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dependence of surface enrichment and of wetting
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Surface segregation in thin films of binary liquid mixtures consisting of random olefine copolymers
was studied by nuclear reaction analysis over a wide temperature and composition range. A
divergence of the surface excdssvas indicated as the binodal of each mixture was approached
from the one-phase region, even at temperatures 100 °C below the criticalpognd interpreted

as the advent of complete wetting behavior. A consistent description of the adsorption isotherms in
terms of a mean field approach assuming a short-ranged surface pdtgistifgasible, but requires

an unexpected temperature dependence ,of This dependence causes the wetting transition
temperature to be located lower than expected on the basis of present moddli997@\merican
Institute of Physicg.S0021-960807)51002-4

I. INTRODUCTION to T., as is the case for simple liquid$.Indeed, complete
wetting from polymer mixtures has recently been
A binary liquid mixture below its critical temperatufie.  observed??”?%even at temperatures some 50 °C belgw?®
consists of two coexisting phases. Where one of the phases is In earlier work we demonstrat&?® that complete wet-
favored at the mixture surface it may either partially wet it, ting can occur in mixtures of model olefinic copolymers
or form a macroscopic layer to exclude the other pesen-  (EEE, _,), where E is a linear di-ethyler(€,Hg) group and
plete wetting.1~® Mixtures of long-chain polymers provide EE is an ethylethylen@C,H5(C,Hs)] group. In two recent
very convenient models for the detailed study of wetting, forarticles (parts f and I*” in this series we extended this to
several reasons, as folloR&he complete wetting regime in  the systematic investigation of such mixtures covering a
such mixtures is much extended as compared to simplgange ofx values. In part | we examined the miscibility and
liquids® The use of random copolymers of structure segmental interaction characteristics by determining phase
(AxB;_y)y allow us to “tune” (via x) the average micro- coexistence diagramsbinodalg for the different pairé,
structure and corresponding thermodynamic interactions ofvhile in part Il we investigated—for the self-same
the componentgeach with a differenk value.”® HereN is  mixtures—surface enrichment characteristics of the air-
the degree of polymerization anl and B are structurally  surface preferred phases. In these binary pairs this is always
different monomers. Varyinijl also enables convenient val- the component with the higher fractionof branched mono-
ues of T, to be selected. Apart from providing convenient mers. We also examined in detail the surface segregation
model systems, surface enrichment from polymer blends hasotherms in two of these mixturdat a single given tem-
clear technological implications for interfacial properties, perature in each caseAn analysis based on a Cahn-
and has been studied in a number of different binaryconstruction approach suggestethat at lower temperatures

systems: a second-order wetting transition on the coexistence curve
Theories of surface segregation in polymer blends havénight be observed in these mixtures.
been based on the van der Waals/Cahn appfo&éfr®for In this third and last article of the series we study in

simple liquids. Much of the experimental data obtained sadetail the question of the temperature dependence of the sur-
far has been successfully described by a mean-field formulgace segregation isotherms for two of the mixtures studied in
tion due to Schmidt and Binderor by extended parts | and Il. The article is organized as follows. In Sec. II
formulations®>**~%® In this formulation the equilibrium we describe the experimental details and the use of nuclear
composition-depth profile near the surface of polymer blendeaction analysf (NRA) to determine the composition-
minimizes the overall free energy. The free energy contains depth profiles. In Sec. lll we show the adsorption isotherms
(short-rangegisurface contributiorfs (generally taken as in-  determined at different temperatures: T, for compositions
dependent of temperatyreas well as a term describing the in the one-phase region of the phase diagram as they ap-
bulk thermodynamics. An important predictiwas that the  proach the binodal line. These results are analyzed in Sec. IV
temperature range where the complete wetting occurs should terms of mean field models, and show clearly the approach
not be restricted to the very narrow temperature regime closg complete wetting even at temperatures far below At

the same time they reveal an unexpected temperature depen-
90n leave of absence from Institute of Physics, Jagellonian Universitydence of the short-ranged surface potentfglassumed re-
30059 Krakev, Poland. sponsible for the surface enrichment.
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720 Budkowski et al.: Surface phase behavior in binary polymer mixtures. Ill

TABLE |. Molecular characteristics of random copolymers
(C4Hg)1—x—[CoH3—(C,Hs)], used in this study. ' ' '
Statistical zo0r ]
Deuteration segment length Degree of AA A A AAAAQD
Blend Copolymer x extente (nm) polymerization
AA A A
d66h52 d66 66 0.40 0.68 2030
h52 52 0.72 1510 olsor 1
R AA A
dgen75 ds6 86 0.40 0.60 1520 ¢
h75 75 0.64 1625 2
2 d66h52
S100F AAAQ < 1
Il. EXPERIMENT
Two polymer mixtures were studied, comprising four
copolymers of structuréC,Hg); _-[C,H3-(CoHs) ], , with dif- sor i
ferent x values; the ethyl (C,Hg) and ethylethylene
[C,H;—(C,Hs5)] monomers are distributed randomly on the . . . s .

1
0.0 0.2 0.4 0.6 0.8 1.0
d66 volume fraction ¢

chains. The characteristics of the copolymers are given in
Table I. The pairs aréd66n52, composed 066 (x=0.66),
which is partly deuterated and dfi52 (x=0.52; and FiG. 1. The experimentally determined phase coexistence characteristics for
d86h75, composed of partly deuteratd86 (x:0_86) and of the d66h52 blend(from Ref. §: the temperature variation of coexistence
h75 (X=O.75). Deuterium Iabeling of one component in each concentrationsp, and ¢, (O) is described(solid ling) by the interaction

. d d in Table)| f h parametery(d66h52)=(0.327/T+3.48.10 #)(1+0.222p). The solid hori-
pair (to an ex'[en'e_. enoted in Table)lwas necessary Orth€ ontal bars mark the evaluated error bars. Solid triangdesdenote bulk
composition profiling methodNRA) described below. equilibrium compositionsp,, for which surface excess was determiriEity.

Samples of the required compositions were prepared by). The data points denoted &) correspond to the coexistence profi®)

spin coating a filn(of thickness 300—1000 nnfrom toluene ~ °f Fi9- 5.
on a gold-covered silicon wafér2x1 cnf). The samples

were annealed in a vacuum ovér0 2 Torr) at temperatures o
in the range 99-184-0.5) °C. Following this the samples Were annealed to equilibriuthat temperature¥<T,. As a

were quenched and stored at temperature below their g|a§§sult of preferential attraction of the deuterated component
transition temperatures T, (~—50°C) until their (with the higher ethylethylene fractipio the free surfacé’
composition-depth profiles gould be analyzed. the profiles ¢(z) were surface enriched in the deuterated

The composition-depth profile(z) of the deuterated
segments was determined via NRA, described in detail
earlier®*3!|n this method a beam of chargdde particles is ' ' ' ' ' '
incident at low angle on the polymer film. The energy spec- 200F 1
trum of scattered “He particles from the reaction ‘
*He+2H—"He+'H+18.35 MeV is measured in the forward
direction, and from this the composition versus depth profile
¢(2) is directly determined.

-

wn

o
T

Ill. RESULTS

Temperature [0C]

A. Phase coexistence characteristics

The binodals for the blendd66h52 andd86h75 were d86h75 |
determined in part §,and are reproduced in Figs. 1 and 2, & 9
respectively. 100F

B. Characteristics of a surface enriched and a 0.0 0.2 0.4 0.6 0.8 1.0
Wetting |a.ye|" d86 volame fraction ¢

The main output of our experiments is the composition-FIG. 2. The same as for Fig. 1 but for ta@6n75 blend. The interaction
depth profilesp(z), from which the amount of surface seg- parameter describing phase coexistence characteristics is now given by

regated component may be determined as a function of bulgi(d%hﬁ):(0'555”r +8.0.10°%)(1-0.05%). Solid triangles(A) denote
ulk equilibrium compositions.. for which surface excess was determined

_co_rjcentra’Fiorkbm at diﬁere_nt temperatures. Single layers of (Fig. 8). The data points denoted &s) correspond to the coexistence pro-
initially uniform composition of eithed66h52 or d86h75 file (@) of Fig. 6.
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100 . roor |
_____ s sof% — T= 99°C
- T= 999C =
go P ———— 1 z
9 g o d66h52
B L J =
g 60 i 40r
y LI
= 20 o5 ==
= qof 466152 1 L pa—
8
= 0 C 1 1 ]
————— 0 100 200
201 o _____ depth [nm]
o
ol For . i o FIG. 5. Coexistencé®) and limiting surface enrichmeit®©) composition-
L L L depth profile of thal66h52 blend obtained from a 20966 and a 15%166
0 100 200 monolayer following 15 ath 2 h of annealing at 99 °C, respectively. The
depth  [nm] horizontal solid and dashed lines indicate the respective coexistence values

¢ and ¢, and their estimated uncertainty.

FIG. 3. Equilibrium composition-depth profiles of tdé6h52 blend mono-
layers with:(®); 5% (&) 10%, and O) 15%d66 following 2 h ofannealing

at 99 °C. The hatched area marks the surface excess Valeéned in Eq. . . .
(1). The horizontal solid and dashed lines indicate the respective coexistenddhase diagramgFigs. 1 and 2, respectively The corre-

values¢, and ¢, and their estimated uncertainty. sponding surface-excess isotherms are given in Figs. 7 and 8.
The shapes of the surface enriched profileigs. 3 and
4) as the concentrationg., approach the coexistence value

species. Figures 3—6 show characteristic profiles at differerffs at @ given temperaturé<T, are revealing. The profiles

bulk concentrations. The surface exc€seshaded in Fig. B~ Shown are a convolution with the NRA depth resolution
is given by function[a Gaussian of-8 nm half-width at half-maximum

(HWHM) at the air surfack which ‘“smear” the true
= F(%)[d’(z)_d’ 1dz (1) composition-depth variation. Nonetheless, we may still ob-
0 e serve(Figs. 3 and #that the surface concentratiah of the

Herez(¢,) is the distance from the surface to the plateau ing?tr;f:ed rl]aaéeer Zttalr;s t?galéﬁgirtﬁg?gﬁ;inczeegggﬁzzﬁa rI]ue
compositionI" is determined for different bulk compositions ap » 8%, app

¢ of the g phase. This is clearly seen in Figs. 5 and 6 for the

¢., in the plateau adjacent to the surface enriched region. ?.". . )
This is done for four different temperatures for each of th:a.|Imltlng surface eniched profiles at.<¢, (denoted byO)

two mixtures studied; the corresponding valuesdaf are
denoted as solid trianglea in the d66h52 and d86h75

T T T T T T
100 -
T= 130°C
T T T
100 8 g
S
T= 130°C =
sof  ———- . £ ]
5 | I— g d86h75
- S
= _
S 60[ E S |
<@
£ 2
h =
e
: 40 d86h75
s S
200 B _____ »
1 1 1 1 1 1
-200 0 200 400 600 800
or . . , depth [nm]
0 100 200
depth [nm] . L . ..
FIG. 6. Coexistencé®) and limiting surface enrichmeit®©) composition-

depth profile of thel86h75 blend obtained from d86 (300 nm thick—h75
FIG. 4. Equilibrium composition-depth profiles of td86h75 blend mono- (360 nm-thick bilayer following 3 h ofannealing at 130 °C and from a 27%
layers with:(¢) 5%, (#) 12%,(®) 22.4, and ®) 27%d66 following 2 h of d86 monolayer followig 2 h of annealing at 130 °C, respectively. The
annealing at 130 °C. The horizontal solid and dashed lines indicate the reiorizontal solid and dashed lines indicate the respective coexistence values
spective coexistence valugg and ¢, and their estimated uncertainty. ¢ and ¢, and their estimated uncertainty.
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722 Budkowski et al.: Surface phase behavior in binary polymer mixtures. Ill

T.=204 °C, and aff=130 °C for thed86n75 blend where
T.=181°C, i.e., forT<T,. This is in strong contrast to
small-molecule liquid mixture$where wetting takes place
1 close toT, (Ref. D], but confirms the expectations for binary
polymer mixtures’

0 —
O 99 0C
¢ 142 9C ©
O 165 °C
@ 184 °C o ‘

w
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T
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IV. DISCUSSION

~

=]
T

1

* A. Phase coexistence and surface segregation

In the standard mean-field model, the composition pro-
file #(z) of the interfacial region between two coexisting
polymer phases at compositiah), and ¢4 (as, for example,
profiles given by the solid black points in Figs. 5 andcén
or , . . ] be shown to be
0 10 20 30 40 g _ _

d66 bulk vol. fr. Goo [%] ¢(Z)— 2[(¢)a+ d)ﬁ) (¢a ¢B)tanr(2/w)]a (2)

wherew is an intrinsic widtfi* of the interfacial region, re-

FIG. 7. Variation of the surface exce$sat the vacuum interface of the |ated to the segment—segment interaction parametaee
d§6h52 blend, as a functlon‘ of a bulk voI_ume_fra_ctldg, determined for captions to FigS. 1 and)2When the same model is extended
different temperatures. Vertical dashed lines indicate the values of the re- . .
spective coexistence compositios, corresponding to the different tem- to _evaluate the proflle_s of th_e surface enriched from '_:he co-
peratures(horizontal bars are estimated uncertaintiéhe solid lines are ~ existence concentrationp; in the bulk, ¢(z) remains
mean-field predictions based on Eg1). unchanged,save that it is cut off at the surface by the sur-

face concentratiops (When ¢s<¢,).

surface excess T' [nm]
<

-
<
T

d66h52

compared with the corresponding coexistence profiles . i
(marked a®) at ¢..= ¢ This indicates a complete wetting B. ft.har?Cter'St'Cs of a surface enriched and a
regime, where there are no energetic barriers to build up Jeting fayer
macroscopic layer of the phase, fully excluding the bulkg Two aspects of the observed surface exceEég¢s) may
phase from the surface. The corresponding isothé¢Rigs. 7  be analyzed within the mean-field description proposed by
and 8§ indicate a divergence ifi as ¢, approachesg;, seen Cahrt long ago. The more general approach examines di-
especially clearly for the lower temperatures studied. Withinrectly the surface segregation isotherms in terms of the form
our experimental accuracy we cannot detect any discontinu-(¢..) expected for the complete wetting regime. Using it we
ity in the I'(¢..) dependence, which would be a characteristicmay in principle distinguish partial and complete wetting
of a prewetting transition. regimes based on tH& ¢,,) data. A more indirect approach,

While complete wetting on the coexistence curve inleading to the so-called Cahn constructioajows us to de-
analogous mixtures has been previously repoftét?°these  termine the concentration derivative of the surface contribu-
data show for the first time its onset on the isothermal path agon to the free energy. It yields a certain insight into the
the bulk concentration approaches the coexistence valugroblem of the location of the partial-to-complete wetting
This occurs even at =99 °C for thed66h52 blend where transition on the coexistence curve. As generally formulated
and used in a number of recent studies, this latter approach
assumes that the surface potentials are dominated by short-
ranged fields. Below we analyze our segregation isotherm
data using both approaches.

T T T T T

+ @ *
< 130 °C i i |
sof | SlEe o L 1. Analysis of surface excess isotherms
ARLAS ol | Q, i% Two different types of behavior are predictefr the
. surface excesF(¢.) of the semi-infinite blend layer as the

¥

<
T
1

bulk concentrationg,, approaches isothermally the coexist-
ence valueps. The excesd’;, obtained fore,, equal in the

[ limit to ¢4, should have a finite value for the partial wetting
regime, whereas for complete wetting it should diverge to

-
=)
T
®

1

surface excess I' [nm]

® infinity. In practice the situation is more complex. Due to the
d86R7S finite thickness of our filmd'; would have a finite value
ol i even in the complete wetting regime, and depends only on
0 o 2o 30 20 the overall amount of the material present in the film.
ds6 bulk vol. fr. ¢ [%] We may relatel’; to the concentratiorps at which the
coexistence profile of Eq2) is cut off by the polymer—air
FIG. 8. As Fig. 7, for thed86h75 blend. surface,
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T T T T T T T T T T T T
& 99 °C 2 130 °c
@ 120 woe\ J86h7S
O 165 °c d66h52 QO w55 °c :
3r @ s °c 1 3r @ 113 °c b
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<
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H E
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. . : . \ . . . . \ .
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Doolop Dol

FIG. 9. The data of Fig. 7d66h52) plotted as a normalized surface excess FIG. 10. As Fig. 9, but fod86h75 (based on data from Fig,)8

I'lfw(¢,— ¢p)] vs normalized bulk volume fractiofip./#,). The solid lines

corresponding to different annealing temperatures are according to

T'w(g,—pp)*A’—In(1- ¢./pg), whereA’ is adjusted for best fitsee Eq.

(5)]. Dashed horizontal lines are normalized surface excess values for tr{e(qga_qgs)/(d,a_ d)ﬂ)]! equal to 10%, 5%, and 1%, respec-
bulk B8 phase enriched at the surface to the compositianmdicated. tively. The experimental data at the lower temperatures for
both blends overshoot these limits, suggesting that the com-
plete wetting regime has been attained even for lowest tem-
peratures of 99 and 130 °C for this6n52 and thed86n75
blends, respectively. This extends our previous observation
of complete wetting occurring on the coexistence curve of

“ 1
Lp(ps)= L(¢ )[ > [(fﬁcﬁ ¢p)— (P dp)

Xtam.(i”_d) }dz the d66h52 blend at 150 °G?

w P The thickness of the surface enriched layer at tempera-
" (1—tanhx) tures above the wetting transition was considered by CGahn.

=wW(¢,— ¢B)f dx(—) ' ©) For surface segregation driven by short-ranged surface fields,
x(¢s) 2 he predicted a logarithmic divergence of the thicknesd

wherex=z/w. Herez(#.) is the position where the coexist- the surface-favored-phase layer for bulk compositiog.,
ence profile has a local concentration equalpto In prin-  €lose t0dyg,

ciple this is just the air surface a&0, but the formulation of 1 Epui Pa) [A—IN(L— ../ ) ]. (4)
Eqg. (3) allows a more general discussion. Surface excess

valuesT'; corresponding tap, much lower than the upper Here the bulk correlation leng,(¢,) is directly propor-
coexistence valuep, would indicate partial wetting. The tional to the intrinsic interfacial widthw;** the constant term

other limit, wherel; corresponds tap, close tog,,, would A may be related to the composition derivative of the surface
indicate the advent of the complete wetting regime. free energy. In the limit where Eq.(4) is valid close to the
Equation (3) suggests a convenient way of examining Complete wetting limit..— ¢ the surface exceds may be
the segregation isotherms of Figs. 7 and 8. This is done iMell  approximated as I'=I(¢,~¢p). Substituting
Figs. 9 and 10, where the temperature-dependent interfacibF1/(¢,— ¢p), we rewrite Eq(4) in terms of the normalized
width w and the coexistence concentratiofs and ¢, are surface excess,
completely absorbed in the normalization of the scales. Fig- r
ures 9 and 10 show how the normalized excess —————«
I'fw(¢,—¢p)] varies with the normalized concentration W(da— bp)
(¢ ¢p) for thed66n52 and thed86n75 blends, respectively. (A" may differ slightly fromA due to the approximation for
The dashed lines marked in these figures are the normalizdd). The solid lines of Figs. 9 and 10 were generated using
excess valuek 4/[w(¢,— ¢)] obtained using Eq3) for the  Eq. (5)*2 to fit the surface excess data corresponding to the
normalized difference betweerp, and ¢, given by two blends at the different temperatures. While the fit is

A =In(1- ¢/ pp) 5

J. Chem. Phys., Vol. 106, No. 2, 8 January 1997
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724 Budkowski et al.: Surface phase behavior in binary polymer mixtures. Ill

qualitative, it is consistent with the logarithmic divergence of . ‘ , , :
the segregation isotherms predictéaf the complete wetting
regime.

g 0.8 T
2. Cahn construction analysis &
= 0.6 7
We follow the standard procedure discussed in more de- -
tail in part 11,17 and reviewed recently For the case of an EB |
A/B polymer mixture confined by a surface &t0, the ex- g
cess free enerdly per unit area of the surface may be written O 165 o 466152
as 0.2F @ 134 °C i
F ¢s,dod o
= +J dz| Fel 6(2)] 0.0 .
kgT dz 0 ' ' : :
0.0 0.1 0.2 0.3 0.4
2 bulk vol fr. ¢eo
a“(¢)
+—_[V¢(Z)]2>- (6) . . .
36¢(1— o) FIG. 11. The experimental adsorption isotherm data of Fig. 7 transformed

. ) using Eq.(9) into ¢, vs ¢, variation for thed66n52 blend at different
Here ¢(z) is the local volume fraction of th& component.  temperatures. Additional points wit,.=0.001 are obtained by interpola-

a(¢) is the effective statistical segment length, related to theion of adsorption isotherm data betwe@h0) point and the lowesk'(¢..)
statistical segment lengtlas, andag of the two components valuz_a Qetermined for each temperature. The solid lines are the mean-field
in our mixture (see Table)l asa?®(¢)=(1— ¢)a’s+¢pa’;s. predictions based on E¢LY).
The first term on the right-hand sidehs) is a bare surface
contributionf: It is usually assuméd short ranged in the
sense that it is a function only of the surface concentratiog,(d) bo)— 1 j¢s a(¢)(d—¢.)do
s For gener_allty and later discussion we mclude.also th 6 )y, Jp(1— @) [Fe(d) —Frn(ba) ]
possibility of its dependence on the surface gradient term o
(dpld2)],_ 22224 The integral represents the bulk contri- In. this way all Fhe adsorption isotherdi(¢..) dat_a deter-
bution: For polymer mixtures the energy functional mlned at four different temperqtures for both mlxty(eee .
Feld(2)] is given by the standard Flory—Huggins Figs. 7 and 8ar_e trgnsformed into the concentration pairs
expressior>36 (¢, ¢5) shown in Figs. 11 and 12. For both blends, and at
all temperatures, the surface concentratiangrows mono-
In 1-¢)In(1- i i iti i
a1 o e avatog s sompi v
A B %
limit.

—Apd, ) For each concentration pdi..,¢s) (of Figs. 11 and 1P
whereN,, N are the A, B degrees of polymerization apd the value ofy [rhs of Eq.(8)] was calculated. Finally, sets of
is the A-mer/B-mer interaction parametéyy, is the chemi-  (¢s.Y) points are shown in the Cahn constructions of Figs.
cal potential difference.

The composition profileb(z) from the surfac€z=0) to
the bulk of the blend is obtained via the minimization of Eq. . . . . .

(€)

(6) with respect to¢(;) and ¢S_. Th(_e composition at the Lok oo 4
surface¢, [=@(z=0)] is determined in turn by the compo-
sitional derivative(—f) of the surface free enerdy, via the
following boundary condition: 203 T
f (¢s:d¢s> _ dfs _ a(¢s) FFH(d’s)_FFH(d’w) V2 ;: 0.6k J
! dz d¢s 3 ¢’s(1_ (ll’s) :
< o °
=y(. o). ®) £ o e ]
7] Q 0,

This expression allows us to look at the surface free .132 E d86h75
energy derivative(—f;) in more detail via the Cahn 0.21 ]
constructiort: The set of points ¢,y) determines the form
of f, in accord with Eq(8). Since the resolution of the NRA 0.0k -
method is not sufficient to yield directly the surface concen- o0 o1 02 Y 0d
tration values¢s, we determine them based on the adsorp- bulk vol fr. ¢e
tion isotherm datd’(¢.,) matching the mean-field predictions
I'(¢.., ¢s) for single ¢ values, FIG. 12. As Fig. 11, but fod86h75 (data from Fig. 8.
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TABLE Il. The surface free energy parameters used in(&d), providing

0.020f 1 best fits tof; plots of Figs. 13 and 14.
Temperature
Blend (°C) RG] g’ (nm) Y’ (nmP)
0.015 T
- d66h52 99 0.008 0010 ®
g 142 0.009 0.006 ®
- 165 0.009 0.001 ®
= 0.010 N 184 0.008 —-0.010  0.017
s d86h75 130 0.008 0.001 %
148 0.008 —-0.006  0.006
0.005 . 165 0.008 —-0.008  0.009
178 0.007 —-0.009 0.014
avalue fixed during fitting.
0.000 | ) ) ] L )
0.0 0.2 0.4 0.6 0.8 1.0
surface vol. fr. ¢s favoring one of the components at the surface, gridpre-

FIG. 13 The Cah ruction for th . hment at th sents the change of interactions near the surféggssing

. 13. The Cahn construction for the surface enrichment at the vacuum, _. ” P

interface of thed66h52 blend. Sets of point§ps, y) were deduced via Eq. rﬁelghbors effect. Th_e Curvatu,re Of,the data in Figs. 13 and
(8) from the compositional pairé, ,¢.) of Fig. 11. They are fitted by 14 clearly does not fit the straight linedfy/dps= w1+ g
dashed lines, expressing the compositional derivativef the augmented as pointed out already in partif. There it was concluded
surface potential2 [Eq. (10)]. The solid lines are thg(¢.. ,¢s) functions for that a better fit to the data could be obtained by addinfy, to

¢..= ¢ at different temperatures. Their intersections witfib,) at concen- . . . - !
trations higher tham, correspond to solution of E8) indicating complete terms linear in the gradient of the concentration profile at the

wetting. surface,d¢4/dz, to give an augmented surface potenfial
as in Eq.(10),
,d d
13 and 14 for thel66h52 and thed86n75 blends. We see at fg‘( % dzd’s) = — pihs— g d2-Y d"is. (10)

once that the ¢.,y) loci are temperature dependent, with a
marked curvature at the higher temperatures. These observstodels incorporating such a gradient terwith different
tions are at variance with the simplest form of the mean-fieldorms for Y) have been describéd,both on entropic
model, in which the(short-rangefisurface field is given by groundé™?* and as an extension to the short-range effects
fo(ps) = — pw1dbs— (9/2) 2. Here u, is a chemical potential expected beyond nearest neightior& Following the ap-
proach described in part },we make use of the identity

dqs) afs
dz s’

0.020 - z=0

oo and find, after some algebra, the form

213225 fa(¢ )z_d_fg: H1tgdhs _ Mi"_g,(ﬁs
BT des 18 36,

0.015[ 7 1+WY(1_2¢3) 1_WY ¢s
(11

With u,, g, andY as adjustable parameters this yields the
best-fit (dashed lines for the different temperatures in Figs.
0.010 13 and 14. The primed surface energy parametgrsg’,
~~~~~~ T and Y' are obtained by dividingu,, g, and Y by
(1+18Y/(a)?), where (a) is the mean statistical segment
_ length of the blend components. These primed parameters
-~ are related more directly to the “Cahn constructions” of
Figs. 13 and 14, since they have the correct limitghat0
(e.g.,u; = f§ for ¢s—0). Their values, corresponding to the
\ best fits of Figs. 13 and 14, are given in Table II.
\ While the question of curvature has already been exam-
0.000 , Y ined earlier(in part 1), the new feature of these experiments
0.0 0.2 0.4 0.6 0.8 1.0 is the monotonic change with temperature of theloci
surface vol. fr. g (dashed lines in Figs. 13 and)1& hese loci start at the same
value u; at ¢s=0, while at higherg, the dashed lines bend
FIG. 14. As Fig. 13 but for the86h75 blend(based on data from Fig. 12 downward, with curvature increasing for higher

¢s( 1- ¢s)

8
a2

-df/d¢, [nm]

0.005[ b \\‘3\

d86h75
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