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ABSTRACT: Using low-energy forward recoil spectrometry (LE-FRES) and neutron reflectivity (NR),
the interfacial excess, z*, of an asymmetric poly(deuterated styrene-block-methyl methacrylate) (dPS-b-
PMMA) at the polymer matrix/silicon oxide interface was found to decrease as the bromostyrene mole
fraction, x, in a poly(styrene-ran-4-bromostyrene) (PBr«S) matrix systematically increased. For matrix
degrees of polymerization, P = 480 and 3846, z* decreased by 15% and 33%, respectively, as x increased.
Neglecting the matrix—substrate interaction energy, ,, self-consistent mean-field (SCMF) calculations
predicted an increase in z* with x, consistent with an increase in unfavorable matrix—dPS interactions,
%- By including a small attractive interaction (e, = —0.01ksT) between the matrix and substrate, the
SCMF z* decreased by ca. 50%, in qualitative agreement with experiments. Thus, as x increased (and
therefore ¢;,), matrix chain competition for silicon oxide counteracts the expected increased adsorption
due to y. Furthermore, the dPS volume fraction profile in PBro136S had a lower z* and was thinner than

for the neutral matrix case.

Introduction

Polymer surface and interface properties underlie
many applications including microelectronics, coatings,
and paints. In many cases, adhesion between a polymer
film and substrate is poor and must be improved by,
for example, adding adhesion promoters to a formula-
tion. Both end-functionalized homopolymers and block
copolymers are attractive additives because they can be
designed to anchor to the substrate while entangling
with matrix chains. In addition to anchor strength,
adhesion promotion will depend on the interpenetration
between free ends of the attached chain and the matrix
chains. This interfacial width is mainly governed by the
degrees of polymerization of the additive and matrix (N
and P, respectively) as well as segment—segment in-
teractions. For block copolymer adsorption from a
neutral matrix, we have shown that the interfacial
excess, z*, initially increases rapidly as P increases and
then becomes constant for P > 2N, where N is the
nonadsorbing block length.! Using a self-consistent
mean-field model to interpret results, a crossover from
a stretched to collapsed brush was attributed to the
entropic repulsion of long matrix chains as P increased.
In the present paper, block copolymer adsorption prop-
erties are studied as a function of matrix species.
Specifically, the interfacial properties are manipulated
by systematically increasing the unfavorable segment—
segment interaction, y, between the matrix and nonad-
sorbing block of the copolymer. Although matrix chains
will be progressively expelled from the brush as y
increases, the interaction energy between matrix chains
and the substrate will be shown to dominate the
adsorption properties of the block copolymer.
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Scaling laws? predict that polymer adsorption is
relatively insensitive to the interactions between matrix
chains and adsorbing polymers at low grafting densities
but strongly dependent at high densities. In particular,
unfavorable interactions will increase the net driving
force for adsorption, resulting in a dense adsorbed layer
and a sharp interface. On the other hand, a favorable
matrix will decrease adsorption. In a favorable matrix,
adsorbed chains are stretched and the matrix chains
penetrate into the adsorbed layer. Correspondingly, the
interface between the adsorbed layer and the matrix will
be broad.

In this paper, the interaction energy between matrix
chains and the substrate will influence adsorption. If
attractive, the matrix chains will compete with the
copolymer for adsorption sites. On the other hand, if this
interaction is repulsive, the matrix chains are depleted
from the interface, thus enhancing copolymer adsorp-
tion. To interpret results, we apply a self-consistent
mean-field (SCMF) model that includes both the inter-
action energy between the adsorbing block and the
substrate as well as that between the matrix and
substrate. Experimentally, as the matrix species changes,
the matrix—copolymer interactions and matrix—wall
interactions will both change. One great advantage of
the SCMF model is that the matrix—wall interaction can
be varied while holding other parameters fixed. Using
the SCMF as a guide, we will show that an increase in
adsorption, due to unfavorable matrix—copolymer in-
teractions, can be offset by a decrease in adsorption
resulting from an attractive matrix—wall interaction
(i.e., matrix competition).

Using neutron reflectivity (NR), Clarke and co-work-
ers® studied the adsorption of end-functionalized deu-
terated polystyrene (dPS—COOH) (N = 710 segments)
at the polymer matrix/silicon oxide (SiOy) interface for
a variety of matrix species. Matrix polymers presenting
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an unfavorable environment for dPS—COOH included
poly(butadiene) (PB) (P = 185 and 10 000 segments) and
poly(methyl methacrylate) (PMMA) (P = 790). The
Flory—Huggins interaction parameters were ygps-pg =
0.1 and ydps-pmma = 0.037, respectively. Polystyrene
provided a neutral matrix where ygps—ps ~ 0.0001.
Favorable matrices (y < 0) included poly(vinyl methyl
ether) (PVME) (P = 1710) and a miscible blend (1:1) of
PS (P = 4815) and poly(phenylene oxide) (PPO) (P =
2620). For y < 0, dPS chains were strongly stretched
and the layer/matrix interface was broad, whereas for
x > 0, the adsorbed layer was relatively thin and the
layer/matrix interface sharp. In a limited test, the
volume fraction profiles predicted from SCMF were
found to be in agreement with NR results. Unfortu-
nately, a quantitative comparison between systems was
hindered by the matrix characteristics, including dif-
ferences in P and polydispersity. Recently, Sferrazza
and co-workers* used NR to study the adsorption of end-
grafted dPS as a function of the interaction parameter,
xpvme/dps, between a PVME matrix and dPS. As tem-
perature increased (i.e., ypvmesdps iNncreased), the PVME
matrix chains were progressively expelled from the dPS
brush. The influence of ypymesdps 0N brush thickness was
in agreement with scaling predictions. Experiments in
refs 3 and 4 demonstrate that end-functionalized ho-
mopolymer adsorption strongly depends on the matrix
species. Diblock copolymer adsorption is relatively more
difficult to understand because each block will interact
differently with the matrix species.

Using forward recoil spectrometry (FRES), Green and
Russell® studied block copolymer adsorption to silicon
oxide from a dissimilar polymer matrix species. The
adsorbing species was a short symmetric block copoly-
mer dPS-b-dPMMA having 262 total segments. Four
polymer matrices were studied. Polystyrene (P = 4810—
17 310) provided a neutral environment for the nonad-
sorbing dPS block and a repulsive one for the adsorbing
dPMMA block. Using a PMMA matrix (P = 5000), the
environments for the dPS and dPMMA blocks were
reversed. Two other matrices, poly(vinyl chloride) (PVC)
(P = 1350) and a (1:1) miscible blend of PS and PPO
(P = 540), were also studied. For these four matrices,
dPS-b-dPMMA adsorbed to silicon oxide only from the
PS matrix. In some cases (e.g., PMMA matrix), copoly-
mer adsorption was most likely prevented by the matrix
competition for the substrate. A quantitative explana-
tion was beyond the scope of this study because several
segment—segment and segment—wall interactions were
unknown.

The substrate surface is an important consideration
when choosing an adhesion promoter. For example,
adhesion can be tuned using an end-functionalized
polymer, whose end group will react with the substrate.
In recent studies,®7 the interaction energy of a carbox-
ylic acid functional group with SiOx was found to be an
order of magnitude stronger than that of butadiene
segments.8 This observation is consistent with the
relatively weak van der Waals interaction between
butadiene and silicon oxide,? compared to the chemical
reaction between COOH and the surface.®

For block copolymer adsorption, the copolymer—
substrate interaction can be tuned by simply varying
the number of segments on the adsorbing block. Unfor-
tunately, the interaction energy per segment is difficult
to determine because it requires measuring the number
of segments in contact with the substrate. Qualitatively,
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Table 1. PBryS Matrix Characteristics

P range of x2 yBmPe

0—-0.168 1.7 x 1074-3.5 x 1073
0—0.208 1.7 x 1074-4.73 x 1078

system | 480
system 11 3846

a Determined by elemental analysis by QTI, Inc.2* b Calculated
from refs 13 and 14 for 160 °C. ¢ The ygm = 1.7 x 10~ corresponds
to dPS—PS interaction, where x = 0.

the PMMA block in dPS-b-PMMA was found to adsorb
to silicon oxide and aluminum oxide, but not to gold.®
On the other hand, poly(isoprene) (PI) blocks were more
strongly attracted to gold than to silicon oxide.19 Also,
poly(2-vinylpyridine) (PVP) was strongly attracted to
SiO,.1112 Clearly, a reliable database of segment—
substrate interaction energies is needed before block
copolymer adsorption properties can be predicted from
first principles.

In this paper, we study the adsorption of an asym-
metric dPS-b-PMMA block copolymer blended with a
model matrix, namely poly(styrene-ran-bromostyrene)
(PBrS). This system was chosen because the segment—
segment interaction parameter, y, between the nonad-
sorbing dPS block and the matrix polymer can be
systematically tuned by increasing x, the mole fraction
of bromostyrene. The unfavorable nature of the interac-
tion between PS (dPS) and PBr,S has been docu-
mented.1314 Our group has taken advantage of the
tunability of y to control both surface segregation in
miscible dPS:PBr,S blends!® and interfacial segregation
at the polymer/polymer interface between PS/dPBr,S:
PBr,S, where dPBr,S and PBr,S are miscible with each
other but not with PS.16 The PBrS matrix also allows
one to vary x (i.e., y) at constant P. Furthermore, PBr,S
is monodisperse. For these reasons, PBrS is a model
polymer for investigating the effect of matrix species on
dPS-b-PMMA adsorption. The main experimental find-
ing in this paper is that the interfacial excess, z*, of the
dPS block decreases slightly as y increases. By including
a small attraction between the matrix and substrate, a
modified SCMF model shows that matrix adsorption to
the substrate offsets the expected increase in z* as y
increases.

Experiment

Materials and Sample Preparation. In this study, the
adsorbing polymer was an asymmetric poly(deuterated styrene-
block-methyl methacrylate) block copolymer (dPS-b-PMMA)
purchased from Polymer Source, Inc.Y” The dPS-b-PMMA had
a short MMA block (44 segments), which adsorbs to silicon
oxide, and a long dPS block (N = 933), which extends into the
matrix. Because the dPS—silicon oxide interaction is weak,
dPS segments are readily displaced by MMA segments at the
substrate.’® For the MMA block with a mole percent of 4.5%,
the interaction energy with silicon oxide was €, ~ —8kgT per
block, which yields an effective interaction energy of —0.18kgT
per segment.! Because only some of the MMA segments are
in direct contact with the substrate, the true interaction energy
per segment will be higher.

The matrix polymer was poly(styrene-ran-4-bromostyrene)
(PBryS), a random copolymer prepared by bromination of
polystyrene purchased from Pressure Chemical, Inc.?® The
bromination procedure was described in ref 20. To study
adsorption conditions at P < N and P > N, PBr,S with segment
numbers of P = 480 and 3846 were chosen. The PBr,S matrix
characteristics including the range of x and ygm are given in
Table 1. Systems containing the low- and high-P matrix
polymers are denoted as systems | and 11, respectively.

The silicon substrates were prepared by first removing the
native oxide with a 7 vol % HF:water solution (3 min). The
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Figure 1. Phase diagram of dPS:PBr,S blends where the dPS
has 933 segments and PBr,S has (a) 480 segments and (b) 3846
segments. The solid lines represent the boundary between the
one-phase and two-phase regions. Solid and open circles
represent samples in the one-phase and two-phase regions,
respectively. Data correspond to 160 °C.

substrate was then placed in an ultraviolet ozone cleaner for
10 min to grow a ca. 20 A thick silicon oxide film, as measured
by ellipsometry.

Polymer films were prepared by spin-coating a toluene
solution of dPS-b-PMMA and PBr,S on a fresh substrate. Film
thicknesses, as determined by ellipsometry, ranged from 2200
A to about 2500 A. The samples were annealed in a vacuum
oven for 5 days at 160 °C. This annealing time was long enough
to ensure equilibrium adsorption as determined from previous
time-dependent studies.?? The volume fraction of dPS-b-PMMA
in the as-cast films was ¢.. = 0.05.

Blend thermodynamics can play an important role in
adsorption. For the low-P case (system 1), the range of x was
chosen such that an effective blend of the dPS block and PBr,S
would be miscible. Following,? the dPS:PBr«S phase diagram
is shown in Figure 1a. The critical y parameter is y.; = 3 x
1073. The solid circles in Figure la represent thin film samples
for system 1. For the high-P case (system II), the critical y
parameter decreases, y.n = 1.2 x 107°. Therefore, over a
similar range of x as system I, dPS:PBr,S blends span the one-
phase (solid circles) and two-phase (open circles) regions of the
phase diagram, as shown in Figure 1b. We emphasize that
the phase diagrams in Figure 1 serve only as a guide because
they ignore the influence of the MMA block on blend thermo-
dynamics.

Experimental Techniques. The interfacial excess of dPS
was determined by low-energy, forward recoil spectrometry
(LE-FRES) using a 2.0 MeV He™ ion beam at 15° incident and
exit angles with respect to the polymer film and a 7.5 um Mylar
stopper foil. Under these conditions, the depth resolution was
450 A at the surface and about 710 A at 2200 A beneath the
surface. Conventional FRES?* and LE-FRES? have been
described elsewhere. For selected samples, the dPS volume
fraction profiles were measured by neutron reflectivity at the
Cold Neutron Research Facility at National Institute of
Standards and Technology on the NG7 reflectometer. The
principles of NR have been described elsewhere.?® For consis-
tency LE-FRES and NR measurements were performed on the
same samples. The NR data sets were evaluated using the
fitting procedure outlined in ref 15.

Self-Consistent Mean-Field Model. To help interpret
experimental measurements, a SCMF model was used to
calculate the volume fraction profiles of the dPS block at the
PBr,S/silicon oxide interface. The SCMF calculations followed
the guidelines of Shull and Kramer?” and were extended by
us to study block copolymer adsorption at the polymer/solid
interface. The SCMF input parameters are the segment
numbers of both blocks and the matrix polymer, the bulk
volume fraction of the copolymer, the Flory—Huggins seg-
ment—segment interaction parameters yags, xam, and ysm, and
the interaction energies between the substrate and polymer
segments, namely €3, €3, and «,. The index M denotes the
matrix polymer, whereas A and B denote the PMMA and dPS
blocks of the copolymer, respectively. Using the known dPS/
PMMA interaction parameter,?® the value of yag was set to
a8 = 0.0374 at 160 °C. The y parameter between dPS and
PBr,S, xewm, is a function of x and calculated from refs 13 and
14. The interaction between PMMA and PBK,S, yawm, is not

Macromolecules, Vol. 33, No. 6, 2000

0'10 I T T T

0.08 L 29 i
.5 ofgb Q’u:p
5 006] &8 i
g Og q:
o |
E 0.04 |- Smpllc smﬁ%& 0.8k Ccf |
g 1008 G BPgPS g
w o o \
5 002 o ® \go ]

6 @
0.00 mmﬁﬁ‘%& e %Q& :
-1000 0 1000 2000 3000 4000

distance from the surface [A]

Figure 2. LE-FRES volume fraction profile of the dPS block
in a dPS-b-PMMA:PBrg 35S blend annealed at 160 °C for 5 days
(open circles). The volume fraction of dPS in the as-cast sample
is ¢ = 0.05. The shaded area represents the dPS interfacial
excess, z*, and the arrow indicates the position of the sample
surface.

known. However, large changes in yam were found to change
z* by at most 2 A.

The interaction energy of the MMA segment with the silicon
oxide substrate, €, = —0.18ksT, was previously measured.!
In the same studies, the interaction of dPS with silicon oxide
was found to be negligible, e = 0. The interaction between
PBrS and silicon oxide, €,, is not known, although it was
observed?®3 that PBr,S in a dPS:PBr,S blend does not have a
preference for silicon oxide. One goal of this paper is to
investigate whether competition between PMMA and PBr,S
for adsorption sites will affect z*. Using the SCMF model, we
will perform this test by systematically varing e, while
holding all other parameters constant. For the interaction
between PBr,S and silicon oxide, the highly polar and electron-
rich Br groups are likely to interact with Si—OH groups on
the oxide surface via hydrogen bonding and induced dipole—
dipole interactions. The SCF model in this paper does not
account for the random copolymer nature of PBr,S. To improve
this model, the interactions between each segment type and
the surface should be included.

Results

System |. Low Molecular Weight PBrS Matrix.
The adsorption of dPS-b-PMMA (N = 933) from a PBr,S
(P = 480) matrix is studied for bromostyrene mole
fractions ranging from x = 0 to 0.168. Correspondingly,
the dPS—PBIS segment—segment interaction param-
eter, yswm, increases from 1.7 x 1074 to 3.5 x 1072, For
this range of ygm, @ dPS:PBr,S blend is miscible for all
concentrations as shown in Figure 1a. Using LE-FRES,
we have measured the interfacial excess, z*, of the dPS
block at the PBr,S/silicon oxide interface after vacuum
annealing for 5 days at 160 °C. Figure 2 shows a
representative dPS volume fraction profile in PBrS
(P = 480) for the case x = 0.15. Within the resolution of
LE-FRES, dPS-b-PMMA is uniformly distributed at the
film surface and in the bulk. However, dPS-b-PMMA
enrichment to the oxide surface is clearly observed as
denoted by the shaded region (i.e., z*) in Figure 2. The
LE-FRES values of z* are plotted as a function of ygm
in Figure 3. As ygm Vvaries by a factor of 20, z* is
relatively constant, showing only a small decrease from
ca.38to 33 A as yem increases from 1.7 x 1074 to 3.5 x
1073, respectively. Because this variation is within
experimental error, the functional dependence of z* on
xsm could not be determined. Intuitively, these results
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Figure 3. Interfacial excess of dPS determined by LE-FRES
(solid circles) as a function of the matrix—dPS segment
interaction energy for system I. The line is a guide to the eye.
The error bars were obtained following ref 31.
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Figure 4. Interfacial excess of dPS determined by LE-FRES
(solid circles) and NR (open circles) as a function of the
matrix—dPS segment interaction energy for system Il. The
dotted line divides the one-phase and two-phase regions of the
dPS:PBr,S phase diagram shown in Figure 1b. The error bars
were obtained following ref 31.

are particularly surprising because one expects the
driving force for copolymer adsorption to increase as the
interaction between the copolymer and matrix becomes
less favorable. As discussed later, the expected increase
in z* due to yam can be offset by competition from the
matrix chains.

System I1: High Molecular Weight PBr«S Matrix.
The adsorption of dPS-b-PMMA (N = 933) from a PBr«S
(P = 3846) matrix is studied for x ranging from 0 to
0.208. Correspondingly, ysm increases from 1.7 x 10~
to 4.7 x 1072, For system Il, dPS:PBr,S blends with x
(xsm) greater than ca. 0.12 (2.25 x 1073) are expected
to be immiscible as shown by the open circles in Figure
1b. For the same annealing conditions as system I, z*
is plotted as a function of ygm in Figure 4. Within
experimental error, the z* values determined by LE-
FRES (solid circles) and NR (open circles) are in good
agreement. For ygm < 2.25 x 1072 (i.e., one-phase), no
surface segregation of dPS-b-PMMA was observed,
whereas for ygm > 2.25 x 1073 (i.e., two-phase), surface
enrichment was appreciable. This observation will be
discussed in a future publication.?? In the one-phase
region, z* decreases from ca. 32 to 22 A as xBMm INCreases
from 1.7 x 1074 to 1.5 x 1073, respectively. Thus, by
increasing the unfavorable interaction between copoly-
mer and matrix polymer, copolymer adsorption de-

distance from the interface [A]

Figure 5. Volume fraction profiles of dPS at the interface
between dPS-b-PMMA:PBr,S and silicon oxide determined by
NR for system Il with x = 0 (dotted line) and x = 0.136 (solid
line). The arrow indicates the radius of gyration of an
unperturbed dPS block (Rq ~ 85 A). The values of z* are given
in Figure 4.

creases by 30%, which is much stronger than observed
in system 1. However, for ygm > 2.25 x 1074, Figure 4
shows that z* strongly increases by nearly a factor of 2
as ysm increases from 2.5 x 1073 to 4.7 x 1072. In this
regime, a quantitative analysis of z* is greatly compli-
cated by the two-phase nature of the film and will not
be addressed in this paper.

Figure 5 shows the volume fraction profile of the dPS
block measured by NR for PBr«S matrices corresponding
to x = 0 (dotted line) and x = 0.136 (solid line). The
goodness of the fit is determined by minimizing the chi-
square, x?, between the measured and calculated re-
flectivities. The profiles in Figure 5 provide the mini-
mum 2, which range from 3 to 5. For the neutral PS
matrix, the adsorbed layer is relatively thick and dense.
The z* is ca. 33 A, in good agreement with LE-FRES
measurements (see Figure 4). The dPS volume fraction
reaches a maximum value of ca. 42% at a distance of
50 A from the interface. The depletion layer between 0
and 50 A is consistent with a thin adsorbed layer of the
PMMA block. A depletion of dPS adjacent to the
substrate also suggests that the interaction energy
between dPS and silicon oxide, €3, is negligible. As the
matrix becomes unfavorable for the copolymer (solid
line), the adsorbed layer collapses and its thickness
becomes less than the dPS block radius of gyration, R,
depicted by the arrow in Figure 5. Because the dPS
volume fraction in the adsorbed layer is reduced, the
z* is only ca. 18 A, in fair agreement with LE-FRES
(see Figure 4). In contrast to the PS matrix, a depletion
layer is no longer present, indicating that the dPS
segments are driven to the substrate because of the
unfavorable matrix environment.

Discussion

We have designed a thin film system containing a
dPS-b-PMMA diblock having a long nonadsorbing dPS
block and short adsorbing MMA block. An MMA mole
fraction of 4% is chosen because this copolymer compo-
sition produces the highest grafting density.?? This
adhesion promoter is blended with the majority com-
ponent, PBr,S, where x is the mole fraction of bromi-
nated styrene units. One reason for choosing this system
is that the unfavorable segmental interaction energy
between PBrS and dPS, denoted as ygm, is known to
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increase as x increases (i.e., ygm [ X?).1314 Intuitively,
one expects z* to increase as ysm increases. In other
words, one expects an increase in interfacial segregation
as x increases. Indeed, our SCMF calculations show that
the interfacial excess of the dPS block increases with
increasing ygwm if the other interactions are held fixed.
Experimentally, z* slightly decreases as ygm increases
for the short matrix chains in system I (Figure 3) and
clearly decreases for the long matrix chains in system
Il (Figure 4). The contradiction between the SCMF and
experimental results can be reconciled by considering
the other segment—segment and segment—wall interac-
tions that depend on x.

Because the segment—segment interaction param-
eter, yam, between PMMA and PBr,S is unknown, we
have investigated the effect of yam 0N z* by varying yam
over almost 2 orders of magnitude, from favorable to
unfavorable, in SCMF calculations. As yam becomes
more favorable, z* decreases because it is more favorable
for the PMMA block to stay in the bulk than to adsorb
at the interface. On the other hand, increasing the
unfavorable interaction between PMMA and PBr,S acts
to increase z*. Nevertheless, for both cases, z* changes
by less than 2 A or only 7% of the experimental z*.
Therefore, we can conclude that the PMMA—PBI,S
interaction does not significantly influence dPS-b-
PMMA adsorption at the PBr,S/silicon oxide interface.

The interaction energy between the PBr,S segments
and silicon oxide substrate, e,s\,,, also depends on x. If
enm < 0, PBryS segments will be attracted to the oxide
and possibly compete with dPS-b-PMMA for surface
sites, resulting in a lower value of z*. To test this
hypothesis, SCMF calculations were performed as e,
was systematically varied from —0.10kgT (attractive)
to +0.01kgT (repulsive) while the other substrate inter-
action energies were held constant at eSA = —0.18kgT?
and e = 0.! The segment—segment interaction pa-
rameters were set to yag = 0.0374,28 yam = 0.0284, and
xem = 5 x 1074 These y parameters correspond to the
PBryS matrix with x = 0.03. Using these y parameters,
SCMF calculations were performed for systems | and
I1. Because the results are qualitatively the same, only
system | calculations are presented.

Figure 6 shows that z* strongly increases as the
matrix—substrate interaction energy becomes less fa-
vorable. Assuming an attractive interaction, z* de-
creases from ca. 36 to ca. 5 A as ¢, varies from 0 (a
neutral substrate) to —0.04kgT (an attractive substrate).
Recall that z* was found to decrease by about 15% and
33% in systems | and I, respectively. For comparison,
for the case ¢, = —0.01kgT, z* decreases by about 50%
relative to the neutral substrate. Note that this value
of €, is almost 20 times weaker than the MMA-
substrate interaction energy. Because the matrix inter-
action is amplified by P, a small segmental attraction
for the substrate can dramatically reduce dPS-b-PMMA
adsorption. This interpretation is consistent with the
larger decrease in z* observed for system Il (Figure 4)
which has the larger P. To provide further insight, the
interfacial segregation of PBr,S at the interface between
dPS:PBrS and silicon oxide was modeled using SCMF.
Using the previously mentioned interaction parameters,
z* was found to be quite small, only ca. 1 and 3.5 A for
P = 480 and 3846, respectively. This result is consistent
with experimental studies, which were unable to detect
segregation at the dPS:PBr,S/silicon oxide interface.2930
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Figure 6. Interfacial excess of dPS calculated by the SCMF
model (solid line) as a function of the matrix—substrate

interaction energy, e, The vertical dashed line at e, = 0
denotes the crossover between favorable (e, < 0) and unfa-
vorable (&, > 0) interactions between the matrix and sub-
strate. As a reference, €}, = —0.01kgT is an order of magni-
tude weaker than €,, the MMA—substrate interaction.

Thus, in the dPS-b-PMMA:PBr,S system, z* decreases
as x increases because of competition between the long
PBrS chains and the short MMA blocks for surface
sites.

The dPS volume fraction profiles in Figure 5 are in
gualitative agreement with the profiles predicted by the
SCMF model. For the PS matrix case (x = 0), the SCMF
profile captures the shape and thickness of the experi-
mental profile using the parameters given in this paper.
Although the SCMF profile shows a slightly smaller
depletion layer than the experimental profile, a quan-
titative comparison was not attempted because both the
NR simulation and SCMF profiles are insensitive to
small changes in concentration near the interface (z =
0 A). A more comprehensive study is needed to address
this issue. Nevertheless, the SCMF profile is strongly
influenced by the matrix species. As x increases, the
depletion layer decreases and eventually disappears as
shown in Figure 5 for x = 0.136. Concurrently, the dPS
interfacial excess decreases. As the interaction energy
between the dPS block and matrix increases, the dPS
layer thickness decreases to reduce unfavorable interac-
tions. However, at a fixed dPS block—matrix interaction,
the thickness remains constant as the matrix—substrate
interaction becomes more favorable. We emphasize that
one cannot perform this test experimentally because a
change in matrix species will affect both the matrix—
substrate and matrix—dPS interactions.

In summary, these SCMF calculations demonstrate
that modeling of block copolymer adsorption must
consider all possible segment—segment and segment—
substrate interactions. Upon systematically increasing
the unfavorable copolymer—matrix interactions, the
expected increase in z* was found to be offset by matrix
competition for the substrate. By decoupling the influ-
ence of the matrix—dPS and matrix—substrate interac-
tions, the SCMF model has proven to be a powerful tool
for interpreting experimental results.

Conclusion

In this paper, the adsorption of dPS-b-PMMA to the
interface between PBrS and silicon oxide is studied as
a function of the degree of bromination, x, and P, the
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matrix segment number. In system I, P is /,N , the dPS
segment number; in system II, P is ca. 8N. The former
system results in a wet brush whereas the latter
corresponds to a relatively dry brush. As x increases,
the unfavorable dPS—PBr,S interactions increase, and
intuitively the interfacial excess, z*, of the dPS is
expected to increase. However, for systems | and IlI,
z* decreases as x increases. To interpret these results,
a SCMF model is developed that incorporates all seg-
ment—segment and segment—wall interactions. The
SCMF calculations show that neither yam nor ysm
can account for the observations revealed by LE-FRES
and NR. On the other hand, a small attractive interac-
tion energy between the matrix and substrate, e, =
—0.01kgT, results in a significant reduction of z* relative
to a neutral substrate. Thus, competitive adsorption of
matrix chains is the likely reason for the lower than
expected dPS-b-PMMA adsorption.
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