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ABSTRACT: Isotopic labeling (deuteration) is known to affect the phase behavior of polystyrene (PS) and poly-
(methyl methacrylate) (PMMA) blends, but little is known regarding the changes in the interfacial properties at
the PS/IPMMA interface due to deuteration of PS and/or PMMA. To investigate these potential changes, secondary
ion mass spectrometry (SIMS) was used to measure real-space depth profiles of dPS in hPS:dPS/hPMMA bilayers,
with the hPS:dPS blend being well within the single-phase region of the phase diagram. Profound changes in the
thermodynamic behavior of this system at the polymer/polymer interface are observed in the form of significant
segregation of dPS to the hPS:dPS/hPMMA interface. The observation of a depletion hole during the formation
of an equilibrium excess of dPS implies that the energetic gain at the interface per dPS chain hakio be
These results cannot be described, even qualitatively, using previously reported chgnfiesHis/PMMA due

to isotopic labeling. The previously reported valuegcdbr dPS/hPMMA and hPS/hPMMA actually predict a
depletion of dPS at the hPS:dPS/hPMMA interface rather than the observed segregation. The observed interfacial
excess is quantified by generating theoretical profiles, using self-consistent mean-field theory (SCMF), and fitting
an effective interaction energy parametgy, as a function of temperature. This parameter represents the asymmetry

in dPS/hPMMA and hPS/PMMA interactions. The temperature dependentyoivas found to be a factor of

3—4 greater than any of those reported joof PS/PMMA. It was also found that SCMF theory accurately
describes the concentration dependency of dPS segregation at a constant dPS molecular weight using a
concentration-independenty,; however,Ay, was found to be dependent on dPS molecular weight.

Introduction teration at polymer/polymer interfaces have been limitedere,

we probe the effects of deuteration at a polymer/polymer
interface using secondary ion mass spectrometry (SIMS) and a
highly investigated polymer pair, PS and poly(methyl meth-
‘acrylate) (PMMA)>-17 Results show significant changes in the
thermodynamic behavior of this system at the polymer/polymer
interface, namely significant segregation of dPS to the hPS:
dPS/hPMMA interface. Control experiments with end-functional
polymers eliminated segregation due to end groups as a possible

Isotopic labeling of polymers is a well-established method
for providing a tracer component or creating enhanced contrast
for characterization using experimental techniques such as small
angle neutron scattering (SANSheutron specular reflectivity
(NR) 2 forward recoil spectrometry (FRESand secondary ion
mass spectrometry (SIM%}.Although labeling is often neces-
sary for experimental characterization, it is well-known that

deuterium labeling (deuteration) can alter the thermodynamic reason for the observed segregation. A mean-field tHédty

properties of the polymer constltgeﬁtss. In. fact, many simple that was previously implemented to describe surface segregation
mixtures involving a polymer species and its deuterated analogueof dPS and segregation of dPS to an hPS:dPS/SiOx intd#féce
are known to have a small, b.Ut finite, mean-ﬁg!d Interaction ¢ qeq 1o quantify the results presented here for segregation of
parametery and are characterized by upper-critical splutlon— dPS to an hPS:dPS/hPMMA interface as a function of temper-
type phase behavior (UCST?;lOTherefore, a polymer mlxturg ature, dPS concentration, and dPS molecular weight. An
of hA _and dA, V\_/here hA is unlabeled polym_er A a_nd dA is energetic parameteXy,, which is related to the difference jn
deutenum-substltute_d polymer A, can exhibit classical phase for dPS/hPMMA and hPS/PMMA, was determined as a function
changes such as Smed?I decomposﬁi‘on. of temperature. It is clearly shown that the results presented
The effects of deuteration can also influence the surface andhere cannot be described, even qualitatively, using the reported

interfacial interactions of polymers. Deuterium-substituted changes in, for PS/PMMA due to isotopic labeling.
polystyrene (dPS) is known to have a lower surface tension than

simple hydrogen-containing PS (hP$and it has an enthalpic  Experimental Section
preference for a silicon oxide (SiOx) surfaeThese types of
interactions have been shown to be significant at conditions well

within the single-phase region _Of the phase_ diagram. Even with Source (PolS) or Scientific Polymer Products (SPP). Their molecular
the enormous amount of existing information on the effects of weight and polydispersity properties are listed in Table 1. All dPS

isotopic labeling, investigations involving the effects of deu- naye~100% deuterium substitution (perdeuterated). The inflection-
point glass transition temperaturdg'é) of the respective polymers,
as determined using DSC (2G/min cooling cycle), are also listed

Atactic PS (hPS and dPS), syndiotactic hPMMA, and atactic
poly(2-vinylpyridine) (hP2VP) were purchased from Polymer

T Department of Materials Science & Engineering.

# Analytical Instrumentation Facility. in Table 1. Silicon (100) substrates were cut to 2.5 k2.5 cm
§ Department of Physics. squares and cleaned according to established procedufast,
* Corresponding author: e-mail harald_ade@ncsu.edu. the substrates were soaked in a sulfuric acid/hydrogen peroxide/
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Table 1. Polymers Used in This Investigation o.08fa

t=0
polymer Ty°C supplier Muw/kDa Mw/Mn 0.06
dPS-130 97 PolS 140 1.07 0.04}
dPS-70 97 PolS 82.8 1.15
hPS-130 9% PolS 138 1.05 0.02;
hPS-70 96 PolS 73.0 1.04 0.00
hPMMA 127 PolS 155 1.05 0.08¢
hP2VP 98 SPP 514 1.08 0.06|
dPS-OH 97 Pols 76.6 1.05 o ’
< 0.04}
Table 2. Sample Properties for Various Systems Employéd & 0.02|
system PS layer hpgnm bottom layer 0.00
A 5% dPS-130+ 95% hPS-130 255 hPMMA 0.08}
B 5% dPS-130+ 95% hPS-130 230 hPMMA 0.06}
C 10% dPS-136- 90% hPS-130 250 hPMMA ooal ¢ -
D 20% dPS-1306+ 80% hPS-130 240 hPMMA i ‘o
E 30% dPS-136- 70% hPS-130 225 hPMMA 0.02f o ‘o
F 10% dPS-76+ 90% hPS-70 210 hPMMA 0.00Lest ‘ e
G 10% dPS-OH + 90% hPS-70 170 hP2VvP ) 0 100 200 300
H 100% dPS-130 100 hPMMA

Depth/nm

# For systems A'G the bottom layer (\PMMA or hP2VP) was200 Figure 1. SIMS profiles for the dPS-130 volume fractiops6d as a
nm, while the QPMMA layer thickness was 100 nm for system H. fugction of depthpafter annealing at 128 for (a) 0 (sys(t)gng’i, 255
Concentrations (% v/v) are based on volume fractioh=atO. nm thick), (B 4 h (system B, 230 nm thick), and (c) 138 h (system A,

255 nm thick). A clear depletion hole with a corresponding interfacial

water (1:1:3) bath at 100C for 30 min to remove organic and  excess is apparent near the dPS:hPS/PMMA interface 4afig(b). A
inorganic contaminants and then washed with deionized water. large segregated amount of dPS-130 is present after 138 h (c). The
Then, they were soaked in agueous HFL0% v/v) for 1 min, interfaces are marked here and in similar subsequent figures by a line
washed with deionized water, and blown dry with nitrogen leaving &S @ visual quide to the approximate (dPS:hPS)/PMMA interface
a hydrogen-passivated substrate (SiH). hPMMA and hP2VP were '0cation.
spun-cast from chlorobenzene onto SiH to a thickree280 nm

6

and annealed at 15 for 3 h. PS (hPS- dPS) was cast directly 10 ' N
onto hPMMA or hP2VP from 1-chloropentane, a selective solvent 1050 e o
for PS over PMMA or P2VP? For segregation measurements, the ; : |
PS thickness ranged from200—250 nm, and the dPS concentration = 10°F | 3
was varied from 5 to 30% (v/v) relative to the total PS. Samples < JF
were annealed under vacuum at temperatures ranging from 128 to o 10¢ 3
166°C. A bilayer consisting of 100 nm 100% dPS-130 on 100 nm ;—_’ 102k ]
hPMMA was also prepared to quantify sputtering rates and the c
depth resolution during SIMS analysis. All systems are listed in S 10'f ]
Table 2. ,

The deuterium depth profiles were acquired using a CAMECA 10°F 3
IMS-6f magnetic sector spectrometer. Typical conditions imple- 10" . s R
mented for the PS/IPMMA system involved a-280 nA O;* 0 500 1000 1500 2000
primary beam with 5.5 keV impact energy that was rastered over Sputtering Time/s

a 180um x 180um area. Positive secondary ions were detected
from a 60um diameter optically gated area at the center of the of sputtering time) for D and thel?C+ matrix afte 4 h at 128°C

raster crater. A mass resollitlom/@m) .Of .12.50 was USEd. to (system B). A constart?C* secondary ion yield is observed through
completely separate Dfrom H," while maintaining high detection  he hps:dPS/hPMMA interface (vertical line), clearly demonstrating
sensitivity'"22For the hPS:dPS-OH/hP2VP system, identical condi- that the profiles shown in Figure 1 are not analysis artifacts.

tions were used with the exception of a 50 nAtGorimary ion

beam. Before the bilayers were analyzed, a 50 nm hPS Sacriﬁdalsurprisingly large. At longer times (Figure 1c) there is a
layer was added to the sample surface to ensure uniform sputtering . ) ) .
rates and secondary ion yields before the start of the hPS:dPS |ayer§:on5|derable amount of dPS at the hPS:dPS/hPMMA interface

A 20 nm Au coating was deposited on top of the sacrificial layer (SyStém A). Figure 2 shows the raw SIMS profiles fot Bnd
to prevent charge buildup. Three to four spots on each sample werethe2C* matrix afte 4 h at 128°C (system B). The use of O

Figure 2. Raw SIMS profiles (i.e., secondary ion yield as a function

analyzed. primary ion bombardment with detection of positive primary
_ _ ions, under the conditions implemented here, provides a constant
Results and Discussion 12C* secondary ion yield through the hPS:dPS/hPMMA inter-

From Figure 1, it is clearly evident that dPS preferentially f2C€ Which has been observed previoddiyhis is an optimal
segregates to the hPS:dPS/hPMMA interface at A28The situation for analysis of a h_eterog(_apeous_ |nterface,_ and it sh(_)gld
depletion hole at the hPS:dPS surface and hPS:dPS/hPMMADE noted that these analysis conditions (i.e., detection of positive
interfaces (Figure 1b) aftel h (system B) indicates that this is ~ S&condary ions) could not be implemented with the commonly
a diffusion-controlled event. Diffusion-controlled segregation used quadrupole SIMS instrument, with its inferior mass
of dPS to an hPS:dPS surface has been quantified previouslyresolution (typicaim/Am ~ 300) and, hence, inability to mass
although without direct observation of a depletion higi&s resolve D" from H,".42% Therefore, the phenomena observed
However, this phenomenon has not been observed for ho-atthe hPS:dPS/hPMMA interface in Figure 1b,c are not artifacts
mopolymer segregation to a polymer/polymer interface. The of the SIMS analysis. This is also evidenced in Figure 1a with
observation of the depletion hole implies that the energetic gain the absence of any discernible features near the hPS:dPS/
at the interface per dPS chain has to b&T, which is hPMMA interface fort = 0. CDV
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Figure 3. SIMS depth profile of system G after 96 h at 130. Figure 4. SCMF-L results foNges = Nnps= 1200,Ay, = 0.01, and

Because ar-OH group, such as that at the end of the dPS-OH is known % for hPS:dPS= 0.0 O) and 2.0x 10* (solid line). The interface is

to hydrogen bond with P2VP much more strongly than with PMMA et to 0, and the depth is scaled to the statistical segment leajgth (
the negligible dPS-OH excess at the hPS:dPS-OH/P2VP interface hPS and dPS. At_these molecular weights, the hPS:dPS interaction is
(vertical line) further supports that unwanted end-functional groups on completely negligible.

the dPS-130 are not the underlying cause of the dPS segregation shown

in Figure 1. o
posed, an excess energy is incorporated:
To ensure that the observed segregation of dPS is not driven F.
by chemical bonding or specific interactions due to unwanted T —Ax N 4ps (2)

functional groups created on the dPS by improper syntfesis,
a control experiment was performed with a system containing
highly end-functionalized dPS (dPS-OH;95% —OH end-
functionalized) and P2VP as bottom layer. P2VP was chosen
because it does not show strong isotopically driven segregation.
It has the added benefit of having an enhanced attractive
enthalpic interaction of the-OH end group at the interface, as P ;o _ '
it was greviously determined that arOgH mF())iety will hydrogen KT~ Al aps= 11(tapsnprma ~ Xnpsnpuma) Vops (3)
bond much more strongly with the tertiary amine groups in the
P2VP than the carbonyl groups in PMMAAfter 96 h at 130 wherekTAy, is the net energetic preference per segment for
°C, there is negligible interfacial segregation of dPS-OH to the dPS over hPS at an hPMMA “substrate”, ahdis a lattice
hPS:dPS-OH/hP2VP interface, as shown in Figure 3. Another weighting factor (1/6 for cubic)® As shown in eq 3Ay, should
common end-functional group such-a€0OOH (carboxy) would be proportional to a simple difference jnvalues for dPS/
be expected to behave in a similar manner. Therefore, endhPMMA and hPS/hPMMA. Realistically, we would expect the
groups that might have been unintentionally introduced to the number of contacts between PS (hPS or dPS) and hPMMA to
dPS-130 (primarily-COOH from carbon dioxide contamina- be greater than one per segment, as there is indeed finite overlap
tion®®) would not play a significant role in the interfacial at the interface. Therefor@y, can be considered an effective
segregation of dPS at a hPS:dPS/hPMMA interface. A functional fitting parameter with physical limits
group such as a primary amine, which is highly unlikely to be
unintentionally introduced, would be required to irreversibly Axp
react with the ester groups along the PMMA chain to cause an 1= — = A (4)
interfacial exces3? XhPShPMMA ~ XdPShPMMA

For quantitative analysis of the interfacial segregation, we . L .
have employed a self-consistent mean-field lattice model The_use of this ’T‘Ode' helps o minimize computational cost,
(SCMF-L)!8 as derived previously for polymer segregation to and it allows for dlrect comparison to parameters that have been
polymer surfaces and polymer/substrate interfa@es.cubic previously determlne;d for dPS Osegregatmn to hPS:dPS surfaces
lattice was used for all calculations. Because the relaxed chain@1d hPS:dPS/SiOx interfacgs: . .
diameter of dPS-130Ry = aN¥2 ~ 23 nm, whereR, is the rms The reportegd, values for hPS:dPS are nor_nma_lly_2<010‘_ _
end-to-end distance is the statistical segment length, aNd over the r?ngtlaogg temperatures employed n this Investigation
is the number of segments in a dPS-130 chain) is much greater(lzs_166 C)'. ' Flgure 4 shows a theoretlcaIACompanson of
than the overlap of PS and PMMA at the interfase/{ = dPS segregation using= 0.0 andy = 2.0 x 10~ for Nyps=
al(6)Y2~ 1.4 nm fory, = 0.038)1620the PMMA layer is treated Naps= 1200 andAy, = 0.01. For the molecular weights used

as an infinitely flat (rigid) substrate. The free energy of mixing "€ré. the interaction between hPS and dPS is negligible, as the

Fu) in the hPS:dPS laver can be described using the Flory SysStem is deep inside the single-phase region of the phase
f—ll’jggins expressich 4 g y diagram ¢N < 2). Therefore, segregation of dPS-130 to the

interface is driven exclusively by thekTAy, energy gain, and
as such, it can be assumed that 0.0 for the hPS:dPS blends
F_'V' _ Naps In + Mhes In + (1) used here
KT Ngps Faps Nips Phps T XapsedapsPhps PS and PMMA are known to have a weak enthalpic
interaction with each other, with or without isotopic labeling
where ngps and nyps are the number of segments of dPS and (see Table 3§23 The temperature dependency of the dPS
hPS, respectively. When the constraints of a surface are im-segregation was tested for system B at temperatures ra%r{g

wheren'gpsis the number of dPS segments in contact with the
surface, an&TAys is the net energetic preference for dPS over
hPS at a surfac&:1920Similarly
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Table 3. Values ofy for PS/PMMA as a Function of Isotopic 0.12

Labeling As Previously Reported in Ref 8 0.00[2 T=138°C
polymer pair 2(T) 0.06
hPS/hPMMA 3.20T +0.021 .03
dPS/hPMMA 3.9027 + 0.0284 0.00p ==
hPS/dPMMA 3.1887 + 0.0292 0.09
dPS/dPMMA 3.1997 + 0.0251 0.06
@ Note thaty for dPS/hPMMA, hPS/dPMMA, and dPS/dPMMA were © 003
measured with block copolymers using SANS in refs 6 and 39, yafod S 0.00ks
hPS/hPMMA originated from cloud point measurements of homopolymers S
in ref 33. 0.09
0.06
T T T T T — 003
1.0 TSRy L 1 0.00 ,.,.,«"
081 4 0.09}
0.06}
on 06F . 0.03}
&l 0.00 Es . y S
S 04t - 0 100 200 300
02l | Depth/nm
Figure 6. SIMS depth profiles for 5% (v/v) initial dPS-130 concentra-
00} J tion (O) compared to convoluted theoretical profiles generated using
. . . . . i . SCMF-L (solid lines) for system B after (a) 160 h at 138 (b) 73 h
50 25 0 25 50 75 100 125 150 at 148°C, (c) 53 h at 158C, and (d) 41 h at 166C. The values of
Depth/ Ay, were determined by fitting theoretical profiles to the experimental
epth/nm profiles at each temperature. The PS/PMMA interface is shown with

Figure 5. SIMS depth profile of system H (100% dPS-130), which the vertical line.
was used to quantify the depth resolution. From a Gaussian convoluted o . .
step function (error function) the effective depth resolution was lable 4. Tracer Diffusion Coefficients ©°) for dPS-130 from Ref 37

determined to be 15 nm (FWHM). and Characteristic Diffusion_ Times (o = L%4D°, Where L Is the PS
Layer Thickness) for dPS-136

from 138 to 166°C by fitting convoluted theoretical profiles to T°C D°/(nn¥/s) wo/h ™0/7D,138

SIMS depth profiles. A constant value dfys = 0.005, as 138 0.26 16.7 1.00

reported previously for dPS surface segregation at AG#° 148 122 3.5 0.21

was used to account for dPS segregation to the hPS:dPS surface. igg 13'5336 8'22 8'82

To determine the effective depth resolution, system H was fit

to a Gaussian convoluted step function (error function) with a ~ *A constantL = 250 nm was assumed.

measured full width at half-maximum (FWHM) of 15 nm, as 0015

shown in Figure 5. Besides the inherent instrumental convolution 0.014[2 .

for a given system and analysis conditidA8%any convolution o 0013} o .8

due to interfacial roughne®sis also included in this valu. %< 0.012f 9

This line shape represents the profile quite well, at both the 0011l o Ax,=14.8/T-0.022

sacrificial layer/dPS and dPS/hPMMA interfaces, and as such, 0.010} 4 (hPs:dPs/siox)

Gaussian convolution with a constant FWH#¥ 15 nm was 0009t . . . . . . . . . . .

used to convolute the theoretical depth profiles. 224 225 2.32 2.36 240 244 248
Figure 6 shows the depth profiles and convoluted SCMF-L 1000 KIT

profiles for system B. Three to four different profiles at each 0.040fb

condition were analyzed. For system A, no change in the dPS dPSIPMMA

profile was found after annealing for times greater than 94 h at e hPSIAPMMA 1

138°C. Tracer diffusion coefficients®)3” and characteristic xR 0.032—555vmA

diffusion times$® (zp = L%4D°, where L is the PS layer 0.028 k-rrmrerrrrrersenrerenrsss i v

thickness) for dPS-130 are shown in Table 4. According to the 0.024] ]

relative diffusion times #p/tp139) shown in Table 4, all 254 208 232 2.36 2.40 2.44 248

annealing times used here were sufficient to reach equilibrium 1000 K/T

segregation, with the exception of the profiles shown in Figure Figure 7. A comparison of (a) values dty, determined from Figure

1. Qualitatively, one can see a clear decrease in the interfacialg (o) with the linear regression (dashed line) andlsgported in ref
segregation of dPS from 138 to 186. The quantitative changes 6 for dPS/hPMMA (solid line), hPS/dPMMA (dashed line), dPS/
in the interfacial interactions from 138 to 186 are shown in ?erM'\élét(L?r?alddin?ﬁ gengchﬁiih&l)\fﬂl\/ilé’-\ ;dgg?grligf)}(ieerlgtb;? fgépl'he
Figure 7, with a comparison to the values'of, measured here  FEPEAEAS "RPEEE TG0 TR 5 0 allie oty for hPS-dPS)
and the reported values gffor hPS/hPMMA, dPS/dPMMA, SiOx at 170°C (a) from ref 12,

dPS/hPMMA, and hPS/dPMMA (see Table} The values

for hPS/hPMMA had been determined using cloud-point values shown in Figure 7a. According to the linear fit/gf,
measurements with homopolymer mixtuf@syhile the values  vs 1/T (see Figure 7a)

for the dPS/dPMMA, dPS/hPMMA, and hPS/dPMMA had

been determined using SANS of block copolynfet$The rms Ay = 14.8 0.022 ()

error for theAy, measurements is approximately 2% for all PT CDV



Macromolecules, Vol. 39, No. 4, 2006 Isotopic Labeling at a PS/IPMMA Interfacel643

2ol T T T i ] 0.30F ¢— Axvéo_o134 j ' b
e e O ay, =0.0111
18F T 4 0.25 | —A— ay =0.0098 ./o/' b B

/ O Ay = 0-005./ - Q-enr o
16} . 0.20 e T a——h

S > d o —
E 14} o . X o1s) /O// ]
x E
g 12} A - N o 7
= o 010} / g
1.0} B & o
A Ref. (40) o 0.05} L 1
08F o Ref(a1) i o
------ Eq. 6 (dPS/PMMA) 0.001
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(o) . . . . .
T/°C Figure 9. Comparison of normalized interfacial exces&/Ry),

Figure 8. Interfacial tensiony) measurements for (PS/hPMMA from  calculated from SCMF-L and eq 7 and scaled to the dPSRL36:9.5
refs 40 @) and 41 ©) as compared to values predicted by mean-field Nm), as a function of dPS concentration f@)(Ay, = 0.0134 (hPS:
theory (eq 6) using values gf for (dashed line) dPS/hPMMA and ~ dPS/hPMMA interface at 138C), (O) Ay, = 0.0111 (extrapolation
(solid line) hPS/hPMMA from ref 6. from Figure 7) (hPS:dPS/hPMMA interface at 170), (a) Ays =
0.0098 (hPS:dPS/SiOx interface at 1'T0), and ) Ays= 0.005 (hPS:
the reported values of for dPS/hPMMA and hPS/hPMMA dPS surface at 16€C). Lines are a guide for the eye. Clearly, dPS

actually predict adepletionof dPS at the hPS:dPS/hPMMA 2?19;,%%%9;5?;%;%?&;22%%lgaohagshggédspﬂgﬁy MA interface than

interface Q\yp < 0) rather than the observesgregationand

the temperature dependency/®j, in eq 5 is a factor of 34 0.20
greater than any of the values shown in Table 3. In fact, the 0.15}@  10%dPsS-130
reported change ip for PS/PMMA over the temperature range 0.10
used here (128166 °C) is very small for all the values shown 0.05} |
in Figure 7b, and the temperature dependencégf using 0.00ke
reported values would be completely negligible. This type of 0.30l b 20% dPS-130 |
discrepancy can also be observed with interfacial tensign ( ® 020 ]
measurements for hPS/hPMN&! when compared toy g 0.10
predicted by the mean-field expressibn S 0'00
1 040l C  30%dPS-130 :
y = apikT(Y) ®) 030} e

0.20

0.10f ¢ _
wherepg is the segmental denstfy(5.75 nnv3). As shown in 0.00L=t
Figure 8, mean-field theory does not even qualitatively describe 0 100 200 300
y for hPS/hPMMA when the values fgrdetermined from bulk Depth/nm

systems are used. The mechanism behind this apparent changgig,re 10. SIMS depth profiles@) for dPS-130 segregation after 94
in the phase behavior of PS/PMMA from bulk miscible systems h at 138°C for initial concentrations of (a) 10% dPS (system C), (b)
to heterogeneous systems (interface) is not understood at thi20% dPS (system D), and (c) 30% dPS (system E). The PS/PMMA
time. interface is shown with the vertical line. The convoluted theoretical

. . : profiles (solid line) were generated using a constant valuAef=
. The Ays reported for dPS Segrg_gat'on toa hP_S'dF_)S/S'OX 0.0134. Excellent agreement is found with a constapt over this
interface at 170C (Ays = 0.0098)2 is also shown in Figure  concentration range for dPS-130 segregation at°T38
7a. Clearly, the effects of isotopic labeling are more pronounced
at an hPS:dPS/hPMMA than the hPS:dPS/SiOx interface, which ) )
is further demonstrated with a comparison of the theoretical for all calculations. Clearly the SCMF-L model provides
dPS excessZ¥) for segregation of dPS to a hPS:dPS/SiOx excellent representation of the dPS-130 segregation af@38

interface, hPS:dPS/hPMMA interface, and an hPS:dPS surfacel0r 10-30% (v/v) dPS using the constant value &fp. The
(Ays = 0.005%° for Ngps= Nyps= 1200, as shown in Figure 9. excellent agreement of the concentration dependence indicates

The excess was calculated from that the model does indeed provide some physical interpretation
of the isotopically driven segregation for systemsB Values
zZ* My for Z*/ Ry as a function of dPS concentration at T8are shown
a - Iw (Paps — Papsp) 42 ) in Figure 10. To determine whether the model is truly universal
for dPS segregation to an hPS:dPS/hPMMA interface, system
whereZ is the depth scaled to the statistical segment length F (10% dPS-76+ 90% hPS-70) was analyzed after equilibration
(@), My is the (scaled) depth whergips becomespgpsn(bulk at 138°C. After comparison to the SCMF-L model (see Figure
concentration of dPS), arid; is the location of the interface  11), it is evident that the model does not quantitatively describe
(or surface), and scaled to the dPS radius of gyratRn= the molecular weight dependency. A value &f, ~ 0.016
a(N/6)Y2~ 9.5 nm). Because the SCMF-L model is inherently provides much better theoretical agreement with the experi-
discrete'® eq 7 becomes a simple summation. mental results for dPS-70 segregation at 138
Next, the ability of the SCMF-L model to describe the dPS  An apparent change in the energetic interaction with molec-
segregation as a function of dPS concentration and dPSular weight has been observed previously with surface segrega-
molecular weight is evaluated. All of the systems employed for tion of dPS%° The value ofAys for an hPS:dPS surface was
this (systems €F) were brought to equilibrium at 13&, and shown to deviate by as much as 50% from the nominal value
constant values al\y, = 0.0134 andAys = 0.005 were used  of 0.005 over a range of dPS molecular weights~&0—500 CDV
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014l ' " ' " ] concentration dependence for dPS-130 segregation at@38
: using a single value oAy, = 0.0134, universal behavior was
0.12 1 not found when the molecular weight was varied.
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