
Notes 

Repeptization of AgI-Flocs 

Kruyt  and Klomp~ (1) describe how they 
redisperse isoelectric AgI coagula by adding ex- 
cess I-ions. AgI flocs formed in electrolyte coagu- 
la t ion can also be redispersed with excess I - ,  but  
there  are circumstances where simply washing 
away the coagulating salt is enough to bring about 
the repeptization of AgI flocs. This makes the AgI 
hydrosol an interest ing model system for a s tudy 
of the conditions for repeptization, especially 
since so much is known already about the coagula- 
t ion of this colloid. 

Fresh precipitates are generally easier to re- 
disperse than old ones (2-4). This indicates that  
an aggregate of colloidal particles is not in equilib- 
rium. There are irreversible, temperature-de-  
pendent (1) aging processes in coagula. Therefore 
the in terpreta t ion of repeptizat ion phenomena in 
terms of the interact ion between the pr imary 
particles in an aggregate is impossible unless the 
data  are obtained in experiments with a shorter 
t ime scale than the aging t ime of the flocs. Kruy t  
and Klomp6 indicate that  at least some of the 
aging mechanisms run on a t ime scale of the order 
of minutes. This makes the in terpreta t ion of most 
earlier work on repeptizat ion (5-8) dubious since 
these experiments involved the sedimentat ion of 
flocs and had time scales of the order of hours. 

We adapted the optical method for the s tudy of 
coagulation rates (9, 10) to the study of repeptiza- 
t ion (Fig. 1). The degree of coagulation in a sol 
could thus be measured long before set t l ing of the 
flocs occurs. By suddenly diluting the intermicellar  
electrolyte after only a short period of coagulation 
(t) we could switch to repeptizat ion conditions. 
In  most of our experiments t was only a l i t t le  
longer than the Smoluchowski half-life time of the 
coagulating colloid (10). Beer's law held for stable 
AgI sols as well as for these sols in given states 
of aggregation. Therefore the optical extinction af- 
ter  5X dilution ( B t )  could be compared with the 
calculated values Bst = 0.2 Bs and B~t = 0.2 B~ 
for no repeptizat ion and complete repeptiza- 
tion, respectively. In  Fig. 1 the effects of dilution 
with H~O and with 0.1 M KNO~ are compared. 
The effects of variat ions in sol concentration, in 
coagulant,  in degree of dilution, and in age of the 
aggregate can be studied by this method and extra 
agents can be introduced to promote or hinder 
redispersion. 
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AgI sols were prepared by slowly adding 
0.04 M AgNO3 to a slight excess of equally concen- 
t ra ted K I  solution. Sols were routinely aged, either 
for two weeks at room temperature or for 64 hours 
at 80°C, and then diluted (approximately 4X) so 
that  their  extinction was between 0.5 and 1 at 

= 800 nm in 10-mm cuvettes.  We observed that  
without  aging there is a steady increase in the 
extinction of the sols with time, accompanied by a 
decreasing stabil i ty against added electrolytes 
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F~o. 1. Optical extinction (B) vs .  t ime during 
the coagulation and the repeptizat ion of an AgI 
hydrosol. Di lu t ion with H20 and with 0.1 M KNO3 
results in different degrees of aggregation (Bt). 

( c f .  reference 11). In  such changing sols repeptiza- 
t ion was considerably less complete than in the 
same colloids under the same conditions but  after 
aging. The aged sols were used without  further  
t reatment ,  p I  varied between 4 and 5. All experi- 
ments were carried out at room temperature  
(20 ° ± 2°c) .  

In  order to compare B t ,  Bs t ,  and B~t we in- 
troduce the number D, defined a s  D = ( B a t  - -  B t ) /  

(Bit -- B~t). Somewhat loosely one might  call D 
the degree of repeptizat ion:  at D = 1 there is 
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complete  repept iza t ion.  D = 0 means t h a t  all 
aggregates remain  in t ac t  upon dilut ion.  By cen- 
t r i f igura t ion  we es tab l i shed  t h a t  the  va r ia t ions  in  
D as they  were ob ta ined  in our exper iments  cor- 
respond to va r ia t ions  in  the  s t a t e  of aggregation.  

After  coagula t ion wi th  0.115 M KNOs and dilu- 
t ion  wi th  wate r  the  repep t iza t ion  was near ly  com- 
plete (D = 0.9). Ne i the r  changes in p I  a t  the  dif- 
fe rent  stages of coagula t ion and /o r  di lut ion,  nor  
the  degree of di lut ion,  nor  the  original  sol concen- 
t r a t i o n  affected the  repep t izab i l i ty  of flocs in  our 
(short  t) exper iments .  There  was a s l ight  effect of 
the  sa l t  eoncentrat im~ dur ing coagulat ion.  Wi th  
cons t an t  Bi t  and  B , t  , D changed  f rom 0.9 to 0.8 
as the  concen t ra t ion  dur ing  coagula t ion increased 
f rom 0.10 to 0.15 M XNOs , i.e., f rom ius t  below to 
well above the  coagula t ion  th reshold  of the  sols. 
Detai ls  on the  exper iments  can  be found elsewhere 
(12). 

Table I shows the influence of concentrations in 
the diluting solution on the degree of repeptiza- 
tion. In all these experiments coagulation was in 
0.115 M KNO3 . The coagulating sol was diluted to 
5X its volume with KNOB solutions of concentra- 

TABLE I 

EFFECT OF ELECTROLYTE @ONCENTRATION 

Cd (M KNO.~) D 

a 04}.07 0.9 
b 0.08 0.8 
c 0.09 0.7 
d 0.10 0.4 
e 0.11 0.2 ~ 
f 0.12 <0 .1  ~ 
g 0.13 < 0 . 1  ~ 
h Glucose 0.9 

Coagulation continues. 

t ions Ca or wi th  a glucose solut ion of 18.01 gm/ l  
which is isotonic wi th  0.10 M KNO3 (13). Analogous 
results  were ob ta ined  in coagulat ion and  d i lu t ion  
wi th  sa l t  solut ions con ta in ing  o ther  monova len t  
counter iouns  for the  negat ive  AgI-sol. F rom Table  I 
i t  follows t h a t  the  changes in D are b rough t  about  
by  the  changes in e lectrolyte  concen t ra t ion  upon 
di lut ion,  and  not  by  the  d i lu t ion  process as such. 
T h a t  the  glucose in Ih  did not  h inder  redispersion 
in the  same way as the  KNOB in Id  indicates  t h a t  
i t  is not  the  difference in osmotic value  inside and  
outside an  aggregate which causes repept iza t ion  
(14), bu t  t h a t  electr ical  (double layer) repuls ion 
breaks  the  floes. This  is borne  out  more clearly by  
Table  I I ,  which shows the  effects of eounter ion  
valency on the  repep t iza t ion  of AgI. Here the  
general procedure was as in Table  I, bu t  solutions 
of different salts were used for coagulat ion and  
for di lut ion.  In  Table  I I  Cg is the  concentragio~ 
dur ing coagulat ion;  Ce is again  the  eoncen t ra t io~  
of the di lu t ing solut ion;  Cd is the  average concen-  
t r a t i on  of the di lute  system. After  coagulat ion 
wi th  Ba or La n i t r a t e  the  di lu t ion ei ther  wi th  
water  or wi th  di lute  KNO3 fails to produce repep- 
t izat ion.  The same was known already about  oxides 
and  sulfides (6, 7), so this  seems to be a r a the r  
general rule. After  coagulat ion wi th  KNO3 dilu- 
t ion  wi th  Ba or La n i t r a t e  solut ion (below the  
coagulat ion concent ra t ion)  does cause repept iza-  
r ich.  The experiments  d-g  in Table  I I  show t h a t  
the  repept iza t ion  of a floe is governed by  the coun- 
ter ions present  at  i ts  format ion ,  and t h a t  the  
final composi t ion of the  in termicel lar  l iquid is of 
l i t t le  consequence for  the repept iza t ion  process. 

Table  I I I  describes the  effects of the  age of 
floes on the i r  repept izabi l i ty .  Here coagulat ion 
was again in 0.115 M KNO~ , d i lu t ion  wi th  wate r  
(5N) a t  a t ime t af ter  the  onset  of coagulat ion.  
In  these exper iments  B,~ = 0.085. Analogous re- 
suits were ob ta ined  at  o ther  sa l t  concent ra t ions  

T A B L E  I I  

EFFECT OF COUNTERION VALENCY 

Salt Ca(M) Cd(M) Cd(M) D 

a :KNO~ 11.5 X 10 -2a 0 2.4 ;K 10 -2 
b Ba(NOs)2 16.7 X 10- 4~ 0 3.3 X 10-'  
e La(NO3)3 3.5 X 10- 5~ 0 0.7 X 10 -5 

fKNOa 11.5 X 10 -2 - -  2.4 X 10 -2~ 
d \BathOs)2  - -  4.0 X 10-' 3.3 × 10-'2t 

~t~:NO3 - -  3.0 X 10 -2 2.4 X 10- 
e ~Ba(NO~)~ 16.7 X 10 -4 - -  3.3 X 10 -4 

~KNOa 11.5 X 10 -2 - -  2.4 X 10-51 
f ~La(NO~)8 - -  0.9 X 10 -5 0.7 X 10 -5 

~KNOa - -  3.0 X 10 -2 2.4 X 10 -2~ 
g ~La(NOs)8 3.5 X 10 -~ - -  0.7 X 10 -5 

0.9 
0.1 
0.1 

0.9 

0.1 

0.9 

0.1 

These  gave the  same ra te  of coagulat ion.  
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TABLE I I I  

EFFEC~ OF FLOC AGE 

tOee) Bt D 

a 105 0.10 0.9 
b 550 0.18 0.7 
e 1800 0.29 0.3 

(e.g., a decrease D = 0.85 to D = 0.05 in 1800 sec 
at 0.143 M KNO~). In  Table I I I  the rise of Bt com- 
pared to the constant B~t is a direct indication 
that  flocs which grow at the same rate and under 
the same circumstances become less reversible with 
time. I t  is possible that  extrapolat ion to small t 
would make D = 1 in all cases. The time of contact  
and the closeness of the contacts determine the 
amount of aging in a floc and therefore its repep- 
t izabil i ty.  

F rom the above we conclude that  the AgI 
hydrosol can indeed be repeptized by washing 
away the coagulating electrolyte. This is not an 
osmotic effect. I t  is brought about by the lowering 
of the counterion concentration. Since it  is also 
quite sensitive to the valency of counterions, 
especially of those inside the floc structure,  i t  is 
very likely that  double layer repulsion is the driv- 
ing force for this repeptization. 

Repept izat ion is a very rapid, spontaneous 
process. On the t ime scale of our experiments its 
rate could not be measured. In  our experiments 
we would reach high degrees of repeptization only 
if the time scale of the experiment was short rela- 
t ive to that  of aging processes in the flocs. If there 
have been doubts about the truly electrocratic 
nature of the colloids (mainly oxides and sulfides) 
which have been known to repeptize easily, there 
is no reason to distrust the AgI-hydrosol in this 
respect. Therefore repeptizat ion should find a 
natural  place in the description of electrocratic 

colloids as the opposite process of coagulation 
(15). 
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