé chi cd

phdn (g (a} Xay ra ¢ anol.
Dién dp &1 thieu can thiét dat 1én anot la:
P = PO, 1o * N, =1,23+0,62=185V
$ catot chi cdc I1" tham gia phan dng:
A1 + 2¢ - H, ©)
Dién dp toi thicu can thiét dat 1én catot:
Qe =@ . Ny =0-0.05=-0,05 Vv
Nen, U =0,,-¢,, =185-(-005)=190V
Phan tng tong cong cla su dién phan L
H20—>1203 +2e+ 211"

2H' 4+ 2¢ > H,

H,0 - %o: +H,

Nhu vy, nude (axit hod) bi dién phan thanh H, va O,. Gid tri 1,9V cdn duoc goi 12 dién thé
phan fuey cia H-O.

Néu khong ¢6 qua the thi sy dién phan bit diu xdy ra 6 1,23V (@), 10— 0" =123 V).

e H™ Hy

Do d6, qud thé Jam 16n that nang lugng trong qud trinh di¢n phan.

Pé giam qud the, ngudi ta c6 thé 14c dong 1én ba yéu 16 sau diy:

—  Kim loai lam dién cue

~  pHcua dung dich dién Iy

—  Nhiét do cia moi trudng phan tng.
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N6i chung, qua thé tang khi nhiét do ting. Trong moi rwdmg kiém qué thé cla hydro cao
hon trong moi truting axit. Qué the cia 0Xy trong moi trudng kiém cao hon hin so véi moi (radmg
axit.

(iv). Dién phdn dung dich NaCl

bién phan dung dich NaCl ¢6 14m quan trong cong nghiép dic bit, vi né san xudt ra Cl, va
NaOH.

Dung dich dién ly bao gom H,0, cic ion Na*, CI". Cic cap Redox ¢6 thé la H,O (H,).
0,/H,0, Na*/Na, CL,/CI".

Tuy thude vao vac liéu lam dién cue va tuy thude vao bink dién phan 6 mang ngan hay
khong cé, sy dién phan tao ra cdc san phiam khic nhau,

Théng thuong, binh dién phan gom mot anot titan, mot catot bang thép vii mor vich ngin.
Ngan anot chita mot dung dich NaCl dic, pH = 4. Ngan catot chira mot dung dich NaCl loiing duoc

kiém hod bing NaOIL dén pH = 14 (hinh [2-11).

;
N (- — (i,
— — |L H0 —0,
I
Thép Titan
=c£ ' 138 cf—_
9, /h,0
ol |72 4 cly
o | L |
L ger
Hzo_""Hz
@ &
Hinh 12-11. (a) Binh dién phan,
(b) So d6 phan cuc.
O anot, 298K
2CI > Cl, +2e (a}
(pnj a " 1,36 v
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ch a{"l:
e =136+00295.1g" 5=
Cia Ol a2

1

HQO—>‘12‘03+2C+2H+ (b)
‘Praz Ha0 = 123V
P 0 =1.23-0,059.pH

Vi qué thé clia O, trén titan cao hon se vdi qui the clia Cl, (hioh 12-11b). Do dé ngudi ta ¢6

thé chon mot dién dp dién phan sao cho & anot chi xdy ra phan (g (a).

O catot, 298K:

2H* + 2e¢ — H, (¢}
9y, =000V
o 0 = —0,059.pi-[

Na* + e — Na (d)
(p‘];ﬂ+ o =271V

¢h _ N
P e = —2.?I+U.(}5‘).l;,am_

Dién th& cua cap Na ™ /Na rat am, ion Na* khé bi khir ¢ catot. Tai d6, chi c6 phan (ng (¢)
ducgic thuc hién.
Phin (g dién phan tong cong:
2017 =» Cl, + 2e
2H,0+2¢ = 11, + 201

2Cl" +2H,0 > Cl, +H, + 20H"

Nhur vay, & anot Cl, duoc hinh thanh, & catot, hydro va OH dugce hinh thanh.

Né&u binh dién phan khong ¢6 vich ngan thi Ol s& khuéch tin sang anot tic dung v Cl,

tao ra nuge Javel:

Cl, +20H” -» ClI" +Cl1O0™ +11,0
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(v}). Cdc loai phdn cuc dién cuc

Trong muc 11.2.1 ching ta dd dinh nghia sir phian cue dicn cire va mo ta quan he "p - "
bing cic duong cong phin cuc. Ban chilt cla sy phan cyc rdt phic tap, cho dén nay ngudi ta van
chua thé xde dinh diy da, nhimg sy ton 1ai cta su phin cuc luon duge biéu hién qua qud the (1). Do

d6, nhiéu khi ngudi ta thusng diing khdi niém pliin cire thay cho qua thé v nguoc lal.

Trong ngdn ngit chuyén mon cua cong nghiep dién hoa ngudl ta clng hay dung thuat ngir
"phén cuc dién cyc”. Thuit ngit niy khong hoan toan tuong g véi thuit ngir phan cuc ¢ trén, ma
chi ngu ¥ ring dé la mot hién wong 1ao ra mét dién rd phu cén khic phuc, thuong xuat hién trong

qua trinh dién phan.
C6 thé ¢d nhimg loai phan cuc nhu sau:
o Phin cire do tich t khi o mét hay & hai dién cie

D¢ 1a truong hop dién phan mét dung dich H,50, lodng, 6 sy tao ra khi H, & catot va O,
anot. Pién dp dién phan phai dat d&n mét gid tri nhat dinh bing dién thé pldn huy' cua chit bi dién

phan thi qui trinh dién phan ma: xdy ra véi mot i6e do dang ke.
o Phdn cuye nong dé
Su phin cuc nay duge tao ra:
- do sy "nghéo di” {giam nong dod nhanh) cla cation xung quanh catot.
— do sy tich ty nhiéu 1én cdc anion xung quanh anot.

Nguyén nhan ctia hai hién tugng trén 13 do téc do chuyén dich electron trong mach dién 16n

hon nhiéu so voi 16¢ do van chuyén chat dién ly (anion, cation) do khu&ch tin hoac doi lne...
o Plian cue do thu déng anot

Trong khi dién phan, hién tugng thu déng thuong xay ra do sir hinh thinh mot 16p kép oxyt
hodc su k€t tinh cUa mudi trén anot. Ban chit bé mat cua anot bi bién déi, téc do trao déi clectron

giam, doi khi dén mitc bing khong.
Pé chéng lai cdc hién tugng phan cuc ké trén, cdn phai:
- Khudy tron chit dién ly: bao dam su dong dév néng do, thoit khi tét,...

—  Loui bo truc 1i€p Idp oxyt trén anot bang bién phip hoid hoc.
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—  Giam mat d6 dong dién (néu ¢ thé) dé iam cham su hinh thinh mang oxyt ¢ anot.
—  Su dung chat khtt cuc.

12.3.2. An mon va bao vé kim loai

(£). An mon kim loai

An mon I hién tugng: kim loai bi bién ddi thanh cdc hop chal hod hoe bén vimg nhiét dong

hon (oxyt, sunfua, cacbonat,...) dudi tdc dung cia nhiéu tic nhan cua moi trudng.

Khi bt dn mon, kim loai b1 har hai vi cdc tinh chat cha né (co hoc, 1y hoc, hod hoc,...) bi bién
doi ghe gém, do dé cdc gid tri sir dyng. gid tri cong nghé va ca gid tri thim m¥ cia vat lieu khong

con nita.

Kim loai €6 thé bj hu hai vi dn mon hod hoc. D6 1a surin mon do kim loai tic dung vai cic
haid chit theo co ché thuin tuy phan ting hod hoc. Vi du nhu, Fe tic dung véi cic khi kha (O,, SO,

I1,S....) & nhiét d¢ cao (va/hoac dp sudt cao) dé tao ra cdc 0X¥L, cde sunfuy,...).
Phiin 16n kim loai bi hu hai do dn mon dién hod.
(ii). Phan sing an mon dién hod

‘Trong méi triecng miede, Kim loai bi oxy hod theo co ché phin ing dién hod, nghia Ia, kim

loal nhudng clectron (phan iing anot) va cdc chat oxy hod nhan electron (phan (mg catot).
Go1r M 1a kim loai, M™ la ion kim loai tuong dng. Phan (ng anot xay ra [a:
M—o>M" +ne
Trong khi dé. phan tng catot xdy ra c6 thé (a:
¢ [rong moi truding axit va khong ¢é oxy hoa tan:
2H" +2e - H,
s [rong mol truding axit vi ¢é oxy hol tan:

%O:+2c+2li* - H,0

¢ trong moi trudng trung tinh hodc kiém (¢é oxy hoa tan):

%OJ +H,0+2¢ - 20H"
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Trong moi trudmg am, ngodi tdc nhan oxy hod 1a O, va cdc ion H*, con ¢6 thé ké dén:
—  céc cation kim loai nhu Cu’* hodc Fe™
- cdc anion nhu CrQ,”, NO;
— cac khi hod tan nhu Cl,, SO,

Vi di: Fe bl an mon trong moi trudng trung tinh hodc bazo, o ra hydroxyt sat (1)

Fe(OH),, sau d6 Fe(Ol1), chuyén thanh Fe,O, (cong thic hod hoc don gian cha gi sit).

Surdn modn cua Fe duge minh hoa bang cdc phuong trinh va so dé nhie sau (hinh 12-12).

Fe — e’ +2e phin tng anot

l .

5 0, +2e+H,0—>20H phin (ing catot

Fe+ _]} 0O, +H,0 - Fe™ + 20H" phin tng téng cong

Sau do:

2Fe(OH), + i O. +H,0 - 2Fe(OH),
2Fe(OH), — e, 0, +3H,0

HNhdng ff}!fr G,

a— Dun_q ich pude T o

Hinh 12-12. So d6 &n mon cla sét trong méi trudng nudc.
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Qud trinh trén xay ra 12 do: khi trong nudc ¢4 oxy hoa tan, bé mat sat hip phy oxy hoa tan
va tac ra mot cap Redox Oy/H,O ¢6 dién the (o), , =04 V} duong hon cdp Redox Fe/Fe™

((’011‘.-\ gl ~0.44 V).

Nhu vy, qud trinh hoa tan Fe {an mon Fe) xay ra thee ca ché pin di¢n hod.
1y, q

Trong pin an mon, kim loai ¢6 dién thé am hon thi bt an mon, kim loat ¢6 dién thé duang

hon thi duge bao vé.

Cdc kim loai ¢6 nhiéu tap chat, bé mat khong doéng nhat, bi phin chia thanh vo s6 cdc "6”
rat nhod, cé gid tri dién 1thé khdc nhau, tao ra cic vi pin, nén qud trinh an mon rat phac trién trén cdc

kim loai do.
(iii). Bdo vé kim loai
Pé bio vé kim loai khoi bi an méon, ngudi ta thudng thuc hién cac bi¢n phip nhu sau:
af. Hop kim hod

Ch¢ tao kim loai thanh cdc hop kim khong nhimg dé tang cudng tinh chit cg hoc ma con dé
chéng 4n mon, nhit 13 & nhiét do cao. Ban chit clia bién phap nay 1a & chd 1ao ra trén bé mat hop
kim mot mang oxy! ¢& tinh chit bao vé in mon 16t hon so véi mang oxyt riéng ré clia kim loai cén

bao vé,
bi. Lop piui bdo vé hiti cor

Som 1 bién phap bao vé kim loai chéng an mon duge sir dung pho bién nhit. Ngudi 1a ché
tao rat nhién loai: son polyvinylbutyric, son bakelit, son bitum, son ddu vdéi cic pigment khic

nhau,...

Bin chit cGa phuong phdp son phi hitu co khong nhimg dé co 1ap kim loai vé&i méi trudng
an mon ma cdn 1am cho dién thé clia cdc phan anot kim loai chuyén vé phia duong hon, do dé, giim

khi nang an mon.
cf. Lop plut hdo vé vé co

Nhiéu chi tiét kim loai (dung cu do ludng, vii Khi...) khong thé bao vé bang cic 1dp son phu

hifu co, ma phai bao vé bang mot mang oxyt vo ¢d cuc mong.
D6 14 phuong phép mdng exv. Nguts ta tao mang dd bang cdch:

I. gia cong ndng bing dung dich kiém vé nitrat kali,
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2. oxy hod anot trong dung dich kiém ho&c trong nitrat va nitrit natri néng chay,
3. xur ly trong moéi trudng hoi nude,
4. XU 1y trong cdc chat dien ly axit.

Céc chi ti¢t vat liéu bing thép duge xir Iy nhu trén ¢6 mét cic mang oxyt Fe,Q,, FeO rat

bén, mong min phi lén bé mat ngoai nén han ché& duge sy an mon.

» D¢ bio ve thép khong bj dn mdn ngui ta con ding phin ttng phosphat hos: 1ao ra trén bé
mat cua thép mot mang mudi phosphat sat vd mangan. Cling nhu mang oxyt, mang nay cd mau den,

€6 dién trd cao.
Ngoat ra, cic phuong phéip ma thi€c, ma kém ciing hay duge sir dung.

— Ma thi€c: Phi 1én kim loai cdn bio v¢ (sat) mot 1op thige. Thide 6 dién the duong hon sit
nén thiéc it bi an mon. Thiée khong bi an mdn trong khong khi am, khong phan tmg véi cic dung
dich lodng va dac cna cde axit H,S0,, HCI. HNO,, hoi tan cham trong kiém dac. Lap thi¢c bén
ngoai thép (sat) 11 mang bio vé co hoc, néu mang nay bj xudc, bong, v.v... thi tai dé sy dn mdn sit

lai phat trién nhanh, vi lic dé hinh thanh mot pin dién hod:
(=) Fe | H;O,0, | Sn (+)
G anot: Fe —» Fe’* +ne

O catot: 2H"* + 2 - H, 1)

- Ngugce lai, néu ma kém thi sit duoc che phu bai mot 16p kém. Kém c6 dién the am hon, do

dé kém bi an mdn theo co ché:
(-} Zn | H;0,0, | Fe (+)

Néu 1ép phit kém bi ran nit, c6 khuyét 1ac thi Fe vin duge bao vé, cho dén khi lop pha Zn

khong con tdc dung (bj dan mon gin hé).

Dura trén nguyén tac niy mot s6 cong trinh kim loai quy mé Ién duoc bio ve bing ciéch gdn

vao kim loai ¢dn bio veé nhimg tam kim loai hoat dong hon (protecta), tao ra cic pin:
(=) protecto | H,0, 0, | kim loal can bido vé (+)

Anot din ddn bj dn mon pha huy. Kim loal duge bao v¢ dén khi protecto chura bi oxy hod
hét.

434



di. Xit by moi truong dn mon
Lam giam kha ning an mbn ctia moi rudng bang cach dua vio cac chat fam chdm dn mon.
frude hét, im moi bign phap dé loal bo bot oxy hoa tan trong nudc (thdi khi tro, dun

néng....). Sau dé thém cic chit khir, vi du, sunfit natri (c8 dinh oxy), cho nude chay qua céc phoi

thép (cd dinh oxy}).

Mot 56 chdt 1am cham t&e do an mon hoat dong theo cg ché: trén bé mat kim loai xuat hién
mot mang bio v¢, mang d6 1a sin pham cia phan tng giita kim loai, chal lam cham va cdc ion cla
mai trudng an mon. Vi du, utn bé mit Fe nhing trong dung dich HCL v6i sy c6 mit clia quinolin

C,H;N, duge che phu b mot mang min Khong tan cua phic [C,H,NH][FeCl,].
el Lap phii bdo vé hitu co
Cé thé bao vé theo ch¢ do anot hoac catot.

Trong ch& dd anot, cdc chi 1iét kim loai cdn bio vé duge ndi véi cuc duong cla nguon dign

ngoalL

Trong trudng hop nay, cdc chi tié1 da c6 mot 16p phl bao vé, 16p phl nay cin dugc thy dong
hoa thudmg xuyén. Vi dy, hop kim nhom trong dung dich axit sunfuric, can cé mot mang oxyt

ALO, bio vé an mon. Mang oxyt dugc tao ra:

241+ 3H,0-6¢ — AL O, +6H"

Né&u kim loai thong thudng mudn bao vé khoi an mon thi 4p dung ché da catot, nghia 13,
kim loai dugc noi vai cuc am clia ngudn di¢n ngodi. Bao vé catot thudmg dirge ing dung 4061 vdi cac

hé dudng 6ng dan nudc, dan khi. cdc thip truyén nhiét, cic may lanh,...

12.3.3. Phuong phap cuc pho

Cyc pho la phuong phdp phan tich diéa hod dya trén duong cong phan cuc cta mot phan

tmg khir ¢ dién cuc:
M™ +ne > M

Trong diéu kién: giai doan 1rao 481 clectson (trao déi dién tich) xdy ra nhanh, con piai doan

van chuyén chit (khuéch 1dn) xay ra cham, quyét dinh t6¢ do chung ciia phan tng.
Phuong, phip nay do Jaroslav Heyrovsky (Tiép Khic) phdt minh nam 1922.

So d6 clia mdy cuc pho (hinh 12-13) nhu saw:
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Hinh 12-13: So dé may cuc phé:

C: catot Hg nho giot, F: binh dién phan, G: anot g mat thodng, V:von k&, tA: microampemet, A:

acquy, K: conchay K

Catot 12 mot dicn cue thuy ngan Hg nho gigt C. Nho ap luc cua Hg trong binh D céc giot
Hg.xuf{t hién tir tir & div mao quan thuy tinh C (tr 0,2 dén 0,6 ), 16i roi xudng ddy binh F, tao ra
mot dién cue Hg phing c¢6 bé mat hiu nhu khong thay doi (dién cuc G). Dién th€ dp vio hai cuc
duac thay déi bing con chay K. Trong mach ¢& méc microampe k€ va von k& dé theo dai dong di¢n
[ va dién thé V.

Trong trudng hop chung, thea (12-13):
U=g, —@c+rl

trong dé U: dién dp dién phan (hicu dién thé dp vao hai dién cuc),
ey Q- dién thé cia anot va catot;
[: dong dién;

r: dién trd cua dung dich.
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Dién cuc Hg phing G ¢é bé mat 16n, do d6 dién th€ clia né hau nhu khong doi khi ¢d mot

dong dién ng vdi mot mat do dong dién nho di qua dién cyc:

=L oo isien
S

Trong binh F, ngoai chit dién ly cdn xdc dinh nong do, con dugc bo sung thém mot chat
dién Iy nén (KCl, N(C,1)Cl...) dé 1ang dé din dién. Do do:
U =—-¢. +const

Nhur vay, su bién doi clia dién dp dién phan U tir nguén dién ben ngoai A chi lam bi¢n doi

truc HEp dién thé dién cuc Hg nho giot.

46 dong dién

s u’d-.f:g

¢ )

Hinh 12-14. Dudng cong phan cuc (dudng cong cuc phd).

Theo su ting din ctia dif;'ﬁ 4p bén ngoai, thoat tién dong chua xuat hién (nhu trudng hop
phan ting chim, do qua th¢, muc 12.2.1). Sau mot gid tri nao do cua dién th& (vi tri a én hinh 12-
14) thi cuding do dong dicn méi ting rd rét. Khi ¢ tang thi [ tang, nghia 13 16¢ do phin tmg dién hod
tang, 1am cho ndng dé cic chat (ion) & gan dién cuc giam ddn, dén mot lic ndo dé nong do trén bé
mat dién cuc bing 0. Dong dién dat dén gid tri cuc dai, tng voi diéu kién, dong dien khuéch tan
(theo 12-3):

|“=m5=n£s%(Q—CJ
Khi C, = 0:
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D
[ =14 = n.F.S.E‘C1 = const
C,; ndng do chia chat dién ly (M™) cdn phan tich, vA gia thiét rang qud trinh dién cue tiéu
hao rat it M™, do d6 néng do cia M™* trong long dung dich khong thay doi.
Xac dinh thyc nghiém duoc I, ching ta cé thé tinh duge ndng do C.

L, = n‘F.S.%.Cl = xC,

o le (12-14)

(12-14) 1a co 56 dinh lirong cla phuong phip cyc pho.

e N&u trong dung dich ¢6 nhiéu chit dién ly can phan tich ndng d6 thi duong cong cife pho s&
¢6 cac dang (hinh 12-13).

<
3, a4
hw Z
|
L _1
gm*
1, |
AR i
r |
Aﬂ". 11 | |
| ! |
A QN | _
% % % : @(¥)

Hinh 12-15. Budng cong cuc phd.

n+

Trén hinh 12-15, trinh bay dudng cong cuc phé clia mot dung dich chia ba chat dién ly A™,
B™ va C* c6 ndng do khdc nhau. I,, I, va I, img vdi cac cutng do gidi han Khuéch tan clia ba chat

(twong tif nhu trén hinh 12-14).
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Pac biét, trén hinh 12-13, cdc dién the ing v6i ! L cia timg bac (séng) goi 1 thé bin
,-) 1

s0ng, rat dac inmg cho timg chat dién ly. Do d6, nhé& cdc the bin song ¢, ¢, va ¢, ma chiing ta ¢o

thé xdc dinh dinh tinh cha cdc chilt ¢ trong dung dich dién ly.
Thé ban song chi phu thuoe vao ban chat dién ly vi:
Dhra vio phdn Ung:
M™ +ne—> M

Kim loai M dugc giai phéng ra, hoi tan vao g cia dién cuc nho giot tao thanh di¢n cuc

hén hong Hg: (Hg) M/M™.
Theo phuong trinh Nernsi:

. R_T [Mn+]0
— _ - a
P (p[}{gJ“ NE + nF In [M], (a)

2, n+ N ¥ LLL PR % 3 16 .
rong d6; [M" "], : ndng do cila M™ & sat bé mat di¢n cye;
[M], : néng do clia M trén bé mat dién cyc.

Do phén 1ing bi kheing ché bai didu kien khuéch tdn nén {M™ 3, duoe xdc dinh theo (12-5%):

M, :[M'“]I{l __1!5!.]

lg]l
trong d6; [M""],: néng do ctia M trong dung dich.

Mat khac, theo (12-14):

ne I h

(M ]| - t;
Do do:
[Mn+] — l& Igh - [L't
[\ Igh
[uh - Ikt
M™], =——— (12-15)
4

Vi M dugce tao ra khong tan vio dung dich ma khuéch tin vao thuy ngan, nén nong do cla

M ty I vai dong I,
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[M], =k

Thay cic gid tr1 [M"] va [M], vao (a} ta dugc:

- +Rr ln[gll—lkl ]
(p_(PiH:r“ an nF N kx
-
= Qe - RTIn k._'K+E.In cL
Yl n. n.F ]I-.l
Khl‘ lk[ = 2']1_',I|
\ [, -1
thi: M =0
Ikr
Do do:
o R.T )
P :(pl_ll‘_—'lm oy _T']nk--z (12-16)

@, ' Ia ky hieu the bin song.

2

Tir (i2-16) ¢6 thé thdy rang, @ chi phu thude vao ban chat cua chat dién ly, khong phy

-

thude vao nong do cua chat dién ly trong dung dich.
Cusi cling ¢6 thé néu lén nhitng uwu viét clia phuong phip cire phé nhue sau:
— Vi giot Hg luon luén thay déi (vai giay) nén bé mit dién cuc ludn ludn sach. D6 1 wu diém
ndi bat so v6i dién cue Pt
— Do dién tich bé mit giot Hg nho, nén chi cdn mot dong dién rit nho cling du gay ra hién
twrong phan cye. Dang dién phin ril nho c6 loi 1a chat dien ly tham gia phan ting khu khong bi tiéu
160 nhiéu, do dé néng dé cha nd trong toan dung dich xem nhu khong thay dai. Phuong phdp cuc
phé ¢é do nhay 16n, va thai gian phan tich nhanh.
— Do qu4 the ciia hydro trén Hg 16n nén ¢6 thé phan tich hiu hét cdc catton, k€ cil cdc ion kim
loai kiém ¢6 " rat am.
Gidi han cia phuong phdp cuc phé 1a do khodng dién the lam viéc tir 2,5V dén 0,4V (so vai
dién cue hydro) nén chi yéu thue hién cic phan dng khir, con phan img oxy hod (khi d6 dién cuc

Hg la anot) bi han ché bai dién thé hoa tan cta chinh g (~ 0.4V so véi dién cuce hydro).
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CAU HOI VA BAI TAP
Cau hoi

1. Trinh bay so dé ca pin (nguén dién hod hoc) v mot binh di¢n phan: dinh nghia cdc qud

trinh dién cue, cuc duong, cyc am, anot, catot, chiéu dong dién (chiéu electron), chiéu van chuyén

cac ion...

do}

2. Dinh nghia va biéu thic tdn vé t6¢c dg phan img dién hod.

3. Xdc dinh mat do dong khuéch 14n va y nghia Gng dung ctia né.
4. Binh nghla qud thé. Dang ctia cic dudng cong phin cue.

5. Cdc loal qud the.

6. Viel bidu thie Butler - Vobuer, vA giai tich cdc dai lugng trong biéu thite (tén va don vi

7. Thiét 1ap cong thic Tafe! tis phuong trinh Butler - Volmner.

8. Trinh bay qua trinh dién phan H,O.

9. Trinh bay qud trinh dién phan dung dich muoi NaCl.

10. Nguyén nhan in mon dién hod cua cdc kim loai.

11. Cac phuang phdp bao vé kim loai kho1 an mon.

12, Co 50 dinh lugng va dinh tinh cla phin ing cie phé. U vitkhuyét diém cha né.
Bai tap

1. Mot dién cife ¢6 dién tich S = 2 m* thye hién mot phan ng dién hod khi dong dién di qua

dién cuc 12 0,5 A. Biét ring hé s6 chuyén doi dién tich n = 2. Tinh tdc d¢ phan tng xay ra trén dign

cue dé.

Ddp 6 1.3.10° mol.m™.s7".

2. Téc do phan img catot ¢ 298K s€ thay déi nhur the ndo néu dién the dién cuc bién thién wr

¢, déng, i —9,=-00V.

Gidsun=1§vip =05
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Ddp s6' Téc do o ¢, 16n hon ~ 107 14n toc

do o,
3. 298K tdc do hod tan anot chia mot kim loai ta dién thé 0,74 V bang i = 100 A.m™.
a/. Hoi khi chuyén dich dién the vé phia duong hon [3 0,24 V (1ai 0,98 V) thi téc do hod tan
s¢ 1d bao nhiéu?

b/. Neuge lai néu chuyén dich ciing mot do 1dn dé vé phia am hon thi t6¢ dé s 1a bao
nhiéu?
Giasra=05n=1.
Diip 56 al. 10736 Am™
b/. 0.93 An}'2

4. Nhiing mét thanh Cu vio dung dich Cu(Il) ¢6 ndng do [Cu™] = 0,01 mol/l. Mat do dong
trao doi i, trong diéu kién thye nghiem 13 i, = 1077 A.em™. Khi tang néng do [Cu*} gdp mudi ldn,

hidy tinh mat do dong trao déi méi?

L =034 v

Biét raing: @*
ang pL‘u:* C

Hing s6 Tafel catot: B'= - 5,8.10° V, T = 208K
Ddp 36" 0,6 Am?
Lt gidi:
* Tu biét (theo (i) muc 12.2.3):

b
[, =nFkg -[OX].exp[— &J

R.T
Vi B =-22RT (cong thic (12-8),
pBnF
dods: o 3RT__-23831208
RnF —-58107%2.96500
i
kRed = —
B.n.Fp®
n.F. [Ox].exp| —
[Ox] P[ R.T
ch u 0,659 S
‘Pl =0 v, t 5 .Iog[tu ]
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=034+ 0‘9’59 2=028Y

“—

=10 T Aem T = 1010 Am ™ = {),EA.m"2

[\

3

~7

Kooy = -
Red -0.51 .2,96500.0,28]

2‘96500,0.(]I.exp[ 431208
a2

D&i véi ruding hop néng do [Cu™] tang 10 Idn. hing 6 Ky, van khong thay doi. Gia st B clng

kheng déi:

o =0.34+0‘—23—?.|0g0‘l =031V
Do do:
i, = NFkg JOX] ex _Bnvo”
o «d D Red - R B p RT
-0,52.96
=2.96500.7.0.1 .exp—-o 3296500 4 3
8,31.298

i, =0,6 Am~
Mal 4o dong traoe doi tang gdp ba lin. &

5. Khao sit dudmg cong phan cuc catot ctia cip H'/H, véi dung dich H.80,, pH = 1 ¢ 298K,
dien cyc lamn viéc 1a Pr e bé mat dién cye 1a 0.5 m?. dién cic so sdnh 14 calomen bdo hod (SCE).

Cic két qua nhan dude nhu sau:

@ (MV) - 5350 - 600 - 650 - 700 - 750
I {imA) -22 -36 -52 -7.4 - 12,2

Qs 12 dicn the do duge so véi dign cue SCE;
[c: cudng dé dong catol.

Xdc dinh heé 56 chuyén van catot B vi mat do dong trao déi cla cap [1'/H,. Di¢n thé cla
SCE so v6i SHE (dién cuc hydro): Qgeq_gp: = 0.241 V

Pdp 561, = 5,9.10% A.cm?

B =023

Lai giai:

443



: C ) I
¢ Phaniing xdy ra: 1{* 4 ¢ — > H,

[ .
Mar do dong catot: § = ¢ [m.A.cn]
TS

ch

Qui thé:n = P sor —Pioey

trong dé. 9.y, do duge tir thie nghiém {s6 liéu trén)

b

O - @7 dien the can bang ciia cap H'/H,.

‘Pd:mr =-0.059.pi1 = -0,059.1 = 6,059 v

ch

ch
C_sc =@ —Psor_sie
=-0039-0241=-0300V

Tl cde cong thie trén ching ta tinh duge:

n(v) li| tmAcm?) N
0.5 4.4 0.04
-0.30 7.2 0.86
-0.35 10.4 1.0}
- 0.40 14.3 117
- 045 244 1.39

veds i "n—leli |,

Ta cé khin =059, lgi,=-0723
Tiedé: i, =0,59 mA.cm?=5.9.10" Acm?,

__dn _ 027=_23RT
i) BnF

_ —2,3.831.298
—0,27 l. 96500

.
2 Lo

6. Tinh dong khuéch tin £i61 han clia qud trinh oxy hoi mot chat hitu co tré
tfrong dung dich tinh. Biet ring, phin tng dién cic cé n = 6, nong do chit hitu co 107 mol I , he

80 khuéch tin D = 2.10° emy', vi dung dich tinh c6 d6 diy khuéch tin § ~ 0,05 cm.

Ddp 5t
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PHAN IV
HOA KEO

Hod keo 1a mén hoc van dung cdc quy luat hod-ty dé nghién ctru cdc qud trinh hinh thanh
va phan huy cia cic he keo (h¢ phin tin). Ngay nay, hod keo ud nén mot nganh khoa hoc ding mot
vai UG quan trong trong nén kinh & quéc dan.  Hiu hot moi Iinh vire cong nghiep déu siv dung cic
hé keo vl cde quit irinh hod Koo, Vide ché bién Iiﬁ;‘c pham, sin xuil to soi nhan . tao, vit liéu boi
tron, thuy tinh mau, son pha,... déu dua trén cdc qud trinh hod keo {su truong ng, dong gel, keo tu,
tao bot,...). Trong nong nghiép, cong nghi¢p duge pham, luyén kim, ché biéh dau mo,... hod Feo ¢

MmOt vai trd rit quan trong.



CHUONG 1 3

DUNG DIGH KEO

13.1. MOT SO KHAI NIEM CO BAN
13.1.1. Hé phan tan

Hé phdn tin 1a hé bao gébm mot moi trudng lién tuc va cac tiéu phan {cdc "hat") ¢6 kich
thudc nhé duge phan tin ddng déu trong méi trudng d6. Tap hgp cic tiéu phan nho bé dé duow goi

14 pha phdn tdn, con moi trudng chira dung pha phan tdn goi 1a mdi tricong phdn tdn.

Vi du, swong mit ty nhién 12 mot hé phan tdn, n6 gém cédc hat nude nho 1i 1 (pha phan tan)
llL'mg lo trong khong khi {méi trudng phan tin}, khéi, bui, nuéc xi phong, sira,... Ia cdc hé phan tin
khiic nhau.

TFu¥ thude vao ban chat clia moi trudng phén tan va pha phan tdn ma cdc he phan tan cy thé

c6 1én goi khic nhau (bang 13-1).

Bang 13-1. Phan loai cac hé phan tan theo méi trudng phan tan va pha phan tan

Mo trudng Pha phéan 1dn
phan tan Khi Long Rin

Khi - Sol khi
Mu, may Khéi, bui

Long Bot Nhi trong Huyén phit va dung dich

keo (sol)
Rin bi xop. Thuy tinh mau
thuy tinh xop

Tit bang 13-1 thiy ring, néu moi tridng phan tén Ya khi, cic pha phan tdn la long hodc rin
thi he phan tan dugce goi 12 sof ki, n€u pha phan tdn 1a 1ong thi sol khi d6 c6 1én 1a hé mu (suong),

con pha phan tin 1a rin thi goi la khéi hoac bui,...
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Chiing han, khéi thusc 14 1a mot he sol khi, hodc hé khdi, bao gém cic tiu phan (hat) khd
nho ciia cacbon rin phan tan trong khong khi. Khi pha phan tdn la rdn phan tan vio méi triomg long

thi tuy kich thude cha hat ma ta ¢6 h¢ 1a furvén phii hoac ¢ keo (sol) ©,

Neéu hat keo trong tic marh (solvat hod manh) v6i moéi trudng long, ta goi dd 1a hié keo it
fong (moi trudng phan tin Ia nude, thi 801 12 i¢ keo wra midic), néu twong tic yéu, thi d6 13 h¢ keo iy
long (ky mc). Khi tang néng do ciia céc hat, keo ua léng chuyén vao trang thii gel (thach), con

keo ki long thi bi két tlla.
Pac diém quan trong nhat cua hé phan tan 13 do phdn tén.

B¢ phan tin thudng duge ky higéu bang chit @. D6 1a dai luong nghich dao clia kich thuée
hat d. Néu hat ¢6 dang hinh cdu cé dudng kinh d, thi:
1
7 = - {(13-1)
d
D anh hudng rat 16n dén tinh chat bé mat cha hé. Bi vi khi @ ting thi bé mat riéng clia he

tang rat ddng ké.

Thuc vay, gia st c6 mot hinh lap phuong canh 13 d = lem (the tich 1 [em®). Néu chia nho
hirh 1ap phuong dé thanh cac hinh nhd ¢6 cdc canh twong 1mg bang 0,1cm, 0,01 cm, 0,001 cm.... thi
bé mdt bao quanh cdc hinh (hat) d6 tang nhu bang 13-2.

Can ¢ vao /D ngudi ta chia hé phan tdn thianh cic loai kKhic nhau (hing 13-3).

Cdc hé phan tin loai 2 va 3 [ dai tugng nghien ciu cua hod keo. Trong cdc hé do, cée tidu
phan phan tdn tao ra mot bé mat dj thé rat i6n phan cich gilra pha phan tdn vi moi truémg phan tan.
Cdc hién tugng bé mat, cic bién ddi hod Iy xay ra trén bé mat di thé dé 1am cho cdc hé phan tén keo
¢6 nhiing tinh chit dic trumg, khdc véi tinh chat cla cdc h¢ déng thé (dung dich thyc).

Trong chuong nay, ching ta nghién cifu h¢ phén tin keo, cé méi trudng phan tan la pha

16ng, pha phan tdn 12 rin: dung dich keo.

) Sol ¢6 thé 1a sol khi, sol long hodc sol rdn. Nhung khi néi sol ma khéng 6 tinh tir di kém thi ¢6
nghta d6 1a sol 1dng (dung dich léng cla keo)
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Bang 13-2. Su thay ddi bé mat theo dd phan tan

¢ (cm) 56 hat Di¢n tich bé mat | hat Dién tich bé mat cua tat ca cic
{cm?®) hat (cm’)
| 1 6 6

110" 1.10° 6.10° 6.10°

107 1.10° 6.10" 6.10°

1.107 1.10° 6.10" 6.10°

1.107 1.10" 6.10™ 6.10*

1.10° 1.10% 6.10°" 6.10°

1.10°¢ 1.10" 6.10™" 6.10"

1.107 110" 6.10™ 6.107 (= 6000 m”)

Bang 13-3. Phan loai hé phan tan theo
So thit tu d, m D, m’ Tén heé Ghi chu

] 1077 [o* 11¢ phan tin phan | Pha phan tdn I cdc phan tir, ion. Dung
tir, ion hay dung | moi la moi trudng phan tin. Cic heé
dich thuc nay tudn theo cdc dinh luat hod 1y, rit

. bén vimg

2 10°-107 10°-10" | Hé phan tdn keo = | Tinh chat cla cdc h¢ nay twan theo

hé keo nhitng quy ludt ctia hoa keo, tuong doi
bén vitng
3 10°¢ 10° I1¢ phan tdn tho Hé huyén phii, nhii wrong, bot, bui.
Cac hé nay khéng bén vitng

13.1.2. Ciu tao cua hat keo

Thuc nghiém chimg 16 riing, bé mat cdc hat keo ludn luén tich dién. Chinh nhd tinh chat 46

ma hat keo duoc bén vimng, chiing kho va cham (c6 hiéu qua) vio nhau dé tao thanh cac cym hat 16n

hon, réi keo tu.

Hién nay, ngudi ta déu thira nhén 1y thuy€t cdu tao mixven cua hat keo.

Mot mixen bao gom:

Nhan: duge tao ra boi su 16 hop ciia m phan tir hay nguyén tlt (m cd thé bang hang tram

hoac hang ngan, tu¥ thuoe vao do phan tan va kich thude nguyén t, phan 1. Nhin ¢6 cdu tric tnh

thé v khong tan (rong moi trudng phan tén. Trén bé mat cla nhén, mot 6 ion trong dung dich

29- HLHK
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(trong mai truong phan tdn) bj hap phu theo quy tic hip phy chon loe (xem muc 6.2.2 (hip phu chét

dién ly)). Cic ion ndy duoc goi 1a cdc ion tdo thé.

Xung quanh nhan cé mot 16p chat 10ng cha mot trudng phan tdn tham udt bé mat hat keo
vOi do day 8. Lop chat long Juon bam chic véi nhan keo khi nhian chuyén dong va duoc goi la lop
Stern. BE ma ngodi clia Idp Srern dugc goi la bé mat mdr truor. Bé mat nay phin chia pha phar tin
va moi trudng phan tdn. Trong 16p Stern d6, 6 mot s6 ion d6i ndm can bing vé&i cdc ion tao thé,

hinh thanh nén mot 16p dién tich kép nhuvr trén bé mir dien cue.

Ngoai bé mat trugt, con ¢ mot s6 ion dsi ciia ion tao the nam trong I5p khuéch tan va tzo

ra dién the & (zeta) trén bé mat truot.

Nhiéu khi bé mat hat keo tich di¢n khong phai do hap phu cdc ion trong dung dick, ma do

‘ban than bé mat hat keo ¢4 cdc nhém chiic mang dién tich.

Vi du I Khi thue hién phan ing:

Cdc phan tir Agl lién két vdi nhau thanh cic hat keo dudi dang (Agl),.. Néu trong dung dich
con du AgNO, nghia la ¢6 cdc ion Ag* va NO,, theo quy tac hap phy chon loc, (Agl),, s& hip phu
cic ion Ag’ trong dung dich, vt Ag* ¢é trong thanh phén ciu tao cua né (muc 6.2.2). Ag* 12 ion (a0
theé, hat keo mang dién tich duong. Cic ion NO,™ ducc phan bo trong 16p Stern (16p hip phu) va 16p
khué’ch tdn d¢ can bing véi dien tich Ag’ 6 beé mat hat (Agl),.

Cdu tao mixen cha keo iodua bac nhu sau:

X+
[ (Aghm n Ag' (n-x) NOB_J x NOy
\—‘_-’V_J k__._.v__,_/ | S —
Nhan Ldp Stern Lap khuéch tin
{16p hip phu)

y
Mixen
“Nhu vay mixen 14 mot don vi cau tric trung hoit dién tich.

bl-":’ du 2: Cic hat keo SiO,, khi & trong nudc thudng hinh thanh cdc nhém bé mat Si-OH. Cic

nhom nay khi pH > 2 bi phan ly thanh:
=8i-Oll = =S§i-O° + II
Nhém = Si—O" chinh 12 nhém tao thé. Do d6 bé mal ctta cdc hat keo silic thudng mang dién

tich am.
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Sa dé cdu tao mixen cia mot hat keo SiO;, (hinh 13-1a va 13-1b).

[(Sioz)m nO™ (n-x) H*} x H
* - l LN — -l e
Nhin Lép Stern, 8T Ldp Khuceh tin

Bé mat trugt

. F
Hinh 13-1. Sc d6 cau tao mixen minh hoa béng céng thitc (a; va minh hoa bang hinh vé
(b):
I: nhan cé dién tich bé mét - ; [1: 16p Stem; IU: 16p khuéch tan; IV: dung dich can bang ion;

A: bé mat hat ran; B: bé mat trugt; o: dién thé Nernst; §: dién thé g (zeta) 4 bé mat truct;
OX: hudng chinh tam.
O bé mat trugt clia hat keo luon t6n tai mot dién theé &. Tinh chat bén vimg cla cdc hat,
chi y€u nho dién the § do.
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13.1.3. Diéu ché va lam sach dung dich keo
Dung dich keo cé do phan tan nim gita hé phan tdn phan tir (dung dich thuc) viL phin t4n
tho. Do d6, cé hai phuong phdp chinh dé diéu ché:

- Phuong phép phan tén: phan chia cdc hat dén kich thude nho hon: kich thudce cac hat keo
(107 - 10™).

- Phuong phép ngung tu: tap hop (ngung tu) cdc phan t, 10n... thanh hat keo ¢6 kich thuGe
16n han,

Co thé tém tit so dé nguyeén tic diéu ché dung dich keo nhif sau:
5 Phan tdn Ngung tu
d 10'm — s Hatkeo -=———— 10" m
(d : kich thudc hat)
(i). Phuong phdp ngung tu

Ceo 56 1y thiyét: phuong phap ngung tu thyce chit 1a phuong phap két tinh tir dung dich thye

qué bio hoa thanh nhimg mam tinh thé tucng g Vi kich thude clia hat keo. ‘i

Nhung ching ta dd biét, qud trinh ket 1inh bao gém hai giai doan (xem myc 8.2.5). giai

doan tao mam va giai doan phat trién mam.

Tée do giai doan tao mam v,, (8-12):

L - po’
_ TRT . TUATY
Vin = l(m € £ *
trong d6: k,.: hing so;

E,.: nang luong hoat hod clia qué trinh khuéch tin;

B: hang s6 phu thudce ban chat cla chat ket tinh;

o stic cang bé& mat gilia pha 1ong - rin;

T: nhiét do két tinh;

AT: do qué bdo hoa (AT =T, - T, Ty, = nhiét d¢ két tinh thuan
nghich nhiét dong hoc, T nhiét do ket tinh thyc 1€).

Téc do phét trién mam v, (8-13):
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|-
oy
]

&

i

- RT o T
Voum =Ce 8l e

trong dé:
L.: nang lirgng hoat hod khuéch tdn cho giai doan phat trién mam;
C, B: cic hiang s&;
: stc cang bé mat cla mim hai chiéu;
T: nhiét do két tinh;
AT: do qua bio hoa.

Nhir vay, qud trinh tao mam vé phdt trién mam déu phu thudce vao nhigt do két tinh (do qui
bio hod). sic cang bé mat ciia pha phan tén, ban chit pha phan tin v nang lugng hoat hod khuéch
tin. Trong 46, yéu 16 qud bio hoa (AT) dnh hudng dén t6c do tao miam 1dn hon so véi toc do phit

trién mam (so sanh giita (8-12) va  (8-13).

Mt khéc, chiing ta déu biét rang, khi v,,, > vy, thi s6 mam tao ra nhiéu hon va do do kich

thude tinh thé sé nho. Nguoc lai, v, < vy, tht $6 mim (ao ra it, do d6 kich thudc tinh thé s& Ion.

Do d6, d6i véi mot dung dick di cho, ngudi ta thudng khong ché nhigt do ket tinh sao cho
quan hé giifa v,,, vi v, thich hop @€ tao ra cdc cum tinh thé ¢é kich thude tuong tmg vé1 hat keo
(107 - 10"m).

Khéc véi cic qud trinh két tinh dé 1a0 ra cde vat licu rdn, cac tinh thé nho dan din s¢ tu hop
v&i nhau thanh mot khéi rén, o day. can phai khong ché thoi gian, va cdc yéu 16 khdc,... dé "dimg"

lai qud trinh ket tinh tng vdi cdc tiéu phan ran ¢6 kich thude mong mudn.
o Ngung tu do pldn iing hod hoc:
Dura trén cdc phin dng tao ra cdc chat kho hod tan:
Vidu I: Phan tng:
AgNO, + KI = Agl + KN,
Néu du K1 thi keo ¢é cau tao nhu saw:
{(Agl ).l (n- x)K‘] T K'Y

Vidu2:
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2H,S + O, = 2H,0 +28§
[S ,-mHS™ {m—x)H *1 T xH*
Vi du 3:
FeCl, + 3H,0 = Fe(OH), + 3 HCI
I!:Fc:(()H b mFe .(3m—x )Cl'J T xCI
e Plurong plap nging ne hoi

Trong phuong phdp nay, ngudi ta dung mot dung cu nhur o hinh 13-2.

\_JE\"——-— Bdm bt

E

Sl

~d

5 -
A

Hinh 13-2. S0 dd dung cu diéu ché keo bang phuong phap ngung tu hdi.

Chat bi phan tdn duge chifa trong binh B, dung mai trong binh A. Dung cu duge hit chan
khong qua mét binh lam lanh bﬁng nito long (E). Sau dé, nito long duge cho vio binh D. Binh A va
B dugc gia nhiét. Hoi cia dung moéi va pha phan tdn bay 1én gap lanh ngung tu & bé mat ngoai binh
D. Thanh phan cia hai ngung tu duge khong ché boi nhi¢t do cta A va B. Sau khi ngimg lam lanh
(lay hét nito 1ong trong binh D), khoi ngung ty tan ra chdy xudng binh C dudi dang met dung dich
keo long. Phugng phap nay cho phép diéu ché cic sol hiv co - kim leat, nude - kim loai {Na, K,

Hg,...) 6 do sach cao nhat.
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s Phuong phdp thay thé dung méi

Noi dung cua phuong phip nay 1a & ché: thém vao mot dung dich thuc mot thé tich ong
do61 I6n cla mot chat long khdc, chit long nay la dung moi khé tan doi véi chit tan vi khong tan lin
v@i dung mai cua dung dich trén. Nh d6, hinh thanh mot dung dich qui baoc hoa cua chat tan trong
dung moi méi, chat tan bat diu ngung tu {két tinh) thanh cdc hat keo. Phuong phip nay cho phép

diéu ch¢ cde dung dich keo ctia luu huynh, xelen, phospho....
(ii). Phuong phap phan tin
»  Plutong plidp co hoe

Nguoi 1a ding cic mdy nghién keo dic biét dé nghién cic vat lidu rdn nho dén kich thudc
cdc hat keo. P& nang cao hiéu qua nghién nhod, nguyén ligu duge s dyng khong ¢ dang kho ma 1a
dang huyén phi the. Déng thai, dé gidm do cimg ciia vat liew, d¢ 1o do bén cia hé keo ngudi ta
thém vao cdc chat giam do cing (NaCl, NaOH, Na,CO,....) va chat én dinh. Phuong phip niy ducc

sir dung dé didu ché bot maw cao cp, vat lidu két dinh, md boi tron,...

e Plutong phip sir dung ndng Iwong dién

Hinh 13-3. Biéu ché sol bang phuong phap phéng dién.

Thuc hién phdng dién qua hai dién cuc duge lam bang chit phan tdn, nhing trong moi
truong phan tan (hinh 13-3). Néu moi truéng phin tan 13 nude thi nguoi ta dung bién phip phéng
dién hd quang 1dn s thap dé shan duogc cée sol clia cic kim Joai khdc nhau. Vi du, didu ché sol
vang (Au) trong moi trudng axit hod. Trong d6 ving kim loai bay hei tir bé mat dién cuc & dang cic
nguyén tir Au riéng 1€, sau d6 ngung tu thinh cdc hat keo vang (Au),,. Trén bé mat cdc nhin keo do
hinh thanh cic axit HAuCl,, phan ly think H* vd AuCl,. Ion AuCly ¢6 dinh & bé mat nhan, H* nim

trong 16p hdp phu cta mixen. Két qua nhan duge cdce hat keo ¢6 ciu tao nhur sau:

[.(Au)'" NAUCI; (n — x)H +J N



s Pluiong phdp phdn tdn hod hoc hay phicong phdp pepti hod”

Thém vio mot két tha con x6p va méi, mot chdt pepti hod thich hop (thudng 1a cdc chat
dien ly). Két taa s& chuyén vio trang thdi keo (sol). Phuong phip nay cd thé dp dung cho cdc sén

phdm vira méi keo . Vi liic d6, cac tinh thé nho chua kip tiép tuc két tinh thanh tinh thé 16n.
Vi du: Pepti hod k€t ta hydroxyt st vita mdi hinh thanh bing FeCl.:

nFe(O11); + nFeCi; +nkl,0 = |[Fe(OH), | nFeO" (n— x)Ci_] Y xCi +2nHCI
o Plutong phap phan tdn bdng siéu dm

Phuong phép nay dugc thuc hién trong moi trudng séng siéu am ¢6 1dn 56 10° - 10° Hz.
Day 1a phiong phdp duge 4p dung kha rong rii trong viéce diéu ché cc huyén phi va nhii tuong

khac nhau.

(iii). Lam sach cdc hé keo

o Thdm tich thiong

Dung dich keo sau khi diéu ché luon chita cic chat di¢n ly la, Jam sai khdc cdc tinh chit
cfa dung dich keo. Vi thé, ngusi ta phdi tdch bo cdc chat dién ly ta 6 trong sol. Qui trinh tich bo

chat dién ly dugc goi 1a thdm tich, Dung cu tuong (mg duge goi [ hindr thant tich.

Su tham tich dua trén co s¢ 16¢ do khuéch tdn khdc nhau clia cic ion va cua cdc hat keo qua

mang ban thim.

Maing ban thaim duoc diéu ché tir colodion, xenlophan, gidy da ciru, vat li¢u s xop, cdc

mang thyc vat,...

So d6 binh thdm tich don gian nhat nhy trén hinh §3-4. Tiii dung sol duge lam bang mang
ban tham (vi du, bang colodion) dung dung dich keo can xur Iy, duge nhiing vie mot ede nude tinh
khiét (nudc duge thay déi lién tuc hoac gidn doan, tuy diéu ki¢n). Cdc phan 1l va ion chuyén qua
mang ban thim dé dang, cic hat keo bi giif lai. Khi tii dung sol nhing vio nude thi cdc ion chat
dién ly khuéch tdn tir sol dén nude, ¢on cde phan 10 nude thi tir nude vao sol. Do do, sol duge lam sach
khoi chat dién ly. Tuy nhién, néu tham tich qud lau thi khéng nhimg chat di¢n ly bi loai bo mi ca

cac chat 6n dinh keo ciing mat dén.

" Pepti hod (peptization): hién tugng chuyén cdc san phdm keo tu thanh sol.
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Hinh 13-4. So dé binh tham tich.
Nhuge diém cia phuong phap nay 1 lau (mot vai ngdy déa mot vai tidn) va tn nhiéu nude
cat.
o Dién thdm tich
HE tang t6c do khuéch tan jon tir sol vio nude, ngudi ta k&t hop sy thim tich thudng va dién
phan. Phuong phap dé duge goi la dién tham tich. Dung cu tuong tng dugce goi 1a bink dién tham

tics (hinh 13-5).
i I*

N
0 -—-4, NEZTAN 1,0
— keo % T
Fy O — e I
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Hinh 13-5. Sd d6 binh dién tham tich.
Binh ¢6 ciu tao hinh hép duoc ngan bdi hai mang bdn tham chia thanh ba ngan riéng biét.
Dung dich keo can lam sach dimg ¢ ngan giita C, hai ngan khac K - ngan catot, vi A - ngan anot,
trong d6 cic dién cuc (anot va catot coa ngudn dién) duge nhing trong nude cat sach (dong nude

chiy viio va ra lién tuc). Dudi tic dung ciia dién truding cde cation chuyén vé catol, anion chuyén vé
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anot. hodc phéng dign hoac khong va déu bi nude cudn di. Sy 1am sach keo bang phuoug phip nay
chi doi hdt mot vai gio.

"Trong k¥ thudt, di¢n tham tich duge tg dung dé lam sach cdc keo, gelatin, chil mau va
nhiéu chal khic.

Ngodi phuong phap tham tich, ngudi ta con lam sach he keo bang phuong phip sieu loc,
qua mang loc ¢o kich thude nho hon kich thudge hat keo.
13.2. CAC TINH CHAT CO BAN CUA DUNG DICH KEO

Dung dich keo ¢é nhicu dac diém khic voi dung dich thue. Su khic nhaw dé thé hien o
nhimg tinh chit sau:
13.2.1. Tinh chat déng hoc - phan tir ctiia dung dich keo
(i). Str khuéch tan va chuyén dong Brown

Toe do chuyén dong cua cic hat keo trong sol ¢ trang thili bén vimg nho hon uhidu so véi
t6¢ do chuyen dong cua cic phan wr va ion trong dung dich thye. Di¢u dé duoce the hien 1 trong

phuang trinh cus Einsteln:

D=— R - (13-2}
6mrm.N,
trong do: 12: he so khudeh tin:

r: bidn kinh hat cau;
1o do nhat dung moi;
R: hang 56 khi:

T nhiét do K.

Vi biin kinh cta hat keo Idn hon bin kinh ctia phan (i vii ion ¢d 100 Lin. do do hé so
khuech tin D coa hat keo ciing nhd hon e khodng 100 Lin so vdi D cha phan tr va ion trong dung
dich thye. Cic hat keo chiv nhitng va dip cia cde phan 1t dung moi do chuyén déng nhiét theo eic
hudng khie nhau va boi cde lue khde nhau, do dé, chiing ¢6 chuyén dong Brows (chuyén dong
khong ¢6 hudng xie dinhy. Hat ¢6 kich thude cang 16n thi quing chuyén dich cda né cang nho khi

~

bi cic tic dong cua cdc phan tr dung méi, vi nguoe lai. Cic hat ¢6 kich thude ¢d Khoang
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310 - 4.10° m khong dich chuyén dudi tic dong va dap cic phan wr dung moi. vi moi tic Jdong leén

hat 1 can bang theo cde huong.
Trong dung dich cdc hat keo thue hién cdc chuyén dong tinh tién giita cdc lan va cham
{(hinh 13-6). Khoang cdch chuyén dich do hat keo thye hi¢n theo mot hudng di cho va sau mot thin

glan Lduoe goi la quing chuyén dich trung binh, ky hicu A

4 |

_ |

| A |

e - -
N I _ R [

A 8

Hinh 13-6. Sag d6 chuyén déng Brown cla hat keo.
Giita A vit D co méi lien hé duge xdc dinh theo phuong trinh Linstein:
A=2Dut (13-3)

Nahia 13, quing chuyén dich trung binh clia hat keo ty ¢ voi he s6 khudch tin D va thot

gian .
(ii}. Pg nhot ctia dung dich keo

Su phy thude ciia do nhét n cua dung dich keo vdi nong do thé tich cia pha phan iin duge

dién ta bai phurong trinh:
n :n“.(l+A.}-'+B,}-'3). | (13-4}
trong do: n.: do nhdt cla dung mor;
A v B: cic hing s6. Gl tri ciia Ava 3 i)hl_l thude
vio hinh diing cta cdc hat keo;
v: phan the tich pha phin tdn (nong do thé tich).
Cac gid tri ctia A vit B duoe 1inh nhu sau:

A= 2.23+U.2?A6 (13-5}
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B:12,45+1,45.%+0,2.[%] (13-6)

rong dé: a: do dai cla hat keo;
b: do day cla hat keo.

D6i vai hat hinh cau, 2 —1, do dé:
b
A=25 B=14,]

Neén {13-5) tro thanh:
n=n,{+235y+141.y%) (13-7)

Néu hat keo hinh cdu bi bao boc bdi mét "vo solvat” vé1 do day 3 thi y duge xdc dinh bai

phurong trinh:

y= in.rs.n.[l + EJ (13-8)
3 t

trong dg, n: $6 hat keo trong mot don vi thé tich dung dich;
1: bin kinh cia hat keo.

Khi khong cd sur solvat hod thi:
y= 4 e’ n
Nhu vy, su sai khic ctia 1) so véi (13-7) la do hat khong phai 1a hinh cdu, ?* # 1 vadoc6
b

do day vo solvat 8.

Néu bd qua su solvat hod, xdc dinh thue nghiém d¢ nhét n ting véi cdc y khdc nhau, c6 thé

tinh duce A va B theo (13-4), va do dd xdc dinh duoc 1y s6 %. Vi du, nh&r do do nhét cha dung dich

keo V,0. ma ngudi ta xac dinh duge rang, hat keo V,0; c6 dang hinh que. N&u ty s6 3 da bict, gia
b

st & = | (hat cdu) thi can cif viio i xdc dinh biing thuc nghiém vi 1 tinh theo (13-7) ngudi ta ¢6 thé

tinh dugc do day & cna 16p vo solvat cla hat keo.
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(iii). Sit sa ling ciia hé keo

Cic hat keo trong dung dich ngodi su chuyén dong nhiét Brown con chiu tic dong cua
trong lyc. Cac hat keo nho chiu hife hap dan yéu nén rat bén vimg, khong bi sa lang. Cic hat keo ¢6
«ich thude 1én cé thé by luc hap din kéo xudng tich ra khoi moi trudng phan tan, nghia la, bi sa
lang.

o Tocdo saling

Néu hat keo ¢6 thé tich V, khéi lugng riéng p. phan tin trong chit 16ng ¢é khéi luong riéng

p... thi hat keo bi mot luc hip dan tac dung:

P=V(p-p,)e (13-9)
trong do: g: gia toc trong ruong;
Khi sa lang véi toc do u, hat keo chiu mot lye ma sdt f,,. Theo Stokes thi:

f,=Bu (13-10)
vl B=6mrm,
trong do, r: ban kinh hat keo;
1n: do nhdt dung dich.
Khi hat keo dai dén trang thdi chuyén dong déu:

f =P

s

Thi tir (13-9) va (13-10), ta co:

A i I 24 (13-11)
B

Né&u hat hinh cau:

4 3
Ve -mr
3

Do dé:

2{p-p)g o (13-12)

(13-11) 1a 3¢ do sa lang clia mét fiat keo theo phuong thang ding tir trén xuong dudi.
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Néu xétmottigt dien S= 1, vudng gée vai phuong thing dimg, thi sau mot don vi théi gian,
mot thé tich keo sa ling qua tiét dien d6 1a V = Sy = 1. Néu nong d6 keo 1 C, thi lurong hat keo

trong thé tich u dé 1a: u.C.

u.C chirh 1 luong keo di sa lang qua mot don vidién tich sau mé1 don vi thoi gian va duge
goi la dong sa lang v,

Tir (13-11), ta ¢o:

v _
v, =u.C = 2@4-d)
' B

)]

(13-13)

¢ Do bén ciia lié keo:

H¢ keo ¢6 bén vimg dugc hay khong phu thudc vio hai yéu 16 tac dong ngurge chiéu nhau:
sa lang luén mush kéo cic hat keo xudng phia dudi, khuéch tan luon €0 khuynh hudng san bing

néng do,

Tuy thuge vao toc do khuéch 1dn (v} va 16c do sa ling (v,) ma:

— Hé¢ keo bi sa ling khi: V> v,
~ Hé keo can bing: Vi =V,
~ Hé keo bén vimg: v, <V,

- Theo dinh luat Fick 7 (muyc 8.1.1, cong thite 8.2) ta cé:
vy, = ~D.—d£ (8-2)
dx

Khi hé keo 6 trang thdi can bang v, = v,, thi tir (8-2) va (13-13) ta ¢o:

Vi —p)e o pdC
B X
hoac: ac - _Yp-p ")'g-.dx
C B.D

Tich phan phueng trinh trén véi didu Ki¢n:
— lai hnéng do hat keo la C:

— 1aih=0néng d6 hat keo 1a C,.

Ta co:
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_ Vdp=pe

C
In —
C, B.d

Vi V.(d—d,) = m: khoi luong hat keo

D XT (13-2)
omrnN
Hoac: D= kT (Vi | = R B= 6.7.rn)
B N,
Do dé: I C = ]'!'I.g.h
C, k.T
_m.g.h
Hoic: C=C e *t (13-14)

(13-14) }a phuong trinh phan bo hat theo do cao (phuong trinh Laplace - Perrin).

C, 12 néng do hat keo & h = 0, & ddy hé. Tir phuong trinh (13-14) ¢6 thé nhin thiy ring,
cing lén cao néng do cia hat keo cang gidm; mudn he phan ba dong deu thi can giam khor lugng m
chia hat nghia 1a tang 4o phan tin cna hat.
(iv). Ap sudt tham thdu cia dung dich keo

Nhiic lai hi¢én trong tham thiu: ngudi ta quan sdt hién wigng tham thau xay ra khi dung moi
vit dung dich (hodc hai dung dich ¢6 néng 86 khic nhau) dige ngan cdch boi mot ming bdn thim

M. Mang nay cho phép dung méi chuyén qua, ngan cic phan tlr hoac ion chat tan.

_Da_n_g ;}'c;_ o Dong mar

Hinh 13-7. So d6 tham thau:

M: mang ban thdm; A: dung méi; B: dung dich.
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Theo quy tac san bing néng do, cdc phan ur dung moi sé chuyén 1ir dung méi (hoac dung
dich ¢d ndng do loang hon) qua mang ngan sang phia dung dich (hoic dung dich dic hom). Két qua
13 luong dung moi ¢ A gidm di, lugng dung dich & B ting lén (néng do dung dich giam). Hien
tugng do duge got 1a sie thdm thdn. Qud trinh tham thau dimg lai khi dat dén molL 4p sudt can bang
nhat dinh. Trén hinh 13-7 dién 1 so do tham thau, cot nude h tucng wng véi dp sudt than thdn clia

chat tan trong dung dich.

Ap suat tham thiu clta mot dung dich loang tuan theo moi dinh luat khi ly weéng. do dé
Vian’t Hoff da dinh nghia: "dp sudt tham thdiu ciia mor dung dich nhie la ap st dioe tao ra boi chdt
tan O trang thai ki Iy necng chiém mor thé tich bing thé tich ciia dung dich tai mét whiét dé i

cho” (dinh uat Van't Hoff).
Theo phuong trinh khi 1y twéng Clape yron ta co:

IMT=CR.T, (13-15)

trong do: IT: 4p sudt tham thau;
C: néng do chat tan;
R: hiang sd khi:
T: nhiét do K.

o Ap sudi tham thiu ciia dung dich keo

Trong phuong trinh (13-15), C 1a ndng d6 chit tan, néu biéu dién bang mol/l thi ¢ = o

A
vOi n' 1a 56 hat keo trong t lit, N,: s6 Avogadro, thi:
n="Rry
N,
Hoic: [T=n'kT (13-16)

Tir (13-16) ¢6 thé nhan thay ring:
Ap sudt tham thiu cia h¢ keo nhé hon Ap suat tham thau cla dung dich thue vi s6 hat n' cla

hé keo nho hon rdt nhiéu so véi dung dich thye.

Vi dy: dp sudt tham thau cla dung dich (muéi) NaCl 3%, eda albumin 3% {phan I lugng
65.000) va mot huyén phi keo 30 g/1, hat rén ¢6 khéi luong 107g, cd dp sudt tham thau wong ting la
25,4 bar; 0,01 bar va 10" bar.
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Vi h¢ keo khong bén vimg nhiét dong nén nong do cua hat keo bi giam theo thoi gtan. Do
dé dap suat tham thau ciing giam theo thai gian.

Can luu ¥ rang. néu keo khong duge lam sgeh can than, trong hé con cd mot luong, dit pho,
chit dien ly la. cling s¢ lam thay doi ding ké gid tri dp suat tham thau I cia he keo.
13.2.2. Tinh chat quang hoc cua dung dich keo

o Sirtan xa deih sang
Surtiin xa dnh sdng coa mét hé keo 1 do sy phan xa, khiic xa. nhidu xa v huinh quang dnh

sdng cua hat keo.

Thira nhan ring, dnh sdng nhin thay gdm 7 vach quang pho: do ¢d bude song 7 = 64934,
da cam (= 60655 A). ving (A = 5624.5 A). xanh 1d cay (& = 52275 A). xanh da udi (lam) (5 =

4678 A). xanh (2 = 4546.8 A} viutim (A = 42824 A). Cuemg d6 trong d6i wiita ching:

N¢u dnh sing phan xa tir ede hat, thi trong dnh sdng phian xa o ¢6 cac vach pho anh sing

die . [\'.un : l\nng : []uu . llnm : ]

\:II]I\:]uIH:S:1:3:8:3:4:]2

don sac) ¢6 ciing cutmg do sdng tuong doi nhur dnh sdng (i, Sy tin xa do phan xa nav gdy nén sy

dire mer cua hé keo.

N&udnh sing bi nhicu xa boi ede hat, nghia Ivdnh sing bi uén cong khi vong qua hat, gay
ri-tin xa theo cic hudng Khide nhau, thi trong dnh sing tin Xq cling ¢6 cdc dnh sing don sac nhu cua
tia 161 nhung voi cuong do tuong doi (ty 1¢ cudng do @it cde vach pho) bi bich dai. Cu (hé i
cutng do cta vach cd bikde song ngan hon s¢ manh hon so vol dnb sing (G, Vi the dnh sing tin xa
cua he keo ¢6 miu xanh da i nhat, dnh sing truyén qua c6 mau do nhat. Hien tuong tin xa nhy
th& duoc poi 1a su dndr guang (opalescence).

Clng vai sur nhidu xa con kém theo ede bicu g nh sidng khic, cu thé, cic hat hap thu danh
siing. Sy hip thu chon Toc cdc tia don sac <& lam cho maw cia dnh sing phin xa vavinh sing truvén
qua s¢ khie nhau. Néu cac hat keo dudi tic dung cua dnh sdng bi kich thich chuyén dén mot trang
thidi nang Tuong cao hon, khi chuyén vé trang thili ¢ii & phat ra mot dnh sing cd do dai séng khic.
Hign twgng da gor 13 husn/t qrang. Trong trudng hop ndy. dnh sdng 1dn Xy ¢6 1y s6 cudmg do cice

don sac thay do1 vi cde vach pho khile so vai anh sdng song tdi.

~ Thuat ngit opalescence trong 1 dién khoa hoc v k¥ thuat Anh Viet, Nhi xuit ban KHKT 1996
duoe dich Ta: miw s, mau trang duc, dnh opan.
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Trong thuc i€, cdc hién tugng dnh séng ké trén luon ludn xuat hién dong thoi. Tuy nhién,

tuy diéu kién cu thé ma mot hiéu tmg nay trdi hon cédc hiéu ing khic.

Su phdn xa dnh sdng xay ra trong trudng hop kich tutic cia hat keo lon hron whiéu so véi
bitéc séng A ciia dnh sang toi. Trong céc hé: huyén phil tho, nhi tuong, suong mi, bui trong khong
khi... cdc hat keo déu phan Xa dnh sdng. Do téc dong nhiét, cic hat keo chuyén dong Brown nén dnh

sdng phan xa duoc lan truyén dong déu khiap moi hudng, tao ra dnh sing tén xa.

Neu kich tude cria hat keo nhd hon dé dai A cia bude séng dnh sdng téi thi &nh sdng bj
nhiéi xa. Cic hat keo ¢6é kich thude ¢& 10™ dén 107°m (10 - 1000 A) thoi min diéu kién nhiéu xa.
Do dé dnh sdng tin xa cia cdc hé keo chli yéu la do nhiéu xa boi cic hat keo.

s Phuong trink Rayleigh

Mbi mot hé keo du it hay nhi¢u déu c6 tinh chit dnh quang (nhiéu xa tao hi¢u tng
opalescence). Néu hat keo hinh cdu, khong dan dién, phan tin trong dung dich loang thi su phu
thudc cha cudng do anh sdng nhifu xa - tin xa do cdc hat keo vio do dai song va tinh chat cla dung

dich keo dude mé ta bdi phuong trinh Ravieigh.

I‘Vl T L2 )
1= 2401, 2o D70 ing (13-17)
AT.XT n"+2n;

rrong dé: [: cudng dd dnh sdng tdn xa;
I,: cudng dé dnh sang (ai;
n': s& hat keo trong mét don vi thé tich sol;
V: thé tich cfia mot hat keo;
A: budc séng clia dnh sdng tdi;
x: khodng cich tir hat keo dén nguén nhiin;
n: chi 6 khic xa cua pha phan tin;
n,: chi s6 khiic xa cva moi truong phan tdn ;
o goe gitta hudng cia dnh sdng 161 va dnh sdng tdn xa.
Phuong trinh (1 3-17) cho phép rit ra cac két luan sau day:
1. D61 vdi hai dung dich cla cliing mot chat tan ¢6 ndng dé khoi lugng nhu nhau, nhimg do

phan tdn khdc nhau {trong céc diéu kién nhu nhau} thi phuong trinh (13-17) ¢6 thé viet dudi dang:
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[, =K.n,.V,
Do da:

Lo Ve

5 o', Vi

Vi theo gi thiét hai dung dich co néng do khoi luong chat tan nhy nhau, nén:

Y k]

4
n' .o e =0 LI P
3 -3

3 JTTLE 3 3

-~ | - -

L3770 _n_?

3 R 3

B, o |4 s v, D

2 1 RN b i
3

(-0 d0 phan tan, @ = i L xem (13-1))
d

Biéu thitc d6 chimg tO ring, cudng do clia dnh séng tén xa do nhiéu xa bdi hat keo ty 1€ bac

3 v&i ban kinh chia hat (1 1& nghich bac 3 vdi do phan tin).

Nhu vay, ban kinh hat keo cang 16n, do phan tdn cang nho thi cudng do dnh sdng 14n xa
cang 16n, nghia 1a, hiéu img anh quang (opdiescence} cua dung dich keo cang manh. biéu dé chi
ding trong gidi han kich thude hat keo vin nhod hon budc séng dnh sing. Phuong trinh Rayleigh

khong ap dung cho dung dich thuc. Hiéu img dnh quang cia dung dich thyc cyc ky yéu.

2. Do dai séng dnh sdng cang nhé chigu vao dung dich keo thi mic do tdn xa cang lon. Vi
the cac dung dich keo ¢é dnh sdng tan xa mau xanh lam nhat, dnh sdng truyén qua mau do nhat. Vi
nguyén nhéan do, bau wrdi juon cb man xanh lam, con lic hoang hon va rang dong dnh sang cd mau
do.

3. Hiéu s6 chi s6 khiic xa clia moi truong phan tdn va pha phén tn cang nho, thi cuong do
dnh sang tan xa cang yCu. V& 1y thuyét, cudng do tdn xa clia céc khi va long tinh khiét bang khong,

bdi vi n — n, = 0. Nhung trong thuc t€ lai khong nhu the. Thue vay, mau xanh cla bau troi gdy ra
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boi s tdn xa dnh sing khong phii do bui ¢6 trong khong khi ma chu yéu Ia do chinh ban than
khong khi. Trong bat ky mot h¢ khi hoic long tinh khiét nao van luon luon ¢o hién tuong “thang
giing™ nghia Ia, ¢6 sur sai lech mat do tire thoi clia hé dan dén su sai léch vé chi s6 khiic Xa, do do,
140 ra s tan xa dnh sing. So “hat™ (tap hop cic nguyén ur, phan tr duoc tao ra do hién tuong thang

gidng) rat nho, do do. cuong do tdn xa clia cic he khi va long tinh khiét ciing rat nho.

Cong thitc Ravieigh chi ip dune cho cic hé keo ¢6 kich thuge hattr 107 - 107 m. Psi vei
2 yierg p dung .

cdac sol o hat tir 107 = 1,5.10" m cuong do tin xa bang: | = K » doi v6i hat tir 1,5.107 - 2.5.107 m,

-3

N

I = I\ (K'= const, Z: bude séng dnh sdng 16i).

)“\_

Doi v6i cic hat 16n hon (> 2,5.10"'m) sur tin Xa chi do phan xa (khong phai nhiéu xa), vi th¢
cuong do dnh sing tin Xa khong phu thuoc vio do dai séng (budce song) va hién tuong dnh quang

chuyén sang hién tuong duc mo.

Hién tuong dnh quang cta dung dich keo khong thé phan bigt duge véi hién tuong huynh

quang cua dung dich thuce bang vé bén ngoai.

Hién trong huynh quang cua dung dich thue duoc tao ra do kich thich hé bang cic dnh sing
ving séng ngan, nén néu chiéu dnh sdng do vao h¢ thi hién tuong huynh quang bién mat, con hién

twong dnh quang thi khong xay ra (vi dung dich thure).
Doi véi dung dich keo nguoi ta ¢6 thé kiém tra s dnh quang bang /liéu ting Faraday-

Tyndall

Néu chieu mot chiim dnh sang qua dung dich keo, thi chiing ta quan st duge tir phia bén
canh trén mot nén den mot hinh nén sing phan quang do hiéu (ing dnh quang cua cdc hat keo tao ra
(hinh 13-8).

Hinh 13-8. Sa d6 minh hoa hiéu Ung Faraday - Tyndall.
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ilien trong dé duge Faraday quan it din tien nam 1857 d6i véi sol vang, sau do duge
Tvndal! GEp tye nghién ciu tren nhidu he keo khic. Do do. s tao thanh nén sing phan quang o trén
dirge goi 1 higu g Faradey-Tyidall hoie hinh non Faraday-Tyudall. D61 v6i dung dich thuc thi

hicu tmg nity khong xudt hién. nén né {a mot phuong phip dé xdc dinh, nhan dang cdc he keo.

C6 thé thay hicu tng Faraday-Tyndall trong thue t&€ nhue dnh dén pha chiéu trong bau trin

han dem nhidu sueng mi, tia ndng lot khe nho di qua mot gian phong toi....
o Kinh siéu hién vi dé nghicn ciin hé keo

Vi kich thude clia hat keo nhod hon dé dai bude song 4nh sdng nhin thay, do dé khong thé
quan sit n6 bang kinh hicn vi thuong. Tuy nhién, méi mot hat keo déu nhiéu xa dnh sdng chi¢u vao
né. do dé, nhd vao dnh sdng nhiéu xa ching ta ¢d thé nhin 18 cdc hat keo. D6 1a nguyén Lac hoat

done cta dung cu quang hoc siéu fiidn vi.
T - n = v
E

Hinh 13-9. Sd 36 dung cu siéu hién vi.
A: ngudn chiéu ang; B, C: thiu kinh;
D: dung dich keo; E: éng nhin.
Kinh sieu hi€n vi khdc v6i kinh hién vi thudng chu y&u ia phuong phip chicu sing vat thé.
Trong kinh hién vi thudng dnh sdng tir ngudn sang dige chigu qua vt thé roi dén mat ngudi guan
sd1 theo phuong truyén qua, con frong kinh siéu hién vi dnh sdng duge chidu ngang bén canh vat

thé, nhu rén so dé 13-9.

Chidu mot ngudn sdng ¢6 cuong do manh {(vi cutng do dnh sdng t&i cang manh thi cutng
do dnh sang 1an xa (nhidu xa) cing manh). Quan st cdc hat keo nhidu xa dnh sing bang éng nhin
E. Dung dich keo duge pha lodng dén mi, cdc vong nhién xa tao ra xung guanh moL mot hat
khong bi xen phtt Jan nhau va khong lan vao do sdng ca nén. Trong diéu kién nhu the. cic hat keo
c6 dang hinh cdu duge nhin thdy rat 16 nhu cac “ngoi sao” khong 1dp ldnh, ching chuyén dong
Brenvar nhut cifc phan tr. Néu ede hat khong co dung hinh cdu (vi du, dang hinh dfia) thi dnh sing

nhidu xa cia nd lam che cic hat keo lap Linh.

469



Nho kinh siéu hién vi, ¢6 thé dém (e tép s6 lugng hat keo trong mot don vi thé tich dung
dich. Bi¢t s6 hat keo n’ trong mot don vi thé tich dung dich V, khéi luong téng cong clia pha phan
tin m, trong dung djch. ¢6 thé tinh todn duoc khéi lugng rigng m cla timg hat keo, va sau dé cé thé

tinh bdn kinh r (nu hat hinh ciu):

m=—-mrp= Mo
377 0V
— —
Hoiac: p—3 Mo |
\dnpn'V
trong do: V: thé tich dung dich keo chira m, khéi lugng pha phan tin;

p: khoi bugng riéng cila pha phan tan.

Tuy nhién, kinh siéu hién vi khong thé xdc dinh dang cu thé ca c4c hat keo: hinh diia, hinh
tim, v.v... Phai nho'kinh’hién vi dién tr, ngudi ta mai phan bi¢t duoc dang ciia cdc hat keo, vi'kinh”
hién vi dién tir cho phép nhin cic hat c& kich thuée 10°m.

13.2.3. Tinh chat dién tich ciia dung dich keo

Nhu da trinh bay & muc cau tao cna hat keo {muc 13.1..2), bé mat hat keo ludn ludn tich
dién. Chinh vi th€, hé keo thé hién nhiéu tinh chét rat dac bict khi chiu tic dong cla dién trudng
ngoar, hoac cua cic chat dién ly.

(i). Thé dién dong & (zeta)

Gia sir chiing ta ¢d mot hat keo ¢é can tao nhur sau (hinh 13-10):

P61 véi mot hé keo xdc dinh, do day X cla 16p khuéch tin cang lon, thé dien dong & cang

16n, lyc diy tinh dién giita cdc hat keo cang 16n, vi do d6, do bén phan tin clia hat keo cang [dn.
Khi ldp khuéch tdin bi “ép” lai, nghia 1la X giam tht & gidm, khi X =01hi £=0.

Khi hat keo & trang thdi tng véi & = 0, ngudi 1a n6i hat keo & rrang thdi deang dién, Trong
trang thai d6, luc day tinh dién gilta cdc hat keo bang khong, nghia I3, mat di mot trong cdc yéu 18

quan trong fam bén hat keo.

Thé dién dong & anh huéng manh dén sy bén vimg cla hat keo ciing nhu su chuyén dich

cua né trong cdc qud trinh dién cue.
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Hinh 13-10. So d6 cdu tac hat keo (a).

+: jon tao thé;
—: jon déi vai ion tao thé,
5: chiéu day cla Idp hap phy;
X: chiéu day cla 1dp khuéch tan;
O — A: truc qua tam hat keo.
M6 hinh phan b6 dién thé cla hat keo (b):
¢: dién thé Nernst: ¢ = @, + &, |

o hidu dién thé gilia diém trén bé mat nhan (0) va diém trén bé
mat truct (M);

E: hiéu dién thé gilra diém trén bé mat trugt (M) va diém bién gidi
cla 16p khuéch tan (X};
£(zeta) dugce goi la thé dién dong clia hat keo.
(ii). Cdc hién tuong dién dong: dién di va dién théim
Nam 1809 nha bic hoc Nga Reyss tién hanh mét thi nghiém nhu sau {(hinh 13-11).

Cam hai 6ng nghiém A va K vao mot mau dat sél am, phdn dudi Sng nghiém duge phu mot
16p cit sach, ca hai 6ng nghiem déu chira nude vh c6 dién cuc néi véi ngudn dién ngoai (A: anot, Kt

catot).

Sau khi cho dong dién chay qua mot thai gian Reyss nhin thay, trong Ong anot xuat hién

cic hat it sét (nude duc), trong Ong catot mtic nude dang lén, nhimg nude van trong sudt.
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Huy&h phi
FTF séi

Heoe chuyén dich

DEF 567 Gim
Hinh 13-11. S0 46 thi nghiém ciia Reyss.

Nhur vay, cdc hat dat sét da chuyén dich dusi tdc dung clia dién truong dén anot, vi he mil
hat sét tich di¢n am. Hién wrong chuyén dich twong doi cua pha phan tin d6i voi 1mo] triong piin

tdn dudi tic dung cia dién trudng ngoii duge goi 12 hien tang dién di (hoac hicu ing dién dj).

3 calot, nudc dang ién 1a do céc ion H* hydrat hod (11,0%) dudi tdc dung cia di¢n (ruing
chuyén vé catot. Do tic dung cta luc ma sit nol ma cic ion H.0' dé kéo theo cie phan ur nude lan
cin cting chuyén vé carot. Hien nirgng chuyeén dich twong doi cliu moi truong phin tin déi vai pha
phin tan dudi tic dung cta dién truting ngoat goi la hign weang disn than (hi¢u tmg dicn thim).
Hien twgng nay twrong ur nhir hién wong dp suat tham thau nhung ban chat va nguyen nhian hoan

toan khic.
* Xdcdinhthédien dong & cua hat keo bing hicu ting dicn i

S0 do dung cu xde dinh the' £ bing di¢n di nhu & hinh 13-12. MOUIMOt nhidnh cia ong chit U ¢é
dien cye duge nhing trong dung dich keo. Dusi tie dung cua dién trucng ngoai (dong dién mol
chiéu) cic hat keo s¢ chuyén vé maot dign cie, con cde ion dsi chuyén vé dien cie khie. Lap hap

phu luén bidm chat viio nhan trong qud trinh chuyén dong clia hat keo, nen dién the & bé mat truot la

UM

- Do d6 16e do chuyén dich cua hat v 1y 1€ véi &

v, =K. {13-18)

trong do, K Lihe saty 1¢ duae tinh theo cong thic:
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_Use, gl v, (13-19)
n.l

K

rong do: U: dién ap gilta hai dién cuc;
& hiing s6 dién moi clia moi trudng phan tin;
g,: hiing 6 dién moi chan khong:

g, = ! — Fm™"
° 41.9.10°

n: do nhét dung dich [N.s.m™];

I: khodng cdch giita hai dién cue {m].

Hinh 13-12. S0 dd dung cu xac dinh £ bang dién di.

He thic (13-19) duge dp dung cho cac hé keo ¢6 kich thude nhan keo 16n hon nhiéu so vdi
do day cua I6p hap phu,

Xic dinh thuc nghiém 8¢ do chuyén dong cia hat keo, bi€t cic gid tri U, &, m vit 1, c6 thé
tinh dugc the dién dong & cua hat keo. D6i vdi cédc hé keo bén, gid tri cta & dao dong trong gidi han
0,040 - 0,070 V., trong mét vai truong hop £ dat dén 0,100 V. Vi du, hydrosol (dung mo1 fa nudc)
cila Fe(OI1), véi kich thude hat keo 107m, c6 & = + 0,044V, voi kich thude hat 0,37.10'm. £ = +
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0,050V, dai vdi hydrosol As,S;, & = — 0,032 ~ — 0,09V, doi v hydrosol vang vai kich thude hat

0.80.107m, & = — 0,032V, d6i vdi huyén phitsét 10'm £ = - 0.049V,...

Hiéun (g dién di duge dng dung trong san xudt dé st dé lam sach caolanh
ALQL28i0,.2H,0 khoi cde tap chat, Cac hat cao lunh nho tich dién am lang dong trong thimg chi
quay anot, cde hat to hon va cédc tap chit tich dién dudng theo nude chay ra ngoai. Phi lén cdc chi
1€t Khide nhau bang mot 16p caosu duge thue hién bing két tha dién di tir mot dung dich keo latex
tich dién am ma anot 12 cic chi tiét can che pha, Dién di con duge dng dung trong cic nha may de

lam sach khong khi khoi cic bui, khéi....

o Xidc dinh thé'dien ding & ctta hat keo bang hidu ting dién tham

Hinh 13-13. S¢ d8 dung cu do & bang hiéu (mg dién tham.

Ser d6 dung cu xic dinh dién thé & bang dién thim nhu & hinh 13-13. Phdn gitta (1) cia dng
chit U duge dat mot ming ngan duge fam bang vat liéu cin nghién cou (d¢ do &). Noi hai dien cue

bang dong dién mot chiéu chdt long chuyén dich qua mang va dang len, duge do & mao quan 2.

Ciing nhur trong hiéu tng di¢n di. the tich cia chat long chiy qua mao quan sau 1 gidy trong

hiéu tng di¢n tham nay ciling tv 1é vdi the £, nghia li:
V=KE. (a)
trong do: V: thé tich pha long chay qua mao quin;

K: hé 5o ty lg, durge tinh theo cong thie:
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_ 28t (h)
e

K
g day: [: cuomg do dong dién qua he;
1: do nhén chat long;
&: hing s6 dicn moj cla chat jong;
¢.: hing s dién moi chan khong;
y: do dan dién riéng cua chit long.
Nhu vay, xdc dinh duge thé tich chat 1ong V qua mao quan, bict cic gid rie, [Lmvay

chiing ta ¢ thé tinh duge the di¢n dong £ cl vat liéu nghién ctu.

Luu ¥ ring, wy ban chat vat licu va chit 1ong ma dién thé & am hoje duong, do ds chat
1ong s& chuyén vé dién cyc wong (ng thuan theo chiéu dieén trudng. Trong trudng hgp Xét G e,

thé & 1 am, chat long tich dien duong nen chuyén vé caldt.

Hién twong dign tham duge (g dung trong viéc lam mat nudc cla cic vt liéu nhio. am
cdc dung dich vao go dé nang cao chat luong 20, chong sau maot, 3¢ nang cao hiéu sudt cit ba, day
kim loai trong san xuit gach (day duge n6i v6i cuc Am, khéi dal sét lam gach vaéi cue duong, e
rong dat sét ¢én bam vao day cit, lam gidm ma st va khong dinh sét vao day cat). 11ién tuong
fuong 1y ciing xay ra khi JuGi cay may (c6 dien the am hon) tiép xiic vdi dit ruong (dién the duong

hon va chda 4m) 1am giam do ma sit gida dat vi judi cay dén khoang 80%.
(iii). Cdc yéu t6 anh huwdng dén thé dién dong &
C6 phiéu yéu 16 anh huéng dén the dien dong £ trén bé mit trugt cia hat keo:
o Anl hudng ciia chdt dién Iy la
Thuat ngir “chat dign 1y la™ duge dung & day véi ngy y rang, chat di¢n 1y khong cd cic 1on

tham gia viao 16p tao the. Do do khi thay ddi nong d¢ cla nd dién the Nernst ¢ cua hat keo (¢ = ¢,
+ &, xem muc i) cha 13.2.3) khong thay doi.
Neui ta da xdc dinh duge ring vOi su c6 mit cla chat dign ly la, do diay cua ldp khuéch tin
lien hé véi dién tich z vinong do C clia ion nhur sau:
const

X=— (13-20)
Jz' . C

Trong (13-20) z vi C thude ion chat dien ly Ja cling ddu véi jon mam 6 19p Khué&ch tin cua

hat keo. Tir (13-20) ¢6 the nhin xét ring:
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- Khi tang néng do chat dién ly la, thi X gidm xudng, trong khi ¢ khong thay doi, dudng

cong thé ¢ = {{X) phai thu din vé phia bé mit hat keo nén lam cho £ giam xuéng (hinh 13-14).

¢

Hinh 13-14. So d6 minh hoa su gidm & theo néng dd chat dién ly la:
1: (ing vdi ndng dd chat dién ly la C, ;
2: (ng vdi ndng do chat diénty 1a C, ;
3: Ing v&i ndng dd chét dién Iy ta Cy:
C,>C,>C,
Khi nong do chat dién ly la cang tang C, < G, < C, thi: X, > X, > 8. Tai C,, tat ci cic ion
d6i nim trong 1dp khuéch 1an bj “ép™ hoin toan vao trong 16p hdp phu (I6p Stern) nén & =0.
Ta co:
§i>&>5=0
- Khi dién tich ion cua chét dign ly la cang 16n thi X cang nho, do dé & cang nho. Vi vay

muon lam giam manh £ ngudi ta thudng chon chét dién ly ¢é ton mang dién tich i6n.

Ngudi ta tinh duoe rang, d€ fam cho & mot h¢ keo giam di cuing mot gid tri {vi dy giam 30

mV) néu dung céic ion ¢d dién tich khdc nhau thi luong ion chia céc ion hod tri cao s€ it hon:

Hod tri ton z 4 3 2 [

Néng do ion (don vi tuong d6i) 1 10-20 60-100 500-1000

Ngoai ra, ngudi ta con nhan xét thdy ring cdc ion ¢6 ban kinh thuc cang 16n (bdn kinh
khong ké do day ciia va solvat) thi cang dé “ép™ cic ion trong 16p khuéch tdn vio treng hon so véi

cac ion cé bdn kinh thye nho.
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» Anh hudng ciia chdt dién ly dong logi

Thuét ngit "chat dién ly dong loai” c6 nghia 14, chat dién ly ¢6 ion ¢6 thé bi hip phu vao bé

mit pha rin, do d6 nd ¢é thé lam thay déi gid tri clia @ va cla &,
- Jon ¢ trong thinh phin pha rin va cling dau vdi ion tao the.
Vi dy: Keo ¢6 cau tao mixen:
[(Agn), nag® (n—x)NO; | xNO; (@)
Néu tiép tuc thém AgNO., tht Ag* ¢6 thé duge hap phy thém:
[(Agl)m (n+0")Ag" (n+n'—x"INO; ]xl+ x'NO; (b)
Do ndng do clia cic ion Idp kép thay d6i nén ¢ thay déi va & ciing thay doéi. Vi du, sy
bi¢n d6i clia ¢ va £ nhu trén hinh 13-15. Ta thiy:
g, > vidodd &, >E, .

Nhung néu tiép tuc thém AgNO, thi ¢, khong ting nifa (gia sir o, da tuong ting vé kha
nang hap phu cuc dai cia Ag' trén bé mit nhan (Agl),,, bdy gid AgNO, déng vai trd nhur chit di¢n
lv la, khéng lam giam @, nhung giam & (duong 3).

¢ J

Hinh 13-15. Sd d6 bién ddi ¢ va &;

1: Uing v&i keo (a);
2. ing vdi keo (b);
3: khi nhan keo hap phu bao hoa.

477



- Ton ¢6 trong thinh phin pha ran va nguge didu vét ion tao 1he.
Vi duy, them KI vao hé¢ keo duong ¢6 cau tao nhu cong thic mixen (a):
[[Ag]) nAg' {n—xINOG; ] xNOY
thi I' bi hap phu vt thim nhip vio trong I&p kép tao ra nhan Agl méi ba sung vio nhin cft. Kél gua
la kich thude nhan tang leén. nhung ¢ va & giam. dén khi trung hoi hét Ag’ trén bé mat nhan keo thi,

tao ra mot hat keo vai jon ta the mdi: ion I' va ddu cha @ va & ré nén am trong fing cau tao mixen

nhr sau:
[{A [)I'II I]! I ‘(]1 - X)K ) Jx— XK '

- fon ehat dign 1y khong ¢é trong thanh phin clia nhan keo nhumg dé bi hap phu nén cé the

hip phy vao bé mat nhan keo.

D6 1a truong hop cdc ion hod tri cao (3, 4}, ion cla mat s6 chat hifu co, v.v... Cic ion nay co

thé fam giam £ tham chi d6i ddu cia & cua hat keo.

Nhu vay, su 6 miit cua chdt dien 1y rong dung dich keo anh hudng rat In dén theé di¢n

dong £ cua hat keo.
Ngodi ra, ndng do ctia hat keo va nhiét dé cta dung dich keo ciing anh huong den &.

*  Khi ting nong do hat keo, chiéu day 16p khuéch tin X & giam xudng lim cho £ giam, Tuy

nhién néu pha loding h¢ keo dén muc khir hap phu ion tao the 1hi ¢ giam va i cho £ aram.

* Khi tang nhi¢t do, do chuyén dong cla cde ion tang do d6 do day X cua lép khuéch tan
tang do dé £ tang. Tuy nhién, 1ang nhiét do cé lhc din dén khur hdp phu 1on tao thé va do dé ¢ viL &

giam.
13.2.4. Su keo tu cua dung dich keo
(i). Khdi niém keo 1u

Trong mot h¢ keo, qud trinh lam giam do phan 1dn cua pha phan tin dudi tic dong cua cdc

y€u 16 khdc nhau dan dén hé keo bi phan ricng thanh hai pha, duge goi la su keo ru.
Sur keo ty bao gém hai giai doan:

o Keoty dn: bing mat thudng, quan sdt vé bén ngoai ngudi ta khong thé nhan biél bat cif mot

bién doi nao, mic dan trong thuc 1€, cdc hat keo da chap lai véi nhau thanh céc 1ap hep hat 160 hon.
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e Keofu ra 12 giai doan thay 1o su bidn déi mau sic, vé dnh quang (opalescence), ol chuyén

dén trang thii dye mo, vivcudt chng tdo ra K&t 1ha hoic tao ra dang gel (thach)

P61 val mot dung dich keo, giai doan keo 1y an sé nhanh chong chuyén thanh giar doan keo
(13, Trong cdc dung dich cao phan tir. eiai dogn keo tu an Xy ra ral dai va ¢6 thé khong chuyén

sang eiai doan keo w ro.

Cé thé gay ra keo tu mot dung dich keo bang cdch thay dsi nhiet do, khudy tron, ly
siéu t8c, tang néng 4o pha phan tén, them vao hé keo cdc chit phy gia kKhidc nhau, dac bi¢t Ia, thém

chat digén Iv....

Tang nhiét 60, Khudy tron, tang nong do.... 1am cho cdc hat keo st Jat gin nhau hon, do d6,
lam ting khi ning tap hop, nghia I lam gidm do hén tap hop ctw he keo. Tuy nhién, trong dui da s
trusng hop cde tic dong k€ ten 1a khong ddng k&, YEu 16 quan trong nhit anh hudng dén sirkeo tu

11 tic dong cia chal dign ly.
(ii). Co ché keo tu dung dich keo béng cht dien ly
e Sirkeo ty nhanlva keo tig chdm
Tac dong keo tu cia chdl di¢a ly 14 Tam giam the dien dong & cua hat keo, tao di¢u kién
thuan lgi cho cdc hat keo tien sit [ai gan nhau tmg vdi mot khoing ¢éeh thich hgp. tai do luc lien

két phan ur thang luc ddy rinh dién, nén cic hat ¢6 kha nang dinh k&t lai vai nhau thimh cum hat 16n

hon G€ dan dén su keo . The &, tat d6 xdy ra keo tu, dugc ol 1A the keo i tai lan &y,
Khi méi mot vi cham ciia cdc hat keo déu dan dén su lién kél cdc hat, nghia 14, rit hi¢u qua
doi véi qua trinh keo tu, nguoi ta nos rang. 46 14 sy keo e pdeenth, nguge lar, 1 kee nit chem.

¥ NGt hai hat keo ¢ cich nhau kha xa. gifta ching khong 6 bat k¥ mot trong tdc nao. Gid sir. nang
lrong win phin cta méi mét hat 1a U]... do dd nang hegng cha hal hat keo Ja 2U,. Khi hai hat keo tién st lai

gdn nhau, gilta chiing xdy ra wong @e i ning luong chung clia ¢ hé bang:

U=20,+U,-U, {a}

ong do: U,: nang lugng trong tic diy gita hai hat:

U.: nang huong trong tac it gitra hai hat.

" Trong hod keo, hay gip thuat ngir gel. Nhiéu khi ngudi ta ding thudt ngit "gel” véi ngu v 1 dang
gel udt. Thue ra gel ¢6 (he 1a gel khs hodc gel uat,
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U, va U, bién ddi theo khodng cich X theo:
U~| — B‘C_K"IC'X {b)

U, =AX™ ()
rrong do, A, B. K a céc hiing 6 tai mot nhiét do da cho: G néng do char dién ly thém vao dung
dich.
Phu thuoc quan hé giita U, va U, Khi han hat 1ién st lai gdn nhav, ma cé cac trudng hop XAY ra sau
day:
1. U = @(x) tang khi hai hat ti€n sét lai gan nhau (hinh 13-16a), do d6. moi va cham clia cde hat keo déu
khong dan dén su dinh két cac hat. He keo hoan 1oan bén vimng (khong xay ra keo ).

2. U = @(x) gidm khi haj hat keo tién sdt la gan nhau (Rinh 13-16.b), mdi mot va cham trong rrdng

hop ndy déu dan dén lien ket cdc hat, nghia 1a. rat hiéu qud cho s keo . Day [a hién wong keo Hy nhani.

Néng liddng cva be 21,

Khoang cach gilra hai hat
Hinh 13-16. Bién thién nang luong tudng tac gitia hai hat keo phu thude khoang cach gita
chung.
3. U = ¢{x) dat cyc dai tai mot gid tri X; (hinh 13-16.¢). Diéu d6 cé nghia la, wude X, (khi hat hat
con cich xa nhau mot khoang X > X,) thi lue day chigm uu the, sau X, (X < X,) lyc hit chiém wu thé. Do do.

su va cham ¢6 higu qua dé xay ra keo ty chi khi X < X,. Day la tnimg hop keo te cheiin. s

o Coché giam thé'dién dong § cia hat keo bang chat dién Iy
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Thue ra, rat khé phan dinh mot cich chinh xdc ¢o ché tic dong giam thé & cua hat keo bol
cdc chat dién ly them vao he, boi vi cic qué trinh hod hoc, hod 1y cia hién wigng nity Xdy ra mot
cich phifc tap va xen lan nhau. Tuy nhién, ngudi ta ¢ thé thira nhan vai trd cua céc chit dien ly gay

keo tu {ion giy keo tu) dai vai § nhar sau:
(1). "Nén” lop khuéch tan

Céc ion nim trong 16p khuéch tdn 1a cdc ion dai clia ion tao thé. Chinh s6 lugng va sy phan
bé clia cdc ion d6i trong 16p kKhuéch tin quyet dinh gia tri dicn thé & & be man ruot {bé mat ngoal

cua 16p hiap phu - 16p keép).

Ngudi ta thudng st dung cdc chit dién ly la (khong co cdc ion trong thanh phan cua nhan
keo) 6 ion doi cung tén va "manh” hon ion doi ¢ 16p khuéch tin, dé "nén”, "ép" cic ion do di vao
phia bén trong cua mat 1rudt, lam cho do day X cia 16p khuéch tin "mong” di va do dé & giam

xuéng, tham chi & — 0, dén trang thai ding dién.

=

Céc ion keo tu "manh” do la (xem muc 13.2.3.iii. Chat dién ly la): ion ¢d hod 1r1 cao, ¢6 bian

kinh thuc 16n (khong ké do day cla v solvat)

Kha ning keo tu ciia cdc ion phy thuge vio dién tich va bdn kinh ion dugc sap x€p theo day
keo ty nhue sau:
e D@ v6i anion:
Cl'>NO,;>Br>T
¢ Dai vdi cation:
Cs' > Rb* > NH, > K" >Na'>Li'
(2). Bich doi cdu tric lip kép (1op hdp plut) ciia hat keo: tic dong cua chat di¢én ly 1am

giam £ hat keo ¢6 the bang cich lam thay déi ndng d va ddu cla ion tao thé va do dé thay doi cau

triic ciia 16p dién tich kép sit bé mat nhan keo.

Trong trudng hop nay cac 1on chat di¢n ly phai ¢6 kha nang trao déi ion vai cdc jon cua 1op
kép. Mt khdc, ion keo tu phai 1ao vdi ion tao the mot hop cht kho tan hon thi sir trao doi ion mdi
diin dén sy bién dai can ban trong 19p kép. Bily gi, khong chi do day cha 16p khudeh tdn bi giam
ma 1p hip phu va vo solvat buo quanh hat keo ciing bi bién d6i tham chi bi phd huy, vithe chi mot

* lon ¢6 bidn kinh 16 bi solvat hod y&u hon ion €0 bin kinh nho. Do d6, ban kinh 1on solvat hod cua
n6 nho hon ban kinh jon solval hod cha ion co bin kinh nho.
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lugng nho clia chdt dien ly thém vao cling gay ra kco tw. Vi dy, keo hydrosol clia jodua bac dé dang
bi keo tu bai dung dich dien ly axetat chi. Pb(CH,COOH),. lon Pb** khong nhimg ¢¢ hod 1rj cao

thon K*) ma con tao ra vai cdc ion tac the I mot hop chat Pbl, kém tan hon K.

‘Trong mot s& trudng hap, cic ion keo tu di vao |dp kép lam cho nhan keo 16n lén (xem mue

[3.2.3.1ii. Chat di¢n ly dong loai), hoac tao nhan keo méi, 1dp dién tich kép mai, .. din dén su thay

dorova &,

Cic ion chat dién ly tham gia co ché (2) thuding la cdc ion ¢6 trong thanh phin cla nhan

keo, 1a cdc jon hod tri cao ¢6 kha ning hap phu lén.

Ghi clui: N6i chung, moi chat di¢n ly cho vio hé keo déu lam tang luc I, ([ = | Zc!_zf,
2

xem muc 10.3.1, cong thire 10-21), do day cia 16p khuéch tin X phy thude vao lre 1on nhir sau:
e T
X=633.10™ 7

-3, {13-20)
trong do; e: hing s6 dién mai clia chat long;

I: e ion;

T: nhiét do K;

o: chiéu diy cla 16p kép.

Vil 1ang nén X giam, do dé, cé thé thily rang, moi chat di¢n ly déu tham gia vio co ché

"nén" 16p khuéch tin.

Vi viy, khong thé néi téc dong keo tu ctia cha dién ly chi theo co ¢h€ (2 ma khong xen

lin co ché& (1).

Van dé Ia, bin chit cta cic hé keo, clia chat di¢n ly va diéu kién cu thé ma co ché ciia chit
dien 1y vit dicu kién keo tu cu thé mi co ché nao chiém wu the hon mi thoi.
(i) Hién twong keo tu ving

Dua vao cdc co ché néi rén, khi keo tu bing nhitng jon hod tri I6n (Fe'', Al*, Th", PO,
.-} hodc nhitng ion ¢6 kha nang hap phu dac bi¢t nhu nhitng ion cua chit mau, alcaloid, v.v... ngudi

tit quan sdt mot day lién G€p ban vimg:  keo bén va keo t luin phién néi tép nhau (hinh 13-17).
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Hinh 13-17. Hién tudng keo tu vung.
Hinh 13-17 bidu dién sy phu thude & ciia mot hé keo am vao nong do cation keo tu C.

Cation keo tu frong trudng hop ndy ¢6 hod tri 16n (hoidc bi hdp phu manh):
—  Ving I va 111 1a cdc ving keo bén
—  Ving IT va IV 1 cdc viing Keo

Thoat tién, khi chua cho chét dién ly vao he keo (C = 0), hat keo ¢6 the dién dong bé mat 1a
£ (kco am). Khi them chdt dién ly vio hé, do co ché “nén” 16p khuéch tdn, & giam dan, mat khic
cac jon keo tu bi hip phy & bé mit hat keo, [am giam hit mot 6 ion tao the, do dé ¢ giam va g

giam. O ving I, gid tri cia & cdn l6n hon & vi vy hé keo van chua by keo tu.

Trong vimg Ii: C, < C < C,, cdc gid tri clia £ déu nhd han & VA Fj;] moi va cham déu
hiéu qua va he bi keo . Khi € = C, cdce anion tao the di bi trung hoa hodn 10in bdi cation hap phu.
Néu cir 1iép tyc thém chat dién ly C > G thi theo quy tac hinh thanh mixen, nhan kco lai hap phu
cation, 1ao ra mot 1dp cation tao theé méi ¢é @" vit &7, 16p khuech 1dn ¢6 cic ion d61 mang dién tich
am.

Trong viing IIl: Cy < C < Cs do nhan keo hip phu thém cation nén ¢ ting v do d6 &' cling
tang, khi & > & 56 va cham hiGu qud giam xudng va hé keo r& nén bén vimg. Uhg véi gid i C,
hat keo di hdp phu bio hoa cation keo tu nén gid tri cia & dat dén cyc dai (£,,.,), néu cif Li€p tuc
thém chat dién ly nita C > C, thi vai trd cla chat dién ly bdy gid lai ¢6 téc dung “nén™ 16p khuéch

tan lam cho £ giam dat dén gid 1ri &, méi va he keo lai bit ddu keo .

Trong ving [V: C> C.h¢ bikeoty
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(iv). Hién tuong keo tu bang hén hop chat dién ly

Trong thuc & ching ta thudmg gap nhiéu truong hop keo tu xdy ra bang hén hop cac chat

dién ly.
a) Hién tieomg cong tinh

b6 la truomg hop khi kha nang keo ty cda méi ion trong hén hop vin gift nguyén nhu khi

chiing tic dung riéng ré.

Vi die: hon hop chat dién 1y KCI va KNO, (keo tu keo duong) vi hdn hop NaCl, KCl (keo ty
keo am). Pudng keo e 16ng cong 1a dudng thang (hinh 13-18, duong 10,

Goi ngudng keo tu v 13 lugng chit dien 1y (mol) cin phdi thém vio mot thé tich keo (1it) dé

lam cho hé d6 keo tu rd.

¥y 1a ngudng keo tu céia chit dién 1y 1, v, I ngudng keo tu clia chat dién ly 2.

F én ly 7, &

&,

-

Norng 3 ch

Al ———

Wing 6 chit dién ly 2, ¥

Hinh 13-18, Keo tu bang hén hop chat dién ly.

Khi keo tu déng thoi hai chat dien 1y 1 va 2 nguoi ta phai sir dung néng do cla hai chat
tuong tng vl duimg [1.

Vidu: 0,5y, vd 0,5y, (diém b)

Hién tuogng keo tu cong tinh thudng xdy ra vdi cdc chat di¢n ly c6 tinh chat wong wr nhau:

hod trj ion, ban kinh ion, kha nang hydrat hod, kha nang hip phu,..,
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b) Hién tiemg keo ty hé trg

P 1a trudmg hop khi dung déng thovi ca hai chat di¢n ly thi kha nang keo W tong cong ting

1&n, lugng chat keo wy duge dung it han so véi khi keo tu riéng ré. (dudng 1 hinh 13-18).

Vi di: néu dang lugng chat dien dy 1 1a 0,5 v, (diém a) thi chat dién ly 2 chican C,, €, <
0.5y, (C, nho hon 0.3 7: ding k&) :

Trong thue t&€, néu keo W kco HgS bing hon hap chat dien ly LiC) + CaCl, thi € Xy ra

hiéa tuong keo tu ho trg.

¢) Hién tiiong keo i cdn wa

D6 1a trudng hop khi ding chung hai chal dien ly déng hdi thi Kha nang kco tu 1ong cong
cha hén hop kém di (dudng I11, hinh 13-18).

Vi dy: strdung 0.5y, chat dien 1y 1 (didm ¢) thi phai cin mot lugng chitdienly2 1 G. G
16n hon nhiéu so véi 0.5 7,

D6 1a trudsng hop khi keo tu keo am As,S, bing MgCl,, khi c6 mat LiC} thi ngudng keo
ciia MgCl, tang ién nhidu lan (2 - 3 lan).

Nguyen nhan cua hién tuong keo tu hd rg va can ud rét phitc tap, boi vi nd phan anh mot
quan hé rat phuc tap clia nhiéu y&u 16: hilp phu, hydrat hod, phan ly, hon hap.... cua cide fon chat
dién ly trong dung dich hon hop.

(v). Mt s0 hién twgng keo tu khdc
o Sirkeo tu titong hé cda hai keo

Khi tron kin hai keo G diromy vilng co e gay ra keo tu. Sy keo tutuong hd xay 1
trong dicu kicn nhat Jdinh v& quan he khor luong gitda hai keo, bt v ndu mot trong hai keo co kho
Leong nhd qui thi s bl chuyen RHIE

Bang 13-4 dua ra vi dy truomg hop keo 1y tuong hé cla keo am As,S, v keo duong
Fe(OH}..

Hién tugng keo g wong hé duge gap nhicu trong 1thuce 1€ Chang han, ddnh phén lam irong

nude 1a keo tru tuong hd gilta keo duong Al(O1), va keo &m cla cdc hat huyén phu.



Badng 13-4. Keo tu tuong hd giita keo As,S, va Fe(OH),

Ty s6 thé tich cla hai keo Déu clia dién the cia hdn hgp K&t qua
Fe(OH),/As,S, keo

9:1 + B3én

7:3 + Keo 1w chim
5:5 Keo tu manh
3:7 0 Keo tu nhanh
2:8 - Kep tu trung binh
l1:9 - Keo 1w cham
1:99 - Bén

s Tikeotu

Vi he keo khong bén nhigt dong hoc nén dan dén theo thoi gian mot s& hé keo tr keo tu:
cdc hat keo chuyén dén trang thdi phan 1dn nhd hon, bén vimg hon va tich khoi méi trung phan
tan, tao ra két tla lang xudng ddy heé. Hién tiong tu keo tu nay ching ta gap rit nhiéu trong thuce (¢,
Su wr lang trong ctia nude duc, rugu hoa qua,... néu duge dé yén lau ngay. *
(vi). Dong hoc qud trinh keo tu

Theo co che keo ty nhanh, thi sy keo w12 két qui cha céc va cham  giifa hai hat.

Do d6 dong hoc qud trinh keo ty wan theo phuong trinh dong hoc ciia phan g bac 2:

Vklu = _(il_ = kk'll_] C° (l‘l)
9C K, dt (b)
C_ B

Tich phan (b) ta duoc X;

ko= (13-21)
T ¢,
trong do; C,: nong do ban diu cia hé keo (tai t = O):

C: nong do cua hé keo tai thoi diém t;
k ke * hang s6 t6e 4o keo tu.

Chu ky bin huy cia hé keo T, ,:
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o1
KTy 2 = c T =
2 1] Al
= (13-22)
Ky Co

Tir (13-21) ¢6 thé thiy ring:

1
P k]r\'lu'l‘i_L
C ' C

iy

N¢u xdc dinh thuc nghiém cdc néng do C cha hé keo tai ciic thdi diém 1 khdc nhau, thi tir

quan h¢ tuyén tinh gita 1 va t (hinh 13-19). Ching ta xdc dinh dugc hing s6 t6c do keo w:
C

k,, = do nghiéng goc o

V

ZL'__

Hinh 13-19. D4 thi xac dinh hang sé téc do keo tu.
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CAU HOI VA BAI TAP
Cau hoi
1. Phan bi¢t theo do phan tdn d6i véi cic hé phéan tir, ion (dung dich thuc) va hé phan tin
keo (dung dich keo). Phan biét cdc khdi niém: mi, khdi, nhii tuong, huyén phi, sol.

2. Trinh bay cau tao mixen clu hat keo. Dinh nghia vé dién th€ @ va £ cia hat keo. Néu mot

vai vi du.

3. Vi sao sy phan bo cdc hat keo khong déng déu theo chiéu cao cla hé, su sai khic dé

duge thé hién dinh luong nhu the nao {phuong trinh Lapiace - Perriny, Phin tich ?

4. Dinh nghia dp suat tham thiu cda dung dich. Vi sao dung dich keco ¢6 dp suit thim thau

nho hon dung dich thue ?

5. Giiai thich su tdn xa dnh sdng clia hé keo. Viét biéu thiic Ruvieigh va néu ra cdc nhan xét

quan trong ?
6. Nguyén tac 1am viéc cia kinh siéu hién vi dé nghién ctu hé keo.

7. Nguyen nhan xudt hién 1h€ dien dong & (zeta) clia hat keo. Anh huong cha chat dién ly

dén &7

8. Trinh bay thue nghiém cua Reyss vé phit hién hi¢u tmg dién di vi dién thim. Dinh nghia

hiéu ing dién di va dién tham.
0. Trinh bay cdc co ché keo tu ctia dung dich keo. Cho vi du ?

{Q. Trinh bity cic hién tugng keo tu: keo w ving, keo tu hdn hop chat dién ly

Bai tap
1. Tinh A ctta cic hat khéi NHLCL, biét bin kinh clia hat r = 10*m, thai gluan t = 2s, do nhét
ciu khong khi n = 147107 N.s.m™®, T = 300K v hdng s6 Boltzmann k= 1,38.107 J K.

Pip s6:2.44.10%°m

2. 293K, sau thdi gian t = 4s cdc hat keo hydroxyt sat trong nuéc chuyén dong duoe A =
1,62.10"m. Do nhét clia hé = 107 N.s.m™. Xdc dinh bin kinh hat keo.

Pdp sé:r = 10"m

488



. 3. Ding kinh siéu hién vi dém mot keo bac trong nwéc. Hé keo dugc dung trong cdc nén
den c6 tiét dien 5.10"" m? chiéu cao 2.5.10*m, Sau khi dém 100 n thi thdy s6 hat trung binh ¢
trong thé tich d6 a 3. Cho biét bac c6 khoi luong riéng p = 10,5.10° kg/m” vit ndng do thé tich keo
bac Ia 20.107 kg/m’. Xac dinh kich thudc cha hat keo, gid thi€t hat keo c6 dang lap phuang.

Ddp 56 0,93.10° m

4. Khi dien chuyén giita hai di¢n cie dit céch nhau G,1 m, dién the ngoai U dp lén hai cuc
14 100 V, cic hat keo silic trong nudc chuyén vé anot, sau 180 s thi chuyén duge 0,05 m. Xéc dinh &

ctia hat keo, biét € = 81, g, = 8,85.10" Fam™, n = 0,001 NSm™.

Dip s6. £E=0,387V
(Tir bidu thitc () v (b) chia muc xdc dinh thé & clia hat keo bang hiéu iing di¢n tham, cé thé
Suy ra:
n.u.l
*" a_:: U’
trong do: n: dé nhdt chat long;
& hing 6 di¢n moi cha chat long;
g, hiing 56 dién moi chan khoag;
1: khodng cach giita hai dién cuc;
u: 16¢ do dien chuyén, m.s™.
5. X4c dinh hing s6 1dc do keo tu k,, ciia qud trinh keo tu keo 5 bang dung dich NH,CL
Thoi gian keo tu (s) 0 1 4
Néng do hat C.10°" 16,0 1,78 0.50
So sanh gid tri 1y thuyét ky, = 5,2.10™
Pip 56" 5,140

6. Xdc dinh ngudng keo tu cla dung dich dién ly K,Cr,O; néng do 0,01 mol/l d&i véi keo

nhom. biét ring dé keo tu | lit keo d6 phai thém vio mot luong chét dién ly 1a V = 0,06311.

Pdp 565y = 0,63.107 molAA
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CHUONG 1 4

CAC HE BAN KEO VA PHAN TAN THO
DUNG DICH HOP CHAT CAO PHAN TU' (CPT)

14.1. CAC HE BAN KEO VA PHAN TAN THO
14.1.1. Cac hé ban Keo (dung dich cic chait hoat dong bé mat)

Hiu hét cde dung dich Keo 13 hé di thé. Tuy nhién, ciing cé nhitng hé trong diéu ki¢n nay la
dung dich thuc, nhung trong diéu kién khdc lai 1a dung dich keo (sol). thim chi ¢6 thé 1a get

(thach). Trong hé do6 16n tai mét cin bang nhiét dong.
dung dich thue = sol = gel

Biing cdch thay ddi ndng do, nhiét do, pH hoac dua vio cdc chit dién ly, h¢ ¢é thé chuyén

tir trang thai ndy sang trang thdi khdc.

Nhitng hé nhu thé duge goi 1a hé hein keo. Trong thue 1&, ching ta thudng thiy cdc hé bdn
keo 1a cic dung dich nudc cla cdc chit hoat dong bé mat (HDBM) nhur: dung dich xa phong, dung

dich tannin, dung dich cac chat mau, v.v...

Khi tang néng do, cic dung dich chit HDBM chita cdc hat gom nhiéu phan 1ir va trd thanb
cic dung dich keo va nude (khi dung moi 13 nude), khi dé dung dich ¢6 tinh di thé, ¢é do phan tin
ca0. Tuy nhién, hé keo cdc chat HDBM niy, khic vdi cdc hé keo ky nude, 1d kha bén va can bing

nhiét déng.

Chat tao ra cdc dung dich néi trén duge goi Ja chdt bdn keo, con dung dich thi duge goi la
dung dich bdan keo. Thyc ra thudt ngit “bin keo™ 1a khong that chinh xdc mac dit rdt hinh tuong. Tot

hon, ngudi ta goi dé 1a cdc chat HDBM va cic dung dich chit HDBM.
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(i). Gioi thiéu vé chdt HDBM

Cic chat HDBM c6 thé duge phan thinh bén loai can cif vio ban chat clia nhém chie wa

nudc va ion phan ly trong moéi trudng nude: -
¢ Chat HDBM anion, mang dién tich 4m.
* Chat HDPBM cation, mang dién tich duong.
s Chat HDBM khéng ion.
¢ Chat HDBM ludng ion, c6 dién tich am hodc duong, wy theo pH ctia moi truong.
Chat HDBM thuong duogce cdu tao boi hai phan:
- Phan ¢6 cye: d6 1a cde nhém chire ¢6 cye: - COOH, - CONH,, - C,H,SO,, - SO, v.v...

Cic nhém nay lien ket manh véi cdc dung moi ¢é cuc (nhr H,O...) nén phdn ¢6 cuc nay _

dugc goi la: ddu uwa cyc (véi dung moi 1a nude, duge goi 1a déu wa nudc).

- Phin khong cure: d6 1a cdc goc hydrocacbon. Cic géc nay lién két t6t vdi dung moi khong

cuc, nén dugce goi 12 dudi khéng ciec, hodc dudi wa ddu (ky nudc).

Mot chdt HDBM goém hai nhém wa mede va wa ddu két hop v6i nhau trong phan tir, nén
duge goi la chat HDBM ludng chiic (c6 gido trinh goi d6 1a chiat HDBM ludng wa).

Ngudi ta thudng ky hiéu cdc chat HDBM theo céac kiéu nhu sau:

& BN
duéi ky nude AAAAAAAANANNO dau ua nudc
(khong cuc) O (cd cure)

Ky hiéu cudi ciing thudng hay dugc sir dung hon trong cdc tai lidu tham khio.
Ngoai ra, ngudi ta ¢6 thé danh dau thém bing cdc ky hiéu:

o Chat HDBM anion

& Chat HDBM cation
—_— 00— Chat HBBM ludng ion
—{ Chat HDBM khong ion
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(3 bé mit clia mot chit 1ong phan
cuc (nhu nude), cdc chat HDBM ludng _%%%é_
chic dinh hudng vuong géc vdi bé mat, - = = — —

sao cho nhém wa nude (¢ cuc) ndm & be -0 I~ _ .

mat, nhém ky nudc hudng ra ngoai bé mat YT :o_/ﬁ_‘ - T

tao ra mot mang 1ong nhu so dé (hinh 14- T T

). Hink 14-1, So 83 phan bé chat HDBM trong
nudc.

Theo gia thuyét cha Langmuir, va
satt d6 duoe xdc nhan boi Trillar bing pho tia X, khi nghién ctiu iép axit stearic trén bé mat nudc,
ngudi ta da thira nhan rang, chudi hydrocacbon nam phia trén bé mit, con nhém cacboxyl nhiing
vio nudc.

% Mét 56 chat hoat dong bé mat thudng gap nhu sau:
e HDBM anion (dang phdt trién manh)
- Xa phong: R-COO'Na”
- Alkylaryl sulfonat, sulfonat diu mo...
R-SO Na*, v.ov..

s  HDBM cation

- Anion bic 1: NH,'X" (X = halogen)

- Muéi amoni bic 4:

_C3H;s
| R—CONH(CHp)n—N=CH,—CH,0H | SO—C,H;
CH,—CH,0H

LV
o  HDOBM khong ion
- Ester polyglycol:

%

R—C—O—(Cl {2—CH2—O)H— H
0

17 B

R—CZ0—(CH,—CH,—OI—0—C—R
L VLV,
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- Ester polyol:
(|)H Il'l C|)H (|)H
CHOH—C—C—C—C—CH,0OH

[ R
H OHH H

LV
o NHDBM hidng iinh
- Phospholipid: Lecitin:
f')| O
—_C— CH,—0O— C
O=C=R ~Cyshs,)
? o
O—C—R CH—0O—
SCyshy,y ©
0 CH, CH
0@ CH; N | &
O— P/ i ® CH—O0—P—0— C;H;—N=ClI1;
| ~0— CHZ——CHZ—N —CH; | !
OH | OH CH;
ClH, AT

Ngay nay s6 luong chit HDBM d# tang 1én dén hang ngan chit. v thudng xuyen xuat bién nhiéu
chat HDBM mdéi. <
(). Mot 56 tinh chdt cia cdc chdt HDBM
& Nong do mixen™ 107 han
Hoat tinh cta chit HDBM dugc xdc dinh bdi Ly 6 giita ndng do cua chat HDBM & bé mat
chit long (Cs) viv néng do ciia né trong thé tich chat 1ng (C,.).
Hoat tinh bé mat:

C,
ef= T8 (14-1)
C,
VMixen B mot tiap hop rat tu cla e ph an ur chiat HBBM duge hinh thinh tai mot nong do tai han

cun chit HDPBM. Mixen ¢6 th 13 hinh ¢iu, hinh tru, hinh IGp mong ¥ thude vio diée kién hinh

thinh.
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D61 vt cic chat HPBM ty s6 d6 khoang 1000 khi C, 12 nong d¢ mixen toi han.

Nong do mixen 16i han (Cyxn) 13 néng do bat dau xuit hién mixen trong dung dich chit
HbHBM.

D67 vol mot he di cho, néu nong do chat HDBM tang thi st cang bé mat (scbm) giam,
gidm dén mot gid tri khong doi (hinh 14-2).

Sve cang b€ mat

MXTH Ning J5

o - —

Hinh 14-2. Su bién ddi scbm theo néng do chat HDBM.

Ngusi ta con cé thé bidu dién hoat tinh bé mat cia mot chat HDBM bing:

. (14-2)
C v

trong do: G.: scbm cua dung mo1 (nude);
STOUN scbm clia dung dich HDBM tai nong do mixen t&i han;
Coyorpi: NONE dO mixen 141 han.

Tir hinh 14-2 ¢6 thé nhan x¢t rang, khi ndng do cla chit HDBM con nho, cic phan tir chat
HDRBM bi diy 1en bé mit, 1am cho scbin cia chat long giam xudng. Khi bé mat 16ng da bi chiém
ché hét bdi cdc nhém ¢6 cue cia chat HDBM thi scbm khong (ang nifa v 1 do cic phan U chal

HPBM bit didu tao ra cic ¢ wic mixen va cdc kiéu cau trde khdc nhau trong long chat fong.

e Schm cta da s6 chit [TDBM khéng khde nhau nhidu lam. song néng dd 161 han cta mixen

Cyyxpyy thi Lai rat khic nhau, phy thude nhicu vao ciu trie ot phan ur (hang 14-1).

495



Bdng 14-1. Néng d6 mixen téi han cta mét s6 chat HBDBM (molfl)

Chit HDBM Com & SO°C Conery & 25°C Cury @ 30°C
Stcarat kali 0,45.10"
Oleat kali 1,2.107
Elaidat kali 1,0.10°
Laurat kali 12.5.10°
Sunfat lauryl kali 9.10°
Clohydrat laurylamin 14.107

Néng do Cyyry phu thude vio cdu tao cla chat HDBM tuan theo quy tic: nong do Cyxnie

tang gap doi khi nhém khéng cuc giam mét nguyén tir cachon.

Vidu
/O
Crxrn €l C13H2?C: = (0,006 M
OH
/O
Caxrn cla C‘l“I‘JC: =0,0006 M
OH
Qua vay: 13C - 9C = 4C

0,006 x 2" = 0,006 x 16 =0,0096 M

Nong d6 Cypypy €6 MmOt vai trd rat quan trong khi khao sdt cac tinh chét cua dung dich chat

HDBM.

» Ngubi ta nhan thay ring, tai néng do mixen t6i han va lan can, nhiéu tinh c¢hit cia dung
dich chat HDBM thay doi dot ngot (hinh 14-3).

(iif). Thanh phdn pha ciia hé nudc - chdr [IDBM ludgng chitc

Trong hé "muée - chit HDBM ludng chic” ton tai nhiéu t6 hop phan tr  khdc nhau, chinh
vi thé, dung dich (hé) chit HDBM trong nudc ¢ nhiéu tinh chat rat da dang.

Khéo sit mot hé “nudc - xa phong kall” trong cac diéu kién nhiét do va néng do khac nhau
biing cdc phuong phdp hod 1y, vt 1y: nhiéu xa tia X, dp sudt hoi, din nd, do dan dien, kinh hién vi

phén cire,... ngudi ta phat hién rat shiéu cdu trdc pha kKhdc nhau trong he do.
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Hinh 14-3. Su bién ddi mét vai tinh chét clia dung dich sulfat dodexyl natri qua
diém Cyxry G 298K,
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7fffff $444dd84ddLdd

Hinh 14-4. a. C4u truc tinh thé clia chat HDPBM.
b: Cau trac gel dang tdm cla chat HDBM.
O nhiét d¢ thap: trong khoing néng do tir thip dén cao cla chat HDBM, ngudi ta thdy hinh
thinh céc tap hgp trat ur cde tinh thé nhd clia xa phong (gel dong tu, coagel), hoac tao nén cdc gel

dang tam, phan cich nhau bang mot 16p nude, viv phin b rit déu din nhu duce minh hoa @ hinh 13-4
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e J nhiét dib cao va dung dich lodng {néng do chit HPBM nhd), cic phéan tir chit HDBM ¢6
cac chudi khong trat 1y, sdp xép thanh cdc tap hop long 1éo, chiing phan tin 1on xon trong nude. PG
1a cic dung dich dang huéng (hinh 14-5).

Hinh 14-5. Dung dich d&ng hudng.

o O nhiér dé trung binh

- Khi néng d¢ lodng: hé 13 dung dich ¢6 cau tric mixen, mixen ¢é dang hinh ciu hoac hinh
tru. N&u trong moi truding nude, hé o6 kha nang din dién (hinh 14-6).

o3T% a9 9%
T

Hinh 14-6.  Mixen dang hinh cau (a).
Mixen dang hinh tru (b).
- Khi néng d¢ cao thi trong pha léng xuat hién cdc tap hop dang hinh lap phuong. dang tim
va dang try sip x&p luc phuong (phase hexagonale), hinh 14-7.
Hinh 14-7c ta mat cit ciia cdc éng hinh tru 6 chidu daj khong xic dinh, sip xép ki€u vong
6 canh trong moi trudng nudc.

Trén hinh 14-8, trinh bay mét biéu d6 pha cha h¢ “xa phong kali - H,(3”, minh hoa sv t6n
taf can bing va chuyén hod giifa cic pha A, B, C, D, Eva F trong hé dg.

498



&} @
TITITITINY
‘éi:il‘é %ché’c (L :A __ié—'é" @
AR SN
[adiiiig
=

g
&
@%
hios
™

Hinh 14-7. Pha lap phudng (a), pha hinH tam (b) va pha 6 canh (c).

Gia sir, tai mot nhiét do da cho, chiing ta ¢6 hé dugc dic trung boi diém M. Tai d6, dung
dich con loang, chat 1IDBM bi day Ién bé mat ciia 1éng (rudc). Thém dan chat HDBM hé s& chuyén
din sang mién clia pha mixen, pha luc phuong, 1ap phuong, dang tdm vi cudi ciing thanh gel B (1ai
N). Nhu vay, trong qui trinh tang néng do cla chal HDBM, cdu tric clia hé thay d6i mot cich ding
ké.
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Néng @5 xa phing (chét HPBM)

Nong d6 xa phéng (chat HDBM)
Hinh 14-8. Bi€u db pha cia hé "nuéc - xa phong kali".

{(iv). Mot vai ang dung cua chdat HPDBM

Hien nay. chit HDBM duoc tng dung trong rét nhicu linh vire, dac biét la trong cic cong

nghe sir dyng chal Wy rira, cong nghiép thue pham, dét nhuom, vat licu xay ding, vi mdi day, trong

cong ngh¢ san xuat vat li¢u vo co mao quan trung binh,...

Tuy nhién, trong pham vi gido trinh niy, chi xin néu lén mét vii tng dung dé Tam vi du.

- Hod tan cdc chat it co khéng tan trong mide:

Mot §6 chit hitu co khong (i1) tan troug nude (hydrocachon no, vong thom, thude nhudm ua

déu, v.v...) nlumg khi duge bo sung chdt HDBM v6i néng do thich hop thi cdc chat hitu co ua diu

lai ¢6 thé tan trong nude theo ca ché keo.

Kha néng gay hoil tan cla cic chat HDBM ludng chiic rit khac nhau, phu thudc vio goc

hydrocacbon, néng do mixen vit ciu tride mixen (dang cdu hoac dang 1im,., )
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Vi du, hod tan mot hydrocacbon no vio nudce theo co ché keo xay ra nhu sau:

Trong moéi trudng nude cic chit HDBM tao ra cac mixen nhu hinh 14-94, sau do cic
fiydrocachon (= ) xam nhip vao tam cac mixen dé duge hod tan. Do d6, khai lugng phan tir clia

hydrocacbon ciing nho thi khi nang hoa tan cang lon.

Trudng hop chit mudn hoa tan ¢é cyce thi cic phan tir chat dé phdi “chen” viwo mixen cua
chit HPBM nhu so dé 14-9b.

O\/D
- I

N

o)

oo ¢ o

Ny

Hinh 14-9. So d6 hoa tan cac chat:
{a) khong cuc =—=" (b) co cilc O——= .
Kha ning trong thich giifa cdc phan tir chat HDBM vir ctia chit can hod tan (rong mixen sé

quy¢t dinh tinh tan cua he.

Trong qud trinh hoa tan khéi lugng cua mixen tang 1én Khong nhimg do cdc phin tir hoa tan
xam nhap vio ma con do cic phan tir chat HDBM cling phai dugc bé sung thém dé dat mot can

bing cén thiél trong quan h¢ va nude, 1 dau.

Poi véi tuomg hop mixen dang 1dm, cide chat hitu co tham nhap vio mixen, nim gilta cdc
lGp hydrocacbon ea cdc phan i chat HDBM va ddy cdc 16p do xa nhau ra, Dicu dé da duge khiing
dinh bang thuc nghiém nhiéu xa tia X: rong qua trinh hoi tan khoang cich gifra cic 1dp cla mixen

tang lén (hinh 14-10).
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Hinh 14-10. Hoa tan benzen trong mixen oleat natri_:

a - dung dich mixen trudc hoa tan:
_ b - dung dich mixen sau hoa tan benzen.
Hién tuong hod tan theo co ché keo trinh bay & trén rat quan trong tfrong c¢Ong ngh¢ triing
hop cde hydrocacbon khong ne dudi dang nhd tvong dé san xuat cao su nhan tao. Trong dé. su

trung hop xay ra chil véu bén trong bé mit mixen chat IIDBM.

Hi¢n tuong hoi tan “nguoc™, nghla 1a hoa tan nudc lrong céc h¢ dau theo co ché keo dura
vao cde chit HDBM tan trong dau, cting rat quan trong (rong cong nghigp, dac biét, rong sin xudl
magarin {ma nthan tao}.

- Tdc dung tay rita ciia xa phong (chdt HDBM )

Cédc chat bin rin hoac long thdm vio bé mat cic SOt vat rat khé 1y sach biing nude, tham
chi bing nuée néng va €O Xat o hoc. Tuy nhién, néu sir dung mot dung dich chat HDBM thi ¢6 thé
tay sach cdc vét bin mét cich dé dang hon.
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Chat HDBM ¢d mat 50 tic dung:

1. Khi chat HDBM cé mat trong nude, scbm clia nude giam, do do, vai dé diang tham udt
dung dich xa phong. Dung dich xa phong c6 thé tham nhip vae bén trong cic mao quan nho cla

val, soi mi nude thudng thi khong thé thim vao duoc.

2. Cdc phan tr xa phong hap phu 1én bé mat soi viv trén cic chat ban two ra mot 16p hip phu
hydrat vi, do do, tao ra mot ap sudt tich, 1am cho cic “hat keo™ ban bj 1dch ra khoi bé mit soi vi

chuyén viio pha 1dng ¢l dung dich tay rir.

3. Mang hap phu trén bé mit cdc hat gay ban tao cho chiing mot sit 6n dinh, ngan ngira

khong cho ching ¢huyén tif ¢chd niy sang chd khdc trén bé mit vai, soi.

4. Nho chat HDBM, cdc bot duoe sinh ra trong dung dich xa phong lam ¢ho su ¢o x4t co

hoc tdch ban dé dang. hoac lam néi cic hat bin nhd cic bong khi.

5. Nang Juc tay rira cta xd phong tuy thuoe nhidu vao ban chél clia chat gay ban. Nhiéu khi,
chit gay ban khong tan trong nudc thi dung dich xi phong cé nhiém vu hoa tun chit ban th. - co

ché keo.

Chinh vi thé mi ning Iue 1ay rira thudng duge 1hé hien rat 13 & néng dé cao hon Cyyyyy, (hinh

14-3). Tai d6 kha nang hoa tan chat bin nhiéu hon.
- On dindt cde h¢ nhit twomg, havén phy, bot... (s& trinh bay trong muc: cic hé phan tdn tho).
- Ché'tao vt lidu rén ¢6 mao quan trung bink:

Trong nhimg nam gan day, mot loai vit liéu vo ¢o (silicat) ¢ mao gquan trung binh tir 15 -

100 A diroe ché tao theo co ché nhu sau:

Trong dilng dich chat HDBM (vi du: alky] trimetyl amoni, C,,H, N(CID),), cic mixen dang
hinh ang sap x€p lyc gidc duge hinh thanh, sau d6 them vio hé mét sol silic (SiO, + 2H,O =
HL510,). Cic phan tr 11,510, tac dung véi cde nhém ¢6 cuc clia mixen. Sau d6 thye hién phin tng
ngung ty g cac nhém OH cla “mang silic” bing cdch nung & nhiét 4 cao ching ta sé& duoc vil
liéu c6 ciu tric mao guin ¢6 duong kinh bang dutmg kinh cta mixen (trong qué trinh nung vita tiép
tue thye hién phan dng ngung . vita dot chidy chat HDBM do d6 thu duge muo quan réng) xem
hinh 14-11.
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Hinh 14-11. S0 d6 ché tao vat lidu vé cd mao quan réng.
14.1.2. Cac hé phan tin tho
(i). Huyén phi

Huyén phi 1a mot hé vi di thé bao gém cic tiéu phan ran phan 1dn trong mot mot truting
long. Céc hat huyén phtt thudng c6 kich thude ¢& tir 10m va 16n hon. Vi thé, huyén phi 1a mot heé
khong bén nhu dung dich keo, dé bi sa ling. Cic hat huyén phi Jing xuong diy binh khong nhimg

vi do lien ket gilfa cdc hat md con tai ban than timg hat.

Do ben tap hop cla hé huyén phit tang khi 1ang mtic do solvat hod cia cic hat phan tin,
Néu moi truong phan tan thim udt ot bé mat cac hat, thi cic hat duoe bao phit bdi mor vo solvat.
Vo d6 han ché sy dinh k6t giita cdc hat. Trong trudng hop do, he huyén phi khd bén viimg. Do tham
UGt cla bé mal hat phy thuée vio do phin cuc coa hat va clia méi trudng phan tdn: hat phan cue
duve thaim udt t6t béi moi trudng phan cuc, hat khong phan cue - moi truong khéng phan cue. Vi
the, heé huyén phit clia cic chdt phan cuc nhu CuSO,, CaCO,, ALO,, v.v... chi bén vimg trong moi
truong phén cuc nhu nude; con huyén phil cia cdc chat khéng phan cuce nhu mudt than, PbS, HgsS,
v.v... bén vimg trong dung moi khong phan cyc nhu benzen. Huyén phit clia nhiing chit phan cuc
trong dung moi khong phan cuc va huyén phii cha cdc chit phan cuc trong dung méi phan cuc déu

khong bén vimg va nhanh chéng bi sa ling xuong ddy hé.



D¢ huyén phi cta chit phin cuc trong dung moi khong phin cue hoic cua chat khong phin

cue trong dung moi ¢6 cue duoe bén vimg, ngudi 1a phad thém ciac chit hoat dong bé mat tuang ung.

Vi du. huyén phit cua oxyt nhom (chat phan cue) trong dung moi benzen (khong phin cic)
ban than né 14 khong bén vimg, song. néu thém axit oleic C,-11,;COOH thi huyén phit d6 hoin 1000
bén vimg. Phan tr axit oleic duge hip phu Jén bé mat ALO,, dinh hudng nhom co cue - COOII vao
bé miat hat huyén phii, con goc hydrocacbon C-Hi; hudng vao benzen. Bé mat cua hat A)LO: g nén
khéng cue, Jam cho benzen dé dang tham uét né. xung quanh hat dudc tao ra mol vo solvat bao veé

hat ALO,, do dé, h¢ huyén phii trd nén bén vimng (hinh 14-12).

Truomg hop doi vl huyén phit chit Khong phin cue rong dung moi ¢6 cuc (mudi than
trong nudc) ciing duge lam bén bing chit 1IDBM theo co ¢hé hoan toan tuong (y nbu ruong hop
trén, song su dinh hudng cua phan tr HDBM 1a nguge lai.

Huyén phir duge tng dung rong rdi trong nhiéu linh vie kinh 1€ trong nghien etu dat dai

1hé nhudng. vat ligu xay dimg, vat héu son phu, thuoc trir siu....

Hinh 14-12. Sa dd tam bén huyén phl bang chat HDBM:
[: hat AlL,O; ; 0——— axit oleic C;H;;COOH.
(ii). Nhit tuong
Nho tuong 13 hé vi di thé bao gém pha 16ng phian 1dn trong moi truong phin tan long.
C6 hai kifu nhii twong: 1) nhi trong dau trong nude (D/N) va 2) nhii tuong nudc trong d{iﬁ

(N/D). Thuat ngir “ddu™ & day bao gom cic chit long him co khong tan hode tan han ché trong
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nude. Mot trong nhimg dic trung et nhit tuong 1a kha ning 1 hinh thanh cta nhu wong khi sie

cang gifra cde pha bé mat rit nho - ¢ 107 )

Stic cang gilta cdc pha bé mat ¢6 theé giam bing cdch ting nhiét do, thém vio he chat
HDBM (chit s/ Tod), Vi dy, thém vio hé nude - benzen mot luong NaCl vi axit oleic thi scbim

gilta har phanude-benzen gidm dén mite quid winh hink thanh nhii teony nurde - benzen 1 xay ra.

Chit nhi hod nhiéu khi khong the im giam scbin gilra hai pha d¢ du @o ra nhil tuong. Vi
the rong da so waong hap, ngusi ta dicu ché nhi (uong bang si¢u am ¢ phan tin mot chi long
nay vao mot ¢hat long khic khi co mat chat nhi hod - khi diéu che nhii twong (1/N) ngudi ta ding
chit nhii hod kicu xi phong kim loai kiém, cdn didu ché nhii twiong (N/D) - xi phong kim loai da

hod .

V1 khong o maol 1y thuyel dinh lugng nio vé didu ¢ nhii tromg. do do, vice lus chon chit

nhil hoi dude ticn hanh hoin 10an bing kinh nghicm.

D¢ mot chat LIBBM La mot chdt nhii hod thi chat d6 phai duge hip phu & bé mat phin cich
phacvacdr le hap phu (e Tien k&t trong hap phi) cta né vai hai pha phii nhu nhau. Khi trong phan
tu chit nhit hod ¢6 gée hydrocacbon qui did thi né ¢6 di e v pha dau (D) hon so véi cic nhém
cd ewe doi vai nude (N, tht dé 1a mot chit nhii hod 161, vi nhém ua diu (et phan tr chit THHBM)
b1 k¢o mianh vao pha diu. Ngwoe lai. khi trong phin wr eda chat nhi hod ¢6 20¢ hyvdrocacbon qui
ngdn thi nd cfing khong the 16n tai can bing gifta hai pha, ma dé bj hit vio pha nude, Nhitng chit
nhit hoid (ot nhat phai la nhitg chat ¢6 cdc phan tir, rong dé i lue ¢la goe wa diu phai can hing v
dl lye cua nhom ¢d cue i nude. Ciie musi ctia axit béo ¢6 do dai goc hydrocachon trung binh 1a

cac chat nha hod 161,

Mot bl tranh tromg tr duge thiy khi khio sdt sir én dinh nhii tuong bing cic chat rin &
dang bot nun (CuSO,, CaCOL mudi than, vy, Trong trutmyg hop nay, khd nang on dink nhit tuong
dat duce khi do thim ud cia bot ran [ t6i vu déi véi hat chat ong. NEu bé mit cha hat ran ¢hi
tham ust 0t mot chit long, khong tham udt chat kia thi bot rin dé bi kéo chim vio trong mot pha,

vit do do. khong €6 tie dung on dinh nhi tong (hinh 14-13),

Khi hra chon duge chit nhit hod thich hop, ngudi ta ¢ the didu che cic nhi lrong ¢o nong
do rat cao. haun luong cta pha phin tén ¢é the dat dén 996 . Vi dy, vdi chat nhit hod 1 dung dich
196 trong nude caa oleat natri C, . H,.COONa ¢6 1hé didu che duge nhil trong (D/N) ¢6 ndng do 99
benzen. Trong cidc nhi tromg (D/N) dac, do dity cta ming nude chi bang khoing 107n1. Cic nhi

tuong dic (nong do > 74%) duoc goi 1a cde nhi trong gelatin, Khic véi cic nhil twony loing, cic
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nhii twong dic & dang ran, ¢o thé ding dao cat duge. Vi du, ma thire vit, magarin, ma cimg, ... Ja cic

dang nhi trong dae.

Hinh 14-13. On dinh nhi tuong bang cac chat nhi hoa bot:

a, ¢ bé miit hat hodin todn bi tham udt chi bol mot

chit long: nhii tong khong bén;
b.d:  bé mat hat thaim udt déng déu ca hai chat long: nhi tong bén;
N = nudc, [ dau.

Trong moét s& rudmg hop, nguge vai sy on dinh nhil tuong, ngudi ta muon phian rieng hai
chat [ong (pha phan tdn v moi trudmg phan tin) ciia nhii trong. Qud trinh phid huy nhi tong ducge
goi 12 sy phd nhi. Vi du. ddu the 1a mot nhi trong ¢t nude trong hydrocacbon. Trong khi xur 1y
neudi ta thue hién sy phd nhil bing mot s¢ phuong phip. Phuong phip pho bién nhit fa st dung
chat HDBM d¢ phid nhii. Dac diem ciia cic chil HPBM lia: ching ¢é hoat tinh bé mat 16n hon hout
tinh bé mat cha cic chil nhi hod, nhimg khong tao ra mot mang hap phu bén tai bé mat phan cich
pha. Do dé, chdt phd nhid cd kha nang day ra khéi bé mit giot 1ong cdc phin o chit nhi hod, lam
cho ciic giot 16ng ¢6 b ty bop Lai voi nhau, v do dé. nhii tuomg bi phd huy.

Nhi nrong duoe img dung rong rii trong cong nghi¢p duge phan, vat ligu phim ank vi
nhiéu linh vue kinh ¢ khic.

(iif). Bot

Bot Ia h¢ vi di thé bao gom pha phin tdn & trang thai khi, méi tudng phin tdn & trang thii

tong. Pai khi, ciing ¢6 thé 16n tai ¢ dang ran (polyme XOp, caosu X4p,...).

v
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Theo cong thitc Laplace, 4p sudl 140 ra mit cong cua mang long duge xac dinh bing:

p_-C (14-3)
R

trong do: o: sifc cing bé mat cia long;
R: bin kinh c¢Ga ming cong chat long.

Khi dp suat khi P trong béng khi ldn hon dp sudt khi quyén Py, thi béng khi s€ bi v3, bot
khong the hinh thanh. Nhu viy vige hinh thinh mot ¢ bot ril licn quan dén schm cua long va bin

kinh ctia bong khi.

Béng khi s& bén néu o bén cia mang 1ong chiu duge tng sudt gay ra béi cheénh léch dp
suat P - Py, D¢ giam gid i ctia P - By, nguol ta c6 thé lam giam scbm o, biang cich str dung chit
HDBM. Trong nude xa phong cic bong khi dé ding dugc tao ra, treng khi do cic boag khi khong
thé hinh thinh thanh i nude, bai vi sebm giifa hai pha nuée - khong Khi 16n so véi dung dich xa

phong - khong khi.

Chal 6n dinh bot 13t 1a nhitng chat nhii hod 16t cho hé nhii tong (D/N) = xa phong, long

tring trimg.... Tat ca nhimg chat d6 tae ra mot mang bé mat bén vimg cho cic bong khi.

DE 120 bot, ngudi ta thidmg thdi khong khi qua nude chira chit tao bot. Cic bot rin (v du
nhua xdp) duge diéu ché bang cdch dua viio chit deo cic chat nhu cacbonat, ure,... kKlu nhigt dé

nung dat 423 - 453K chuing phan huy thodt khi (CO,, HyO,....) tao ra cdc cdu tric vi x0p.

Bot duoe (mg dung rong rili trong nhicu {inh vue kinh 1€, chang han nhu, trong cdc qui trinh
lam giau quang bing phurong phip uyén ndi. Trong cde quang nghién (¢ hat 1ir 107 - 10 cm) cic
hat phin cie ctia quang (dal, dd....) tham nude 168, ciic hat khong phan cuc clia Kim Jour miu (cdc
dung sunfua bac, chi. dong,...) thim dau 16t. Khi huyén phi ctia quing nghi¢n duoc them chat wo
bot thich hop, ngudi ta nhan duge phin quang quy tap trung rén 16p bé mat, tich rieng phin quing
vo ich ¢ durdi.

{iv). Sol khi

Sol khi 1d hé vi dj thé bao gém pha phan tdn 1 rin hoiic Ong vd moi trudng phan tin 12 khi.
Sol khi ¢& pha phan tin 1a 1ong duge goi 1a s (nhil twong khi), pha phin tin la rin duge goi 14
khoi, bui thuvén phit khi. Kich thude el edic hat phan tdn cla cic sol kKhi nam trong gidi ha tir Lo~°

107 m, kich thude clia cdc hat khéi thuse 14, bui ximang trong ting bang 1,7.107 - 10"m vi 14107
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- 1,3.10"m. Céc ddm may mong rit cao 1a cdc hé khéi, boi vi cdc hat phan tdn khong phdi la cic

giot nude 16ng ma i cdc hat nude rin nho 1i .
Sol khi cling nhir sol 16ng ¢6 thé duoc diéu ché bing cdc phuong phap phan t4n hoac ngung tu

Trong thién nhién, ngudi ta thay cdc sol khi dudi dang cac ddm khéi tir mi¢ng nt 1tra, céc

vu nd.... dé la su phan tdn ty nhién cdc chél rin thanh cdc byui nhd cé kich thude Khic nhau trong

khéng khi (sol khi da phan tdn). Sol khi duge diéu ché bang phuong phap ngung tu thudng c6 kich

thudc hat déng nhat. Khi ngung tu cic hoi qud bao hoa bang cich 1am lanh, hodc khi tng dung cdc

phan tng hod hoc dé tao khi hoac tao cdc san pham Iong,... ngudi ta thudng nhan dugce cdc sol khi

déng nhat.

- Ngung ty hoi & d¢ qud bio hod nho chi ¢6 thé thuc hién duoc khi trong hé ¢ mat cdc tam
ngung tu (cde hat khéi, bui hoic cdc ion,..} vi thé trong nhimg trung tim cong nghi¢p 16n, rong
khong khi uon luén sdn cé cic tam ngung tu (bui, khéi,...), nén ngudi ta quan sat thiy s6 ngay mua

nhiéu hon & cic ving khdc.

Khac v6i sol léllg, do bén tap hop cba sol khi thiic (€ bang khong, boi vi trén bé mat clia cdc
hat phan tan khong 6 16p dién tich kép, khong ¢6 16p vo solvat, khong ¢é mang hap phu dung gel.
Tuy nhién, nhd sut hap phu, véi mot mitc do nao d6, cic ion, cdc phan tr khic nhau c6 trong khong
khi boi bé mit clia cic hat rin, do dé cling tao ra mot do bén tap hop ding ké cho cdc hé sol khi.
Nhiéu hé sol khi 13 doc hai, ngudi ta khong mong mudn sy ton tai cha chiing, do dé, phai tim cich

phd bd cic sol khi. C6 hai phuong phip thudng duge p dung:
o Plurong phdp dién: electrophorese

Dudi mot hiéu dién thé cao khoang 90.000 - 100.000 V, cic electron chuyén tir catot dén
anot véi mot van téc khd 16n, 1am ion hod khong khi, nhd dé cdc hat bui tich dién va chuyén dong

nhanh t6i cdc dién cuc tuong dng d€ phong dién, va sol khi bj pha huy.

o Plutong phdp co phi cdc sol khi 1a loc qua céc thiél bi loc dac biet duge diéu ché tir gidy,
vat lieu x&p. Qua thiét bi toc, cdc hat bui bi giit lai, khong khi di qua. Sol khi dugc ing dung trong
noéng nghiép dé xong khéi cae vudn cay, di¢t con trimg dudi dang mi, bui, trong viéc gy mua phin
tao, trong cdc phuong phdp nén khi d€ phun son, phun nhd kim loai, tao mi1 nhién liéu long,...

(v). Sol rdn

Sol rin ta hé vi di thé bao gédm pha phan tén 1a rin, 16ng hoac khi va moi trudng phan tin la

rin. Mic dir sol ran 16n tai khip noi trong thién nhién, d&i séng va cong nghiép, nhung nhimg he do
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rit it duge nghién cttu so v6i sol long va sol khi. Mot vi du ¢6 dién vé sol rdn i thuy tinh héng

ngoc, nd duge ché o r vang véi ham lugng 0,01 % phin tin trong moi trudng thuy tinh.

Céc sol ran duge bi€t nhiéu la: cic men sd, dd quy, (vi du: xaphia, héng ngoc 1a cdc
corindon duge tao mau bdi oxyt crom (héng ngoc) va oxyt coban (xaphia), mudi mo xanh do chira
natri kim loai ¢ dang phin tin, cdc hop kim khéc nhau cUa kim loai, vi du morencit, trong dé pha

phan tdn Ia Fe,C, moi trudng phan tin 1a sit, va thuy tinh bot,...

Sol ran ciing nhu sol 16ng ¢6 thé bi 130 hod theo thai gian, lam giam do phan tin cla he,

lam cho mau sic cia sol ran bign doi.
14.2. DUNG DICII HOP CHAT CAO PHAN TU (CPT)
14.2.1. Cic dic diém chinh cia hop chat CPT

Nhitng chat ¢6 phan 1 bao gom tir hang tram, hang ngin nguyén ur duge goi la hop chdt
CPT. Cdc phin wr nhu the duoe goi la phidn nir fon. Cic hop chit CPT duge dng dung rong rai trong
nhi¢u Iinh vye cong nghé va kinh 1& td s0i nhan tao, da, xenlulozo va dan xuit cia xenluloza, cic
nhura, chit déo, caosu ty nhién vi 10ng hgp, thuy tinh hitu co.... Vai rd cla cdc hop chat CPT ral
quan trong trong cudc song va hoat dong cia con ngudi. Cic chil CPT ¢6 cdc dac diém sau day:

1. Phan tir ¢6 kich thude Idn véi chifu dai khodng ~800.10 “’m chiéu diy khodng ~0,8.107""m,
kich thudce do con Ién hon kich thude cia cde hat keo ¢d 10 tan. Vi the khoi luong phan td cda hop
c¢hit CPT dat dén khodng ~10°2.mol '

2. Vi luc lién két giita cdc phan tur 1én trong hop chit CPT xdp xi va 16n hon hue lién két
gilta cdc nguyén nhr trong phan tir nén cdc hgp chat CPT khong bay hoi. D¢ bay hai, trude hét cic
phan tir phai vugt qua mot thém nang lugng rat 1on dé cit dut cde lién k&t v6i cde phan tir khic. Vi
th¢ khong bao gid thay t6n tai cdc phin r riéng 1é cia hop chat CPY' trong trang thdi khi. Trong

dung dich, cdc phan tir d6 lién két véi nhan bang cdc 19p solvat.

3. Vilue hén ket gilta has phin urtrong hop chat CPT xap x1 lue lign k&t gitta cdc nguyén wr
trong phan tir, do d6 khi phan cit cdc phan tir 16n dén kich thude hat keo thi, vo hinh trung, di 1a0
nén nhimag chit méi. Do dé, ngudi ta dé ra mot phuongphdp (phuong phip hod - co) dé diéu ché cic
polyme mdéi bing cdch “nghién”™ nhd dong thdi hai polyme, trong qud trinh nghidn won d6, mot

polyme méi duge hinh thinh tir hai polyme nguyén liéu bj phan cit.

4. Can cif vio cdc tinh chil da biét 6 thé nhan thay ring, hop chat CPT ¢é khi thé hien nhu

12 mot chat long, €6 khi lai thé hién nhu 13 mot chat ran. Hop chit CPT khong tén tai trong trang
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that khi. D61 véi nhi¢u hop chat CPT. thudng thiy 16n tai & ba trang thai vt 1y: trang thdi thuy tinh,
trang thdi din hoi cao va trang thai ldng nhdt.

Nhi¢t d¢ xay ra sy chuyén trang thdi tit thuy tinh sang din hoi vi nguoc lai duce goi la
nhidt do thuy tinfi. Nhiét do xdy ra sy chuyén doi lrang thdi tr dan hoi dén long nhdt va nguoe i
duge goi la nhigt d¢ el long. Cic chat CPT 6 tinh chat dan héi & nhi¢t do phong va gilt nguyén
tinh chdt do trong mét khoing nhigt do rong, duge goi 12 CPT caosu.

Cidc chit CPT e6 thé dugc chia thianh hai loai:

—  CPT mach cacbon (trong mach chi ¢6 cic nguyeén tir cachon)

— (PP mach nhiéu nguyén 16 (trong mach, ngoai cachon con ¢6 cde nguyén 14 khic: O, N, S,
St,vwv.)

Moi mot loai lai duoce phan thanh cic nhém, CPT mach cacbon gdm: a) cic hop chat cé
mach bio hoa, vi du polyetylen ~CH,—(CI L,),—CH,— (trong d6, n: nguyén va duang); b) cic hop
chat ¢d mach khong bio hod, vi du polybutadien.

—CH,CH=CHCH,—(CH,CH=CIICH,) ~CI L=CHCH,~ vi ¢) ciic hop chat ¢6 cdc géc thom (vong

thom) trong mach, vi du polystyrol:

—CH>—CH-—{H-—CH h—CH-—CH—
| I |
CeHe CgHy CeHs

Cac CPT ¢6 mach nhiéu nguyén t& gém:
a) Cite hgp chét chita oxy, vi du cdc polyme cte don:

—CHy~CHy—~0— CHx—~CHQ) ~~CH,—CH,—~0—

b) Céc hop chat chita nito, vi du polyetylen imin:

——CH—CH,~NH~{CH-CH-—NH),—~CH.-—CH.—~NH—

¢) Cic hop chilt ¢6 nguyén tir S trong mach, vi du polytetrathioetylen:

—'ﬁ-—l’.‘?—-Cl{3CE-lg“—{ﬁ'—ﬁ—Cl-lgC.Hg}n'—rfli—ﬁ—CHgCHg—“
S 5 S S5 S §
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Ngodi ra, nguoi ta con thay cé cdc hogp chat CPT vo co. Vi du, Ivu huynh do —S~(S),—S-,
polyphosphonitrilclorua —-PCLN~-(PCL,N),-PCI,N—, dung dich mudi cia  axit orthosilicic
Si(OH)_‘O“[Si(OH)QO]n_O(OI 1),8i, vov...

Haop chit CPT hiwu co quan trong nhat trong 14t ¢a cdc qué trinh hoat dong cia sir s6ng 1a

protit va protein. Phan tir ctia protit g0m mot s6 aminoaxit kiéu:

_COOH
R—CH’
NH,

11&n két véi nhau bing cdc luc hod hoc (lién két hod tri).

Cédc protit tu nhién 1a; albumin, ¢6 trong fritng ga, mdu, sita, v.v..., globulin, keratin, gelatin,

Theo hinh dang, protit duoc phan ra thanh haj: dang hinh cdu va dang hinh s0i. Dang hinh

s0i ¢ty s6 2 (a: chidu dai phan tw, b: chiéu ngang) ¢6 khi dat d¢n hang ngan. Nghia 13, cdc protit
b

hinh sg¢i 6 cdu tric thang va trong mét chimg muc nao dé b1 uén cong. Céc keratin, gelatin,

miozin, v.v... ¢é ciu tric dang nay. Protit hinh soi khong hoa tan trong nude o nhiét do thudng,

nhung c6 kha nang truong no. Protit dang cdu gém cic phan tlr xoan, cudn, ty s6 2 chj khoang 3 -
b

10 (it khi 20). Cac phan tir cia dang protit ndy c6 kich thuéc gan nhu kich thude cde hat keo. Cic

albumin, globulin, gemoglobin, pepein,... thude dang protit ciu. Chiing rat dé 1an trong nudec.
14.2.2. Céc dic diém chia dung dich hop chit CPT (dung dich CPT)
So sdnh véi dung dich keo va dung dich thuc, dung dich CPT ¢6 cic dac diém sau day:

L. Dung dich CPT, cling nhu dung dich cdc phan tir nhé 13 dung dich thuc, nghia Ia, hé mot
pha. Do dé, khédc véi dung dich keo, su hinh thanh cila dung dich CPT I3 tu dién bién vi vi the d6 [a
nhimg hé thuin nghich v bén vitng nhiét dong. Tuy nhién, co ché hinh thanh dung dich thue CPT
va dung dich phan tir nho I khic nhau. Qua trinh hod tan cdc hop chit CPT trong mot chit long
(dung moi) phan i thap duge xem nhur qud trinh tron 1an hai chat long, bdi vi hiu hét cic hap chat

CPT duge xem 14 cdc chat 16ng qu4 lanh.

Co ché hoa tan twong hé gitra hai chét léng phan tir thap tan 1in khong gidi han duoc thira
nhin rang, cdc phan tir ctia chat long thir nhat khuéch tin vao chit tong thir hai véi met 6e do xdc

dinh, trong khi dé, ciic phan tir clia chat long thit hai, ¢6 kich thusc X&p Xi v&i phin tir cta chat long
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thit nhit. nen ciing khuéeh tin vio pha long thi nhdl vé1 mot 16e do tuong tr, nghia Ly, xdy ra su

khuéeh tan phan 1 hai chiéu. Qua trinh hod tan la tr dién bién vi mét giai doan.

Qud trinh hod tan cic hop chit CPT vio chil long ¢6 phan tr [én duge tién hanh qua cic

gial doan sau day:
1) Truong no cic hop chat CPT nhiy sur solvat hod cdc phan tu 1én,

2) Truong né cGa hop chat CPT vi sy khuéch tan mot chiéu cha cdc phan tr dung moi vao pha
CPT.
3y Hoa tan cac CPT.

Nhu vay, sur hod tan cic hgp chat CPT lién quan dén qud trinh trueng ng cia CPT. Trong
gial doan ddu tién, cde phan ti 1dn bi bao phit bai mot 16p vo solval ciia cde phin (f dung mol
Trong d6, thé tich cta chat CPT ting, con thé tich chung cla toan hé (hop chat CPT + dung moi)
gidm. Su giam (h¢ tich cha he khi hoa tan hop chat CPT ducc goi 1a hién wong co ngdt
(contraction). Su co ngdt thé tich 12 do cdc phian tlr dung moi sap x€p dinh hudng trong vo solvat
don 16p (phan tir) va do sy tham nhap cta dung méi vao khodng khong gian gilta cic CPT. Do do,

dé dac khit caa toan hé ting 1én.

Su truong nd cla hop chat CPT xdy ra ding ké trong giai doan thit hai, trong giai doun nay

khong xiy ra hién tuong co ngét.

Giai doun thit ba - giai doan hinh thanh mot pha déng thé, nghia [i chuyén cdc hop chdt
CPT vio trang thii dung dich thue. Giai dogn nay chi ¢é thé xdy ra déi voi cde CPT. ma giita chiing,
Khong ¢6 cic lién két cau™. Dai véi cde hop chiat CPT ¢ lién k&t ciu gifta cdc phin wr thi qua trinh
hoi tan chi ditng lai ¢ giai doan thit hai, nghia la, cic hop chdt CPT chi bi treong nd ma khong tao
thinh dung dich. Caosu trong benzen, long tring wring trong nude... 1 cac vi dy vé hop chit CPT by
truong nd khong giGi han, con caosu luu hod trong benzen - trirong no €6 gidi han. Khic v6i dung
dich thye phan uf thap, trong dung dich CPT sur cin bang. cu the 1a, su bién doi tir trang thai qud bio

hod dén trang thal bio hod tién hanh rat chim (vai tedn, vai thing).

2. Su phu thude ctia cau hinh CPT viwo pll Tud thuoe vao pH ctia moi truding mia mot CPT

¢6 the ¢d cdu hinh khitc nhau.

Ching han, mot protit irong moi trudng axit phan ly theo ki¢u mot baza:
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COOH COO
R—CH_ + Hy0
NH, NH;

Trong méi trudmg kiem, phan ly theo kiéu mot axit:

,COCH ,CO0
R—C[l\ + 0 =—= R—CH_ + H
NH- NH.0OH

Taimdt pH nao dé (phu thude vao timg protit cu thé), mitc d6 phan ly clia CPT theo axit va
theo baza nhu nhau, do dé protit trung hoa dién tich. Trang thdi d6 dugc goi ta trang thii deing dién.
pH ting v6i trang thdi dang dién goi 1a pH ddng dién hoac diém ddng dién (ddd). Vi du, ddd cia
casein 1a 4,0, ciia gelatin 12 4,7. Tai ddd, doc theo chiéu dai clia phan tl protit s& lugng dién tich am
va dién tich duong tuong duong nhau, nén dudi téc dung ctia sire hiit finh dién phan tir protit xoin
lai thanh mot cudn nho.

Trong moi trudng pH thap cdc phan tir protit phan ly theo kiéu bazg, v do dé, doc theo
chiéu dai phan tir chi ¢6 cic di¢n tich duong, va do dd, xudt hién tuong 14 ddy, phan tif cuon tron
lai duge dubi thang ra. Mot hinh anh twong tr duoc thdy trong méi truvng pH cao (moi trudmg
kiém). Do sy bi¢n thién cdu hinh chia phan tir nén nhiéu tinh chat cia dung dich CPT ciing bién déi
theo. Vi du, d§ nhdt cia dung dich CPT véi cdu hinh dudi thang cao hon do nhét ctia dung dich
CPT ¢6 cdu hinh cudn tron & cing mot ndng do.

3. B¢ bén ciia dung dich CPT:

Nhu di n6i1 & trén, si hod tan cdc hop chit CPT 1a mot qua trinh tu dién bién:

AG <0
AG=AH-T.AS<(

Hodc: AH < T.AS

Nhung do mot nguyén nhan nac dé AS cua dung dich CPT bién doi dén mue All > T.AS thi
dung dich tré nén khong bén, va phan ly thanh hai pha. Thoat tién, xuat hi¢n cdc giot CPT riéng 1€,
sau d&, ket hgp lai thanh mét pha. Hién tugng d6 duge quan sdt khi ha nhi¢t do clia dung dich CPT
thip hon nhiét d6 16i han trén cia su hoa tan (diém K hinh 4-6, chuong 4), hoac khi them vio dung
dich CPT mét chat long khic khéng hoa tan CPT.
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Trong nhimg trudng hop d6, entropi cla he phii gidm vi su giam kha nang phan tin cua
CPT trong dung dich (do trat tr cia hé ting, xem muc entropi va do trat tu cia hé, chuong 2}, Thuc
vay, trong dung dich lodng vo cung va & nhiét do cao hon nhiet do cua dudng cong phin 1ép, cic
phan tir (CPT) thuc t& khéng tuong tic 1in nhay, khong can trd nhau chi€m cde vi tri ti do trong
khong gian cha hé. Luc do, h¢ ¢6 do trat ty nho nhat, entropi cuc dai, th¢ ding 4p G la cuc téu,

dung dich & trang thai cin bang, bén vimg (AG = 0, G,,, hay dG =0, d*G > 0, chuong 2).

Ha nhiét d6 cia dung dich CPT hodc thém mot chét 1ong khong hoa tan tuong tng vl viec
tang néng do CPT trong dung dich, do d6, s6 kha nang phan bd wr do cna CPT trong dung dich
giam, va entropi cla he giam, cho dén khi AH > T.AS hay AH - T.AS> 0, AG >0, nghia la, lic do,
dung dich CPT bj pha huy.

Khéi luong phan tir cia CPT cang cao, thi hé cang nhay véi cdc yéu t6 lam mdt can bing
nhiét dong clia he. Vi thé, khi giam nhiét do cia mot dung dich CPT gém nhiéu loai CPT ¢6 khéi
lugng phan tir khac nhau, thi thoat tién nhém CPT lén nhat duge tich ra, sau dé dén cdc nhém CPT

nhé hon..., nghia 13, mot hé da phan tin duge phan chia thanh cic h¢ don phin tan.
14.2.3. Mot sé tinh chit co ban cia dung dich CPT
(i). Do nhot cia dung dich CPT

Khic véi chit 1ong nguyén chit va dung dich thyc ctia cdc phan tir nhd, do nhét clia céc
dung dich thuc CPT rat lodng ciing khé 16n, khong tuan theo cdc dinh ludt thong thuong vé do nhdt
4p dung cho khi (phuang trinh Newtron) va cho long (phuong trinh Poiseuille).

D6 nhot ciia dung dich CPT thuong duoc biéu dién qua gid tri do nhdt tuong doi 1,,:

1
nul = (14-4)

trong dé: n: do nhat cla dung dich;
7. 0 nhdt clia dung moi,
Hoac biéu dién qua do nhét riéng n;:

nr:uz:l_] (14-5)
Mo My

Hoac qua do nhdt rit gon:
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n, :
L (14-6)
Mre C

trong dé: n,: 4o nhdt riéng;
C: nong do, mol/l.
Hoiic qua do nhét dac trung:

~ lim e (14-7)
(1= lim,

Sur phu thudc cha | cta dung dich CPT vdi khoi lugng phan 1ir M duoc biéu dién bai cong
thuc Standinger:
[n] = K.M7, {14-8)
trong d6, K - hang sd dac trung cho mot day déng dang cua polyme trong mot dung moi da
cho.
a - dai luong dac trung mite do “co cudn” clia CPT trong dung dich (déi voi phan wr caing,

hinh que o = 1, d6i véi phan 1ir déo ¢6 dang gan nhy hinh cav o =0,5).

DPGi vé mot day dong ding polyme, cde gid tri K va o duge xde dinh nhu sau: chon ldy 2
polyme trong day déng dang cin nghién citu, xdc dinh khoi lugng phan tr cua hai polyme do bang
phuong phdp thich hop (vi du, phép nghiem fanh, 4p sudt thim thdu...) bigt M, va M,.

Tiép dén, xac dinh 1, cia hai polyme do tai P, T = const va & cie néng do C khic nhau.

Xay dimg do thi Ne . o(C) vh ngoai suy dén C — 0 dé xdc dinh (1},] vit [,]. Nhir vy, ta c6:
& o(C} 1 ¥

]

[n,]=K.M]
(n.)= K-NI;

Tir d6 s& xdc dinh duge K va o,

Bist K va o ¢6 thé xde dinh khéi luong phan tir va hinh dang cha bat ky polyme khac trong

day déng ding do.

\'f dir: dung dich xenlulozg amoniac dong ¢ 298K va 1 atm ¢6 K = 0,85.10° vit o = .81,

dung dich rucu polyvinyl trong nuée 0 323K va laim co K = 59107 v o =0.67.

Tit cic 56 liéu dé ¢6 thé xdc dinh duge rang, phin ur xenhuld €6 cdu tric cing va ¢6 dang

gan nhu hinh que, cdn phan tr cua polyvinyl ¢6 cau triic déo va dang cuon xoan.
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(ii). Ap sudt tham thau

(3 mbi nhiet do dp sudt thim thau ciia dung dich CPT phu thuoe néng do C dung dich theo
phuong trinh: '

RDT 2

M=——C+bC (14-9)
M

Trong (14-9) hing s6 b dic trung cho sy sai khic gitta phuong trinh V't Hoff (xem muc
iv, 13.2.1) va phuong trinh {14-9). Hang s6 hiéu chinh ndy bi¢u thj sy tang 1 cta dung dich CPT
manh hon dung dich phin wr nho. Diéu dé duge gidi thich boi 1§ do CPT bi solvat hod manh. Vi
solvat hod ma mot {uong 16n cdc phan tir dung moi di nam trong vo solvat gan lién vai cde phan e
chit tan, con lugng cic phan tir dung moi iy do dong vai rd ¢ moi truémg phin tin bi giam di, do

dd, vo hinh chung, nong do chat tan ting lén.
Phuong trinh (14-9) ¢6 thé viét dudi dang:

i1 R.T
=l
C M

b.C {14-10)

Nhur vy 1 [4 ham bac nhat caa C.

Bi¢u dién (14-10) bang d6 thj I 6 thé xdc dinh duge RT vab. (hinh 14-14).
C M
LA
C
Al 1%
a

C

Hinh 14-14. Su phu thudc Ié vao néng do dung dich.

tpa=b

OA:R'T
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Tir g#a tr1 thue nghiém OA, ¢6 thé xdc dinh duoc M - khéi lugng phan tr ctia CPT.

(iif). Tinh chdt bdo vé cia dung dich CPT

a) b)

Hinh 14-15. Sd d0 bao v& keo ky 15ng béng cac CPT bj solvat hoa manh:
a: bao vé tét; b: tao thanh gel.
Dung dich CPT dugc ding lam chat bio vé keo ky 1dng va cdc hé phan tin tho: huyén phu,

nhii tuong, bot,..

Do duge CPT bao v¢, ngudng keo tu cla cdc hé keo ky long bang cac chat dien ly tang len.
Tham chi, trong mat s6 truong hop, keo ky long trd thanh mot he bén viing nhiét dong,
o Coché'bdové
. Cic hat keo ky 1ong hap phu 1én bé mat nhitng CPT da bi solvat hod manh. Do
d6 hat keo ky long c6 mot vo solvat méi “day™ hon bao boe, lam cho keo bén Jic va cham (hinh

14-15a).
Khi sir dung CPT dé bio v¢ keo ky Iong cin luu ¥:
= Né&u CPT c6 kha nang phan ly, mang dién tich thi CPT phai ciing ddu véi dién tich cia keo.
Vidu: CPT dién tich duong chi bao vé duge keo duong va nguge lai.
— Néu CPT c¢6 kich thude qué 16n va ¢ ¢du hinh thang dai thi hé keo ky long dé bi chuyén
thanh mot khéi gel, méi hat déng vai 1rd mot cdu ndi, néi lién cdc CPT (hinh 14-15.h)
o Clisé bdové
Bic trumg cho kha nang bao v¢ keo ky long ciia CPT duge xde dinh bai cdc chi s6 bao vé

doi véi cdc keo kim loat vang, sét, héng ngoc, v.v...
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Chi s6 vang (chi s0 bao vé cua CPT déi v6i keo vang) duge dinh nghia nhur sau: dé 1a khéi
luong CPT 161 thiéu {mg) cin phai thém vao 10 ml keo vang trong nudc (ndéng do khoi lugng
0,006%) di dé ngan can sy chuyén mawu tir dd sang tim do bi keo ty bdi 1 ml dung dich NaCl 10%.

Bang 14-2 dua ra mot vai vi du. Chi 56 bao vé cic keo theo kim loai khic cling duoc dinh

nghia twong w.

Badng 14-2. Chi s6 bao vé keo clia CPT

CPT bao v¢ Chi 58 vang (mg) Chi 58 héng ngoc (mg)
Galatin 0,008 2,50
Casein ' 0,0 0,40
Hemoglobin 0,05 0,80
Albumin 0.15 2,00
Tinh bt 25,0 0,002

(iv). Su keét muoi

Baé L hign wong Khi thém vio dung dich CPT mdt lugng mudi trung hod (cic chat diéa by
manh), thi CPT bi tich khoi dung dich. Néu CPT 1a hé da phén tén thi nhém déng dang ¢6_phan tir

lugng 16n hon s€ duoce tach ra trude, nhém ¢ phan tir lugng nhé hon tich sau,

Nguyén nhan la do cdc 10n cia mudi sclvat hod manh, tude bo dan vo dung moi cia CPT

trong dung dich, cdc ion sovat hod cang manh thi su két mudi cang tét.

Trong duag dich muréce, khd nang két mudi cba cdc ion chat dién ly duoc sip x&p theo trat tu

sau:
b6l véi anion:
S50 > Cl'>NO, >Br >1 > CNS
V&i cation:
" Li*>Na"> K" > Rb' > C¢' > Mg” > Ca™ > Sr** > Ba®

Nhur vay, xét vé hién tuong thi sy két mudi cia dung dich CPT ciing giong nhu su keo tu
cua keo ky long, nhung ban chit 1a khdc nhau. Su keo tu ctia keo ky 10ng lién quan nhiéu dén dién

thé & bé mat hat keo, su két musi cua dung dich CPT 12 do giam kha nang solvat hod clia cdc CPT




va qud trinh ¢d thé thudn nghich. Khi tham tich hét cic mudi gay ra sy k&t mugi thi, cdc CPT &

hoi tan ¥ lai nhue ban diy.
(v). Sw hinh thanh gel

Gel la mot trang thdi l6ng hod ran, dioe lao thinh 1ir cdc hé keo hojc cie dung dich CPT.
Gel €6 cau wic mang khong gian chita dung trong nd phan con lai cla chit long sau khi hinh thinh

mang.
Gel dugce hinh thanh tir dung dich CPT duge got 1a thach.

Qud trinh bien ddi mot dung dich keo hoic dung dich CPT thanh 2el thodc thach) khic visi

qud trinh keo tu, va duoc gotla qua trinh keo fir cdir triic.

Trong keo ty thuemg dung dich keo bi phan thanh hai pha: moi truong 1ong phan tin vi pha
ran phan tin, "Trong keo tu ciu triic khong xay ra su phan riéng hai pha nhu thé, toan bo khoi dung
dich chuyén vao trang thii ran, tai bat civ diém nio cia hé nong do cua pha phan tdn hodc cla hop

chat CPT déu nhy nhau va khong bi¢h deéi.

Cie y&u td dnh hudng den qud trinh keo ty cau tric 1a: kich thudc va hinh ding cua hat keo,

cva CPT; nong do cia pha phén tin, clia cde chat CPT: nhi¢t do, thai gian va nong do chat dien ly.

Dieu ki¢n can thiét dé dan den st tao gel Ia phii ¢é bal doi xtmg hinh ding cia hyt keo
hodc cia phan tir lan cig hop chat CPT (hinh diia, hinh kim, hinh cinh hoa,...). Su bilt déi xiing
ca‘l-ng lon, dung dich keo vy dung dich CPT cing dé chuyén vio frang thiir gel. ngay ca khi nong do
thap. Cic vi i cudi v diu coa cice hat keo dang hinh diia, hinh Kim, ¢idc vi of ria cda cde hat hinh
cdnh hoa ¢6 dé diy vo solvat mong va thé' £ nhd so véi cdc vitri khdc. Vi the tfrong qud trinh tao gel
(thach) cdc hat ¢ cdu hinh bat d6j xung két hop véi nhay qua cdc v tri do, 1ao ra mang cau ric
khong gian (hinh 14-16), mé; mat hoe mang chifa day chat long 6n dinh. Nhy vay dé tao thanh gel
(thach) cdn phii o6 didu kien: cie hat keo hoic cic phan tir cija hgp chit CPT phai vita ¢6 cie phin
khong bi solvat hod va vir o6 cidc phan bi solvat hod manh. Nong do ciia pha phan tin (cia hop chat
CPT) cang 16n, cic hat cang va cham nhau nhiéy hon, va do dé, toc dd hinh thanh ciu trie mang
Khong gian cang 16n. Vi du, dung dich néng do 2% gelatin va 16n hon c6 thé chuyén thinh gel
(thach) ¢ nhigt do phong, dung dich gelatin 0.5% va lodng hon the khong thé chuyen sang dung gel
(thach). Néng da 61 1hiéu gé hé keo va dung dich CPT ¢§ (he chuyén sang dang gel (thach} tiy
thuée vao ban chat el hé. Vi du, sol axit silicic tuo gel ¢ nodng do khong nho hon 3¢9, dung dich

dga-aga ty gel o ndng do 0,1%.
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Vo solvaf

Hinh 14-16. So d6 tao gel (thach).
e Qud trinh tao gel c6 thé dugc mé ta nhu sau:
Hé keo, dung dich CPT = gel

Nghia Ia, wy thudce diéu kién céc hé keo, dung dich CPT ¢6 thé chuyén thanh gel. Nguoc
lai, tuy vio cdc yéu 16 khdc nhau, he gel c¢6 thé chuyén vé dung dich keo hoac dung dich CPT.

Nhimg hé keo wa 1ong hodc dung dich CPT trong diéu kién 6n dinh ¢6 thé chuyén thaah
gel. Khi khéi gel chiu tic dong co hoc phi v& cic lién két trong mang luéi khong gian, thi hé gel cé
thé tro tai trang thdi dung dich keo hoiic dung dich CPT. Khi ngliing tdc dong co hoc thi khéi gel lai

duge phuc héi. Su bign déi thuin nghich nhu the duge goi 1a hién tugng viic hiéh.

Khi nang cao nhiét do, cudmg dé chuyén dong nhiét cia cic hat keo tang, lién két giita
chiing yéu di. Vi th€ khi nhiét d6 tang, gel ¢é thé chuyén thanh sol. Khi nhiét do giam, sol lai
chuyén vé gel.

¢ Chat dién ly cling anh hudng dén qud trinh tao gel. Mot s6 ion ¢ tic dong tang nhanh qua
trinh tao gel, moét s6 ion khdc thi nguge lai, lam cham hodc loai bo hoan toan qua trinh tao gel.

Vi du, trong diéu kién tiu chuén, dung dich nuéc gluten 5% tu gel trong khoang 50 phuit,
khi cé mat cla ion SO;-2 tu gel trong khoang 25 phit, véi cdc ion CNS dung dich trén khong tu
gel. BGi vi, SO;2 khir solvat hod manh cdc phéan tir gluten, 1am dé dang cho qué trinh tu gel, cdn

CNS thic day su solvat hod céc phéan tir gluten, dén mic ching khong thé tao ra mang lién két
khong gian, do d6 khong tu gel.



Qui trinh tu gel (thach) ¢hi xay ra trong diéu kién: cdc chat dign 1y thém vio dung dich keo
hode dung dich CPT ¢6 tic dung khir solvat hod hat keo (hoiic phin tir cia hop chat CPT) tai mot s6
vi i nao dé (hai diu phan tr, diém mat...). Néu khi thém chat di¢n ly vio dung dich keo hodc dung
dich CPT cic hat keo hojc cdc CPT bi khir solvat hod toan bo 16p vo solvat thi s& xay ra su keo tu
thudng hodic su két mnuéi, nghia a phan riéng thanh hai pha, ma khong tao gel. Qud trinh tao gel
khong xiy ra tire thoi ma véi met tée do nao dé phu thude viio ndng do pha phan 1dn. vae ban chal

vit nong do clia cic ion chat dien ly dua vao dung dich.

¢  Phu thudc vao bin chit cla cdc chit tao thanh gel, ngudi ta phan chia gel (hanh gel cling vi
gel mém. Gel cing duge tao thanh tir cic hat keo chic [SiO,],, [TiO,],. [V,04),.... Loai nay khi
them nude hodce sdy kho bat nude thé tich clia gel bién doi khong ding ké. Gel mém duoce 120 thinh
tir ciic hop chat CPT ¢6 cdc phan i dai va linh dong (gelatin, aga-uga, cuosu,...). Khi thém nudc
hoge siy bot nurde the tich el loai gel nay bién déi it nhidu, vi the loai ndy cé kha ning truong no:

trong ng gidi han va khong gidi han.

Gel va thach c6 nhimng tinh chat dac trung riéng vt ¢é nhiéu dng dung trong thue (¢, rong

cong nghi¢p, nhit la trong cong nghiép duge pham, thuc pham vi cong nghié¢p vai, tg soi nhan tao...

A
~J
1~



- 7 - -
CAU HOI ON TAP
1. Gidi thi¢u vé chilt hoat dong bé mat, cho vi du?

2. Pinh nghia vé nong do mixen 161 han, Gidi thich su anh huéng cia ndng do mixen 16

lian dén cde tinh chat hod Ly cua dung dich chat HDBM.
3. Phin tich biéu dé pha cla hé “nudc-xa phong kalt™
4. Néu ¢ie tmg dung chinh ctia ¢dc chat HDIBM.
5. Dinh nghia v& h¢ huyén phii. Nguyén tac viv bién phidp ché tao mot hé huyén phi bén.
6. Dinh nghia vé hé nhil tvong. Nguyén 1ic va bién phap ché tao mét hé nhii twong bén.
7. Dinh nghia vé hé bot. Nguyeén tic lam bén hé bol.
8. Binh nghta h¢ sol khi, sol Iong, sol ran. Cho vii vi du minh hoa.
9. Trinh bay cdc diic diém chinh cia hgp chat CPT.
10. Trinh bay v¢ sy gidng vit khde nhau cia dung dich thye phan tr thap vi dung dich T
1'1. Giai thich su bi¢n déi cau hinh cta CPT phy thuoe vio plL.

[2. Dink nghia wang thdi gel ciia dung dich keo, y&u t& nio quyét dinh su hinh thanh

trang thdi gel.



PHU LUC

Bdng 1. Cac don vicd sd hé do ludng gudc té S

Dai lugng vac ly Ky higu thudng dung Tén Ky hiéu theo don vi SI
Do da 1 met m
Kho lugng m kilogam kg
Thor gian i gidy 3
Cubng do dong dién 1 Ampe A
—Nhiét do T kelvin K
[.wong chal n mol mol

Bang 2. Cac don vi dan xuat ctia hé do ludng qudc t& Sl
Pui lugng vai iy Ky hi¢u ‘Ten don vi Ky hiéu don v Biéu dién the. ion
thuong dung vi 81
| Tan s6 v hertz Hz s
Luc I newton N mkg.s? N
Ap suat P pascal Pu N.m"
Nhigt luong E.Q... joul J N.m B
bien huong Q coulomb C 5.A
Pién thé E U, .. volt v TA S
Do tir cam B lesla T Vasm®
o tir cam B aauss Gs 10T
Do dai 1 fermi It 10" .m
bo di ] 1 angstrom A 10".m
T trudng 1§ oersted Qe 79,57.A.m”
Thong lugng (i ) maxwell Mx 107 Wb
Thén glan t phut min 60s
Thoi glan L gid h 36005

A
| ]
N




Bdng 3. Su chuyén déi gilta cac don vi do nang luong

J erg cal eV cm’
1 joul 1 (0’ 0,239 6,242, 10" 5.035. 10%
[ erg 107 | 2,39.10" 6,242, 10" 5035, 10"
I cal 4,184 4,184. 10 I 2.612. 10" 2,107. 107
l eV 1,602. 10" 1,602, 107" 3,829, 107 l 8063.5
lem? 1,986. 10 1,986. 107" 4.746. 10™ 1,239,107 l
Bang 4. Su chuyén déi gilra cac don vi do ap suét
Pa bar atm torr (mml g} kG.em™
1 pascal 1 107 9,869.10° 7,5006.10* 1.0197.107
I bar 10° 1 0,9869 750,06 1.0197
| atmosphe 101,325 101325 ] 760 1,0332
| torr [33.32 1,3332.10°° 1,3158.10° i 1,3595.10°
[ KG.cm? 980606,5 0,980606 0,96781 735,55 |

*: kG = kilogam lye

Bdng 5. Gia tri hang s6 khi R Ung véi cac don vi khac nhau

Bon vi

Jfmol.dd

erg/mol.dd

latm/mol.do

cal/mol.do

k(i.m/mol.do

R

8.3143

8,3143.10°

0,082057

1.98725

0,8478
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Nhié¢t dong hod hoc
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Phuong trinh Kirchhoff

Cau hoi va bai tip
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ki¢n can bing cic qud trinh
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Thé ho4 hoc
Cau hoi va bai tap

Can bing hod hoc

Cin b?in.g hod hoc ciia cic phin tng dong thé

Khdi niém vé can biang hod hoc
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