b bl

dainl 5 aUal
(A g254) Adulal)






A g3 3al) ARl 4l 5 ALY

1Al gl i) (s Andl ) na

3 iy Ao sl GiliaYl ez s )l 8 gl 8 58 s
il bl gl sy BaoYl Ansdey S S e US e sgall 5 ded
fob LS iy Jualdl b cita e cpiial) Akl lag

PP d_,];u‘ rall (2) «aad ‘ CPeall (1)
b5 S Jslaa| s 50 slae (3)

e 385 5 Jglae | e dad elie | it Jslae (4)
S

bl gl g & e D el Aa g jall Al e ATl 5 geall A
) el Oy e Sliadl a3 e As g0l Akl 0 5 L p2i0ual
Gl gl by S dalal bl (85 o e G patiall GilioY! abian

ol il all ! die G g0 ) ARl oSy bV A e i
O ol pedaadl 43S0l da 9o el dalall 4y ey Cade b Mg L Jslaal g cabadll o
LS -Ag eS80 A8 ol s alld pomiall janitll o Sl 2SI glaall o cabail
Gl 13 S ¢y il Jlladl i e 3 el ol gell emall gl 3} o
ca¥) Dl Sllee 5 5 T e Lially aw Lo e
bl A g3 jall ARyl

Sgie ¥ (8 b Ay s el 50 Aa g3 3el) Clidall of (e pe ) e
coabill A8 a8 Lgisea iy (Al S Jslaall g il Gy Al - gl

205



b gy S Sl 5 Jlae (b onpeie B eV 6 Los] Sl
L 3 A3lSa ity il e e 5330 i () 55 o ,eSD Joladl
Al e ) el iy el s e ddllas

Jslaall Ty e A5V Gl gV i Sy SN Jabaill & pan i
b e YV sme SligYl G 555 Al aD L pens Lo iy 3y S )
Sl a ket haadl L (7-1) J83 bl g U el y ccwdal e ARy Cadadl
- Al spalgd oa el el Bidis 3 soall s 5yl Al e 5 DlsYloda
S Ao all Aall ALaY e Gall sS5 (llg il 13] Aaaliall Aabaiall yiaty
AR gy

Anion

J55Y!

Electrostatlcally held cations
«\.u;.mll L_:L:_,.ulS.H

L:S.ul.wj_).\S.“

outer Helmholtz plane

(_)J;a-del > A (5 siall)

: G'?

N
Electrode surface

hagajal il gt Ak o(7-1) g

Lnal bl LS 5 gealed ooyl mlad! o 350l Gl ey
3ol D oy g aliie e S ASL Cliadd Jals g ekl e 53 g ol

206



V) i Sy Al g SEIY (6 sl ity kil s (ge Al
p_LAY B adila )l Gl Alnial) e ol Bl pheg g el g 4 ) jall AS jall
Aa 5 el el (e el ¢ jadl ga kel e 30 5a el el

& Fsa G Ahiadl 8 Gl (e 0 g gall Jolad Al Glall aeaiy
8 = (7-2) JSAN il gy Sy ASIYY Uslaall dawg g o2 e 5 seala
kil prha e il 3l agall

|Heimboltz
layer

Diffuse
layer

I
cphibll gl e Adlaiall b 4Gt agadl A add o(7-2) g5

Gl Yy il s Sl g SV CMlacll s o8 AMa o 0 50

e JS L S iU e ) sl Vs 8 a0l b

285 O e Ll 1Y e g i U g abiae ALl (g gl g JU0 b (58

ol 5N e 8 Caaas L skl 13 )\ g ) A0S 5 il adaas

Kb kil e e 15585 el GiliaY o i 5 150 Ay e aitny
| (7-3)



Electrostohcolly
held colion

Adsorbed omon
:——Ouler Helmhollz plone

hﬁlner Helmholtr plone

cahil) A g 3all ALBY A Ay AdSIAD 3 ggald Sl ghenal dpandl) audal gall 3(7-3) JS2

ala okl sda slilas g 5 ieall Cilial 81 e ) Jadd) Jiay
Hora) Jane adiayy . Jatol 5 geals (5 flne canny Fisgals Al 8 A1
a5 padindl il 3abe e g Jglaall (8 Sl Aala e JS e (0 5
il agall e

ol i L Gl e ekl b Al et ciliall B 13
o2 g ol =l o Aadias dpbes g @y Ul U 5 i kil 2ol
fass i Lo b el o Zua . aden Jalh D) 08 Cilia)
oS bl panile Je ddasladl Slly g b pdinddt Sliadall 4 Sl O
htioadl e g ddaiioeadl ilaii)

Sl Dol e 63 Wl L g il g i)
Ao SV i) 4y L glacall il ) dadl e 3 sl iy 5K
) Jsa s gy SRV e g gl 1 LS B (e pDSH G ()

208



1oy (aosdl Jo el taa e Lk adig (53 5) Sealinn e o 3YH Al
Sea Cung Ay e AxiliaS 5 S Ot aad e olSadl bl Rl g
o 6 a4 s e il 138 iy ey 5V
kel agn Ay daaall g5 el e IS Dph vie ol il ol ya e
aie She Aaill bl g ddiag g padiuell Jslaall g0 o g a0bsine Allad e
sbaal il S gl b e ah A s gk
Bind iy Bl 1 O il oy (Ml s il e
iy b e 00 Gl sy pastad) deall iy Levie bl 13gd oY) gad
ey b s (s pSaall LS Sl b Blayy - il mladl vie o) V)
g S0 Aadl ol 5 5l Haime g pn el ol Alsea i g adnd A ggas g il 12a
ellaad iy A Sh Andlll 5 jian Ol 3 Bladd seally Jaiiay,
Gira 50 8y bl bl alliad e o galisl 2,68 gl G4 30 0
O sl leme (8a da ) S i hall vie S Q3 3 sead) e
rstasS 5 g ) Y Ala (N Jgen g 0920 e
3yl Jodae 8 350 i e cOlelEl AV Y sled) B
o sl 5l
N K'+e —_— K(amalgam)
Linisia 5% paldl 58 o saulpll 58 5 o da b Jeladl b sy
) Mg T Hgt+2e |

H3T Ll ol 58 Al Al @l bas Aniiie Auis Jelish aa Zaay
3)  2cr 2Cl, + 2e
Liatidie s SN 65l dawizall o ollyy Jeliah baa Jldial Ciecarg
4)  2H,0 + 2e H, + 20H"
s Jie Jlind f8 3050 o um g el 2200 5 e ill dad 81 ki
Lo 5% Soie il




iy Ay el el Jde il S Alead) dps il e 43l 13
g Ll e 5B Jo Jeans aasiad) el (s3e i ady el A0 A
Al g 5 _uiua
1y LAY Aa g4 el Al

S 1580 gy 4S50y S (5 il 6 jall 138 8 oSa3) oKa

& il A Alladl oda 4adiy  Led S5 Lelaad ) Clin D e bl o o
3 2L el a1 20 a5l JSia g sl &k Hladnuly Leiallas
b ool 68 e sl golal b ge Sas a1 b La L L gladd
¢l el @l By of Sary bl g e (5350 5 alyolal g2l
(7-4) U85 A 5 seals (5 e e (g1 ¢ 3ol X

=0 Ay =, e ddhiall A4 LIGY dx gajell AR (7-4) JS5

210



A A e Jeass o SSa (X)) sadll olad) 8
2 2
o\ € 2 2
Y= BV YN =Ky = (1)
Ox-  EoekT €oE
8 oY) s (b ipal Rl i OS5 sl Ak 3 1/K e Cus
Al ALl Al sl oy (1) Wolaally 35 L) Ao 50 3alt dihall elaws o

v =Ae™ + Be" (2)
X — 0 ol e L x Jyp lexie adl Cua g
B=0 cy=0 ol

) e Jaas 13
P _ kEW
EoE
sl ST Jslaall (e o g aa g JS a2 p i
p=-g, ek’ y (7-3)
=-Aggekie™ (7-4)

(7-3) (7-2) Cpibobadll aumy i3
Clalwall san g 8 (X =0 Lodie) cabadll mdan o & 20 &S o Lays
U staall aaall 5 Ut Adllas s ik oS)y el b dagdia Ay O
[=.8] .
c=- [p dx (7-5)
a

el e il Baall 58V Aile 2 Cus

o9
oc=-Ag ek’ [ e™ dx (7-6)
4
= Ag,eke™ (7-7)
o a1
A= _L ek(ﬂ-x) (7_8)
€, K



ool Jemai (2) Alladl (b (A) 30 G2 s e

Y
= 7-9
EoE K (7-9)

(a-x) —— 0 ilsg—als dfuhal Laa Al Sgaall 83 e X el i Ladie
6l Wo ey 335 Gy kil o3a xie

w:

Yo= —— =§ (7-10)
EoE K

sie g2l g 5l € e b Al e le sy W) e Yo e sl (S
b3 cLilatie 036 of e Al Adladdl e sgall (35l g (A Akl
g LY Ao 0 el Asadall Aoy Zum 53l gl g jlad) Adudall ddla e

(Cuds i S 38 5 o adan Al ) Cp 4LVt Aadall dew daahs
LAl Al

c
Cp=— =g,k
&
Al Al W) dea o Jeaad 1
cd
§=— (11)
€oE

A oall 5 oal gl o as i gn gy paadd (g kil QuluY) Aol 038 ety
gl e 2l S Qi Slas) (B (W-yo) Yo e IS pediy A 5eS)
Sy L el 6 gl e (o) Aeill yady Jsladdly o SN G Jealill
Sl e el (o) Aedl
Al i neyt Ads e JS e € A 50 jalt Adidall &ASH At ) 5850
ol dad iy .Cpy b —ditiall Algdall o i A by Cpy el W e 0 (s
R AN e Alude b Ledans pe il
1 . 1

Cy Cp

1
C

212



CuCp
CH +CD

(12)

g S Ayaaddl Lndlad

P N G G O PN RS SO Wt - WS [ P - O 2P
B 3l gl AN e 5 An 50 el ABlall S 5 e AHIS e gl (3550
Joboallf 3538yl oadandl 2l 58 (Sayy L sadiall pelandl el i
Jstaall pe G530 Ly (7-5) U85 A et sall Slasd ey 7SI pladdiuly ol
G5 s (5 hene AaaSle (Sayg Ao pnil Ayl (e Aaaa da3h ok (m
a8y Jealdll hasdl 5uns (8l GO e J sl agadl g g8y Sl
hgosi—dll gl ) oat el el dnmy B (55805 0 290 L Jle s
O el Al adall ol 8 el Wl B Jall (B edl laie e
iy Ladic 5 . Sl J gl all Al dun go Aind (3530 Jany g . p2itienall gl
il 2 G Aed 0y ol o S BnZ (e e a6 | e Wil o
csebandt Ll W Jeaiy el 8 (S dua pa Al ol Lexie LAl

.

%
,///4--]-]9-—-_

ia. J—Hg

e ey 58l :(7-5) Joa

213



g Y dad O Ll agall B3y Gy b e ALl danlll a5 Lesie
(7-6 JS8) arined) gl ol ekl 23 S maa s oSayy el Ji
U Ala 8 Gl e Jady s e 5 50l (e p s Guls el
i pobis 3l Do mmos e e b e g gian A 5 6S Aa
sagldl Aty 3 ma

dy+ YIiduy=0 (7-13)

i SN oo (T) eopianall G Gl aladl 230 o () O Cam
JS A i (1) obaSY oaea of s Yolaie a5y 0 el iiall
cciiall 3€ 555 g jall g Jaaall e

N I
5 | ,
H 9
% Mercury I Mercury
] 4ve | ~ve
H I
< |

|

Apptlied polentiol &
ol A iladl o dada) addi el sgadl ga Ll abldl aiD) 3 A0l o(7-6) JSi

g A Jslaal — (530 ) ebaed (A



baga oS Aad i Jasd Leic o lieYl 8 40 padall CaliaY Laal 13
Ln 3 Jead 0 2l ey LA san el canall () oseSY agall Aty e
A7-11 Aalaall i) alll Al p (Sas 5 eSY sgall pulh (e <z

Hi=mi+zFy (7-14)
Sl a5 eSl dgally SO0 Gus pdio sl 08wl (Sl S
FPRin s
dy+ YTidy=0 (7-15)

o S gl 3 e s i adaddl 2 G A o3a g
Jotadll — 5 Ll JUss kil agal Aoy 5sS8 Jlal J Jad . iliad
Sl ad A e Sl A el e (15) dabeall Brabiny ¢ il s SN

M RAEY

[Pt(H:) | HCl|Hg | Pg ]
1 2 3 4

B b Lty calafine 5 05Sy Gaa g el wuhad 8 Aad a3a 8
(2) il il aland) 280 _aa (15) Ablaall po . coabafnnall kil g2
26 AL (3)

_dy==[rhg+dqu+-+F;_due_]+

A g il € 2 gen §osane 98 g KU SLaiKH sgall

rol (s
n=Vv,p. +Vpu (7-17)
o5 1
Hitg = Hpgt + Her in phase 3
(7-18)
My = | Byt T W in phase 2

215



e 1
-d Y= [ng+ d|-ng - (ng+ - re) dﬁe-—
+[Cer—dpnar + (Tuyot - Tor) Al pyor + Tuyo dpnyo) (7-19)
A A L) Jess (Y
nj

iy (7-20)

Sl 3y laliead saay (1) iiall BB 2 o dil BS A
Optiall Sl bl e 5 Fieall p Slabiedl 30a 5l Slis 28 JSH 23l e el
Lk WS (3) «(2)
(Tyer - T F =03
(7-21)
(Tuyor-Ta) F=0;
tsl et Ll el die e kel udail
o, +t0;=0 (7-22)
Datieall) Gl B e S ) pandl e 3 e Jeans (S
1223 ((4) «3)
(die_); = (dHe- )4 (7-
23)

sl WS (2) (1) iall ) hasll e GV e amy Sl
(d|—lH3O+)2 =-(dpeh (7-24)
Jaai (7-19) Alalaadl i (7-24) «(7-21) oibilead e iar sl
Al Al e

G, -~
4y =T dhng = = (dfie)s * Fa = dhae

T % (dfie )1 + Ty diuno] (7-25)



rl a1

47 =T g =~ (dfi-)s - (4]
+ ot~ duner *+ Thyo dits,o (7-26)
JalS 310 b o Cua g Ll gliise O3 G2 (0 IS o g b el
il Glaaylh Gl 5 Jl gy ) sl e JEEY Gliadll G LGkl
Sl 5 HCT agbl iy b s g 50d ki g Sl .(du = 0) gl Jals
S b ade . hadl hially3 ) ad Aa s 2ie Al (E) 2 lal <l
s Jealill bl e Gty d(AY) 5 Ay g8 1y yiins dE (E b b il
rof 22013 Hg/HC by 5165 juel) pasn s (330
(die- )i - (dHe_)s=F(y;—yy)=Fdu (7-27)
(YIS (26) ad) maai
-dy = [Thgr dpty, + Ty = dpnar + Thpo dpno T o3 dE (7-28)

[QJ =- 0, (7-29)
0E P.T.u
cObaad Aalaay (7-29) a8 ) Aol G a0
D5 a3 el Akl den 2 (C) J Lus (0 =-CE) J el 13
(ol TP et e I8 g die adl 200 13 (8 1ol Jens
dy=-CEdE (7-30)
e Jeans (30) AT Jalsay

y = -% E’ + constant (7-31)
e o e g i adadll Ablad s en 4 Abbedl oda o aag
iniall _alael
{ﬁJ =0,6=0;E=0
ck



lele Jp—eantl (S 5 A eSl At Adlall ilinie e
2 pommlipd) S i Jglae Ala (o8 Loy jaa Ladad land e g S0 alasnud,
sl ey g padl phall Shgaie o J peandl (S 4 e S 38 5 0 50a
Dl sailSl a sl g bl 1 san g el a1 (e B0 glie Sla 50 Slisdall
5 ieall &G sl
AWy Jealall mhandl 2ie (585 (Al g A 50 jall Adall da s (S
| raalal)l lad Aolae Jualss e
{ﬁlJ __99_¢ (7-32)
Pl aE
) A el S i LG ) gl 0y I (C) A g e
EENCLEETEN U NOU R SR E I3 X PRIt BN NN
MS land 5 A e DEY) oDl W o da s sl aail puis e MBY) jealie o i
(7-7) J8& 8 peiase oo LaS 4d5 jpan Cliiaia lgie

KNO,

\

£
A g Al Al ahisia e Slis e il s i 2 (7-7) Jsa

218



JLal ¢ 5 al 6 Aahaal # SO0 Cliaidl 4 DAY ekl a8
e il SinaYE e LAY ods L L 3030 adad Ledeny A0l 5 s gl dia 2]
ah o dalil oy Sl 5 LS Las g0 el Anal e Adhaall b i)
Al &ad Jean sy 3050 Gilaadl pandl dals e Judl

JE e b e (idlall e kel WLAD 1D Sl 5 SSIY L
M il 8 4l 50 5 sy g Y sl A 8 ) ey iliaial
Electrokinetic phenomena :du g<) 45 2l 5l

OS5 Ay leans g sand il Cilialls A jeS AS el Gal 530 Gl
SNV URECTIN [ W PR 1 IR WPEL [P PR (R SRR T
A et o L Al CliaY) 028 SIS et 8 Alalil 7 gl
IR PR NPV SNV S WP RE-J J LI TR JRVG A R U TN
Jsiall 8 A S0 A8 jall Sl T kg e Y1yl e S ol
(7-1) A8,

A < S Al <l B 1(7-1) 4B Jses

oF Aadlill Ay e Aadlal 5 gal Aadlall 3 gil e dadlil Ciliual) A4S ja
i) s jas A S

o e b aga g omall Bl sgall | st eSSBSl (V)
cobe Gala Dlasse KL Ll el ala DA 5L
ﬁlkﬁ‘}cﬂb)&;#ﬂl;&;l\j\_xqﬁhhﬂ1 C.JLJ:’);.HBJ:.A (T)

(oo 5b) S e Sl D6 Alal 6 et S

oo SY LA LNy Sl 230 e A K e

RS RN R TS R FURVENP

219



Electro-Osmosis : <) Aliad Ly (1)

O Al e S aalSy D Al ety 3 aludl Salal sy
Gl 30 e da g e Qb 4 aad g 63 STl skl g Ayl oY
s J— il Jlull 48 ol A jull b aliad! (S (7-8) JS3 Aluaiid
iyl by MK g g Aai (A p el ARl ) Ayt Canliy)
VM) E/ s sl Db e sad 3 5 Laiy v/5 ga diakal o2 3

Baa g Afl Sl sl o oo Clabuall 3o ol mdaull d5al il 108
2 M Lo N(VOB) b Slaluaal saa Jdn j 50 5 8 5505 (V 0) (o8 Slaludl
b Jones Ay petll o) Jals bl SLll e 135 L L) 2a 51 Jalas

1) (e Ay Sl e Aty HeSH (s 8 ) ) 55

- (g] Vo (7-33)
1
=[Ny i
31y
s Y
§= [—B—J c (7-11 & aolaad ki)
€08
Sl
- v _ EeeeV (7-35a)
FXAY n

A8 jal) A pgas plasiuly iy (1 VM) 5,08 dgall (8 e, (V) Aaf O (S

¢ = o (7-35b)
€0t

220



W, = S5E (7-35¢)

S 95 o) gand Wiladd e o4 (35¢) «(35a) Y dlall
b Ayl i) S ahaie Aabis g a3l Baa ) el il (IS 1Y
rglal Al e Jians.q oy sl e
y=? (7-36)
q

L (1-37)

bl g e sy saal N el RS iy = g OS5
I Al e Joans (37)

2

\
o= Ee,eVmr (7-38)

n

4

§ éeoeVnrz .
ST (7-39)

n

Vor o e JS asleay @l 5 (7-39) Aaleall p220n € L) 2ga el bl
d el JLl Gl el e adld Shgas |y G 383 Vi o Cam
il e K Al (7-39) ablaall 3V Ge Gl ko il Adua iy

R

E,EVQ  E4El

Nag

138N
aPrd

o= &nf

221



(39) a3, A —Tolaall 8 ADLd o2a e (g gty o sl hiual P e i Cua
oo Al g Ay a2 A ol Ol e daaall b GBoi A P oAed oS
H38a ARl jualy ‘_,,_:),55.“ Lg_)_,m.u%” O R )

p= 8eo€ VIE

l_2

(7-41)

INTERFACIAL (DOUBLE LAYER) PHENOMENA
t

o
r— E camel

FF +++ +++++++++ 0

I e B R R Bl B

%

1|t

Ay Ay b Jas Acdlaia Al ghat JSG 3510 A g3 el AikD 1(7-8) Jsi

y Streaming potential . 4 g2l il > 3 s add GRAY g (Y)

S 3 Ope Adlesall Lo Ay i) A pah J3by Bl ] Ao e i
Ll gl danad uadlall Bt 3588 (7-9) UKD b mage g2 LS &5 5
Sl Lasoal 5 e 5588 il pdandi e A g ol Al o 35 5]
o et A oa Ana g hel A e G iesall daal AS el 8l jaie AV
e Aualal Ao gl e Pl G Sy g satl B 2 panale [ 5S0
il Al Jaall e x oy jhall adail

]
D
I~



_Pe?-2%)

4n/{
Ay 3l A si¥) S e e (1= 8) 3 e a0 3al Al (e ) paiall ¢ S
:@u‘m#_,pauhd:b}n_,

(7-42)

Hs = m [1'2 ~(r- 5)2]
- P (218 - &%)
4n/
055 1
Prd
~— 7-43
s ni (7-43)
o Cas
8<<2rd
Double loyer

Doubte layer

223



e bia A e saaby diids 3V 3 8 AseleYl il AS i
J ¥ san g Jpa SN At i Jeals e 5 e g 1S gy 5 AY)
t i ALY (e o jatidl ¢ gl Ao A Sl

1=27rous (7-44)
Al ALY o Jaad (43) Ableall L8 ug e e sadllss
. 'coP
;= Ir cor (7-45)
N/

K/ Al B 3 Adiagl sk o il Adua g calS 1Y
I A e Jean pgl sl Gkt 4ilh Adle y O/T0K A A glia 5SS
i ¢
nrlk
sontl) 3 s 2 Eg o us
(Al A I Jead (45) Aol (e £ e G seilla s

Eq— coP
nk
ADLN e Wy ) o Juaniy
5
g -
808
oi A lgiag
0d=EEE
sl (3330 agad 300N A e Joass Sl
P
E, = 580t (7-46)
nk
O Sal Al Allad Jo Juaad (7-46) «(7-40) pidaladdl (s 43 a5
Alee Lginaa (e (3aadl
E, ¢
kY, 4 7-47
o = (7-47)



Electrophoresis (w985 5N 048 Jlae A ddlaall 3831 5 508 -3
Tt cnde s onl pan 8550 Al Adlal 38al o e i
o Vs Joe (v a5 SNV Ao e 55855 oeST il i
e eV

n

V:

(35a) absled) il

O3-S B Ball paay A58l | s 55 A g2l A8l dlaw o A e
toa Voaond Jae L8 ol aiall eVl de
_ZigV
-2
O Lt Al Al R aaty V1 A8 5ad da gl Aaglia 8 R o 2
(1) Wk Ganal 5 e 458 o f

v

(7-48)

R = 67nr
Al A s ) 58 g SSIYH A u 22T 1)
ZieV
v= 28T (7-49)
omnr

A iialy ela i WYYy al by SN tlad 5 Sriud e AS et 35630 s
b e A 43 o Aiukay Aalae (5S5 A28y (S o i i S5 085 FSY)
il oaa Jul el (Jalaadl 8 b G S 5 e ARkl s3a e Ay
S8 S5 e2n 5 [d(say)-d] 5o LSew Jlall (je Aha lgna a0 Lgald Jolaall 3
andd e clig¥hods a1 g Sy ol e e ALl oda B a8y 8 e
A4S jana) 4380 ke 3 %)

s ygmall 3 (7-49) d__liladl iS5 A Z a5 s daadll il 136
sl

AZV
v (7-50)
onn(r+d)

O 233 (7-11) ad, ol oy odisall SIS



PSS o Caad 585
C=(r+td)dneg, ¢
(r+d) sk auas S0 sl g priaall Sl
agled) A8 e Jiass

AZ=4ne, g & (r+d) (7-51)
e Jeani (51) «(50) Sblad (e
y= L8V (7-52)
(3/2m

o tide olia Jebee e o5 giad Ll VI (7-352) aobeall (7-52) Aobaall auii
A 880 s 93 e Alds pm g ie o Al Ax Y1 S A Gy el iy (372)
Obb s dais el Jllaall Alls 5 Wl (7-352) ahiladl aladind Kol (e 43ld faa
Aautiall Al a6 (7-52) Aalaal
S ¥V S5 b 8 A e ol sl 5igl sl Y 580
sl o gl 4Bl | uiea

Bo—b plasiuly A s adae A3y sl Ay ) 55 S Do ol s (S
O 301 aal oAt g agaal A4S pa Aalal AuEda Jeadl daed il uuls
R I PR S RO - S VPN WIS WWEY PP LR W R X
by il Clilee 8 D e Load it 0l na Jaeas 2 oeSH Jlaall 20
i e i al  aUad) cn S s Sl Sl Sl
ey Ayl Gediy 55 5 81 L 5V Sy Akl e2gr yealial
1y ol 8y At Cua Dl gl AE5 5 Jiad Aleall 531 Aalgdl Slinlal
A e SIS el o i g cdime Ao w0 jeSh Jlaall 5 da 3 jall Al
OV Ay s Jaladll (a5 1Sy Ay mhand) al sa il Jslaall a5 sugl
80 Al &0 gl DlaS! gl a8 5k e Bl Llead ) Sl

[A]
o
=y



Led LS haane i g 58 dic 40 gl ol o Sl pal) Sy L e 5 g
e o (5 a0} Bt Jglae (o Juoldll aadl sy g8 a0 Ad jh B abal
3srad e oo ) (Qls gl e ATy 3V il Jgladl) 5 of b5l
a0 A A N ey 8 L oy ey Ciia S e
s ouel

e Aahde b i) Aol 3l JEW) Jiaie ail il e
etrg g Akiil oda 2 b jhe sl Aoyl S L o eSH Joladll Aty _ols
e 2 S Dl Adads ie m g prgl 281 5 de sl (g ALl el e
S gl 3 eall Dliiall
Behaviour of colloidal systems du 5 &8 Al @ls slu
Stability of colloidal dispersions s s, <l

s (o S2a) giall A g3 3ad ARl Aaida W g palt BN LS aa
o el Ay al A i) kst sy a5 il gl g (350 638
Al eVl A sl AR S 5 b Caaas (A Sl ) (Bl
el ol b anany 3 g Lalis o 15 jiinns & e Aalall (55 4,04 ol
AV by e Jaall e V) e Al (B (808 A 5h palll DLl 5 o
S el g Y et Laxie Al g SadD Sl A e 35S0
G A o iy Apliie Sliad L8y Jaad A g8 olll DLl 5 alls ddga ol
S5 Aalil 3 5eY) e lin ada 3l o jeS Jlae b LS s ol
e 3 HS” AL il gyl iyl of JA i e a5 . gl e
iapaall AR Tl el s AS,Sy ala )5 19,80 el BE mad
ALSe ne e g 5iaT o cang (g g Al By e 488 JS Jaad (Al 4 L)
Os—S5 g (gegen ions) sobiaell b oY slewall 5 Aaa gall (s g ugl DU el e
i JS Lhend ol Sl Clin 2o allyy 35 G b o BE (5 8
1ia a0 (g 8 bl ol &5 Jadl ) 58 Bl (g 8 520 (0S5
sl a i e yuliy .ol platl s I el jakg ea o (e SN ALl

217

—



Gl R gosy - 3 telead A Cladl e 4 sall el s gl
A iy B Lelaad L Dlia2D S5 o S Jolas Y Asald d dallaa)
ol Saaa 13 )0 Hse JHLxlE 5 8 5y Lein Lad ALED (5 8 il 3
Lo pa il 13n 36y chalat® o et i ges Ay g il (3862 G185 58 Aa
G S iy JAN Sy A el Sl ad Y il s SQ Adla) die sy
Gl 5 € 5 S a5 Wi 205 pastuaall il y SN gl Ledaas AN il
il Caay 4k
Colloidal elecyrolytes 4y 4l <lid g SN

f Laa¥) o sleall Lo goad 08 Sligl o Slidy SN s (5 525
il iy 5SS oyt I pall 538 5 L Ailin) dueliall il e S
b yaS Loalind) Lehdlas el dlle O3S 5 aie L€y laa Adiaad Jltacal 6 Jaks
a3 A Cp Alia gl (81 S b IS jeliy (g ) sand) Dl B

a5 e 20 o Clagalls ensle (585 (@bl M a5
Al J U p pa 5e S 5 die Sl (S0 Agiad 8 Aeliall DY)
G ) i 5y il Qo o V) paa 58S el o se by Sl s 5
i el e (Lal i 3B Gl g) pgiins Bkt # 3L (Y sal
saiafiy (107 M asaa ) 1o s ddise S S 5 vie Sl pSY1 58

Bk e S 5305 el y &ty Auniiio nd Y Josi s 58 R Sl 1)
o) s

S Sl e Ll (68) (s gand (g anl gll Al 555

Colwall 0da 2y Jua gl (3 allal palia W elly sk pion
Al Y Qg S 5 el Abdul 45 Leiy cadal dad 9 Caan S5 IEH a B
Joa Sl e 38l dayall y da gd 3all Aidall d sobiaddl Sl JIS
Jro s b Lmliadl s L LS 380 38 n il Ll canas g (30080
Gl S e 38 5 8 sVl 0 5ulSE Jaadh el 38 jray . Jslaall
ALy 5 € A b pssay p Jafid) DUl Alba 5 33505 -l Adaa 50

228

e



L8y A g S el ALl S n sl el s el Aedll e S s 3
Sasiall A I aaadl sk Alinall A8 jal Adasis SlSa) A glie ollia  2ng

S ) Ao g i Jslaall rpadl S il Aad e 58 ol
i Jsdae 8 Jladl e LS AL adl el gan 2 aealt ) Jeaig
s 39 e 2GS I JEY) S Gl gV o dlld de Jilal g . prentSH
Aaa il oy bl e e S Y aeadll e Sl 8 ) o
(X) QU PO PELTEWPSTPPRRUSITI [V ENE R R P TNESIE PRE TR
A Gy Sy gl hia (68) (o s sind Ala IS e e gl e Ol
15 oa Sy Al
Polyelectrolytes <ulg ashyt yae

Ol A UlH Anaal Y Gl wa p JS2N Ay S el ALl BB Saas
sanize JRl sas aai Ay bl ol a1 o G Leis jsat o B Jad Y
1y Sikie LS sS dady st ) 8 el Aatig culall e
e Janndl Ll oda g Al gha ALl D b jad g e B jle ea ol SSTY)
e ALl o3a Jsha e disaiall Do gandl JabiDy A sl Do gane Ladlxidl
Do it Jslae b ol iy gl sl bl sae gy ol lgaany
Lol aa o Ao 0 S0 e sanall G AU asn a0 el 04 S0 s
i ol 5 QU ey 3 (bl Sl aea) AV meadt T AL
coaad g aay s AL il g Ay A b Apmasl) Sle genall (i
St ganal Alsladd Slly mend Y s i Ailn) e i o A W3] (S
PO A ) G VLS SN L 3y Il g A o S
sal 3 dai Ally g Yl Glal sale) s oy 5SNT suae el ) s AY
Jsa gl DLl 405y e ganall S D as e Sl A2 51 s il
SHEE Y, ISP WP B S PRCI IO [ SUPRECI Bk U 5 PRV R A
Al g ST anaad saliadll

510 e 0 s seSh Jlaadl 3 ad S el ol Aalgd ailadll e
Ot e soliadl Sl g1 48 jn ga0 35y At 4kl 48D LlS 2L Y
b o Al d pean J gasey SUatn¥] oy Jladl o da Al
Jsall ola

229



Membrane Equilibria 428 <l
il SN A5 s ) Leaaal S 0 ibisa G ghae Uiy 1)
pbe s el Dl e g e e e LRl s g ele sl s e
2 A Gl e Y1 e aaly s 5 e e 5 A1 Gilea))
s g o Ala ) e elzall Dla a3l s il ilua Gl S 5 g
Sl LYY S 5 s Ly ol el 8 A5 Jie L) 38 i e s Asas ke )
Bl 8 G0 s Y Al ) Ul i A e LD DA Y
adl 8 58 aa s Dl p 5 plial salal) (5 slatie e ao )i Un e (5 ) sansY!
Jotae e 5 0ke 5% Uapn Ll Lpd) e e Waall e (oLiadl 2ga cany)
paand Sls Jsbao (e Y gaie 05805 X R Sligd o 6 sims ol i
S sbaall L e, 130 ADIA RY 1 Jil e Lo 13 e 5 - oolane ¢ L2y
=) JEll 5 o e Al AsaY Al i 8 (T1), (1) Sl

(7-10)
) (1) ) (I
H;0" H,0"
H;0™ X R*X X X R”
Initial state Equilibrium state

AN aflad S5 A
DA de Ay ARG Halad) ((7-10) Js

e el dal mauy Lot 4ana €0 allis e liadl D 5oV RY o)
I B o el DA X Gl s HyO' ptsoned sl e IS
eLiall Jlew e (1) o8, Jsbaell 3 :agfl g kel ) Jea Alladl 5
e S il e € 555 (X)) sl (11) 4, slaalt 3 (H30 = X))
R" (H;0°

230



A5 5 il Calicad AN DL Je Juass o) FY die g
Mingor = Mmoot 5 "W x-="Hx- "Moo ="pmo (7-53)
i i e el sgally GleS el sl I of s
b 3 ey ey cpiall hia GRS RT 5 grany ¥ oL2al o L
il e el 2l

(Oni/oP) = V;
AN AL (7)) 7 Ahlly 7 Giall SLaSH agaldl bas g
gi=pi +RTIn g (7-54)
Sl g (ShasS g Sl Opae—alt S & Caamy S35 Uf e ey
1 Sulls
P
—_ x —
ui =pj + [V7dP (7-55)
0

SNy aaall 2 V' (P =0 hauall AW Lol o p; o Cus
55y Jataalt Il sail i aa) oS A 0 alil ey Al Alad
13Xa V™=V = constant

i =pj+ VP (7-56)
ui=pj + VP, RT In 3 (7-57)
s3eS arity ol o Cum
M0 = "0 + Vio P'=RT In ‘a0 (7-58)
H]J.uzo = H]J.'}.[zo + szO P!=RTIn Ha}.[20 (7-59)
AN A e Jiaai 13
IIE‘H 0
Vio (P~ P =RT In ] 2 (7-60)
44,0

Ol a4 Gl e Guasi (7-60) ((7-14) @Y aleadl alaituly
.5 i)l @)g‘f\

231



1l .
(P'P"Y Viyor =RT In —==— +F(y"—y!)  (7-61)
4h,0"
I
(P'=P") Vx-=RT In 1 X 4R - Y (7-62)
d. -
X

liad s syl -~y = Ay o G
e Jeany (62) «(61) ¥ laall o e lisdl aga Caday

II a ”a
T H,0" "X~
P'-P= v R 5 In | —— (7-63)
H30+ + X— aHJO+ aX
A Y el e Jean (63) «(60) <Yl o (P - P') wanay
Il o2
. 2
[‘lq In | - HO o [—]—_] In [ f‘j—] (7-64)
VHQO a4H,0 VH;O’ + VX’ Say

TR S
(aﬁzo)x aHzo)x

V., ++V__
H-;0 X
X= =

VH,0

S s (7-65) Aok Sl bl b (a0 ~ 1) S 1

I 1
ai ~- ai

(7-66)
(7-60) idileall S (P' = P") dall Ciday eliadl jga o et (S

138 (7-62) « (7-61) oilslaad

232



Il (] )X+
. . .
Ay = B_‘[lnz | H-O H,0
[ﬁ 1.0 (” ))(+
' a4H,0
RT [ Tax- (“aH o)x_
RN : (7-67)
Ha _ (I )x_
X 3H20
O S
Vv . v
xo 0T VX
VH,0 Vh,0
l 1l et
34,0 " 2,0 =M
radiedt Aslaad e Jians
I, .
R H,0" }
R P R (7-68)
F I, F 1
H30+ X-—
o ellall agal ‘,L._]| Sl
1
ay=R1 1y 2 Ry (7-69)
n¥ a F

1

el S Wabs ase s s gl Jalae (J A e i Ly
Pl il S Y1 e CalieaY! Cilida 3 ga g



[} 1l |
ay a2+ _ |83+
ay ]a2+ I‘?‘31+
1/3
| Il
ay_ a
-5 3= 1= 1 o= = (7-70)
a3- a3+

el S Y A A sagm sl 5 Y Dt U e e W el

e g ) ilas Sas e (R patll bl Y ) Ledae Jay O (S
o sl OB L le 5 U p il e e Jiladl o (gm0
A8 ja o San gl Cua a.,;.;,),,\g\‘ Aabily) 8 s o 0 Agenl ey y L2 pasal
St A L0l Dllaad WSaThy L Aalh B & Ay Jads Sl ASIY g e L)
Adbad) Caliad LAY ol dazef B3 b duadl Adad Jals
Dialysis :3 jLall

3l e e 4 ygiaall yoe Sl 3N Jead 8 oLl Sl st
SRV PENCLYRCHITN A FPURT IRCADUR I SO-TADL - WO PO INCRL R I L4
2 bl BB el g el mans el G il e 5 50a0 5 S8 aaiat
il 2t g L s gl ana d AN 380 e Lty aDa el Jeladl)
= A 3R e aldlll e A8 5 pate Adiay L) oo Al el (o
oS Ayl edgny e LAY DA el SISV Alanll 638 paiy sl e
S s S BB e g ginall Jolaal g gy A peas o i) CaliaYl Juad
S A eS A5 B 0GB e sa g Jpellad ile ols ey e lle
e e Sl a3 5B (Sars el Lk ) (B e geia el (il
e il on Asmandt 5 geall I i bgand Asatadl o3 aadid g ¢ Lial
Dl et 3l Uil ae Ja0an L oSy Al g soleall AlueSH B sl
NaR s o) s prpa =lo M lie Dla Sl clall JEsh mend 3 3ho dlec
Rl gl JEl mansY g Na© a5 goall DU sl Sl eliall 130 peany

234



Hgo, NaR

O (38 202 aa @llyg ] dan sl I S gl e o3 geall il i

iy a5 g el B e S s sl DU oy 2S s el il
elall SISE o a5l pa g ol Cliad aain ] bl eSH Jalaall Blaa Sy
ity Bl Laf llyy RH asen james 300 @llig RT b i pe
il Ao Ol shaall Algall y AN IV 58 5 56 T daw sl 0 e S

:‘_rll:JLS G'L.:.\i.“
(1) (11)
Initial state [Na’]=0 [Na']=[R]=C
Equilibrium condition [Na’] =X =[OH-] | [Na']=C-X
| R1=C
[H]=X

STz el Al oS5 Qi sy

i I _ 1l
Cang*  aoi-) = ane~  aon-)

1A Kw
X =(C X)[ X)

X =(kw C)"* (7-71)

[
sd
wh



Floie 850 (1) sl (A5l o geall DUl o e p2 S e
Aleadl ain o wll e lally (1) Jslaedl jadiselt Dlal) (Lo 5 08 Cavad o 531
e L A8 Sl o2y - I 5Y) Auals 3 paiecall AS ol iy Sl e
58 day NaR caiall
Ion exchange resins s Jobil) cilasil

S5y a0 S o L ol A nlSh Y oLl il e
plbill Js b o alie B g b 5 s Sl siled) aes Dle seae
Sl Al 5 S aah e Y e bl Flie gy Sl
N S OCORE E UPIIRTCCIRCP N (R RCEUPY PPV PION [RCIEPE RN 5
Sy el i ale f pmes Jglae Azl adey 13 pasall Dle gane
N ERPE U R EXF N PR Sy IRV g SN T 5 g
Dlo ganall g g m Bl 5 B Jlaall o O Ciall U o508
Llle U send Uniza Sl G Ja0s Jalaadll jedas s Adlia dad 5 0 4380 dnaasd)

LS e 2l e 5y e 5 Biak e U b i i
2T Jslaay ox AN Jslaal oy aly ST S 4

Caton exchangers
7\
+ -
A B/ C
A8/ e N\
I 2 3 4 5
~— P

Anion exchangers
olall Addas gl zagal (71 1) Jsa



e Jstne (3 (O somedl 5)5me ) isY) Dol @l gy Wla
[AT Sl I [H'T G sonedl Sb e s o s (1:1) ety HA e
1S st Aad 1 Jatal g deal Jeas (101) o a o Jsladdl Jslaa 8
s IR el A e el Gl Y ey 4 ae Al o3a (e
U Jas daw iy G A G 280 D DUg Y1 el ol dddad
oAl bl i Sty AT Sl e M e Sala 0l ) e Lt s sl e
=T I Jah 0 GlSl Gile seaell w055 Al A 51 blad Slat ) Al
dso—a s J—aal ladl jlalisie) e pe Ban o8 Sl all sl 2ua
b Lo i ) g 0 IS Jolall ety pe Jadd ey el ) a0y U 550
Aadlal slaall o e el Y @l g Adatl pilias

Al ey e leliais Ao W e Alude 3 s lalt slall pn i
olmall Al wiadd Loy (7=11) JSEH anyy 25808 5 A sl ol Slaih
Jma 1 A Al LDAT 8 el Cuiy A3y Ay S dadla 5 8 aaaad
Jlaadl ol By s ol DUa (soluaie) AnSlatie ilaladl 8 s 5
Ll ) rand L Aariioaadl Slal I ol g5 el AS Al aiy w5
min (1) Jslaadl W (2) Uslaal e aBla el g (A7) s
(2) o8, Jslaall 5 (A) i nadl M Jedl pa g sl DU sl e
=5 Jslaall W SpnlSl g el (B) (i) Jolid 58S ey il
J—aall iy 138 5 (2) Y (3) o aATa S0Vl gm0 e On 3 (3)
Jladl x st Bl iian 581 (2) el puar La Sls¥L e (1)
b el 38 iy liar ST s (4) Jslaed Leag 158 5 9 (5) «(3)
i iy 231 e (4) © (2) sl i da 3 Y Jesd (in il paY)
{95%) S

12
(s
~J



el QL e Aliad

Al oy il aledt e L

A g el Al S 5 - S

(s oladly Al Bl spals (5 gius i e

L) e Do S0 (@ LYY A 5o el A -

bl B Bals 2 a A 5eSh el AMad e 4d et La i
A oS0 A i Apilad Sliate sl L GliaY) G gl ok
L2 s Y

e Aeadiiall S kL Sl SLaad LEY) e 48 el e oS
L) e Sl

L) e o (Sa S o 48 Jlsw (A Alladl il all 5 a7

ST PR vty i I T W EE

(1)
(2)
3)
(4)
(5)
(6)

(7)

(8)
%)

Al el L adl e g S dila) S Le s g ad Sl e QI (10)

A sl

D el 65 AR pb s g LAy el Dl RSIYL 0 geaidl 52 Lo (11)
Ll S nad dalgd pattiadd SH g SV e e (12)

Sl s oo el (S0 S mimy AaZeVE 3 e ieadills AIG (13)
A eSls Shall o Le b 3hall 2 patall e Lz ) (14)

leadari ol R i L ey el ol Slail s 3 peniadl 4 L (15)

23 e alial





