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polycarbonate (TMPC), o]2} J8A& 71AdA @& T, (111 C)& Ze TEAEA polysty-
rene (PS)o] Al8-5l2] o0, Forward Recoil Spectrometry& o]-23&}d o]l AW FZE =3
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ABSTRACT: The diffusion and the displacement of the interface between the polymer films
having different glass transition temperatures (7',) were studied at the temperatures between
their T','s. The polymers investigated here were tetramethylbisphenol-A polycarbonate
(TMPC, T,=198 ) and polystyrene (PS 7,=111 C). Forward Recoil Spectrometry was used
to obtain the depth profile of deuterium and hydrogen. During the dissolution of the glassy
polymer into the melt polymer, the interface shifted linearly with the square root of time in
classical Fickian fashion, and the consistent results were obtained for polymers with different
molecular weights and at the various temperatures. TMPC film was preannealed before the
diffusion to allow the relaxation of the non-equilibrium state generated during the spin coat-
ing process. After the sufficient preannealing, the interfacial displacement was 0.60 times re-
tarded compared to that of the unpreannealed sample. Dependence of the molecular weights
of TMPC and PS, as well as that of the temperature could be explained quantitatively in
terms of the tracer diffusion coefficients of TMPC into PS matrix.

Keywords: interface, tracer diffusion, mutual diffusion, glass transition, entanglement.
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Table 1. Weight-Average Molecular Weight and
Polydispersity Indices of Deuterated and Hydro-
genated Polystyrene and Tetramethylbisphenol A-
polycarbonate

MW MW/MH
d-PS (489k)* 489000 1.10
d-PS (1200k)* 1200000 <1.10
h-PS (208k)* 208000 1.06
h-PS (390k)* 390000 1.06
h-PS (670k)* 670000 1.07
d-TMPC (17k)* 16500 2.35
d-TMPC (23k)* 22800 2.50
h-TMPC (23k)* 23400 259
h-TMPC (42k)* 42000 2.88

{ )* The molecular weight. of the corresponding polymer was
denoted in the text.
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Figure 1. Schematic representation of a typical sam-
ples. (a) Deuterated d-TMPC layer on thick h-PS
layer and (b) Deuterated d-PS layer on h-TMPC layer.
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Figure 2. Schematic diagram of the geometry of the
Forward Recoil Spectrometry technique.
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Figure 3. Interdiffusion profile as a function of depth. The lines are the fitted curve assuming that the interface
was not broadened. (a) The d-TMPC (17k) volume fraction (deuterium peak) was shown. The initial bilayer com-
posed of the top unpreannealed d-TMPC (17k) layer with the thickness of 332 nm and the bottom h-PS (670k) layer
with thickness of >1 pm was annealed at 174 C for 0 minutes (@), 32 minutes (O), 105 minutes (A ), 190 minutes
(&). (b) The d-PS (1200k) volume fraction (deuterium peak) was shown on the left and h-TMPC (23k) volume frac-
tion (hydrogen peak) was shown on the right. The initial bilayer composed of the top d-PS (1200k) layer with the
thickness of 292 nm and the bottom preannealed h-TMPC (23k) layer with thickness of 305 nm was annealed at
174 C for 0 (@), 28 minutes (O), 110 minutes (A ), 255 minutes (£ ). The non-zero volume fraction (ca. 10%) of
hydrogen in d-PS layer for unannealed sample was due to the initial hydrogen content in d-PS, which was taken
into account during the simulation process in determining the h- TMPC volum fraction.
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Figure 4. The change in the thickness of the top
unpreannealed d-TMPC (17k) layer with the initial
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Table 2. The Values of D, rmpc and D, ps at Vari-
ous Temperatures

] Dy tvpc Dyps
temperature ('C) (cm-g¥/sec” 5 mol) (cm-g¥/sec” S mol)
162 81x10°¢ 1.3x10°"%
174 6.4x107° 1.4x10°10
178 12x107* 1.6x107°
182 2.1x10* 1.2x10°®
190 6.1x10™* 271077
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Table 33} 49|lM & 4= Q1= uie} o] wlg] FX
23 TMPC7} ARl 3%, 843 =8x Ad9
ojFo] ERHAT. FHAFIAFE o] &3] WL
3 2E, 249 28 259 EalE)] ddie o
Zto] TMPCe] ¥xg) A& 0.35, Ixa| Folle
o]¢] 0.60u1%) 0.212 &Rt o] F HHo] Z&
¥ & NMAEEFE god, o)F Aoy AR oF
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Table 3. Slopes in 4xy, vs. %% Plot*

type of the sample temperature slope
(c) (cm/sec™ %)
d-TMPC (17k) on h-PS (670k) 174 1.68x 1077
d-TMPC (23k) on h-PS (208k) 174 1.47x1077
d-TMPC (23k) on h-PS (390k) 174 1.33x 1077
d-TMPC (23k) on h-PS (670k) 162 347x10°8
174 1.33x1077
182 1.67x107
190 382x10°7
d-PS (489k) on h-TMPC (42k) 178 8.33x 108

* When TMPC was not preannealed.

Table 4. Slopes (cm/sec’ %) in 4xp vs. t*° Plot*

type of the sample tempezzjctt)lre (C;}ZZEU 5)
d-TMPC (23k) on h-PS(670k) 174 6.55% 1078
d-PS(1200k) on h-TMPC(23k) 174 732%10°8

182 1.21% 1077
190 247%107

* When TMPC was preannealed.
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Figure 8. Molecular weight dependence of the effective diffusion coefficient (=(slope/c)?). (a) Log-log plot of the
effective diffusion coefficient (using ¢=0.35) as a function of PS molecular weight at 174 °C. Unpreannealed d-
TMPC (23k) was used. The solid line is the expected values from the tracer diffusion coefficient of TMPC into PS
considerion reptating and constraint release contributions. Refer to the text for details. (b) Log-log plot of the effec-
tive diffusion coefficient (using ¢=0.35) as a function of TMPC molecular weight at 174 C. Data were from the
bilayer samples composed of the top umpreannealed d-TMPC (16k) layer and the bottom h-PS (670k) layer (A), the
" top unpreannealed d-TMPC (23k) layer and the bottom h-PS (670k) layer (@), and the top d-PS (489k) layer and
the bottom unpreannealed h-TMPC (42k) layer (C). The h-TMPC (42k) data (O) was originally obtained at 178 C
and therefore shifted properly to 174 C using the temperature dependence shown in Figure 9. Refer to the text for
details. The line is the first order fit to the data, which has the slope of -2.13.
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Figure 9. Temperatre dependence of tracer diffusion
coefficients of d-TMPC in PS matrix'? (A) and the ef-
fective diffusion coefficients (Vogel-Fulcher plot; Eq.
5). Data for various molecular weights were shifted to
those of 20000 by multiplying the square of weight
average molecular weight of TMPC divided by the
square of 20000 (reptation scaling; Do M?). The data
from the bilayer samples composed of the top
unpreannealed d-TMPC (17k) layer and the bottom h-
PS (670k) layer (+), the top unpreannealed d-TMPC
(23k) layer and the bottom h-PS (670k) layer (O), and
the top d-PS(489k) layer and the bottom unpre-
annealed h-TMPC (42k) layer (@) used the value of ¢
=0.35, and the data from the bilayer samples com-
posed of the top preannealed d-TMPC (23k) layer and
the bottom h-PS (670k) layer (¢) and the top d-PS
(1200k) layer and the bottom preannealed h-TMPC
(23k) layer ([1) used the value of ¢=0.21. The line
was the first order fit to the tracer diffusion data. The
value used for T was 49 C
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