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The theoretical expressions of Smoluchowski and Booth for the primary electroviscous effect 
in suspeu.sions of charged particles have been considered. The range of kct values over which 

· the <:omputed numerical valaes of tbe Booth function Z(kct) were hitherto available from tbe 
plots given by Booth, has been considerably expanded by use of the limiting forms of the fane• 
tion Z(kct) for large au.d small valaes of kca; and it has been shown that log[11 b 2 {1+ b) 2Z(b)] is very 
nearly linear over a ~ited range of moderate values of ka. The electrostatic contribution to 
viscosity in suspensions of non-conducting charged spherical particles has been calcwated as 
function of kct for two systems of limiting simplicity, viz., (i) constant !; potential, and (ii) constant 
!; and particle radius a. 

T HE primary electroviacous effect, i.e., the elec­
trostatic contribution to viscosity in suspensions, 
arising from tho distortion of the diffuse counter­

charge distribution around an isolated charged 
particle due to the ions being dragged along by the 
shearing flow of the moving fluid, has be~n con­
sidered theoretically by SmoluchowskP, Krasny­
Ergen2, Finkelstein and Chursin3, and particularly 
rigorously by Booth4 • The predicted effect is 
extremely minute, and is complicated by tho simul­
taneously occurring S\)condary (a~o electrostatic) 
effect• which arises from the charge and flow inter­
actions of the diffuse charge atmospheres round the 
neighbouring particlefl.. For the separation and 
identification of the primary effect the intrinsic 
viscosity must be obtained by- extrapolation· of 
1J8pf¢ to zero particle concentration (¢) using appro­
priate methods of dilution; the :Kj value thus obtained 
(K = Lt 7f6pf¢) may then be compared with the 

,-+0 
estimates of the same quantity as predicted by the 
different theoretical treatments of the primary elec­
troviscous effect, viz., 

Ksmol = 2.5(1+ ~ (26{;-)a] 
a'7J0a , 1r 

(1) 

Ksooth = 2.5[ l+q*( iif-T r Z(ka) 1 ... (2) 

. where u, 1Jo and e are respectively the specific conduc­
tivity, viscosity and dielectric con.'ltant of the sus­
pension medium and a is the radius of the particle 
whiQh carries at its surface ze units of charge and a 
potential difference {;with re~>pect to the bulk medim;n. 
q* i.<~ a. quantity whose numerical value depends 
only on the mobilities of the ions present in the solu­
tion, and Z(ka) is a complicated but known function4 

of ka (the ratio of the particle radius a to the De bye-
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Ruckel thickn~ss of the charge atmosphere round 
the particle 1/k). The Smoluchowski equation is 
limited to the range of large values of ka. Further, 
by introduction of the relation between the particle 
charge and its potential, viz., 

ze = eab(l +ka) . .. (3) 
valid for small values of {; .(< 25 mV), the Booth 
equation (2) can be expressed in terms of {; : 

Ksoolh= 2.5[1-+:q*( ~~-r(l+ka)2Z(ka)) ... (4) 

A further simplification can be made by assuming 
the mobilities of all ions present in the solution to 
be identical, when equation (4) becomes: 

Ksooth = 2.5[ 1 + - 1- '(e{;) 2 

U1J0a2 2tr 

... (5} 

A number of attempts have boon made to measl.U'6 
experimentally the magnitude of the electroviscous 
effect. The results have however generally been 
inconclusive, mostly because of the minuteness of 
the effect to be detected, calling for elaborate pre­
cautions to avoid other possible simultaneously 
occurring spurious effects. Only in a very recent 
critical experimental investigation of the problems 
has the Booth estimate of the primary electrovisoous 
effect been successfully confirmed in synthetic latex 
dispersions. 

Now, it has recently been 1\hown that the com. 
plicated second order electrical effects associated 
with the distortion of the doublt) layers round 
charged particles, as in electrophoresis' or s.edimenta­
tions, can be considerably simplified under oertain 
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simpl~fying conditions, such as the constancy of the 
~ potential, which can also be easily realised experi. 
mentally. The merit of such treatments is that the 
complications due to the possible variation of .such 
quantities as ?; etc., which are critically dependent 
on the ionic condition etc. of the solution, are ex­
cluded, so that the relaxation effects mentioned can 
then be conveniently studied. The significance of 
this in testing elaborate theories, e.g., of electrophore­
sis, has been mentioned by Overbeek also. =In the 
present paper the results of imposition of two such 
simplifying conditions namely [(a) ?; constant; and 
(b) {;and a both constants] on the primary electro­
viscous effect are considered separately. 

Calculations and Results 

The explicit functional form of the function Z(b) 
(equn.s. 2, 4, 5) has been given by Booth; also, its 
computed value has been shown graphically in the 
form of two plots [Z(b), and Z(b)(1 +b)2] over a certain 
range of values of b (=lea). The first of these 
plots can be extrapolated confidently to smaller 
values of k~(upto lea= 0.1), and the second plot to 
largar values of ka (= 14.25). Also, the limiting 
forms of the function Z(b) for both small and large 
values of ka have been given hy Booth; using these 
fol'lllR the range of computation can be extended to 

Fig.l. 

It is seen that log[ 1Tb1(1 +W Z(b)] is very nearly 
linear over a rather large range of values of log ka 
(from log ka =--1.0 to 1.0). 

The computed nwnerical values of· the electrical 
ct>ntribution to the viscosity of a homodisperse 
suspension of spherical particles (particle vol. frac­
tion </J), calculated by Smoluchowski's and Booth's 
equations (equations 1 and 5 respectively) for some 
constant ?; potential values (?; = 50, 75, 100 s.nd 
125 mV) are shown as function of ka in Fig. 2. Here 
<fi = 0.006; 1Jo = 89.3 X 10-4 poise, e = 78.54; also 
k = 0.2222 x 106 cm-1 and u = 1 X 10--,5 ohm-1 cm-1 
which would signify an ordinary distilled wate: 
specimen (or, an extremely dilute (5x10-5N) KCl 
solution, say) at 25°. The electrolyte concentration 
being constant along any particular curve, ?; may 
plausibly be assumed to remain constant also; hence 
the curves in Fig. 2 are best interpreted as giving 
the variation on 1Jez/7Jo with particle size (over the 
range a = 2.25-0.012p) in the above medium. 

It is seen that 7Jel/1Jo is quite small ( - 10-a), and 
decreases steadily with increasing ka. Also, the 
Smoluchowski estimates are generally much larger 
than those from Booth's theory, specially when 'is 
large; with increasing .ka however, the former rapidly 
approach the latter estimates, and at abottt ka = 30 

Fig. 1. Plot of log[7Tb0(1+b)2Z(b)] as function of b(= ka) (lower ordinate and abciesa). Also (upper 
o!-"dinate and abcissa), log 1f•ll1fo as function of log ka, according to the Booth theory, for 
homodisperse aqueous suspensions in different elect.rolyte concentrations at 25° (r/> = 0·006, 
u = 1 X 10-" ohm-1 cm-1 , 1fo = 89·3 X 10-• poise, a = 4·5 X 10-•, e = 78·54), for four differ· 
ent oon11tant values of{;(= 50, 75,• 100 and 125 mV respectively, from the lowest upwards). 

still smaller (0.01) and larger (100) values of ka"'. 
In this manner an extended plot of log [1Tb2(1 +b)2 
Z(b)] has been constructed, and is shown in Fig. 1. 

" The computed numerical values of log[1Tb2(1+b)2Z(b)] 
for one particular small ka value (ka = 0·10) are respectively 
-3·213 and -3·189 according as the value of Z(b) is derived 
from its limiting functional form or the extrapolated Z(b) 
curve. For large ka, however, the mutual agreement is a 
trifle less good. the computed values for Ira.= 16, 211, 35. 50 
using the limiting functional form of Z(b) fall just a little 
above the smooth ourve corresponding to two computed 
values (for ka =- 10 and 14·25) using the ext.ra.polated 
Z(b)(l+bl" curve, and one (for ka = 100) using the limiting 
functional form of Z(b). 

the two are nearly equal in magnitude, for all the 
different ?; considered. 

The nature of ...variation of 1/el/1lo with ?; when both 
k and a are separately constant, is, in case of both 
theories, quite obvious (equations 1 and 5), and 
need not be further discussed. Of some greater 
interest is the case when, instead, the product ka is 
the only significant variable involved; the variation 
of log 7Jei/7Jo according to the Booth theory would 
then naturally be similar to that of the function 
log[1Tb2(1 +b)2Z(b)] (i.e., linear over a certain... range 
of ka). In Fig. 1, this variation with log lea, of 

766 



I. INDIAN CHEM. SOC., VOL. L, DECEMBER 1971 

9 
\ 
\ 

\ \ 
\ \ 
\ \ 
\ \ 
\ \ 
\ \ 

' ' ' ' \ ' ' ' 
0 ()"3 

togKa--

Fig.2. 

Fig. 2. Plot of '11•1/"'o as.function of ka, a.ccor<Ung to Booth (--) and Smoluchowski (--- -) 
theories, for homodisperse aqueous suspenAions (¢, '1/o• e, ,. as above~ k = 0·222 X 106 

cm-1) of different particle sizes at 25° for four different constant values of I; (=50, 
75, 100 and 125 mV respectively, from the lowest upwards). 

log 1/ti/'Yfo (for four different values of {;) is shown 
alongside the variation of the function mentioned. 

Here, the variation of ka implies the variation of 
7c alone, since a in equation 5 is assumed not to vary; 
each linear cuxve thus gives in effect the variation 
according to the Booth theory, of log 7/stl~lo with 
log ka, at a particular (; value; i.e., for different 
homodisperse suspensions each containing similar 
size particles suspended hi different ionic strength 
media, (; remaining constant notwithstanding. This 
condition may well be difficult to realise in practice 
as (; ~~~ known to depend upon the ionic conditions in 
solution. 
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