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We calculate the interfacial tension and the wetting behavior in phase separated colloid—polymer
mixtures both for ideal and excluded volume interacting polymers. Within the recently developed
extension of the free volume theory to include polymer interactiparts, Tuinier, and
Lekkerkerker, J. Phys.: Condens. Mattdy 7551(2002] the interfacial tension of the free interface

is calculated by adding a van der Waals squared gradient term. The wetting behavior at a hard wall
is calculated following a Cahn—Fisher—Nakanishi approach taking the one- and two-body
colloid-wall interactions into account. Comparing results for interacting polymers with those for
ideal polymers we find that for interacting polymers the interfacial tension does not increase as
steeply as a function of the gas—liquid colloid density difference. Furthermore, the wetting transition
shifts to higher polymer concentrations, even to above the triple line. The predictions for both the
interfacial tension and the wetting are compared to recent experimen)0@ American Institute

of Physics. [DOI: 10.1063/1.1635810

I. INTRODUCTION gram. The fact that the experimental bulk phase diagram is
not well described by theory is that in experiment polymers
Mixtures of colloids and nonadsorbing polymer display behave far from ideal.
rich phase behavior and are an excellent tool for studying Theory preceded experiment in the prediction of the ex-
equilibrium properties, phase transition kinetics, and metaistence of a wetting transition of the mixtures in contact with
stable gel or glass staté®r a recent comprehensive review, a hard planar wall® At this wetting transition the liquid
see Ref. 1L Recently, the interfacial tension between the co-phase starts wetting the wall completely instead of partially.
existing phases received some attention, first experimentallgain polymers were described as PHS but they were now
by measurements of the ultralow interfacial tension of theexplicitly described, hence the colloid—polymer mixture is

order of at most a fewuN/m between demixed colloidal treated as a true binary mixture, within the formalism of
“liquid” (rich in colloid, poor in polymer and colloidal fundamental measures thedtyFor homogeneous phases

“gas” (poor in colloid, rich in polymer phase$~* This in  this density functional reduces exactly to the aforementioned
turn led to a number of theoretical efforts, starting with afree volume theory.Moreover, it can be extended to a mix-
paper by Vrij® Within the Asakura—Oosawa—VrijAOV) ture in the vicinity of a hard wall. Doing so, in addition to
model®7 which treats the polymers as ideal mutually per1_Iayering transitions, a first-order wetting transition was
etrable hard spheréBHS), Brader and Evaficalculated the found!® These results were recently confirmed indepen-

interfacial tension using a squared gradient approach. In thgently using computer simulations by Dijkstra and van

we 12 . . .
work of Brader and Evans the degrees of freedom of th‘BOIJ' again describing polymers as PHS. They found tran-

. . sitions reasonably close to those of the predictions in Ref.
polymer were integrated out such that an effective one: . . . : . _—

. - 10. First experiments did confirm that the colloidal liquid
component system was obtained, similar but not equal to the

semigrand potential derived using the free volume th%ory.phase favors the wall and the accompanying interfacial ten-

The density inh ” aken int ¢ by Sion was in good agreement with previous measurenténts.
€ density Innomogeneities were taken Into account by gypather or not the liquid phase was partially or completely

_sque_lred gra_tdient te_rm. The order of magnitude of th(_a resuIR?\/etting could not be concluded in this work, because of the
ing interfacial tensions compares well to the experimentaljigic ity in measuring the contact-angles with sufficient ac-
values even though the predicted phase diagram does ngf,cy “very recently, a wetting transition was reported in a
quantitatively correspond to the experimental bulk phase diagjmilar colloid—polymer mixturé*1® The authors mention
the difficulty of comparing the experimentally found location
dElectronic mail: d.g.a.l.aarts@chem.uu.nl of the wetting transition to the theoretical prediction. Again,
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(a (b) the necessary expressions explicitly. Here, we will only
briefly repeat some of it. I§1) F, is the free energy of the
pure hard sphere system, i.e., without added polymés
the free volume fractionlI the osmotic pressure, amlg the
polymer number density in the reservoir. The polymer con-
centration in the system is given byb:an[). For Fo we

) S _ use the Carnahan-Starling equation of $fate describe the
FIG. 1. Tw_o possible cor.lflg'uratlons for two cpllmds near a flat harq ""a"'fluid, gas and liquid phases and we make use of a reference
The depletion zones are indicated by dashed line&)lwe have a colloid— . . P .
wall interaction(1) and a colloid—colloid interactiof®) while in (b) we also  [T€€ €Nergy obtained from computer simulatforie describe
have a colloid—colloid—wall interactiof8). the crystalline phase. The osmotic compressibildyi{d n;,)
depends on the nature of the polymers; for ideal polymers it

. i i equals 18 with B=1/kgT and for polymers in the full ex-
the reason for this is that in experiment polymers behave faf),qeq volume limit we use expressions from renormaliza-
from ideal. Several ways to describe polymers more realistiz; group theonfEq. (17.53 from Ref. 29

cally are available in literatut&=2*mainly focusing on bulk
phase behavior. Here we extend the earlier model of Ref. 17 ( dI1

[ 1+3.251¢),+4.151 ¢p,)?| 5%
for bulk to calculate the interfacial tension and to describe A dant =1+2.62%, 1+ 1.4804" '
wetting behavior now also for interacting polymers. P P 2

That the colloidal liquid phasgpartially) wets the wall is
normally explained with “classical” AOV-like arguments,
hence in terms of overlap volumes and accompanying inter?

actions(see Fig. 1 Since at contact the overlap-volume be-  a=(1—¢)exd — (Ad+Bd?+Cd®)], 3)

tween a wall and a colloifivolume 1 in Fig. 1a)] is about . . . _

twice the overlap-volume between two collojd®lume 2 in with ¢ the volume fraction of COIIO'.dS and=¢/(1=¢).
The parametera, B, andC are functions only of the deple-

Fig. 1(a)] the colloidal liquid phase favors the wall, although . i o i ) .
the pair attraction is reduced if two colloids are close to the " thickness(in this approach a step function with thick-

wall and to each otheivolume 3 in Fig. 1b)]. One of the nessA) divided by the radius of the colloiR;

with ¢[,= n[,vp andv,= %ng (Rq is the pplymer’s radius of
yration. The free volume fractiom is given by

goals of this work is to put this qualitative view in a quanti- AV2 [A)3
tative form using the Cahn theory of wettiAd. A=3*3lx | Tlg] -
. . . C C C
We work at a semigrand canonical level, treating the
polymers grand canonically and the colloids canonically. We _9(A)? A3
thus have an effective one component system of colloids at a B= 2| Re +2 R,/ )

constant chemical potential of the polymer maintained by a 5
reservoir filled with only polymer. We focus on predictions c=3 2
of the bulk phase behavior, the interfacial tension, the wet- R.)

ting transition and the prewetting line for ideal polymers aSc ;- ideal polymers within the PHS approaslsimply equals

Rg 1/3
—]+3b -1, (5

_l’_
1+3a R,

ry_ ”L r dll
F(NC,V,T,,LLD)—FO(N,V,T)—V . dnpa

describe the inhomogeneities with a squared gradient term as
free energy. The interaction with the wall is described up to
wetting?* (for a recent review see Ref. R6We present A Rg)z 3 Rg)3
— — C —
R
interface in Sec. lll and for the mixture near a flat hard wall ¢
Il. BULK PHASE BEHAVIOR incorporate polymer concentration dependence we replace
potentialF(N,,V, T, up) of a bulk fluid of N, colloids in @ Haying all ingredients for(1) we apply common-tangent
pressurdl). Using the free volume approach of Ref. 9 yields jsting densities g, andpg for liquid and gas In Fig. 2 we
n' . . 2
My centration. We compare the theoretical predictions to the ex-

weII. as_for excluded.vglume_ mteractm@VI_) polymer R, and A/R; becomegy, the polymer to colloid size ratio.
chains. To keep descriptions simple and straightforward W%Q
or EVI-polymers we take both curvatufa polymer can
in Ref. 8, but with the free volume expressidor the bulk wrap around a c_ollow_and concentration effects Into ac-
count. The depletion thickness now depends on the size ratio
. . L g and on the polymer concentration. We use results from
second order in colloid contact density, i.e., we follow aHankeet 212 to incorporate the curvature dependence
Fisher—Nakanishi-tygé extension of the Cahn theory of ' P P
theory for the bulk phase behavior in Sec. I, for the free R_c: R,
in Sec. IV. We summarize our main findings in Sec. V.~ With analytical expressions faa, b, andc approximately
equal to 1.071, 0.869, and 0.040, respectively. To further
) ) o . Ry with the polymer bulk correlation lengtfEq. (19.24 in
The starting point of our analysis is the thermodynamicreaf 29 which is in line with the work of Joanngt al3!
volumeV and with temperaturg, in osmotic contact with a - ¢onsructiongafter dividing the free energy by to switch
polymer reservoir of chemical potential, (and osmotic 4 free energy densitigsind are thus able to find the coex-
show the bulk gas—Iliquid binodals both for ide@ashed
)- (1) line) and EVI-polymers(full line) in polymer system con-
In Ref. 17 we derived this in detail, showed how to make theperimentally determined binoddkymbolg for a colloid—
extension from ideal to interacting polymer chains, and gaveolymer mixture with q=1.08 of stearyl-coated silica
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Jm(f(P)—p.p+p,)

G [ L
FIG. 3. Ignoring the straight line the areat/ is proportional to the sur-
. . . . . . face tension following fronm{12). The two minima are the gas—liquid coex-
FIG. 2. Comparison of experimental phase diagram with theoretical predicistance points. Adding the straight line, which is given by the I.h.428F,

tions. The symbols denote the experimental binodal for a colloid—polymelsnaples one to solv23) graphically. At the wetting transition the areas B
mixture with size ratiog=1.08 (Ref. 3. The large open circle is the esti- ang C must be equal. The arrow indicates the density of liquid phase at the
mated critical point. The dashed line is the predicted binodal describing the,g.

polymers as penetrable hard spheres, while describing the polymers as hav-

ing excluded volume interactions results in the full line. Open circles denote

critical points.

part of the pair potentiali(r) and hences(r)=0 for r <o
(with o the colloid diameter and c(r)=—pBu(r) for r
colloids (R.=13 nm) with polydimethylsiloxang polymer = . For ideal polymers the pair potential can be written as
(Rg=14nm) in cyclohexan@ Note that we have not shown ;
crystal—fluid coexistence in this phase diagram. Experimen-  U(F)= =Ko TnpVo(r), ®
taIIy, no Crystal—ﬂuid coexistence is found for any colloid— with n". the p0|ymer concentration an‘do(r) the over|ap
polymer concentrations, possibly because colloidal spher@olume between the two depletion zones. For gengrahd
polydispersity supresses crystallization. The predicted binideal polymers modeled as PHS becomes
odal for the mixture with ideal polymers does not agree 3
quantitatively to the experimental binodal. The binodal for m_B: Z¢r 1+ 7_q+ 7i+ 7i+ q_+ a 9)
EVI-polymers shifts in the right direction, although it clearly o. 6P 4 5 10 5 40
pr'edicts too high.polymer concentration's apove a certain CO'For EVI-polymers the pair potential can be writterias
loid volume fraction, the reason for which is unknown. The
overall agreement, however, has improved significantly and (r=— fn;’dn’ ﬂ
such a more quantitative agreement between the predicted o P an")
phase behavior for mixtures with EVI-polymers compared to .
experimental systems is a first step in making quantitativé@dm can be calculated numerically.

predictions about surface tension and wetting phenomena.  More sophisticated expressions frr) could have been
used, for example, by rewriting the direct correlation func-

tions from the density functional in Ref. 11 to an effective

colloid—colloid direct correlation function. However, the re-
To describe the free colloidal liquid—gas interface wesyltingm can then become negative at high colloid densities,

start with the functional for the surface tensigip] where the repulsive hard sphere contributionci@) be-

2 4 5

Vo(r,ny), (10

IIl. INTERFACE

oc dp)2 comes more important than the attractive depletion contribu-
y[p]=J dz f(p)— pueptpestm E) . (6) tion. This shows that the expansion(i) in terms of gradi-
o ents in the density does not converge.
Here,z is the distance to the interfacH,p) =F/V is the free Minimizing the interfacial tensiori6) with respect top
energy density, for which we use the semigrand canonicalsing functional differentiation leads to
potential F defined in(1) and divide by the volum&/. To- 4% df(p)
gether with the second and third term(being the chemical Zmd_r7 = W — e, (11

potential andp. the pressure at coexistendhis gives the

excess free energy in the interfacial region. The last term iwhich can be used to calculate the equilibrium interfacial
the integral accounts for density inhomogeneities. This quatension(without actually having to know the true shape of
dratic term with coefficientn is in fact the first term of an the interfacial profilg

expansion in derivatives of the density.

The coefficientm is given by the second moment of the yzzprdp Vm(f(p)— mep+ Po)- (12)
direct correlation functiorc(r) with r the center-to-center PG
distance and reads The interfacial tension is thus equal to ama B in Fig. 3
T (e (ignoring the straight line whose meaning will be explained
mﬁ:§fo dr réc(r). (7 in Sec. IV.

In Fig. 4 we present the surface tension obtained from
Here, we use the mean spherical approximation for the dired¢he functional in(6) for ideal polymers withg= 1.0 (dashed
correlation function which only depends on the attractiveline) and for EVI-polymers withq=1.08 (full line). We
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10 - - —— function of polymer concentration, which leads to smaller
sl ] overlap volumes and hence smaller attractions, is more im-

/ portant than the steeply increasing osmotic compressibility
; as a function of polymer concentration, which leads to stron-
(uN/m), | . o ] ger attractions.

IV. COLLOID-POLYMER MIXTURE

0.0 0.1 02 0.3 04 NEAR A HARD WALL

¢L_ ¢G
The next step is to describe the colloid—polymer mixture
FIG. 4. Comparison of experimental surface tension with theoretical predic-

. . . ; . near a hard wall. We use the same expressions as above and
tions. The circles denote surface tensions measured in a colloid—polymer

mixture with size ratiog=1.08 of which the phase diagram is given in Fig. add the foIIowmg terms to the functional {6) (in which the
2. Closed circles represent measurents done by De Hoog and LekkerkerkBitegration now ranges from 0 te) to incorporate the inter-
using a spinning drop techniqyRef. 3 and open circles denote measure- gctions with the wall

ments by Aartset al. obtained by analyzing the static profile near a vertical

hard wall (Ref. 13 on exactly the same experimental system. The dashed o
line is the prediction describing the polymers as ideal, while describing the y[p] = f dz
polymers as having excluded volume interactions results in the full line. 0

dp\?
f(p) —meptpctm E

+J' dzp(z)U,(2)
choseq=1.0 for ideal polymers in order to compare our 0
results with existing theoriés® and simulation¥ and we 1 (e
choseq=1.08 for EVI-polymers to compare with experi- —Ej dZJ drp(z)p(r)Us(z,r)+---. (13
mental result$:’®* The change frorgq=1.0-1.08 leads to 0
better agreement with experiment, while this change has nblere, U, is the attractive colloid-wall interactior),=<0,
serious consequences for the comparison with theory. Alsand can be found frorfi.0), in which the overlap volum¥/,
shown are experimental interfacial tensions determined byow depends on the depletion zones of the wall and the
De Hoog and Lekkerkerker with a spinning drop apparatusolloid. The next term in(13) is a wall-induced correction
for colloid—polymer mixtures ag=1.08 (filled circles. (hence the minus sigrto the pair-wise colloid—colloid inter-
Aarts et al. measured the interfacial tension in exactly theaction, which is reducefcompared to its bulk pair interac-
same system using a differeiistatio techniqué® (open  tion u(r)] in the vicinity of the hard wall. This is illustrated
circles: The gas-liquid interface was analyzed near a vertiin Fig. 1(b), where the volume labeled “3” is double counted
cal hard wall, where the interface curvature depends only ofit contributes tou(r) andU,(z)] and should, therefore, be
the capillary length; from this the interfacial tension was ob-subtracted in order to give a proper account of the free vol-
tained. The discrepancy between the two experiments showsne. In other words, the system gains free volume only
the difficulty of measuring such ultra-low interfacial ten- once. This is in fact the first-order correction since three and
sions. Clearly, our prediction for the interfacial tension for more particle interactions with the wall are also possible and
ideal polymers(PHS rises rather fast compared to the ex- become more important for largg. One can easily show
periment, which is not surprising at all, because there is nthat for ideal polymers there are no volumes 3 wigehe-
good agreement between the predicted phase diagram andmes less than 1/4. Thus this second term Witrdepends
the experimental phase diagram as was already mentioned @m overlap volumes of type[3ee Fig. 1b)] to be included in
Sec. | and shown in Sec. Il. The plot does illustrate, however(10) asV,. We now should do this for all positions of the
clear agreement with predictions by Bradafral,'® where  two particles with respect to each other and to the wall.
fundamental measures theory was used to describe the Instead of using the explicit form dfL3) we make the
colloid—polymer mixture. This agreement justifies the use offollowing approximations:
squared gradient theory. Furthermore, we would like to stress " "
the importance of the bulk free-energy density on the pre- f dZP(Z)Uz(Z)*Plf dzUy(2)=—p;hy, (14)
dicted interfacial tensions, which is best illustrated by com- 0 0
paring our predictions to those from Brader and EVAe i, which we define the contact density ag=p(0) andh;
describe the density inhomogeneities in the same way as i — [>dzU,(z). In addition we approximate
Ref. 8, but use a different free-energy den8ifys a result, B
our pred_|ct|ons do not agree with those of Ref. 8, but do_ dzf drp(2)p(HUs(z,r)
agree with the more sophisticated approach of Ref. 10. 0

For EVI-polymers the predicted interfacial tension B
slightly underestimates the experimental data points, al- %_pif dzf drUs(zr)
though the data taken from Ref. 13 are reasonably followed. 0
The smaller interfacial tensions as well as the shift in the >
binodal to higher polymer concentrations as shown in Fig. 2 =M (15
means that in the description with EVI-polymers instead ofwith g=— [§dz/drU3(z,r). Here we make the same ap-
ideal polymers the effect of shrinking depletion zones as groximation as in(14) and write the correlated density—
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FIG. 5. The parametets; (with symbo) in units of o./8 andg (without

symbo) in units of o3/ 5 for q=1.0 as a function of polymer concentration FIG. 6. Explanation of the notation used(it9) following Fischer(Ref. 34.
for ideal (dotted and EVI-polymergfull).

density product as the density squared. With these approx}{ve follow the approach and notation of Fischer, change to
mations we  obtain a Cahn—Fis;her—Nakanishi-typeCylindrical coordinates around particle[¢hown in Fig. 6
functional*?5 in which the interaction with the wall is de- 29 Write the integrals i8] as

scribed up to second order in density with clear physical B

parametersh; and g. These are similar to the “surface dz| drVo=2m | dz, | dzy | dzs; | draroFs,

chemical potential” and the “surface enhancement param- (29

eter” as in Ref. 25. Note that the arguments of the integral%ith F. the overlap area between two disks at height
vanish beyond a certain small distance to the wall, since the E\;’I-polymers and general (19) can readily be calcu-

overlapd\l/olgmes with the wall neeerd fto ca}lculllati an? lated numerically, while for PHS and the symmetric case of
Us rapidly decay to zero. Our working functional therefore g=1 the integrals can be rewritten to much simpler integrals

reads and (19) becomes;ggm?o. (see the Appendjx andg reads
* dp 2
= - £ 98 9 27
el J_wdz f(p) = pept+pctm dz) } g_gzﬁ)”%?”[):m“%' (20)

In Fig. 5 we plotg as a function of polymer concentration.
Again, in case of ideal polymefslotted ling this term rises
faster than in case of EVI-polymetkll line). Moreover, for
EVI-polymersg rapidly does not change anymore as a func-

1,
—pihi+ 5 P19 (16)

For PHSh; can be calculated analytically and is given

by tion of polymer concentration. The consequences of this for
h,B q wetting will be discussed at the end of this section.
—=¢| 1+ 5 17 : , c
ge P 2/ We now have all the ingredients @E6). Minimizing the

interfacial tension with respect o gives rise to the Euler—

while for EVI-polymers it depends not only axy but also on Lagrange equation

the depletion thickness near a wall,,. This can be found
from (5) by taking the limitg— 0. In Fig. 5 we ploth, as a d’p  df(p)

function of polymer concentration and show that in case of Mz~ dp Mo (22)
ideal polymers(dotted linet symbol) this term rises faster

than in case of EVI-polymer&ull line+symbol). The next with boundary condition

term, g, depends on the triple overlap voluelume 3 in dp
Fig. 1(b)] and is more difficult to calculate —hi+gp=2m K (22)
7=
g= _f dzf drU, The boundary condition appears because of the wall and one
has to solve
:f dzf drfn;’dn;(j—n,)VO h;—gp1=2Vm(f(p1) — ep1+Po), (23
0 Mp which can be done graphicafl{/At the wetting transition the
o ol three interfacial tensions in play satisfygs= v, st vaL -
= fo Pd HA(T) f dzf drV,. (18)  This means that the areas B and C from Fig. 3 must be equal,
p

since liquid at the wal(indicated by the arrow in Fig. 3 with
The resulting geometrical problem is closely related to proba density higher than the bulk liquid dengitgosts more
lems described by Bellematisand Fische?* There, how- inhomogeneitiesarea B which are balanced by a favorable
ever, the problem concerns two hard particles at a hard wallnteraction with the wallarea G.

while here we have soft particles at a wall which breaks  For mixtures slightly off-coexistence in the gas phase the
some of the symmetry and changes the limits of integrationprewetting line can be calculated in the same way as the
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(a) mutual overlapping depletion zones of three and more par-
25 , , , ticles are likely to occur, and taking these into account would
/ even give better agreement with the predictions in Refs. 10
2.0t 1 and 12.
. In contrast, for EVI-polymers higher order terms con-
(I)p L5 1 tribute little. For example, for EVI-polymers tlgeterm does
1.0 | not change anymore with increasing polymer concentration
from the bulk critical point on, see Fig. 5. Moreoveyr,is
0.5t 1 very small compared to the result for ideal polymé&<50
wOS— instead of 0.606x ¢[,, Fig. 5. This means that the wetting
099 01 02 03 04 transition for EVI-polymers is mainly driven by the term.
¢ The direct consequence of this is that the transition occurs far
(b) 5 ¢ away from the critical point, atﬁ;,'wz4.403 [indicated by
' ' ' ' the horizontal full line in Fig. #)], which is even above the
4 ] triple line, located atb[)]t=2.388[indicated by the horizontal
dashed line in Fig. (b)]. Note that in our calculations we can
r 31 ignore the crystal phase and we are thus able to determine
(I)p P the location of the wetting transition even if it is above the
triple line. Furthermore, the prewetting line is more extended
1l | than for ideal polymers and does not follow the binodal so
closely. Wijting et al*!® find a wetting transition in a
%'0 0ol 02 03 04 05 colloid—polymer mixture withg=0.93 and transform the ex-
(I) perimental polymer concentration back to a theoretical res-

¢ ervoir polymer concentration thus locating the wetting tran-

FIG. 7. Wetting phase diagrams in polymer reservoir representation wittsition between 43(;5 w<4.5. Forq=0.93 we find the

g 1 bog‘ flor @ 'de?' r?”d(b) EVI- Po'ymefSMThe full ho“zomfi‘l' lines  transition atgy, ,= 3. 80 "Which is again above the theoretical
enote the location of the wetting transition. Mixtures are partially wetting, . - P . .

above and completely wetting below these lines. The dashed ling)in tnple line. Yet in many eXpe“memal systems the CrySta”me

depicts the location of the triple linerystal—fluid coexistence is not shown Phase seems to be supressed by colloidal sphere polydisper-

for the sake of clarity. The lines at the left/gas side of the phase d|agramss|ty

represent the prewetting line starting from the wetting transition and ending

in the prewetting critical point. The inset {(a) shows a zoom in on this area.

The open circles depict critical points.

V. CONCLUSIONS

We have calculated the interfacial tension of the free
wetting transitior?* Now, only one true minimum appears interface in phase separated colloid—polymer mixtures
indicating the density of the gas phase and one local miniwithin a squared gradient approach. For ideal polymers we
mum indicating the density of the metastable liquid phasefind reasonable agreement with a much more sophisticated
Again, an equal area construction can be made to determirgpproact® Moreover, by using a recently developed exten-
the location of the prewetting line which starts at the wettingsion of the free volume theory for ideal polymers to excluded
transition and ends in a prewetting critical point. volume interacting polymet$ the polymer is incorporated

In Fig. 7 we show the theoretical phase diagram in poly-much more realistically into the theory and the predicted
mer reservoir representation for=1.0 for (a) ideal poly-  bulk phase behavior agrees better with experiment. This first
mers andb) EVI-polymers. For ideal polymers a first-order step should be taken when one wants to compare the pre-
wetting transition is found a¢> =1.917 with a prewetting dicted interfacial tensions with experimental values. Making
line ending in a prewetting cr|t|cal point. The wetting transi- this comparison we see that the ideal polymer description
tion takes place rather close to the critical point; for compari-overestimates, while the EVI-polymer description underesti-
son the triple line is at;S[M=6.081. The triple line is found mates the experimental data. The two different methods used
by the crossing of the gas—liquid and the fluid—crystal coexio measure the interfacial tension in exactly the same system
istence(calculated as described in Sec). lIn Ref. 10 the do not agree completely showing that measuring such ultra-
wetting transition is found a¢p =0.85, while in Ref. 12'it  low interfacial tensions is very difficult.
is found atqb w=1.05. Clearly, we find the transition further Furthermore, we have put the often used qualitative in-
away from the critical point than in Refs. 10 and 12, but it isterpretation of wetting in colloid—polymer mixtures based on
still much closer to the critical point than to the triple line. particle wall overlap volumes and hence microscopic inter-
Furthermore, we calculate a prewetting line very close to thections into an insightful, semiphenomenological, quantita-
binodal whereas in Refs. 10 and 12 a first-order wetting trantive form within the Cahn—Fisher—Nakanishi formalism.
sition was found, but not the accompanying prewetting lineThis way we clearly see which terms drive the transition to
We also find that increasinig, drives the wetting transition or away from the critical point. For ideal polymers we find
away from the critical point, while increasing counteracts that the location of the wetting transition is somewhat further
this effect. Of course, higher-order terms in the contact denaway from the critical point than predicted by the theory of
sity are present for the relatively large size rajio 1, where  Ref. 10 and by the computer simulations of Ref. 12, but still
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zones certainly overlap at the center of particle 3. Doing this
for all positions of particle 3, witlz; the distance of particle
3 to the depletion wall, gives the first part of the integration

2

=— 7720'Z . (A1)

This is exactly the same calculatidgim a different way as
done by Bellemans in Ref. 33.

The second part of the integration can be understood as
I e et spes o e ocht I e 5 oS, W let ghost partce 3 Scan the volume beFind the
Ig];esr r:fatrhe wgll and particlé—wall distances are relative to this line. i aepletlon Wa_”’ _See Fllg.(S), but therefore particle 3 _ShOUId

always be within a diameter, of particles 1 and 2, just as

particle 1 should be withir; of 2 and 3, and 2 with respect
much closer to the critical point than to the triple line. Weto 1 and 3. Thus, all particles are identical. One can easily
thus see that the two particle-wall term alone is not enouglsee that if we put and keep particle 2 behind the wall as in
to drive the transition back to the critical point and thatFig. 8d) and let particle 3 scan the overlap volume between
higher-order terms—although smaller—are importantparticles 1 and 2 behind the wall for all positions of 1 and
Again, we can extend this model to incorporate EVI-2—Iet us call this integratiom—that this integration is ex-
polymers. In this case, the two-particle wall term is alreadyactly the same as letting particle 3 scan before the wall again
very small, higher-order terms are even smaller and hencfor all positions of particles 1 and 2, called integratibn
the wetting transition is driven away from the critical point Because of symmetry these integrations are exactly equal to
by the attractive particle-wall term even to above the tripleintegrationc with particles 1 and 2 before and particle 3
line. In experiment, however, a wetting transition is behind the wall, depicted in Fig.(§, which we want to
found}**° but in a system which does not display a crystalknow. We can easily do integratiomsandb together since
phase. We calculated the wetting transition for that system byhe total overlap volume between 1 and 2 is straightforward
ignoring the crystal phase. We then found a wetting transianda+b becomes:
tion reasonably close to the experimentally found one. Fur- . .,
thermore, in Ref. 15 it is mentioned that the pictures of the 54 p— fo CleJ'O ¢ 1d22 Vo(21,25)2m(21+ 25) 25

61

gas—liquid interface are somewhat fuzzy and we feel that

experimentally the challenge still is in accurate measure-

ments of the contact angle. Theoretically, the challenge is to =— n%0?, (A2)
describe polymers even more realistically in order to obtain 420

not only a better overall agreement with the experiment_alNith V,(z,2,) the overlap volume between particles 1 and
bulk phase behavior, but also with the measured interfacia) , e distance of particl to the depletion wall and
1 X

tensions. 27(2,+2,)2,d2, the number of points 2 in a shell around
particle 1. Bellemans calculatea+b+c in Ref. 33 in a
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