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ABSTRACT We have investigated by small-angle neutron scattering techniques the collapae-stretching 
transition of grafted poly(dimethylsiloxane) chains. Two ways have been used for inducing this transition: 
modifying the chemical composition in a binary mixture or changing the temperature in a given solvent 
around the fl point. The first method reveals a spectacular preferential solvation effect, provided that the 
grafting density is high enough. The second method is more graduate: the thickness of the interface is a 
linear function of temperature in the range we have investigated. 

Introduction 

For several years, we have been studying the polymers 
at the solid-liquid interface. We have mainly focused our 
attention to the conformation of the chains in a given 
solvent, either when they are adsorbed' or grafted2 onto 
a solid substrate. Two types of solvent have been used: 
poor solvents in which the chains are always collapsed 
and good solvents that under certain circumstances can 
induce a strong stretching of the polymers. The structure 
of the interface is also affected by the type of the solvent. 
In the case of grafted chains, in the brush regime (where 
the polymers are densily grafted), the interface in the 
presence of a poor solvent is dense and of well-defined 
thickness, while a good solvent induces a strong stretching 
of the polymers and a smoother shape of the interfacial 
profile with large concentration fluctuations. What hap- 
pens between these two well-characterized situations? 

We have tried to answer to this question. We have 
restricted our study to grafted layers, because this system 
is the best controlled and the two extreme states (collapse 
versus stretching) are very well described. Two different 
ways have been used to vary continuously the solvent 
quality: either, in a given solvent, changing the temper- 
ature or mixing in different proportions of a poor and a 
good solvent. The first method allows us to seek quite 
properly whether there are some critical phenomena like 
a coil-globule transition3l4 driven by the temperature of 
the solvent. The second method tackles a more compli- 
cated problem owing to the possibility of preferential sol- 
vation. 

This latter question has been paid some attention in 
the past, in particular because it is of great importance for 
industrial applications. But only very few theoretical 
papers deal with this problem and either from a very 
specific point of view5 or with only partial conclusions6 
due to computational limitations. The experimental 
studies' of the preferential solvation are much more 
numerous but their conclusions are very scattered and 
sometimes opposite. Furthermore, they have only focused 
on the thermodynamics of dilute polymer solutions in a 
binary mixture of solvents. These experiments are non- 
local; i.e. they measure the size of the coils (more or less 
directly) without knowing precisely the local volume 
fraction of each solvent inside or just around the coil. In 
these experiments, the measurement of the size of the 
coils and the estimation of the amount of preferred solvent 
are strongly correlated. Furthermore, they are intrinsically 
limited by the eventual demixtion of the solution and 
therefore one cannot really explore the collapse region. 

All these restrictions are avoided in our study becauee 
the chains are attached (grafted) and confined in an 
interface. Even in a poor solvent, using small-angle 
neutron scattering (SANS) techniques, it is possible to 
characterize the average concentration profile (in parti- 
cular, the thickness of the layer). Moreover, by varying 
the neutron refractive index of the solvent mixture, we 
are able to determine the local composition of the solvent 
trapped inside the polymer interface. 

In the f i i t  section of this paper, we describe in more 
detail the experimental system and recall a few technical 
points about the SANS techniques. In section 11, we 
present and discuss the results concerning the collapse- 
stretching transition in a binary mixture. In particular, 
we emphasize the effects of preferential solvation. Then 
we study briefly the influence of the grafting density on 
this transition (section 111). In the last part, the collapse- 
stretching transition is induced by the temperature. We 
shall compare the results in this case with those obtained 
with the binary mixtures. 

I. Experimental Section 
1.1. System. Throughout this paper, only two samples are 

examined. They are identical except for their grafting density. 
Their main features are shown in Table I. They have been 
prepared by grafting long, monodisperse poly(dmethylsiioxane) 
(PDMS) chains (M, = 166 500, polydispersity index 1.10) onto 
a porous silica, as previously described? The silica surface has 
been modified before the grafting reaction in order to prevent 
the natural adsorption of PDMS. It has been partially esterified 
with 8-1 alcohol? The grafting density has been adjusted by 
using two different concentrations of free polymer in the reaction 
bath. 

Three solvents and their corresponding perdeuteriated species 
have been used methanol and dichloromethane which are 
respectively a poor and a good solvent for PDMS at room tem- 
perature and styrene which is a 0 solvent for PDMS at 29.7 "C 
for [Hlstyrene and 34.96 O C  for [Dl~tyrene.~ Though thb elight 
difference, we assume that for all the solvents in thia article, the 
ordinary and the deuteriated species are thermodynamically 
equivalent. In particular, we assume that they have the same 
interaction with the polymer, All theae solvents are of high purity 
grade. They have always been mixed in order to match the 
scattering length density of the silica (Le. 3.484 X 1Olo cm-*). Thii 
point wil l  be further developed in the next section. We call ZD 
the volume fraction of the perdeuteriated solvent compared to 
the total volume of the same solvent (H or D). 

1.2. SANS Techniques and Data Treatment. We assume 
in thm paragraph that the scattering experiments are done under 
the contrast matching condition with only one eoluent. Therefore 
the scattering intensity Z(q)  is only due to the polymer interface 
(q  is the momentum transfer).1° Our method gives a great 
importance to the analysis of the data in the reciprocal space (as 
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Table I 
Main Characteristics of the Two Samples of This Paper 

y P thicknessin thickness in 
(mg/m2) (A) methanol (A) dichloromethane (A) 
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- 8 r  I I 1 I I 

sample 1 19.7 37 212 815 
sample 2 2.7 100 59 223 

a D is the average distance between grafting points. -8.81 , , , , , , , , , 1 
-9 

0 24 .48 72 96 IF2 1.2 
q2 (fi2) 

Figure 2. Scattering intensity of the “bare” (without polymer) 
substrate before (0) and after (0) a thermal treatment of 24 h 
(plot of q2Z(q) vs q2).  The extrapolated value a t  low q allows us 
to determine the amount of grafted stearyl alcohol (see eq 1). 

Figure 1. Schematic shape of the interfacial concentration 
profile. The narrow step of extension h2 corresponds to the thin 
layer of stearyl alcohol. 

\ 1 

they were obtained). For determining the thickness of the layer, 
we use the plot q21(q) vs q2. If we assume that the interfacial 
density profile 4(z) is a step (of height h, z is the coordinate 
normal to the surface), then, under contrast matching conditions, 
it can be shown that 

provided that 

qh << 1 (2) 
L& = np - n, is the difference between the scattering length density 
of the polymer (n,) and that of the solvent (n,) which is equal 
tothatofthesilica. S/Visthespecificsurfaceareaofthesubstrate 
(2.5 m2/cm3) and 7 = J O + * ~ ( Z )  dz is the amount of polymer per 
unit area. 

For the samples of this article, we cannot neglect the 
contribution of the stearyl alcohol layer. If we assume that the 
density profile can be roughly decomposed in two steps (cf. Figure 
l), then the same plot as above can be used to determine the 
thickness of the polymer layer but instead of (11, one has 

(3) 

where the indexes 1 and 2 refer respectively to the polymer and 
to the stearyl chains. Equation 3 is valid only if 72h2 << ylhl, 
which is the case for both samples of this article since the stearyl 
layer is very thin. 

In Figure 2, we have reported the scattering intensity for the 
’bare” sample, i.e. the esterified silica immersed in dichlo- 
romethane (0). Equation 1 allows one to determine yz = 10.1 
A. hz is not measurable (the spectrum is flat). But, anyway, its 
value is less than 10 A. It should be noticed here that this sample 
is not the esterified silica just before the polymer grafting 
(spectrum 0)  but it has been submitted to a subsequent thermal 
treatment for 24 h (with the same conditions of temperature, 
pressure, and solvent as for the grafting of PDMS). We have 
indeed observed that the grafted stearyl chains are partially 
removed by such treatment. This is clearly visible with Figure 
3, where we have reported the amount of grafted stearyl alcohol 
as a function of duration of the thermal treatment. 

0 1 2 3 t  4 
(days) 

Figure 3. Plot of the amount of grafted stearyl alcohol per unit 
area 7 (in A) as a function of duration of the thermal treatment 
t (in days). 

We also use very often a second type of plot, q‘Z(q) versus q, 
that allows us to emphasize the singularities (like a discontinuity 
or a steep decrease) of the interfacial concentration profile. For 
a step (of height h)  

(4) 
&, is the polymer concentration inside the step. This plot does 
not require one to take care about the thin layer of stearyl alcohol 
because the corrections which it could introduce are of the order 
of q2hi << 1 in the whole experimental q range. 

Finally, if there are some concentration fluctuations of the 
Orstein-Zemike type, the scattering intensity follow a Lorent- 
zian-type law and the best plot for revealing such behavior is the 
inverse of the scattering intensity Z(q)-l versus q2. 

&)-I 1 + q y  (5) 
where E is the typical correlation length of the concentration 
fluctuations. 

Therefore, these three behaviors appear in different q ranges, 
depending on the qh values. For the samples of grafted polymer, 
the very small angle domain, q < A-l (eq 3) concerns only 
a few of the first poinb of the spectra (for instance, only the first 
five points for Figure 7a); the intermediate q range, < q < 
5 X A-l, reveals the typical behavior described by eq 4, and 
finally, the ‘high q domain” (q > 5 X 10-2 A-1) is eventually 
dominated by the concentration fluctuations (eq 5). 

1.3. Contrast Variation around the  Scattering Length 
Deneity of the  Silica. All the experiments described below 
have been done under the contrast matching condition: that 
means that the solvent has the same scattering length density 
as the silica. If we use only one solvent (pure methanol, pure 
dichloromethane, or pure styrene), this condition imposes a 
unique isotopic mixture for this given solvent. We call ID the 
volume fraction of the perdeuteriated component. The matching 
of the silica is achieved when XD = 62.2 % for methanol, XD = 90% 
for dichloromethane, and X D  = 52.7% for styrene).” 
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Figure 4. Assumed scattering length density profiles for the 
solvent. The polymer concentration profie has ale0 been drawn. 
This picture corresponds to a strong preferential solvation of 
dichloromethane, in a W/50 binary mixture. qi and n.O refer 
respectively to the solvent inside (outside) the interface. Dotted 
lines refer to the scattering length density of methanol and dichlo- 
romethane. In bulk, these two solvents form a mixture that hae 
the same scattering length density as that of the silica (contrast 
matching in average). 

If two solvents are used (in a given ratio), many compositions 
are possible for achieving the matching condition. When each 
component of the binary mixture matches the silica (we call this 
situation ‘perfect” matching), it is not poesible to detect a 
preferential solvation because each solvent has the same scattering 
length density (equal to that of the silica). In that case, the 
scattering comes only from the polymer (eq 4). But if the contrast 
matching is achieved only in average (each component being 
withdrawn from the average imposed by the silica), then it is 
possible to determine the preciee chemical composition of the 
solvent inside the layer. Indeed, let ua aeeume that the solvent 
density profile, for each component of the binary mixture, is 
allowed to be modified by the preferential adsorption only within 
the polymer interface and that these solvent density profiies can 
be modeled by a step of height h (the same as for the polymer 
layer) (Figure 4). Under these conditions, it can be shown that 
eq 4 becomes 

q4Z(q) = 4*(S/V)(A4, + S)*(l -COS qh) (6) 
A = np - n: and 6 = qi - n.0are respectively the difference between 
the neuron refractive index of the polymer n, (the solvent imide 
the layer, n!) and that of the solvent inside the layer qi (outside, 
n.e). Equations 1 and 3 are also modified in the same way. 
Equation 6 tells ua that, if there is some preferential adsorption, 
it will be revealed by comparison with the experiment done at 
perfect matching. The spectrum q4Z(q) vs q will keep the same 
shape (oscillations), but the contrast (the amplitude of the 
oscillations) will be affected by the shift in the chemical 
composition of the solvent inside the layer. 

11. Collapse-Stretching Transition in a Binary 
Mixture at High Grafting Density 

In this part, we focus on the sample at  high grafting 
density (sample 1) immersed in different mixtures of 
methanol and dichloromethane. We call G the average 
volume fraction of dichloromethane in the mixture (G = 
1, pure dichloromethane; G = 0, pure methanol). 

11.1. Variation of the Thickness of the Interface 
as a Function of G. We have reported in Figure 5 the 
values of the thickness h of the grafted layer versus G. All 
these data have been obtained under the perfect matching 
condition, using the q21(q) vs q2 plot (with an adequate q 
range) and assuming that the density profiie is a step. 
This is obviously a crude approximation especially for the 
data obtained a t  G close to 1. We shall discuss this point 
in more detail in a subsequent section. But it should be 
noticed here that the shape of the curve of Figure 5 would 
not be very different from the exact h(C) curve anyway. 

Figure 5. Thickness of the polymer interface (sample 1) as a 
function of the chemical composition G of the binary mixture 
methanol-dichloromethane. 

Figure 5 shows that the interface goes from a “collapsed’ 
state to an expended state in a very narrow (15%) range 
of variation of G. As G increases from 0 to 1, the interface 
reade as if i t  would remain collapsed. In this sense, the 
transition can be called “retarded”. 

11.2. Preferential Solvation. Obviously, it wm very 
important to seek whether or not this effect is related to 
a preferential solvation. For that purpose, we have done 
the experiment described above. We have compared the 
spectra obtained in a 50/5O mixture of methanol and dichle 
romethane (G = 0.5) but with two different balances in 
the isotopic composition. The mixture G = 0.5 has been 
chosen because of the shape of the curve h(G). At G = 0.5, 
this curve ia the most out of line and, therefore, a possible 
preferential solvation would be maximum at this point. 
The two mixtures we have used consisted of equal volumes 
of methanol (ZD = 62.2%) and dichloromethane (XD = 
90%) (mixture 1) and equal volumes of methanol (XD = 
90.6% ) and dichloromethane (XD = 0% ) (mixture 2). Both 
mixtures ensure the matching of the silica, but the first 
one does it for each component (perfect matching) while 
the second one only in average. 

We have reported in Figure 6a the scattering intensity 
of the bare silica immersed in these two mixtures and also 
in pure methanol and in pure dichloromethane. Figure 
6b shows the spectra obtained for the same samples but 
with a different q range. It is clear that there are no peculiar 
effects with these mixtures. We could only interpret the 
slight difference between the two binary mixtures as a 
result of a thin layer of adsorbed methanol. But this effect, 
whatever it comes from, is very weak, detectable only at  
high q. One can consider both mixtures as roughly 
equivalent for the bare silica. 

In Figure 7, we have reported the spectra of the intensity 
scattered by the dense grafted layer in mixtures 1 and 2 
(with two different q ranges; neutron wavelengths (a) X = 
15 A, (b) X = 6.48 A). Both spectra have rigorously the 
same shape12 (this is especially striking a t  low q), but the 
contrast is much enhanced with mixture 2. This is the 
signature of a preferential solvation. 

Which solvent has the greatest affinity for the PDMS 
interface? It is necessary to return to the basic eqs 4 and 
6. We call / 3 1 ~ ( , 3 2 ~ )  the maximum value of q41(q) in mixture 
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Figure 6. Comparison of the scattering intensity for the bare 
substrate with different mixtures: (0) pure dichloromethane, 
(a) mixture 1; (w) mixture 2; (0 )  pure methanol. Neutron 
wavelengths: (a, top) X = 15 A; (b, bottom) X = 6.48 A. 

1 (mixture 2). We must have 

l44,l IA4,+4 
81 82 

-=- 

or 
A 4 , + 6 = f ~  

with 

* = $44,l 

From the value of 81, one can calculate $p We have found 
4, = 0.64.13 We call now np the scattering length density 
of the polymer and nli (rise) the scattering length density 
of the solvent inside (outside) the interface. Then 

(n, - R,i)4p + (nBi - nt) = f 7  

or 

f7+nt-np4p 
1 - 4p n, = 

Taking nse = 3.484 X 1Olo cm-2, one gets only one possibility 
for qi (the other having no sense): 

nsi = 1.861 x 10" cmd2 (from the data obtained with 
= 15 A) 

nSi = 2.178 X 10" cm-2 (from the data obtained with 
x = 6.48 A) 

Therefore, the solvent that has the greatest affinity for 
the PDMS interface and solvates it preferentially is the 
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Figure 7. Comparison of the scattering intensity at G = 0.5 for 
two different isotopic balances (plot of q4Z(q) vs q): (0)  mixture 
1; (0) mixture 2. Neutron wavelengths: (a, top) X = 15 A; (b, 
bottom) A = 6.48 A. 

dichloromethane. One can estimate that the solvent 
confined in the interface is composed of 96% of dichlo- 
romethane (87 % using the data obtained with A = 6.48 A). 
It is therefore almost pure dichloromethane, while the 
bath keeps its 50/50 composition. 

Returning to a somewhat technical point, one can discuss 
the validity of the main assumptions hidden in our de- 
termination of the chemical composition of the solvent 
trapped in the brush. It is based on the fact that the 
interfacial density profile of this solvent is also a step of 
height h (the same as for the polymer) (see Figure 4). 
Consequently, the spectra that have been obtained with 
different contrasts are exactly proportional (cf. eqs 4 and 
6). As we have seen in Figure 7, this is roughly verified 
with mixtures 1 and 2. Hence, our assumptions seem to 
be valid. However, a careful examination of the data leads 
to the conclusion that the ratio 82/81 slightly increases 
with q. This can be interpreted at least in two different 
ways: there could be some multiple scattering, or the 
dichloromethane solvates the interface more strongly close 
to the wall than near the outer edge of the interface. The 
first explanation is very little likely, especially for the 
spectra obtained with the wavelength of 6.48 A. The 
second interpretation is more satisfactory, in particular 
because the density profile of the polymer itself is not a 
perfect step but something that decreases to zero in a more 
gradual way. In the next section, we shall see that the 
preferential solvation effect is much less pronounced when 
the grafting density is smaller. This suggests that the 
strength of this effect should be related to the local 
concentration 4(z) and therefore, close to the wall, the 
solvent would be pure dichloromethane, whereas around 
the outer edge of the interface, it would reach its bulk 
composition gradually. This z dependence of the pref- 
erential solvation leads to an increase of the ratio 82/81 
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Figure 8. Scattering intensity of the polymer interface (sample 
1) immersed in the mixture G = 0.1 (plot of q41(q) vs 4). 

with q, as we observe. Anyway, this picture, even if 
reasonable, does not alter deeply our conclusions, and at 
a zero-order approximation, our assumptions are com- 
pletely valid. 

On the basis of naive arguments, it is not really surprising 
that the good solvent solvates preferentially the polymer 
interface. But what is not obvious and somewhat para- 
doxical is that this effect is associated with a (strong) 
collapse of the chains. This has been predicted to some 
extent by Monte-Carlo calculations.6 Magda et al. have 
studied the thermodynamics of polymer solutions in binary 
solvent mixtures. The length of the chains was quite short 
and quantitative information has been obtained only with 
equimolar mixed solvent in the limit of infinite dilutions. 
Therefore, this study, though the closest, is not directly 
applicable to our work. But it is nevertheless interesting 
to compare qualitatively the results. The main conclusion 
of Magda et al. is that the chains contract themselves 
compared to the "equivalent" pure single component, 
through the preferential solvation of the good solvent. The 
contraction takes place in order to diminish this prefer- 
ential solvation. And the monomer-monomer cmrelations 
differ considerably from the pure solvent case: they tend 
to promote the configurations for which the preferred 
solvent binds the polymer at  more than one site. We 
believe that these arguments apply qualitatively to our 
experimental study. Nevertheless, the effects we have 
observed are much more pronounced than those described 
in the 1iterat~re.l~ 

11.3. Shape of the Interfacial Concentration Pro- 
file. We have not systematically tried to determine the 
shape of the interfacial concentration profile. This would 
have required a complete study including contrast vari- 
ation experiments which consume much beam time. 

Nevertheless, two important features are clear: before 
the transition (G I 0.6), the density profile is steplike, 
without any concentration fluctuations. As we have seen 
previously (Figure 6), for G = 0.5, the scattering law agrees 
well with eq 4. This is a fortiori true for G < 0.5. (See 
Figure 8 which corresponds to G = 0.1.) In Figure 9, we 
have reported the ratio ( = 6$(r/h) as a function of G. 
These data have been obtained under the perfect matching 
condition; h and #s have been worked out using the step 
model (eqs 3 and 4). Notice that y is determined 
independently of any modeL The ratio (is constant, nearly 
equal to 1 for G I 0.6; that is again consistent with the 
assumed step model. For G 1 0.7, this ratio suddenly 
increases. For G > 0.8, (could not be determined because 
the Porod plateau vanished. The raise of t is related to 
the abrupt variation of h: the layer expands dramatically. 

This sudden change of ( is associated with a great 
variation of the shape of the scattering intensity at low q 

. 1 
G . 5  o 

Figure 9. Variation of the ratio 5 = &/(-y/h) as a function of G. 

1 I 
I 

0 I I  

0 6 1 2  18 2.4 3 l o -2  

Figure 10. Scattering intensity of the polymer interface (sample 
1) for G = 0.6 (a), G = 0.65 (A), G = 0.7 (01, G = 0.75 (0) (plot 
of 44Z(q) vs 4). 
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Figure 11. Plot of the inverse of the scattering intensity for 
sample 1 versus q2: (0) G = 0.65; (0) G = 0.75; (A) G = 0.9. 

(Figure 10). In a narrow range of G (0.6 I G I 0.751, the 
characteristic oscillations disappear as the asymptotic 
horizontal level of q41(q) (Porod's plateau) goes down. This 
can be interpreted by a smoothering of the density profile. 
But meanwhile, the scattering intensity at higher q is also 
dramatically modified. This is due to the grow of 
concentration fluctuations. In Figure 11, we have plotted 
the inverse of the scattering intensity as a function of q2. 
These spectra seem to follow eq 5. As we have explained 

we should take into account the fact that, 
under the contrast matching condition, the scattering 
intensity is the sum of two terms: the first due to the 
average concentration profile and the second due to the 
concentration fluctuations. For separating both contri- 
butions, one should do a contrast variation experiment. 
Nevertheless, in the intermediate q range, the second 
contribution dominates and therefore one can obtain an 
estimation of the typical length of the monomel-monomer 
correlations, ignoring the scattering of the average density 
profile. The fit of the three spectra of Figure 11 with the 
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Figure 12. Thickness of the polymer intarface (sample 2) as a 
function of the chemical composition G of the binary mixture 
methanol-dichloromethane. 

Lorentzian law (5 )  gives the results shown in Figure 15. 
[ is a decreasing function of G. One recovers here a well- 
known property of polymer solutions.l5 [ varies inversely 
with the temperature. 

The presence of concentration fluctuations that con- 
tribute mostly to the scattering intensitymakes the precise 
determination of the average density profile impossible 
for G > 0.6 with only the contrast matching experiment. 
Nevertheless, it  is clear that this interfacial profile becomes 
much smoother for G > 0.6 the polymersolvent boundary 
is no longer sharp. 

111. Influence of the Grafting Density on the 
Collapse-Stretching Transition and on the 
Preferential Solvation 

In this section, we consider the collapse-stretching 
transition in a binary mixture for sample 2. We have done 
the same experiments as above, but now the grafting 
density of the layer is much smaller (see Table I). 

111.1. Variation of h with G. As before, the thickness 
of the interface is an increasing function of G (Figure 12). 
But the variation of h is never abrupt. The curve is still 
convex which tends to prove that there is also a preferential 
solvation. We did not use different isotopic balances which 
would have given a definitive answer. We believe however 
that dichloromethane is again responsible for this pref- 
erential adsorption. But the effects are much weaker than 
for the previous sample. This is due to the grafting density 
that is 7 times smaller. For sample 2, in pure methanol, 
the chains are not in the brush regime: i.e. the average 
distance between grafting sites D (D = 100 A) is greater 
than the thickness of the interface. But for G > 0.5, the 
chains overlap. For sample 1, the chains are always 
mutually interacting, leading to a weak (strong) stretching 
for G < 0.65 (G > 0.65). If we assume that the chains are 
always in the brueh regime,3J6 then the thickness of the 
interface h follows the well-known scaling laws: 

h =  NU''^ 
h = a'Nu 

in good solvent 
in poor solvent 

N is the polymerization index of the chains, u is the grafting 
density, and a and a' are typical monomer sizes. We have 
reported the variation of AhlN = lIN(h(good solvent) - 
h(poor solvent)) as a function of u in Figure 13, assuming 
that a = a' = 1. AhlN is always an increasing function of 
u, up to a critical value that is of the order of 0.2, which 
is huge from an experimental point of view. This simple 
argument shows that the grafting amplifies the effects of 
the preferential solvation. They seem however to be 
qualitatively the same as for dilute polymer Solutions in 

u 
O O  0 1  

Figure 13. Variation of the difference (divided by IV) between 
the thickness of a brueh in a good solvent and in a poor solvent 
as a function of the grafting density U. 
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Figure 14. Scattering intensity of the polymer interface (sample 
2) for G = 0.6 (0) and G = 0.7 (0)  (plot of q41(q) vs q). 

binary mixtures. The simulations of Madga et al. give a 
correct description of these effects: namely, the good 
solvent has the greatest affinity for the polymer and, in 
a 50150 binary mixture, the chains contract through this 
preferential solvation. Undoubtly, for quantitative pre- 
dictions, the theory and the calculations should be 
improved in particular, they have to take into account 
the interchain interactions and incorporate the effect of 
the grafting density. 

111.2. Concentration Fluctuations. As for sample 
1, concentration fluctuations grow when G becomes close 
to 1. Again, we have only partial data that are, in addition, 
of relatively poor accuracy because the scattering intensity 
is weak. 

Nevertheless, we can try to compare these data with 
those of sample 1. It is especially remarkable that 
concentration fluctuations appear for sample 2 at G = 0.7 
(see Figure 14) which corresponds to the point where the 
h versus G curve for sample 1 exhibits an abrupt variation. 
That means that the collapse-stretching transition occurs 
at the same chemical composition, independent of the 
grafting density. 

But this transition is however qualitatively very different 
for both samples. We have reported in Figure 15 the values 
of [ we have determined using a fit with eq 5. In both 
cases, t is a decreasing function of G, but the more 
pronounced this dependence, the weaker the grafting 
density. Furthermore, € seems to "diverge"17 at  low u for 
G = 0.7, whereas at high u, t is always finite. This could 
be reminiscent to the collapse-stretching transition dis- 
cussed by Halperin3 (and Zhulina et aL4) who suggests 
that this transition is qualitativelyvery different depending 
on the grafting density. The "divergence" of [ could be 
also associated to the fact that the chains are no longer 
overlapping for G < 0.6. 
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Figure 15. Variation of as a function of G: (w) sample 1; ( S r )  
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Figure 16. Thickness of the polymer interface (sample 1) as a 
function of temperature. 

111.3. Applications. It turns out that grafted PDMS 
layers are an example of an "environment sensitive 
system".18 They open some interesting perspectives from 
a technological point of view. Obviously, PDMWsilica 
might not be the most suitable system for many appli- 
cations. But our study gives a framework for imagining 
some devices. Indeed, it suggests that a t  very high grafting 
density (somewhat higher than that of sample 11, the 
collapse-stretching transition induced by the preferential 
solvation would be very steep. One can imagine the use 
of this feature in some filtration devices that would be 
very sensitive to the chemical composition of the filtrate. 

For instance, above a certain concentration threshold 
of pollution agent, the membrane (grafted with convenient 
polymers) would react physically in closing ita pores. (The 
fully stretched chains would greatly reduce the perme- 
ability of the membrane.) 

One can also imagine to use these grafted chains in 
separation processes since it turns out that the solvent 
trapped inside the grafted layers consists of one compo- 
nent, almtmt pure, of the binary mixture. For that purpose, 
one should obviously use a substrate with a higher specific 
surface area. 

IV. Collapse-Stretching Transition Induced by 
the Temperature 

In this section, we consider only sample 1, immersed in 
styrene (TD = 52.7 %) at temperature T (-14 "C I T I 69 
"C). 

IV.1. Variation of b with T. In Figure 16, we have 
reported the variation of the thickness of the interface as 
a function of temperature. h increases with T, but without 
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Figure 17. Scattering intensity of the polymer interface (sample 
1) for T = -14 O C  (0) and T = 70 OC (0) (plot of q4Z(q) vs q) ,  

750 1 
I ti 

1 T' 0 
Figure 18. Thickness of the polymer interface (sample 1) as a 
function of reduced temperature T. This reduced temperature 
has been defined in order to collapse the data of Figures 5 and 
16. 

any detectable singularities. h seems to be a linear function 
of temperature in the whole T range we have explored. 

IV.2. Shape of the Interfacial Concentration Pro- 
file. The q41(q) vs q plots of Figure 17 show that the 
shape of the interfacial concentration profile gradually 
changes from a step (oscillations) to asmoother form (with 
only one well-defined boundary, the solid-polymer border). 
This is again associated with the growth of concentration 
fluctuations. 

IV.3. Comparison with the Previous Experiments 
and with Theory. All these features are the same as 
when the collapse-stretching transition is induced by a 
change of the chemical composition of a binary mixture. 
But the latter way is much more efficient: asmall variation 
of G (15%) corresponds to a change of more than 80 deg 
of temperature. (This is easily seen in Figure 18 where we 
have collapsed the data of Figures 5 and 16.) 

The comparison with theory is not easy because of the 
systematic use of reduced coefficients. Nevertheless, it 
was an t i~ ipa ted~*~  that there should be no phase transition 
when the temperature is changed provided that the grafting 
density is high enough. This is in agreement with our 
observations. The occurrence and the nature of such a 
phase transition at moderate grafting density is contro- 
versial. We cannot give definitive experimental arguments 
about this point. Indeed, though we have only partial 
data, we can say that the variation of h with T for sample 
2 does not exhibit any singularities. But the relative 
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variation of h is very weak. Consequently, a kink in this 
curve is virtually undetectable. 

At highgrafting density, the theory predicts that h would 
scale as (T - at high T (good solvent) and as (e - r)-l 
at low T (poor solvent). We find something exactly in 
between. In the whole T range we have explored, h IT 
- 01. Figure 18 suggests that the two asymptotic regimes 
predicted by the theory have not been attained and the 
range in which T has been varied should be enlarged. 
However, if one makes an expansion around the 6 tem- 
perature of the theoretical expression for h versus T,  one 
finds a linear regimelg that we have indeed observed. We 
can conclude that our experimental results are at least 
qualitatively in agreement with the theoretical predic- 
tions.4t5 

Conclusion 
We have shown that the collapse-stretching transition, 

when it is induced by a change of the chemical composition 
in a binary mixture, is associated with a strong preferential 
solvation of the good solvent component. This effect, 
predicted theoretically for dilute polymer solutions, is 
much more pronounced for polymer brushes. This could 
lead to some new filtration or separation processes. When 
the temperature drives this collapse-stretching transition, 
the phenomenon is muchless spectacular: a large variation 
of T is required to change significantly the thickness of 
the interface. 
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