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Abstract We report a turbidimetric
study of the depletion forces between
latex particles induced by a dissolved
polyelectrolyte. The system consists of
a polystyrene latex and potassium
polystyrene sulfonate (PSS). Since
turbidimetry is practically insensitive
to multiple scattering the analysis of
the mixtures of the colloid and the
dissolved polymer could be extended
up to latex concentrations of 50 g/l.
The amount of dissolved PSS was
varied between 0.025 and 0.2 wt.%.
The scattering contribution of the
polymer can be neglected in very

good approximation and the change
in scattering intensity upon addition
of PSS can directly be related to the
effective attraction of the latex spheres
caused by the dissolved polymer. It is
demonstrated that a potential based
on the volume-exclusion mechanism
can describe in good approximation
the osmotic compressibility resulting
from the turbidimetric analysis.
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Introduction

For a long time [1] it has been known that non-adsorbing
polymers may promote flocculation of colloid particles.
Asakura and Oosawa [2] as well as Vrij [3] advanced the
hypothesis that the demixing is due to the presence of
attractive depletion forces: If the colloid particles get closer
than the coil diameter of the dissolved polymer the osmo-
tic pressure in the depleted region between the particles
becomes lower than the remainder of the bulk solution. As
a consequence, there is a net attractive force between the
colloid particles which may lead to creaming and revers-
ible phase separation.

This relatively simple approach which is based on
purely hard-sphere interaction of the colloid particles and
the polymer coils has turned out to be highly successful in
predicting the onset of demixing in many experimental
systems [4—11]. Also, first successful attempts to measure
directly the depletion forces have been reported [12-14]

which corroborate the volume-exclusion mechanism. An
exhaustive review over theoretical and experimental stud-
ies of the depletion forces and their various implications
with regard to colloidal systems has been given by Lekker-
kerker and Stroobants [11] and by Poon and Pusey [15].

Recently, a statistical-mechanical theory of the phase
equilibrium due to depletion forces has been worked out
by Lekkerkerker et al. [ 16, 17] which has met with gratify-
ing success when compared to experimental phase dia-
grams. A critical survey over the comparison of this theory
with experimental phase diagrams has been given by Poon
et al. [18]. The main point of this analysis derives from the
fact that the depletion potential is tunable in range and
depth [13, 16, 18]. Theory in agreement with experiment
demonstrates that if the size of the polymer is small com-
pared to the size of the colloid spheres, depletion interac-
tion will lead to a solid/gas phase equilibrium; for larger
size ratios a liquid phase becomes possible.

Another important theoretical contribution was given
by Meijer and Frenkel [19,20]. Based on computer
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simulations these authors were able to discuss the merits
as well as the limits of the treatment of the depletion forces
in terms of the volume-exclusion mechanism. In particular,
these authors could represent the polymer by a lattice
model and not by hard spheres as in previous analytical
treatments. Thus, these simulations were able to address
the problem of coil deformation at high colloid volume
fractions and their influence on the phase behavior.

All theories and simulations discussed so far treat the
polymer coils as ideal and do not include the effect of
coil—coil interactions. As first shown by Sharma and Walz
[21] and later by Mao et al. [22] the mutual exclusion of
the small particles representing the polymer coils leads to
depletion repulsion as the two large particles first ap-
proach; at closer distance the forces switch sign and a
significant depletion attraction results. The same effect is
predicted when taking into account the polymer—polymer
interaction in the vicinity of the ®@-temperature by means
of perturbation theory [23]. It must be noted, however,
that the calculations presented in ref. [22] refer to a
large size ratio of the large and the small spheres. Also,
Mao [24] could show that the repulsive barrier will be
weakend when the small spheres exhibit a certain size
polydispersity.

While the phase diagrams of mixtures of colloid
spheres with dissolved polymers seem to be rather well
understood (cf. e.g. the discussion in refs. [ 10, 15, 18]), only
a few attempts to assess the depletion forces by scattering
methods have been reported up to now [9, 25-28]. On the
other hand, static light scattering should be well-suited to
study the effect of attractive long-range forces between
colloid particles [297. Under suitable conditions light scat-
tering explores the long-wave part of the structure factor
[7,29] which may be evaluated to yield quantitative in-
formation about the effective interaction of particles. Also,
scattering methods allow to study the one-phase region
thus avoiding all additional complications due to non-
equilibrium states (see the discussion of this point in
ref. [30]).

A principal difficulty of static light scattering, however,
arises from the very strong light scattering of particles of
typical colloidal dimensions (ca. 10 nm) which leads to the
problem of multiple scattering (cf. e.g. the discussion of this
problem in ref. {27]) or to the necessity to work with very
small particles and/or concentrations [25, 26]. On the other
hand, an experimental investigation of the depletion inter-
action in latex systems requires the change of the volume
fraction of the latex particles within a wide range, i.e., up to
concentrations where strong scattering of light prevails.

It has been shown [31,32] that strongly scattering
latex systems can be studied by turbidimetry which is
practically insensitive towards multiple scattering. Fol-
lowing Vrij and coworkers [33-35] the full analysis of

measured turbidity as function of wavelength and latex
concentration has been worked out to yield the structure
in the region of small angles. In particular, extrapolation of
the data to infinite wavelength leads to S(0), the structure
factor at vanishing scattering angle [33, 31, 32].

Here, we give a first account of a turbidimetric study of
particle interaction in a polystyrene latex when a non-
adsorbing polyelectrolyte is added. The soluble polymer
used in this study was sodium polystyrene sulfonate (PSS).
Anionic polyelectrolytes have the distinct advantage that
there will be no adsorption on the negatively charged
surface of the latex particles unless the ionic strength is
very high [36]. Thus, a number of studies of the floccula-
tion by dissolved polyelectrolytes have appeared recently
[28,37-39] which demonstrate the presence of strong
depletion forces in these systems.

Since the scattering intensity due to the latex particles
is much larger than the contribution due to the polymer,
the resulting turbidity can be directly evaluated to give the
structure factor of the latex particles. This in turn may be
used to assess the depletion forces operative in presence of
dissolved polymer.

Theory

Since the polydispersity of the latex used here is very small,
all effects due to polydispersity can safely be dismissed (cf.
refs. [31, 32]). For a system of monodisperse spheres the
measured turbidity as function of wavelength 1, may be
rendered as the product of a form contribution Q(;2) and
an integrated structure factor Z(i?, ¢) [35, 31, 32]:

3
1
= Ke. (”‘)f“) -%-Q(AZ)-Z(;}, J, (1
L0

where gy, is the diameter of the latex particles, n, the
refractive index of the medium, ¢ denotes the weight con-
centration and K* is an optical constant defined by [31]

3”0 mz —1 2
=1 p ; ()
4/“Opp me + 2

with p,, being the density of the particles, n,, the refractive
index of the latex particles and m = n,/n, their relative
refractive index. As discussed at length previously [ 31, 32],
the normalized cross-section Q(42) accounts for the de-
pendence of the total scattering cross-section on the
wavelength. It can be calculated [32] within the frame of
the Mie-theory.

The function Z(4%¢) can be obtained from experi-
mental data by [31, 35] by

(z/c)
(T/C)c =0 ’

K*

Z(i%,c) = (3)
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where (t/c), is the specific turbidity extrapolated to vanish-
ing concentration. For size parameters nyno/i, not too
big (see the discussion of this point in refs. [31,32])
the integrated structure factor may be analyzed by series
expansion in powers of (no/4)* (cf. Eq. (9) of ref. [1]). For
the region of long wavelength the expansion is given by
[33,31]

Z(i2,c) = S(0) + 8 <”—°’f>2 + 0o, (4)

I

where S(0) is the structure factor S(gq) of the system at
vanishing scattering angle and « is the first coefficient of
the expansion of S(g) in even powers of the scattering
vector g. As shown in previous work on a similar latex
[32], Eq. (4) may be used to extrapolate S(0) with good
accuracy if the turbidity spectra are extending into the
near infrared (1100 > 2, > 600 nm).

The above considerations can be augmented to include
polydisperse systems. Here the functions Q(4?) and Z{42, ¢)
are replaced by the respective “measured” quantities
Owm(A?) and Zy (42, ) [32]. Since the size distribution of the
latex used herein is very small, the effect of polydispersity
on 0(A*) and Z(4?, ¢) can be dismissed in good approxima-
tion [32].

The contribution of the dissolved polymer to the mea-
sured scattering intensity can be neglected in excellent
approximation since the latex particles have a much higher
apparent molar mass. In addition to this the PSS-concen-
tration is also very small (up to 0.2 wt.%). Therefore the
integrated structure factor Z(2%c) as determined from
Eq. (3) refers only to the interaction of the latex particles.
In consequence, the structure factor S(0) extrapolated by
aid of Eq. (4) gives direct access to the alteration of the
interaction of the latex particles when the polyelectrolyte
PSS is added.

To account for the depletion forces we use the volume-
exclusion potential by Asakura, Qosawa [2] and Vrij
(AQV) [3] which has been modified recently by Poon
et al. [18] to account for the finite concentration of the
colloidal spheres. In addition to this, the electrostatic in-
teraction between the latex spheres is introduced through
an effective diameter d of interaction [31]. Since the ionic
strength of the system is rather high this approach seems
to be permissible (cf. refs. [32, 12, 14]).

The geometry of interaction is depicted in Fig. 1: The
latex particles are treated as hard spheres but with an
effective diameter d of interaction which exceeds the
actual diameter o,. The effective volume fraction ¢p of
the colloid particles is given by ¢ = (N/V )(n/6)d> with
N/V being their number-density. This quantity can be
deduced from the turbidimetric study of the pure latex
[32].

Fig. 1 The volume-exclusion potential of latex spheres in presence of
smaller spheres: Definition of parameters. The large spheres symbol-
ize the latex particles whereas the small spheres model the dissolved
polyelectrolyte. The distance of closest approach of the large spheres
is given by their effective diameter 4. The depletion zone in which no
dissolved polymer can enter is characterized by ¢ = (d + ¢,)/2 which
is the minimum distance of the centers of gravity of the latex parti-
cles and the polymer molecules, ie., the parameter o, describes
the depletion zone around the latex particles. It does not refer to
the polyelectrolyte—polyelectrolyte interaction (cf. text for further
explanation)

The interaction between the latex spheres and the
polymer coils is introduced in terms of a depleted zone in
which the center of gravity of the latter component cannot
penetrate. With regard to the colloid spheres the polymer
coils therefore may be treated as hard spheres with an
effective diameter ¢,. In this context, ¢, is an adjustable
parameter. It must be noted, however, that ¢, has been
introduced only to describe the depletion zone around the
colloid particles and not the interaction between the poly-
mer coils themselves (see below).

With definition of

5’=%(d+6p) (%)

the depletion-potential Uy, follows as [3]

=00 r<d
Udep(r) = —1I* Voverlap d<r<?2d (6)
=0 r>26.

The volume of the overlapping depletion zones Viyerap 18
given by [1-3]

3 [ =3
=li—7 — - 7
Voverlap (1 4p + 16p > 3 g, ( )
with p = r/6. Following Poon et al. [18] the osmotic
pressure IT* is calculated from the number density of the
polymer molecules in the free volume Vs, not occupied by
the colloid particles or their depletion zones. The ratio %,
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of Ve to the volume of the system V' can be obtained [16]
by using the scaled particle theory which gives [16, 18]

V ree 2
Opree = fV =(1 — ¢r)exp[— ay — by* — cy*], 8)
where y=¢ /(1 —¢y) and  a=23E+3E + &
b =982 + 383 ¢ = 3¢ with ¢ = g,/d. Defining

A= <1 + i>3 ©)
Op

and ¢, which is the effective volume fraction of the dis-
solved polymer in the free volume not occupied by the
latex spheres

by =5 (10
we obtained for the depletion potential
= r<d
Ugep(N)/ka T = — Ag, <1 —~%p + I%ﬁ) d<r<2
=0 r>26. (11)

In this expression the interactions between the polymer
coils are disregarded (cf. below and refs. [12, 14]).

Since we are only interested in the long-range part of
the structure factor, it is expedient to introduce the per-
turbation by the depletion forces in terms of the random
phase approximation (RPA) [40]. Thus, the direct correla-
tion function ¢(r) of the latex spheres is rendered as

Udep(r)

) = eolr) =5

(12)

Here c¢q(r) is the direct correlation function of the hard-
sphere reference fluid. With aid of the Ornstein—Zernicke
equation, the structure factor S(g) follows as [40]
S@) 1 =1 ela) (13
Following the prescription given by Grimson [41], we
adopt the WCA-separation [40] of the potential. There-
fore Ugep(r) = Ugep(d) for r < d and Uge,(r) = Uy, (r) for
r = d. With Fourier-transformation of Eq. (11), we finally
obtain

_ _ i 34 1 d°
S(0)™! — S,(0) 1:—8A¢p¢LF[1—RF+—3§_—6}.

g
(14)

Treating ¢, as an adjustable parameter, Eq. (14) may be
compared to experimental values of S(0) as function of
latex and PSS concentration.

Equation (14) gives a simple relation between the mea-
sured effect of the depletion forces and the decisive para-
meters ¢, and ¢,: For small concentrations, i.e., small ¢,
the free volume of the system coincides in good approxi-
mation with the volume of the system and the difference of
the reciprocal structure factors (Eq. (14)) should vary lin-
early with both volume fractions. If ¢ is raised, V.. be-
comes considerably smaller which leads to an increase of
the osmotic pressure of the small spheres. The stronger
depletion attraction will lead in turn to a deviation from
linearity when the difference of the reciprocal structure
factors S(0) is plotted against ¢ . Because of the neglect of
the polymer—polymer interaction in Eq.(14), S(0)™! is
predicted to decrease in a linear fashion with an increasing
amount of PSS for constant ¢;. Possible interactions
between the polyelectrolyte coils will immediately show up
in a non-linearity of this plot.

Experimental

The polystyrene latex used herein was prepared by a con-
ventional batch emulsion polymerization (cf. [32]) of
styrene (BASF, destabilized and distilled in vacuo prior to
use) at 80 °C using sodium dodecylsulphate (Lancaster) as
surfactant and K,S,0g4 (Fluka; recrystallized twice from
water prior to use) as initiator. The stock solution of the
latex (20 wt.%) was dialyzed extensively against 0.01 m
KCl solution and characterized by dynamic light scatter-
ing (hydrodynamic radius: 117 nm). The diameter oy (tur-
bidity-average diameter; [32]) which follows from the
analysis of Q(A?) was 113 nm. The standard deviation of
the size distribution was estimated from small-angle x-ray
scattering to 9.8%. The latex was filtered through a mem-
brane filter (1.2 um, Schleicher & Schuell, cellulose acetate)
to avoid disturbance by dust particles and coagulum.
A salt concentration of 0.0122 m in the latex after dialysis
against 0.01 m KClI solution was calculated according to
ref. [42].

Sodium polystyrene sulfonate (Aldrich) with a nominal
molar mass of 70000 g/mol (degree of substitution ca.
87%) has been purified by dialysis against 0.01 m KCt
solution for 3 weeks. Latex solutions containing PSS
were prepared as follows: First a stock solution of PSS
(0.75 wt.%) was added to the stock solution of the poly-
styrenc latex (20 wt.%). The concentration of the PSS-
solution was determined using the extinction coefficient
supplied by literature ([43]). Dilution was effected by
0.0122 m KCl solution to which the respective amounts of
PSS had been added previously. The ionic strength in the
dilute solutions is mainly determined by the added diluent
and can be regarded as constant throughout the entire
series of experiments.
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The turbidity was measured for wavelengths between
600 and 1100 nm by a Perkin—Elmer 2S UV/VIS-spec-
trometer. Details of the measurements and correction of
data may be found in ref. [32].

Results and discussion
Specific turbidities at infinite dilution

Application of the above theory requires that the dissolved
polymer does not adsorb on the surface of the latex
spheres. This can be checked accurately by monitoring the
specific turbidities of the latex particles in the dilute
regime.

Figure 2 gives as an example the reciprocal specific
turbidity t/c as function of weight concentration ¢ for three
concentrations of PSS. The specific turbidities at vanishing
concentration are obtained by a second order polynomial
fit [32]. For non-adsorbing polymers the intercepts of
Fig. 2 should coincide to yield the scattering cross-section
of the latex particles. Figure 2 shows that the curves merge
approximately at ¢ = 0 g/1; the small differences in this
limit are within the experimental error [32]. At higher
latex concentrations there is a marked difference between

Fig. 2 Reciprocal specific turbidity ¢/t as function of latex concen-
tration in presence of dissolved PSS measured at 800 nm. o: without
PSS; +: 0.15wt.% PSS; v: 0.2 wt.% PSS
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Fig. 3 Dependence of the integrated from factor Q(A%) scaled by a7
on (ny/2%4)? (Eq. (1); cf. ref. [32]) for various concentrations of PSS:
o: without PSS; +: 0.025 wt.% PSS; v: 0.05 wt.% PSS; @: 0.1 wt.%
PSS; a: 0.15 wt.% PSS; x: 0.20 wt.% PSS

the specific turbidities measured as function of the PSS
concentration beyond the limits of error thus defined.
The specific turbidities at vanishing concentration
{t/c)o may be evaluated [31, 32] to yield the normalized
measured cross-section Qy(4?) and the turbidity-average
diameter o} of the spheres. As mentioned above, the small
nonuniformity of the size distribution of the latex used
herein allows to neglect polydispersity. Therefore Qy(2?)
may be replaced by the respective quantity Q(4?) cal-
culated for a system of monodisperse spheres [32].
Figure 3 displays the normalized cross-section Q(4?)
scaled by o7 as function of (ny/20)* (cf. Fig. 6 in ref. [32]).
For this calculation the Cauchy-relations for water and for
polystyrene deduced previously have been used [32].
Within the given limits of error (cf. the discussion of Fig. 2)
all data fall on a common master curve. The solid line
shows o7 0(2?) calculated according to ref. [32] for mono-
disperse polystyrene spheres of 113 nm diameter. It must
be noted in this context that the maximum deviations from
the master curve occurring for 0.2 wt.% PSS correspond
only to a slightly higher diameter (4o = 0.3 nm).
Additional experiments using neutral water-soluble
polymers show unambiguously that much more marked
deviations result when adsorption of the macromolecules



E.J. Rohm et al.

737

Interactions in mixtures of latex particles and polymers

on the surfaces of the latex particles occurs followed by the
onset of bridging flocculation. In this case the size of
the particles and aggregates monitored by (5), and by
the normalized cross-section Q(A2?) is much larger. The
marked increase of the scattering cross-section will mani-
fest itsell by a strong upturn in a plot of o7 Q(2?) at large
wavelength, i.e., at small (ny/2,)?. From the data displayed
in Fig. 3 it is therefore concluded that PSS does not adsorb
on the polystyrene particles. The integrated structure fac-
tor Z(2%,c) may therefore be calculated according to
Eq. (3) since Q(4?) does not depend on the concentration
of PSS as required for the analysis of particle interaction.
In consequence, all alterations of particle interaction can
be ascribed to the depletion forces.

Interaction of latex particles mediated through
the dissolved polyelectrolyte

Having demonstrated that PSS does not adsorb onto the
particle surface, we now discuss the change of the inte-
grated structure factor Z(/?, c) as calculated from the spe-
cific turbidities through Eq. (3). Figure 4a, b show the data
obtained for Z(1% ¢) at two different latex concentrations.
As in ref. [32] the integrated structure factor is plotted as
function of (ng/io)* as suggested by Eq.(4). The small
deviations seen at long wavelengths are due to the
absorption of water [32].

From Fig. 2 it was already obvious that even minute
weight fractions of PSS in the latex dispersion will lead to
strong alterations. The comparison of Fig. 3 with Fig. 4 now
unambiguously demonstrates that the decrease of the speci-
fic turbidities is solely caused by a change of particle interac-
tion because of the presence of dissolved polymer: The
integrated structure factor is shifted in a systematic fashion
whereas Q(4%) remains constant within experimental error.

The dashed lines display a quadratic fit of Z(42,¢) in
powers of (ny/4o)* [32]. The present accuracy of data and
the range of wavelengths available in the measurements
allow the extrapolation of Z(/2, ¢) to infinite wavelength to
vield S(0). As discussed previously [32] this procedure
allows the accurate determination of S(0) without assum-
ing any particular model of particle interaction.

The solid lines in Fig. 4A, B of the data referring to the
latex without added polyelectrolyte (lowermost curves) rep-
resent fits by the Percus—Yevick structure factor calculated
for a system of monodisperse hard spheres [32]. The effec-
tive diameter of interaction derived from these data is given
by 130 nm. It denotes the minimum distance of the centers
of gravity of the latex spheres as indicated in Fig. 1.

The region of wavelength in which these fits pro-
vide a good description of the experimental data are
considerably smaller when compared to the same fits in

1100nm 620nm

0.90

0.85

o
% 080
N

075

0.70

0 1x107%  2x10% 3x10°® 4x10°®
A n3/A2 / nm2
1100nm 690nm
0.8

05

0 %1078 2x10®  3x10°®

B n2/A2 7 nm2

Fig. 4 Integrated structure factor (cf. Egs. (1), (3) and (4)) as function
of (ny/.)? in presence of dissolved polyelectrolyte PSS. 4A latex
concentration 25 g/1; 4B latex concentration 50 g/1. ©: without PSS;
+: 0.05 wt.% PSS; v: 0.15 wt.% PSS; x: 0.2 wt.% PSS. The dashed
lines display second order polynomial fits in powers of (ing/4,)2,
whereas the solid line gives the fit of the Percus-Yevick structure
factor for a system of hard spheres of diameter 4
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Fig. 5 Comparison of Eq. (14) with experimental data: Dependence
of the reciprocal structure factor S(0) ! on the concentration of PSS
for different latex concentrations: x: 10 g/1; o: 15 g/1; v: 25 g/l; +:
50 g/1. The filled squares mark the $(0)™ ! obtained from the data of
the pure latex by the fit of the Percus—Yevick structure factor for
a system of hard spheres. {cf. solid lines in Figs. 4a and b)

ref. [32]. One must keep in mind, however, that the latex
spheres under consideration here have a greater diameter oy,
and a greater effective diameter of interaction 4 than the
system discussed in ref. [32]. Hence, the integrated structure
factor Z(A%, ¢) explores a g-range of §(g) extending to higher
values of g-d. In this region the description of particle
interaction in terms of hard spheres is less appropriate, in
particular when dealing with higher concentrations.

The 5(0) thus obtained may serve for a quantitative test
of Eq. (14). Figure 5 displays S(0)™' as a function of the
weight concentration of PSS. The linear relationship be-
tween 1/S(0) and the PSS concentration predicted by
Eq.{14) is observed indeed. The straight hines in Fig. 5
have been calculated assuming an effective diameter of
interaction g, = 16.4 nm. This diameter would lead to an
effective volume fraction of the PSS-polymer of the order
of 0.04 at most. If the interaction of the PSS-molecules
were characterized by this volume fraction, a small but
non-vanishing virial cortection of the osmotic pressure of
the -dissolved polymers would necessarily follow. Figure
5 suggests that this is not the case and the actual effective
diameter seems to be smaller than o,. Therefote, o, must
be regarded solely as a characterization of the depletion
zone around the latex particles rather than an effective
diameter of the PSS-polymer coils in general.

1/S(0)-1/54(0)

-0.6

0 0.02 0.04 0.06 008 010

P

Fig. 6 Comparison of Eq. (14) with experimental data: Dependence
of the reciprocal structure factor S(0)"* on the latex concentra-
tion for three different PSS-concentrations: o: 0.05 wt.% PSS; x:
0.1 wt.% PSS; a1 0.2 wt.% PSS

The filled squares shown in Fig. 5 give the S(0) result-
ing from the fit of the integrated structure factor calculated
for a system of monodisperse spheres by use of the
Percus—Yevick structure factor (cf. Fig. 4a, b; lowermost
curves). Since at lower latex concentrations the hard-
sphere model provides a good description, the measured
and the hard-sphere S(0) practically coincide. As already
discussed above, at higher concentrations the modeling of
the interaction of the latex spheres in terms of hard spheres
becomes less accurate and the measured S(0) values are
higher than expected from Eq.(14). The respective S(0)
taken from the fit of the hard sphere model to Z(/4% ¢) in
absence of PSS (cf. the discussion of Fig. 4a,b) are in full
agreement with Eq.{14) as can be seen from Fig. 3; ie,
they correspond to a value of 5(0) extrapolated from the
data taken at finite PSS-concentration.

A further test of Eq. (14) is given by the relationship of
5(0) and the effective volume fraction ¢y of the latex.
Because So(0) depends on ¢y, the difference
1/5(0) — 1/S,(0) is plotted in Fig. 6 against the effective
volume fraction of the latex. The Sq(0) data have been
taken from the fits of the Percus—Yevick structure factor at
the respective latex concentrations as discussed above {see
discussion of lowermost curves in Fig. 4a and b and the
data in Fig. 5 displayed by squares). For a given 5, Eq. (14)
allows to calculate the difference of the reciprocal structure
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factors without additional adjustable parameters. As seen
from Fig. 6, the value of o, taken from Fig. 5 provides a good
fit of the data, at least in the region of low concentrations. At
higher effective volume fractions of the latex theory under-
estimates the difference between the reciprocal structure fac-
tors. It must be noted that the comparison of theory and
experiment shown in Fig. 6 is more sensitive to the details of
the model since it probes the interaction of the latex
particles as well as the interaction of the PSS-coils with the
colloid particles at the same time. In view of the simplifica-
tions inherent in the description of latex interaction in
terms of hard spheres the agreement of theory and experi-
ment displayed in Figs. 5 and 6 can be considered satisfac-
tory. Furthermore, the fits shown in Fig. 5 and 6 are
effected through a single adjustable parameter, namely a,;
all other parameters needed for the calculation have been
taken from the description of the pure latex (Fig. 4a,b).
It must be kept in mind, however, that the above
comparison of theory and experiment assumes the validity
of the purely attractive depletion potential Eq. (11). The
interaction between the colloidal spheres has been approx-
imated by a hard-sphere potential and better agreement of
theory and experiment may be reached by a refinement of
the interaction potential of the latex particles. In addition
to this, a part of the discrepancies seen in Fig. 6 might be
due to the inherent inconsistencies of the RPA (cf. e.g. the
discussion of this point in ref. [40]). Recent work by

Kelkar et al. [44] suggests, however, that the RPA seems
to be a viable approach for the calculation of the structure
factor in colloidal systems.

Conclusion

The analysis of the turbidimetric data has shown that the
volume-exclusion potential Eq. (6) provides a good descrip-
tion of the data in the region of low concentrations. Based on
the RPA, Eq. (14) allowed to discuss separately the depen-
dence of S(0) on latex concentration as well as on the amount
of added PSS. Up to latex concentrations of 2.5 wt.% all data
can quantitatively be described by o, = 16.4 nm which is the
single adjustable parameter in Eq. (14); the other parameters
(d,¢1) can be obtained from the analysis of the latex in
absence of dissolved polymer. At higher latex concentrations
theory provides only a qualitative description which may be
traced back to the various simplifications of the above theo-
retical treatment. Aside from these problems the present data
show, however, that turbidimetry is capable of furnishing
quantitative data on the interaction of latex particles in the
presence of dissolved polymers.
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