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Salt-induced fast aggregation of polystyrene latex
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We study fast, salt-induced aggregation of polystyrene spheres by means of low-angle static light
scattering covering two decades of scattered wave vector q. The measurements are taken at a fixed
salt concentration, varying the monomer concentration from c0=1X10 to 5X10' cm '. During
each run, the fractal dimension df of the clusters and the time evolution of the average radius (Ro )
and average mass ( M ) „, are determined. At larger concentrations we consistently find

d& =1.61+0.02, but, as the concentration is decreased, df grows to 1.83+0.02. The value of df is
determined both from the asymptotic behavior of the scattered intensity I(q) and from the relation

d
between the average mass and radius, I(0) ~ RG . Good agreement is found between the two sets of
data. The earlier portions of the curves for RG as a function of time t are compatible with a power-
law growth and collapse onto a master curve when the reduced time T =cot is used. Noticeable de-
viations from power-law growth are, however, observed at later times. Finally, we show that for the
lowest concentrations the reactions stop when the clusters attain a maximum diameter. We present
arguments showing that reaction termination is due to sedimentation, the time required to diffuse
across intercluster distance becoming longer than the settling time through the sample due to sedi-
mentation.

I. INTRODUCTION R o= eat (2)

A substantial amount of work has been produced in
the past few years in the area of collodial aggregation,
both theoretically and experimentally, especially about
the relationship between aggregation dynamic and struc-
ture of the aggregates. ' ' The most widely accepted
picture is that there are two limiting behaviors both for
the reaction kinetics (and associated evolution of clusters
sizes) and for the fractal morphology of the aggregates.
The parameter determining which behavior is to be ex-
pected is the sticking probability between monomers and
between clusters. A sticking probability equal to one
leads to the diffusion-limited cluster aggregation (DLCA),
while values appreciably smaller than 1 give rise to
reaction-limited cluster aggregation (RLCA). These two
modes are claimed to be endowed with universality char-
acter, and recent papers, ' have shown that quite
different types of monomers, metallic colloids, colloidal
silica, and polystyrene spheres, do exhibit such universal
behavior irrespective of the details of the type of forces
responsible for the binding between the monomers.

Accordingly, DLCA clusters have a fractal dimension
df -—1.8 and the kinetics is characterized by a power-law
growth for the average radius of gyration:

R~ ~t 1/df

while RLCA clusters have a fractal dimension df -—2. 10
and the growth is exponential:

It should be pointed out that the universal DLCA and
RLCA behavior is expected only if well-prescribed and
somewhat ideal conditions are met. For example, DLCA
is the result of pure diffusion plus a sticking probability
equal to 1. Any interaction between parts of clusters in
the docking process would make them deviate from pure-
ly diffusive motion, thus leading to both reaction kinetics
and fractal morphology at variance with the universal
scenario. In practice, most aggregating systems are likely
to exhibit some degree of cluster interaction, and the pre-
dictions of universal DLCA and RLCA have the merit of
being the standard against which differences exhibited by
more complex systems are gauged.

In fast-aggregation studies df is usually determined by
static light scattering, since the asymptotic behavior of
the scattered intensity I(q) is given by

I(q) ~q f (qRG)) 1) .

Conventional static light-scattering systems span roughly
one decade in q space, typically between q =2 X 10 and
2X10 cm

Aggregation usually takes place so rapidly that only
the asymptotic behavior can be ascertained, the qRG ——1

region quickly falling outside the observation region. To
follow the reaction kinetics, dynamic light scattering is
the most commonly used technique. Of course, it would
be desirable to obtain information both on df and on the
kinetics with the same technique and on the same sample.
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This possibility is offered by low-angle static light scatter-
ing. Since light can be collected even at extremely small
angles (0=0. 18'), one can zoom over a substantial q-
vector range, typically two decades for the system used in
this study to be described in some detail below. We have,
therefore, the rather unique opportunity of assessing df
from Eq. (3), taking advantage of the extended q-vector
range and at the same time we can follow the kinetics of
aggregation of large clusters.

In this paper we will present results obtained on salt-
induced aggregation of polystyrene spheres by means of
low-angle static light scattering. The measurements have
been taken at a fixed salt concentration and by changing
monomer concentration from cp = 1 X 10 to 5 X 10'
particles/cm, corresponding to volume fractions
/=1. 15 X 10 and 5.75X10, respectively.

The fractal dimension df and the time evolution of
average cluster radius and mass are determined for each
run on still-reacting vessels. For larger values of ep df is
close to 1.61+0.02. As the concentration is decreased,
df increases, but the data are more erratic. Values up to
1.83 are observed. For the lowest concentrations, the re-
action stops once the cluster radius attains a maximum
value.

We present arguments showing that termination is due
to the fact that the time to diffuse across intercluster dis-
tances becomes larger than the settling time through the
sample due to sedimentation.

II. EXPERIMENTAL METHODS

The setup is shown in Fig. 1. A collimated, vertically
polarized He-Ne laser beam falls onto a cuvette and the
transmitted beam, together with the scattered light, is
collected by the lens Ll. A 31-element solid-state sensor
is placed in the focal plane of L1. Each element is shaped
as one quarter of an annulus. The average radii of the
elements are scaled according to a geometric law, so that
the corresponding scattering wave vectors are equispaced
on a log plot. The ranges of scattering angles 8 and wave
vectors q are 0. 18' ~ 9 ~ 12. 1' and 4X 10
cm ' ~q &3X10 cm ', respectively.

On center a tiny hole allows the transmitted beam to
pass clear of the sensing elements. A separate detector
measures the transmitted beam power behind the mul-
tielement sensor. Also, an additional sensor is placed so
as to monitor the power of the main beam via a beam
splitter before the scattering cell. In this way the turbidi-
ty of the sample can be determined, and incoming beam
fluctuations are monitored. The multielement sensor an-
nuli are shaped so to occupy only a half plane on the sen-
sor surface (see Fig. 1). The scattering cuvette is slightly
canted so that the image of the back reflection of the fo-
cused beam spot is diverted to the blind area of the sensor
plane. The lens L1 is coated with high-quality
antireflection coatings, the residual single surface
reflection being less that 3%%ug for all the scattering angles.

All the scattered light sensors and the two beam moni-
tors are read in sequence with an interface with a person-
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FIG. 1. The experimental setup. The geometry of the sensor
elements is only qualitatively depicted here. The average radii
of the 31 elements scale according to a geometric law.

al computer. The time required to obtain a set of data for
31 angles is less than 100 msec, a time shorter than any
characteristic time constant of the aggregation process.
The analog-to-digital card has a software controlled gain
setting in order to cope with the great dynamic range of
the signals.

It is important to point out that, with the optical lay-
out in Fig. 1, any light, including stray light from the cu-
vette spots, is brought to the sensor. We therefore take
blank measurements with the cell filled with filtered
deionized water prior to any run. In order to properly
subtract the stray-light contributions, the blank measure-
ments are adjusted taking into account both the incoming
beam power and the sample turbidity. To reduce the
efFects of the stray light, we select cuvettes with an opti-
cal path that guarantees that the overall extinction due to
sample scattering amounts to a few percent. I(q) is nor-
malized to the transmitted intensity, so as to account for
the sample turbidity. Sample turbidity corrections, how-
ever, are almost irrelevant, since turbidity is small any-
way and changes very little once the cluster radii fall in
the measuring range of the apparatus.

We should point out that with the setup shown in Fig.
1, the annular detectors collect light out of the scattering
plane, and in principle one should worry about dipole
corrections. However, since the largest average scatter-
ing angle 6 is roughly 12', the dipole sin (P) dependence
can be ignored. In fact, taking into account the shape of
the sensors, the $ angle for the outermost element varies
from 78' to 90'. When the sin (P) dependence is aver-
aged over the outermost element, the required correction
would be of the order of 2%%uo. Of course, smaller correc-
tions are necessary for the inner elements. We therefore
conclude that the out-of-plane dipole corrections are



42 SALT-INDUCED FAST AGGREGATION OF POLYSTYRENE LATEX 7349

comparable to or smaller than the typical experimental
uncertainty in the readings of the scattered intensity.
Furthermore, such small corrections would lead to unap-
preciable changes in the estimate of the fractal dimension
via Eq. (3).

III. SAMPLE

Polystyrene spheres were chosen to fully exploit the
potentialities of the low-angle static light-scattering tech-
nique. Indeed the price to pay for working at extremely
small angles is that it is virtually impossible to avoid
spurious contributions due to stray light coming from the
spots at the entrance and exit windows of the scattering
cell. Though blank measurements and incoming beam
monitoring are used to compensate for these effects, it is
necessary that the total amount of light scattered by the
sample is at least a few percent of the incoming beam.
When using small-diameter monomers, as we did in a
previous study on Ludox, " the minimum number con-
centration we could utilize was already pretty large.
Since the time constant which controls the pace at which
the reaction proceeds is given by'

~ = 3n
4k&T cp

(4)

277
a~m —

l~ ((1 (5b)

are fairly well satisfied (m = n,„„,„„ln„„„). .
The scattered intensity by monomers is given by'

I,„, „,(q ) m 11',J3/2(qRo)
3(qRO)

Equation (6) gives a fractional variation of the scattered
intensity between the smallest and the largest q value
spanned by the instrument of less than 2%%uo. We can
therefore ignore any effect due to the form factor when
analyzing the scattered intensity distribution from the
clusters. To check experimentally the validity of this as-
sumption, we have taken measurements on a nonaggre-
gating sample. Due to the small diameter of the mono-
mers, the signals out of the innermost sensors were rather
weak. The 10—15 outermost sensors, however, gave sig-

the concentration range over which one can work is rath-
er limited because as the concentration is increased, the
reaction becomes so fast that one has difficulties in fol-

lowing the kinetics. " A scant factor of 5 in concentra-
tion could be explored in the Ludox study.

Larger spheres allow more flexibility, and one can
work in the DLCA mode keeping ip conveniently long,
since even for rather low values of cp the scattered signals
are large enough to be analyzed with our instrument. In
this study we have used polystyrene spheres of radius

Rp =0.065 pm.
Taking into account that their index of refraction is

n, h„„=1.58 and that they are suspended in water

(n„„„=1.33), the Rayleigh-Gans conditions

nals strong enough to clearly indicate that the intensity
distribution was flat over that region. As an additional
test, the same sample was also studied by dynamic light
scattering at 90' using a Brookhaven 2030AT. The
analysis of the data with non-negatively constrained
least-squares fit gave an average sphere diameter of
0. 139+0.022 pm, in very good agreement with the
manufacturer specification (0. 130+0.031 pm). This
confirms that the size of the spheres was indeed small and
no appreciable aggregation was present. All these results
further justify that the form factor can be taken as con-
stant and therefore S(q) is proportional to I(q).

The monomers have corboxyl groups on the surface.
They are carefully treated to make them surfactant free
via cleaning with exchange resins, ' since it has been
pointed out that the presence of surfactant may change
the nature of the two-particle potential. '

The samples are made by preparing two beakers con-
taining outgassed filtered water. In the first beaker we in-
troduce the monomers and in the second we add the salt.
The contents of the beakers are then mixed together. By
so doing we try to avoid either salt or monomer concen-
tration shocks during the preparation. Of course, salt
and monomer concentration in the original beakers were
chosen so that the final composition after mixing was the
desired one. Monomer concentration was varied between

co = 1 X 10 monomers/cm and co = 5 X 10'
monomers/cm . The salt used was MgC12. All the runs

have been made to a fixed salt concentration, namely 30
mM. The salt concentration was chosen to be large
enough to assure fast aggregation, as confirmed by visual
inspection of a series of reacting vessels prepared at vari-
ous salt concentrations. Incidentally, the critical concen-
tration estimated on the basis of the Derjaguin, Landau,
Verwey, and Overbeek theory' ' and the known charac-
teristics of the spheres are in fair agreement with the
value determined empirically.

IV. EXPERIMENTAL RESULTS

Figure 2 shows a few intensity distributions I(q) taken
during a run at monomer concentration cp =1.5 X 10' .
At the earlier stages one can notice the typical behavior
with the rolloff corner at q= 1/RG and the asymptotic
power-law decay q

~ at larger q. One can also notice at
later times that the asymptotic behavior is displayed over
the entire q range accessible to the instrument. This al-
lows a rather accurate estimate of the fractal dimension.
Furthermore, all the curves fall at large q onto the same
asymptotic line. It can be easily shown that this is a
consequence of the conservation of mass within the
scattering volume, and that implies that no loss due to
sedimentation had actually occurred.

In fact, if we take for S(q) the usual Fisher-Burford ex-
pression'

S(q)= S(0)
[1+(qRG) / —',df] f

taking the limit for qR& && 1 and taking into account that
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FIG. 3. Typical result of a nonlinear least-squares fit of ex-

perimental data with a Fisher-Burford function.

FIG. 2. Typical log-log plot of I (q) collected at various times
during the run at co = l. 5 X 10' cm

a fractal aggregate of radius RG has a mass M,

M(RG)=ma
0

mo
I(q) ~ MToT (qRG»1) .

(qRO) I (10)

All the distributions I(q) collected during the various
runs have been fitted via a nonlinear least-squares fit' us-
ing the Fisher-Burford expression. A typical result of the
fitting procedure is shown in Fig. 3. The solid line is the
fit obtained by floating the extrapolated I(q =0) value,
the average radius of gyration, and the fractal dimension
df e

It is to be pointed out that out of many hundreds of
curves examined, none seemed to show significant devia-
tion from the form given by Eq. (7), provided that the
sample is left reacting in the cuvette. We also found that
even delicate manipulations of the sample lead to devia-
tions from fractal morphology or to an apparent growth
of the fractal dimension. We tried to transfer the samples
from the beaker, where they were reacting, to the cuvette
and we found difterent values for the fractal dimension.
All these values were greater than that of the sample
grown in a stationary mode in the cuvette (see Fig. 4).
The effect becomes even more pronounced if the transfer
is done via a syringe with a needle. Stronger shears seem
to give more pronounced effects. We have found that
also dilution, although commonly used, can damage the
aggregates forcing the fractal dimension to grow (see Fig.
5). We have therefore decided to perform runs only on

where Ro and mo are the monomer radius and mass, re-
spectively, we have

I(q)~q f JX(RG)M (RG)RG fdRG . (9)

We then find
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FIG. 4. Example of shear-induced distortions caused by the
transfer of a sample from a reacting vessel to the scattering cu-
vette (curve b). Curve a is the I(q) for the same sample grown
undisturbed in the scattering cuvette.

still reacting cuvettes.
Except for the very lowest concentrations used, the

duration of each run is determined by the time required
to observe straight lines in the log plot of I(q). It varies
from a few hours to a few days.

For each run we can extract the value of the fractal di-
mension from the terminal curves like curve d in Fig. 2.
Also, with the nonlinear least-squares fit, we determine
the time evolution of the average cluster radius and of the
intercept at q=O which is proportional to the weight
average molecular weight. Furthermore, since the fractal
dimension is kept floating in the fit, we also have esti-
mates of df as the reaction proceeds.

In Fig. 6 we show the value of the fractal dimension as
a function of monomer concentration. For the larger
values of the concentration df is very stable and close to
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FIG. 5. Distortions caused by diluting a sample growing in
the scattering cuvette. The sample was diluted by a factor of 4
by adding pure water. Curve a is the undiluted sample, curve b

is after dilution.

1.60. The results are quite reproducible from run to run.
At smaller values of the concentration, the fractal di-

mension starts to increase as co is reduced, and the re-
sults become more erratic. Values as high as 1.83 are ob-
served.

Let us first discuss the df =1.6 result. It is a low value
when compared with the DLCA value df ——1.8. Multiple
scattering is the most obvious source of trouble one could
think of to explain the difference, and therefore this
matter has to be treated carefully. Indeed, multiple
scattering in metallic colloids was claimed to be respon-

sible for spurious reduction of fractal dimension as ex-
tracted from asymptotic I ( q ) curves.

Due to the peculiar optical arrangement for our low-
angle static light-scattering technique, the amount of
multiple scattering can be varied by changing the thick-
ness of the sample. We have therefore performed runs at
the same concentration co =2 X 10' cm, but using cells
of 2-, 5-, and 10-mm optical paths. The beam extinction
close to the end of each run changed accordingly from
6% to 30%. It should be stressed that in analogy with
scattering from critical systems, the turbidity tends to
saturate when qb„„„,tt gRG &&1, so we do not have to
worry about the exact value of the elapsed time at which
the measurements were taken. The fractal dimension we
determined was df =1.59, 1.60, and 1.60, respectively,
for the three cells, thus providing a strong indication that
multiple scattering is not effective in our measurements.

A further element to be considered is that the same set-
up used for this study gave values for df quite consistent
with the universal values in the previous Ludox study. "
Incidentally, the beam attenuation values in the runs with
colloidal silica fell pretty much in the range of the test de-
scribed above.

Finally, we want to remark that some older measure-
ments' on polystyrene spheres 0.085 pm in diameter
gave a value df = l. 61, in agreement with our results.

To further corroborate the estimates of df obtained
from terminal curves of I(q), we have also plotted on a
log-log plot the behavior of I(0) versus average radius,
since (M ) is proportional to RG . Data are shown in

Fig. 7 for co =2 X 10' and 1 X 10 cm . One can notice
that the power-law behavior is remarkably good. We re-
port in Table I the comparison between the estimates of
df from the asymptotic behavior of I(q) and from the
slope of the curve of (M ) versus RG.

The agreement between the two sets of data is fairly

1.9

so' =

1.8

1.7

1.6

(6
~~
C0
JD

CQ

1.5

0 1 2 3 4
10

0
I I I & I l

Ro {cm) 10
Co{lo monomers/cm' }

FIG. 6. Behavior of the fractal dimension [as obtained from
the asymptotic I(q) behavior] as a function of monomer con-
centration.

FIG. 7. Log-log plot of (M) [I(0)~ (M) ] vs Ro for two
values of the concentration: co(a) = 1 X 10 crn

co(b) = 2 X 10' cm '. The slope gives an independent estimate
of df.
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TABLE I. Comparison between the df values extracted from
asymptotic behavior of I(q) as in Fig. 2 (column a) and those
extracted from (M )„vs R, (column b)

Co

1X10'
2X10'
4X10'
5 X10'
1X10"
1.5 X 10'
2X 10"
3.5 X 10'
5 X10"

df (a)

1.83
1.78
1.73
1.65
1.70
1.60
1.61
1.59
1.60

dJ (b)

1.85
1.78
1.72
1.55
1.69
1.60
1.58
1.58
1.57

good, thus further supporting the evidence that indeed
the fractal dimension changes as the concentration is
varied.

We now discuss the growth of the average radius as a
function of time. In Fig. 8 we show a few time evolutions
plotted against T=cpt, where cp is the number concen-
tration and t the time in sec. Indeed, according to the
elementary diffusion-controlled aggregation theory, ' a
change in the monomer concentration changes the
characteristic time scale for the kinetics [see Eq. (4)], and
all the curves should superimpose once one uses the re-
duced time scale. As one can notice, this is pretty much
the case for the curves shown in Fig. 8. As a general
feature, one can notice that in the initial portion, the
curves are indeed fairly well superimposed and compati-
ble with a power-law growth. The quality of the data un-
fortunately allow us to extract only a crude estimate of
the exponent characterizing this initial portion of the
curves. Loosely speaking, taking into account the large
error in this estimate, the value of df obtained from Eq.
(1) is compatible with the range of values listed in Table
I. We are not in the position of making any stronger

statement also because, at later times, the curves tend to
roll upwards and the transition point is ill defined, shift-
ing to smaller values of cpt as the monomer concentration
is reduced.

Finally, we want to discuss an anomalous behavior ob-
served in the kinetics for the lowest concentrations
cp = 1 X 10 and 2 X 10 cm . In both cases the average
cluster radius stops growing after attaining a maximum
diameter of 15—20 pm. We skow in Fig. 9 the final por-
tion of the evolution at cp = 1 X 10 cm . As one can no-
tice, after the attainment of the maximum diameter, sedi-
mentation sets in and material is lost from the scattering
volume at later times. We point out that, to our
knowledge, premature termination of fast aggregation
has never been observed before. The fact that it is ob-
served in this experiment is associated with the excep-
tionally large clusters that can be studied with our instru-
ment.

According to the scheme described below, similar
effects should be observable even at higher concentra-
tions, provided one could explore even smaller regions in
q-vector space. The explanation that we present below is
based on comparison between typical aggregation time
constants of large clusters and the time required to sedi-
ment over the height of the sample. A cluster of radius
RG and of fractal dimension df is made up by n mono-
mers according to the following relation

n =(RG/Ro) ~,

where Rp is the monomer radius.
Since in fast aggregation, narrow-band distributions

are expected, we can calculate the time constant for clus-
ter aggregation using the expression for diffusion aggre-
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FIG. 8. Evolutions of RG as a function of T=tco for different
values of co.

FIG. 9. Evidence of premature termination of the aggrega-
tion process for co=1X10 cm '. Notice sedimentation effects
evidenced by the fact that curves tend to shift downwards as
time proceeds.
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gation between spheres

~ = 3n
&gg kbT c

d

3q 1 R~

kbT cp Rp

where c,~„„„is the number concentration of the clusters
of radius RG.

We can then ask how long it would take for such a
cluster to sediment across the height of the cuvette (or
beaker). We will assume that the clusters are not free
draining, and therefore the sedimentation velocity is
given by

2Rog(pp —p)) RG
d —

1

U) =
9g

(13)

with p, and p2 being respectively, the water and the po-
lystyrene density. Accordingly, the time to sediment
over a height h is

9hg
rsed(sec) =

df —1

2R o g(p2 p) )(RG /Ro )

(14)

Notice that as RG grows, ~, increases, while ~„d gets
smaller. So, for a given choice of RG and h there will be
a concentration cp that wi11 satisfy the relation

2df —1

Rog(pi Pq) 1 =1.
6k' Th

R~

Rp Cpsed

Under such circumstances, the clusters have grown so
large that they are so sluggish in their diffusive motion as
to have little chance to come in contact before they actu-
ally fal1 to the bottom of the container. One expects
severe deviations from the theoretical expectations based
on diffusive motion.

For our experimental condition, taking df =1.65 and
co= 1 X10 monomers/cm we find that Eq. (8) is satisfied

if 15 & RG & 20 pm. In order to test the validity of the ex-

planation given above, we have performed two runs using
an isopicnic solution obtained by mixing water and heavy
water so as to match the monomers density.

A first run was made at cp=2. 5X10' cm, so as to
perform a control measurement in a region where sedi-
mentation effects should be of no relevance. A straight
line for I(q) in the log-log plot was observed, the fractal
dimension being df =1.61, in good agreement with the
previous results.

The second run was at cp=2X10 cm . Data were
collected over 4 d. No sign of sedimentation was evident
and fractal dimension df = 1.86 was observed.

We conclude that, indeed, the premature termination
of the kinetics is a consequence of sedimentation effects.
Also, the growth of df at small values of cp does not ap-
pear to be connected with sedimentation.

V. CONCLUSIONS

The use of our low-angle static light scattering, cover-
ing a range of scattered wave vectors almost ten times
larger than that accessible with conventional systems, has
allowed us to perform an accurate analysis of the fractal
dimension of clusters of polystyrene spheres grown under
salt-induced aggregation. The data show unambigously

that the clusters are remarkably good fractals, and their
dimension df changes from df =1.60+0.02 to 1.83+0.02
as the concentration of monomers is reduced.

Almost the entire range of df observed falls below the
universal DLCA value df -—1.8. It should be stressed
that the DLCA value was indeed observed for poly-
styrene spheres, but the aggregation was then induced by
neutralizing surface charges on the monomers by addi-
tion of HC1, rather than screening the charges via coun-
terions as we did in this work.

Apparently charge neutralization makes the aggrega-
tion much closer to the idealized DLCA conditions.
Indeed, preliminary measurements, on salt-induced ag-
gregation have shown deviations from DLCA. '

Counter ion screening probably makes the clusters po-
larizable due to electrostatic force, and simulations by
Jullien ' ' have shown that this leads to a reduction of
df, since sticking on tips is emphasized. A reduction of
df from the theoretical DLCA value was indeed report-
ed for two two-dimensional aggregations of silica mi-
crospheres.

The pronounced vulnerability of our clusters to shear
disturbances is also to be tentatively ascribed to the resid-
ual electrostatic cluster interaction, while the polystyrene
clusters grown with HC1 seem to be more rigid than
those studied in this work. '

As to the reaction kinetics we again report deviation
from DLCA behavior, though we find quite reassuring
the observation that the data for RG versus reduced-time

cpt group together fairly well onto a master curve, in

spite of the fact that cp is varied by a factor of 50. Fur-
ther comments on the kinetics could only be made in the
light of future and highly needed simulation work, which
would explicitly take into account deviations from the
pure DLCA mode.

While DLCA will remain the only and safe main refer-
ence frame against which to compare the zoology of re-
sults obtained with more complex systems, we feel that
the area of colloidal aggregation is still a quite lively and
open field of investigation. Indeed, this work shows that
it does not take too much to slip away from the pure
DLCA scenario.
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