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Electrostatic Forces — Introduction

Colloid systemol| A A3}t 2 s }71] HHA A7
= AAHAA, 3H o7 HEH 9 & 4 (electrokinetic
properties)

o] chapter oA ©& AA £AREY 4T &S FH TH AAA
chpater 9¢] colloidal systems .= 23 A|Z A o]t}

electrokinetic properties: primary mechanism for stabilization




Electrostatic Forces — Interface Charges

1) Preferential (or differential) solution of surface ions
2) Direct ionization of surface group

3) Substitution of surface ions

4) Specific ion adsorption

5) Charges deriving from specific crystal structures.




Electrostatic Forces

a) Preferential (or differential)
solution of surface ions

b) Direct ionization
of surface group

c) Substitution of surface ions

d) Specific ion adsorption

e) Charges deriving from

specific crystal structures.
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(b) Direct ionization of

surface groups.

(d) specific ion
adsorption
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igure 5.1. The principle sources of surface charge in solids.



Electrostatic Forces — Interface Charges

Ol) silver halide colloids
2329 A20= 20 st E oI 0
&5l =0 oheZ A0 &

Aglel B2




Electrostatic Forces — Interface Charges

100 - |9 =&} <= common ion effect0

F 2 H =0t LA & SOl - JF BH &0 ZS&0oF




Electrostatic Forces — Interface Charges

HOH 0|2 2 £ A= J|s)|: DEX JIs)| L= metal oxide

Metal Oxide:

CH =2 OI amphoteric (S0/2 0|2 25 JIs) : pHOl 2ot =&

| =
=& 0tCt ZPCIt ==06tL.

J=AF EH:
carboxylic acid and salts (---COOH, --COO- M*)
sulfonic acid and salts (---SO,H, ---SO," M*)
sufuric acid esters and slats (---OSO,H, ---OSO, M*)
basic amino groups (---NR;, R=H or organic groups)
quaternary ammonium groups (---NR,* X")




Electrostatic Forces — Interface Charges

Degree of ionization
COOH - (neutral) COO- (anionic - basic condition)

NR; (neutral) NR,H (cationic - acidic condition)

sulfonic acid or ester - £ 2 anionic (S22 & ¥ OfF ZAHAH 0]

O10F StCH

Quarternary ammonium salts - i £ = cationic

aminio acid (---C(NH,)COOH)2| &< pHO|| [Itet &




Electrostatic Forces — Interface Charges

Isomorphous substitution ; 0™ &0 =0ol U= 0[20] 1 0|2 2Lk
&2 JXIIE 2= 0|22 2 X &= 2.

Oil) silicon atom (valency =4+) in clay Jt aluminium (3+)2 HI# = &<
HH=2 s0/=2= UlA =L (A8 5.1¢)

PHE W01 ZPCE OHS 4 UCH




Electrostatic Forces — Interface Charges

carboxylate (--COO  Na*) 80|=24
— di- or tri-valent ions &J} — 20|24 E0Ho &4
=S A0l 9Nl S 2= = L.

1 T 11— ™M




Electrostatic Forces — Interface Charges

kaolinite clay
Aluminosilicates - 20|21
24 He == S
= tSJ|& o,
ZPCE €4dol)|x
Olciet bl HE A O0l= S0
Ct.




Electrostatic Forces — Theory: Coulomb’s Law

A &eHF, )M F 7He Askrt q,3 q,0 A ribE oA e o,

q./(4meer)o] Tt
O &Jste] A rell 3444 electrical potential Wo| H .
Astq,E g, A rekell 2t T =4 a3 d2 q,




Electrostatic Forces — Theory: Coulomb’s Law

=& XHLE 8 0l =20 Ot many body problem
O™ AL Jl= AEHOIA AGRES S OHHII
OHHII?P 2l 71EI01|A-IE %ES Ol

Blotzmann dlstrlbutlon_ EP% 1t & OI —.—017‘I Ct.

c = c,exp(- AG/KT) (5.3)

=2 OI Coulombs lawE (=1, 4! 5,
= M0H G E0H AL o'IOISQI

IS_I Mot0l ) ¢ = WOl 02 EH0A 2H0l=

Ol=20 CHiotd & == UL
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Electrostatic Forces — Theory: Coulomb’s Law

=AS0 US =

oHCH Mot0l 2ot Mot el =z U=

ionic atmosphere &£ = charge cloudct




Electrostatic Forces — Theory: Coulomb’s Law
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Figure 5.2. Models of the interface for charged surfaces: (a) the early
Helmholtz mode! of a molecular capacitor; (b) the Gouy-Chapman mode!
of the diffuse double-layer; (c) the Stern model.




Electrostatic Forces — Theory: Coulomb’s Law

Helmhlotz model: like molecular capacitor - &otJt & Hal ™
+SIMOZ HH Melg &= U2 U, diffuse layerdt = SHD|
Nl. diffuse layerll A= S JH2 &SI} A5.601 2lst 2BHE
ZetCt. OlE 1dotH S0 A=tst H 40| & L.
Gouy-Chapman model: C}E &otI HHECZ &2 Jis

A 2HU
Jl EHO| ATX} MoHE 2
&l 9| steric effect [ 0

d =20 320] U= = U

O] & = <0l diffuse double layer
o=l 0l 32 &M, 6= & =
angstoms &% 0|12, Ol= &HAl €&
3J|12 oM E SEO0ILL JISIIIF =
HOol 20 UC= A OILCH.
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Electrostatic Forces — Theory: Coulomb’s Law

Boltzmann distribution= &t Ji2| &I & & & XHOl
Lt X 20| U= AIAE0 CHotH= Y0l
AAEN E=2ot= U0l A ZEHUHNMHL AH2l0Hl Xl
O & Ct= Debye-Huckel 2 AF 20l 21 130 Hl AHSHCE

W =Y exp(-4z) (5.7)

=& SH 90|11, Debye length2t £EUCL}.
HOA 1/k2 Helol M2l potential2 1/e HH2HE & C.

Flgure 5.3. llustration o decay of : |-_||:|:'- s | 1 digtanc
Irem the SUTTace 1IN Variowus roiraly | antratian ange ||j'.r.|; :._'.|




Electrostatic Forces — Theory: Coulomb’s Law
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Figure 5.3. lllustration of the decay of surface potential with distance
from the surface in various electrolyte concentration ranges: (1) low; (2)
dium: and high




Electrostatic Forces — Theory: Coulomb’s Law

surface potential0] &2 & 2(<25mV), 8J| 0SS SFH AH LA OFch 2t

0141011 Af £ < 2

2) ol Bte

Olcfet SOl & &0

T5.12 25C &oH&E —#%%Oﬂkl Molld s

aote A= = + U204, 0|=280ot2




Electrostatic Forces — Theory: Coulomb’s Law

Table 5.1. Double-layer thickness (1/x ) for various electrolytes in
water,

Electrolyte 1/% (nm)
(mol L

F1MX)  1:2(MXp) 2:2(MX) 1:3(MX3) 2:3(MoXa)

17.6 . : 13.6

2.57 : : 4,30
1.76 : : 1.36

0.56 : : 0.43
0.18




Electrostatic Forces — Theory: Coulomb’s Law

. Hl bt
For 1:

= 2ttol ofJ| ot iS4 £0] 2ol of AL
1

electrolytes (eg. NaCl)
1/ k =0.304MX]* (5.9)
For 2:1 and1:2 electrolytes (eg. CaCl,, Na,SO,)
1/ k =0.178MX,] ™% (or [M X]™* ) (5.10)
For 2:2, 3:1 or 1:3 electrolytes (eg. MgSO,, LaCl,, Na,PO,)
1/k =0.152IMX]™* (or [MX,]™* or [M X]"*)
For 2:3 or 3:2 electrolytes (eg. Ca,(PO,),, Al,(SO,),)
1/k =0.136[M, X,]™¥* (or [M,X,]%*) (5.12)

(5.12)




Electrostatic Forces — Theory: Coulomb’s Law
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Figure 5.4. Schematic lllustration of the distribution of charges in the
diffuse double layer around a negatively charged surface: :
concentration of iens near the surface and (b) the net local charge

density




Electrostatic Forces — Theory: Coulomb’s Law
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Figure 5.4. Schematic illustration of the distribution of charges in the
diffuse double layer around a negatively charged surface: (a) the total
concentration of ions near the surface and (b) the net local charge
density.




Electrostatic Forces — Theory: Coulomb’s Law

I&* féﬂ INVSIE=IPS
H0l =& 0/=20]




Electrostatic Forces — Theory: Coulomb’s Law

T gI3R0 LSk &2 S A CE

oint chargeO| Ct.
0t E 2 solvated ion2| =0l 2| &06t) &A= Se=
2) ™ HOUA Mot MHE [, @t MotIt &M & =
SOl IHMHLEZECE
3) BHOH & 3Bl= OF=F JIt0 82
4) 0= 0|30 @Al =8
HII0l=S3 LHUA REE2
r=E=2 EF0=otdE HH
=0| 8t Xt== & B &L
8%(” ED:|O.|| A—|EI-II-I OE %il-%
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Electrostatic Forces — Theory: Coulomb’s Law

I ™ electric potential 0] = 0
MII0I=SS2 FHIt &FOHXIH,

OlEH 2= A4t potential, ¥, 20 &2 3

Stern Layer0fl &= 0l2=2 mobilit

diffuse double layer2| 0O|2&2
AJle g9&= stlt. Jlg g1

()

& EotH = L.

af MatEl o QUL BtH
XolE e2&2=2 JielAHL S3t
potential 0| HIH AL E Z Gouy-

Chapman potential ¢! W = 2&0o|l 8&0| =0 = Stern potential W =
HFR2 O =010k StCH. Ol Stern potential0| dM&ECEZ ZEH=HA 00| &

Ct.




Electrostatic Forces — Theory: Coulomb’s Law

=30l DIXl= &= JtAl Gl E &

_185.5b= specific adsorption 0] & J|0|
O &Ct.

Curve 1.
Polyvalent counter ion &= surface active ion of opposite charge

-> charge reversal (ie. W, has opposite sign to W)

Curve 2.
HO 22 HMotE 2= 0|2 £= HHEH =SE (surface active species)

— 1 =]

-> increase in Stern-Potential (W >W )

Distanca
Ll

TAllg '| stration of the electrostatic potential enargy
=tern model and (b) the effect of adearotion of
"-" countenaons (curve 1) and surface-active



Electrostatic Forces — Theory: Coulomb’s Law
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Figure 5.5. Schematic illustration of the electrostatic potential energy
curve: (a) according to the Stern model and (b) the effect of adsorption of
pnlyvalent or surface-active counterions (curve 1) and surface-active
co-ions (curve 2),




Electrostatic Forces — Theory: Coulomb’s Law
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lectrokinetic Cd % SotH &
Ct. 8MoHE SHO AN otN= O'IFSI OIE%
10| 01 01|/H Sterns = 0l XNHKXIJ} Ol =
ﬁmOﬂ §O1 ULE. X} 20| sH0l=
& =2 Shear planeO| 2t 8tCt (1 &5.6

Bound (immobile)
counter-ions

Figure 5.6. Schematic illustration of the physical meaning of the shear
plane in relation to the surface potential and ion mobility in
electrophoretic phenomena.



Electrostatic Forces — Theory: Coulomb’s Law

shear planefilAl= &2 B3I IR 3D =

A2 AY6l HE L e Stern layer2] Hi2 B2 2
& 2 potential2 W, 2L 2+ &L

Electrokinetic potential (zeta potential)

Shear planed 0l Al 2| Potential= Electrokinetic potential £ &
{(zeta)potential 0| 2+ StC}.

(=S Z20AM SEES 0|0 &€ MAEOICH OIS

Ol 2
EH‘:’=’°| d20 ctw Ol 2011 =L 11 0l=7= &e
0 SO H2O0ICH DU &L s&EIF = 1LP, S
LP, HOI=2d &2 S&22 26t shear plane0| =™
cl E0MH U= Z<O0ICH(OlH= 20l W, 20t Al =ILH).
2N AIAEN H=0t= Gloll= 420l 2 S0l UL el JHAl 22l
S0l S22 Agol)| H20 2 M0l S=otAH =L 12l %d
= M EZ2RH HE8et HE= 20Ue=e Xk dXle &0 ddU, S=

et B0l B oH‘:*% == UL JEANME S/H= & 0 B&EE 0l
S = UARLL 0l ER0U T M==2 AILB0 5




Electrostatic Forces — Eletrokinetic Phenomena

SA0l= 40| UL Olefst
|4 eletrokinetic phenomenact 1) CHS it

2 4tAl SFIF UL

1. Electroosmosis : 8J|E0HA &otE © AXE 30 CHotH HAHIE S
& 0|l= A. fixed surface: capillary tube or porous plug.

2. Electrophoresis : 8J|&0HA EX= HAO CHotH &otE © HEHU M
JI0|&S &0l 20| &0|l= A. eletrophoresis is the complement of
electro-osmosis.

3. Streaming potential : dXl= o8N HHE Z2H=E E2|EH &I O
sl &= LY

4. Sedimentation potential : A XI= EXH0| CH &= A SAE [
MAE M.

0| = electrophoresisJt JI& SR &
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Figure 5.7. Four principle types of electrokinetic phenomena.
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Electrostatic Forces — Eletrokinetic Phenomena

Microscope electrophoresis &= microelectrophoresis2t 1% =¢&lCt. I}

& &1 SE6HH colloid & XHe MI|E EM4S HRE £ A= JI=0|LC
silEdez PAE &S = AUH (200nm AJ| L), electrokinetic
2= QUCH Il XFHOF A= 1D QULE

=

cl& 42

SIS N B =

=
Ol &lgez & =A=
1) electrical nature of surface
charge sign
charge density (indirect measurement)
effect of pH, electrolyte content and valency on charge

2) electrical nature of soluble species -
Polymers or surfactants (= 3 0f
O]) R & O] MoIE & 25 [

IS 4485 & Ot UM 2 ectrophoresisE
H =™, X2 mobility It d=C}. O|E 0I=

o, CHM RO ®I|H HAS

L—y - T =2 —
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Electrostatic Forces — Eletrokinetic Phenomena

I LHOIA &OH OHE 2t colloid sol OILE SHAIOI0 HAHE ZHHC
A= H-ol= AO|L.

electrophoretic mobility & &

M ol 6 SF2 Mot

=l ot AL B0 £ S




Electrostatic Forces — Eletrokinetic Phenomena

StS40l 82 UXHU 2= AKAN==2 AAEotH &) E== StLt.
(Moving boundary2t & £ C} convection O|Lt vibrational disturbance 2t
2= —EHIE9 MAE = JULE)
. Charge , Molecular weight.
a' =0l Ol AtE - &2 22 =25 IS0t




