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Please report your samples, experimental method and results, discussion and conclusions. Please add figures and
tables for better explanation.

1. &% Name of sample(s) and chemical formula, or compositions including physical form.

Hydrogenated polystyrene thin films supported on Al foils

2. RBEAZRVER (REBEISFEWLAGAO5HE. EDEBHELRL TZS,)

Experimental method and results. If you failed to conduct experiment as planned, please describe reasons.

It is well known that physical properties of polymer thin films are quite different from those of bulk
state. Among them glass transition behavior in polymer thin film is one of the most attractive
phenomena. As for polystyrene (PS) thin film a reduction of glass transition temperature (T,) with film
thickness was reported by so many researchers. At present it is considered that such a decrease of T,
with film thickness is mainly attributed to an existence of mobile layer at the free surface, which was
directly confirmed by scanning probe microscope. On the other hand glass transition phenomenon in
itself is not a thermodynamic transition but relaxation process, hence it is strongly suggested that direct
dynamical measurements on polymer thin film is effective for understanding the puzzling mechanism of
glass transition in polymer thin films. So far dynamical studies on polymer thin films have not been
performed extensively due to experimental difficulties. In order to overcome such a situation we then
tried to perform quasielastic neutron scattering (QENS) measurements on polymer thin films.

PS with molecular weight of 2.9x10° and molecular weight distribution 1.06 were used for present
QENS measurements. PS thin films were prepared by spin—coating toluene solutions on flat glass plates
and thin films were removed from glass plates to water surface. Subsequently thin films were collected
on Al foil with the thickness of 15 um. Prior to QENS measurements thin films were annealed at the

temperature above bulk T, to promote structural relaxation. QENS measurements were performed
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2. REEAERUFER (DDE) Experimental method and results (continued)

With the DNA spectrometer with energy resolutions of about
3 ueV and about 13 ueV at J-PARC. For the evaluation of

[SE~13 peV

T, from QENS measurements we mainly performed elastic
window scan from 10K to 413K, which was above bulk T..

Figure 1 indicates the temperature dependence of mean

square displacement (<t?), which was evaluated from @ Me; L, bukmg
dependence of elastic scattering intensity (XQ)) observed for oizoigzgg-:"yev %
PS thin films 40 nm thickness. With increasing temperature ~20.15§ L. A
an increase of <u”> was seen and further increase of <u*> ~§0_1°: -z 55 e E

was observed at round 400K for both energy resolution. It 005k E

implies an onset of anharmoic motion or relaxation process. 0.00E e e
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As for bulk sample it was reported that such an onset Temperature (K)

temperature was coincided with T, evaluated from DSC or Figure 1 Temperature dependence

other methods within experimental error [1]. We then try to  of <u2> observed for PS thin films

regard this onset temperature as T, from QENS 40 nm thick.
measurements and such evaluated T, s are shown by solid 100 T
arrows in Figure 1. Interestingly an increase of T, compared < o
to bulk T, which is shown by a dotted line in Figure 1 is % 1oL —0— ]
S ;
clearly observed regardless of energy resolutions. Contrary %
7]
to our expectation a decrease of mobility was found from s
2 1F —O—i HOH ]
present QENS measurements. More interestingly 7, of g g
- . . r O 40nm
polymer thin film 40 nm thick seems to be slightly dependent ' O bulk
. . .. . 014 A ! A ! A ! A o
on energy resolution within the limited energy resolution 410 400 390 380 370
range. In order to verify this quite interesting tendency in Ta (K)

Figure 2  Energy  resolution

dependence of Ty observed for PS
T, for bulk PS and PS thin film 40 thick including former  thin films 40 nm thick and bulk PS.

more detail we investigated energy resolution dependence of

QENS results, as shown in Figure 2 [2]. As a result T, from

bulk PS is not dependent on energy resolution within the present energy resolution, on the other hand T,
from PS thin film 40 nm thick tends to increase with lowering energy resolution. Hence it is expected
that temperature dependence of relaxation time of the o process, which is responsible for glass transition
might be dependent on film thickness. In order to prove such an idea we are now performing dielectric
relaxation spectroscopy on PS thin film. Furthermore with the combination of the results from present
QENS work and dielectric relaxation spectroscopy we try to understand an origin for an increase of T,
with decreasing film thickness and we also try to construct the physical picture for interpreting both the
present result and formerly reported ones without inconsistency.
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