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INTRODUCTION

The development of a molecular probe which senses the
microscopic environraent of polymer solutions has been the subject of
many recent stndies.  Using the fuorescence energy transfer
phenomenon’. the exient of chain interpeactration was characterized as a
funcuon of polymer concentration and the narure of soivent O the other
hand, the wwisted intramolecular charge-transfer (TICT) phenomenon was
applied for the study of microenvironment of polymer solution such as
local polarity or segmental deasity.2

In this study. photoisomerization technique was explored in order
to study the chain mobility in polymer solution. This method has bees
previously apphied mainly in polymer films 345 It was found that the
dominant facior 1n the photochemustry of labels in polymer films is the
local free volume 1n the vicinty of the Jabel.

Our major concem of this work was the site dependency of the
change of chain mobility as a function of concentration, solvent power,
and wmperature, especially when solution undergoes sol-gel transition.
This result was compared with computer simulation result and correlated
with macroscopic viscosity. [t is hoped that the sie dependency of chain
mobility due to the process of physical gelation can shed light on the
gelauon mechamsm.

EXPERIMENTAL
Azobenzene chromophore was attached 10 the specific chain sites
of polystyrenc such as the chain cemier (CPS), the chain end (EPS). or the
side chain (SPS) as described in a previous paper from our laboratory 6 A
free probe molecule, 4-phenylazoaniline, was also employed for
companson. Concentration ranges studied were 0.4 ~ S0% by weight for
the PS / toluene sysiem and 0.4 ~ 30% for the PS / cyciohexane sysiem.

Temperawsre was maintained at 34.8°C which 1s the © temperature for the
polystyrene soluuon 1n cyclohexane. For the study of physical gelation of
atacuc polystyrene (aPS) / wluene sysiem., a concentrated solution {50%)
was chosen.  Also, aP$ solution (50%) in tewrahydrofuran (THF) was
studied for comparison. Temperature range studied was from 25°C 10 -
60°C which covers T'd for the aP$ / wluene sysiem. but not for the aPS/
THF system. The gel temperatures for these systems were determined by
the ball-drop method and differential scanning calorimeuy (DSC). In
order 10 study the wemperature effect, a dilute solution {0.4%) in 1oluene
was also studied.

A PRA flash light source (Model 6100A) was used 10 uradiae the
sample 10 induce wrans --> ¢is photoisomerization. UV.visible spectra of
the sampic were taken with a Perkin-Elmer diode-array sysiem (Model
7500 daéa sauon).

omputer simulation was perforroed using molecular dynami
with 3 spnng-bead model. Two types of intenc‘uon were consldetel?
spring type ineraction between the segments along the chain backbone
and Lenn_axq-lmes potential for other interactions. The specific segment
density disuibubon and radial distribution funcuions of polymer chain were
calculn;d as a funcuon of concentration,
) or the measurerment of macroscopic viscosity. Cone / P

viscometer and Rheometric Sysiem 4 were empiloyed. i tate

} . RESULTS AND DISCUSSION

Figure | illusoates UV-visible spectra of the dilute solution of EPS
as a funcuon of photoisomerization at 34.83°C. The absorption peak at 353
nm which is due t0 the X > %* tansition of the wrans isomer is
with irradiation while the absorpuon a1 445 am is inCreasing. Using an
appropriate equation’, kinetic plots of photoisomerization were obuined
as shown in Figure 2. It 15 obvious that non-linear behavior was observed
in higher concentrauons than 10% by weight. Based on the assumption
that photoisomenzation reacuon occurs with a combination of twop
processes: fast and slow processes. these non-linear behaviors in
concentrated soluuons were characterized by the following equauon,

et gty (1-aye™"

where 1 is the aumber of flashes. A} and A2 are the rate consiants for the
fast and slow processes. respectvely. And & suaands for the iracuon of the

fast process. The concengauon dependency of the fast fracuon. @. in the
case of PS in tolvene was summanzed wn Figure 3. Although free probe
had linle difficulty tn photoisomenzauon up 1o 50% soluuon. three labcled
PSs showed significani sue dependency after 10% whach 1s above the
¢hain overlapping concentrauon (C*) except the SPS case. For the SPS,
C* is 17.02% by weight SPS expenenced most dufficulty. followed by the
EPS and the CPS. Thus result yoplies that the local environment near the
chain center doesn's change as much as near the chain ends and the side

chain with increasing concenwrauon. In the case of PS in cyclohexane (©
condition), photoisomenzanon reactons were retarded even in the dilute
solutions of the CPS and the SPS. Although the general oend was about

the same as in the good solvent case. the fast fracuon. a. was smaller and
decreased siower with increasing concentrauon 1n cyclohexanc.

In order 10 undersiand this result betier. computer simulation was
underaken. From the specific segment density distribuuon funcuons, it
was found that the chain ends are located fanther away from the ceneer of
mass, compared 1o all segrments and the chain cenier, and the chain center
is nearest 10 the center of mass. In order w see how scgmental densities
near the specific chain sites change with increasing polymer concentravon.
nadial distribuuon funcuons for the chain center and the chain end were
obuained. As shown in Figure 4, the segmental density near the chain

center was higher than near the chain end in the © condition. However,
the segrental density near the chain end increased with a greater slope
with increasing concentrauon. This is because chain overlapping occurs
from the outer shell of the polymer chain in which the chain ends are
located with a2 higher probability. Although these trends were also
observed in the good solvent case, the magnitude of the segmenta) density
was lower and the increasing slope was greawer in the pood solvent case
due 10 chain expansion. From the companison of this result with
photoisomenzauon resull. it is clear that the major facior affecung the
photoisomenzauon behavior of azobenzene in polymer solunon is
scgmental density in the vicinity of the chromophore.

Since Wellinghoff e1 al.7 found that aP$S can undergo physicsl
gelation in several solvents. several groups have investigaied this
phenomenon further with a special emphasis on the mechanism and the
nature of the juncuon points. Although the ladderlike model developed by
Guenct et )8 was supponed by several experimental evidences. a recent
NMR sdy® made this model quesuonabie. They? could not observe any
cvidence for rigid or even anisotropically mobile solvent molecules. Even
though this result was obtaned from isotactic PS sysiem, it may be appled
10 atacuc PS system since the mechanism of gelation is quite similar.
They proposed a mode! that both chain ends of the polymer are fixed in
junction points while most polymer segments remsin in solution.
Therefore. a change of the chain mobility at specific sites due 10 sol-ge!
ransition may provide a clue 10 understand a real mechanism.

The gel iemperatures of aPS / woluene and aPS / THF sysiems were
-50°C and -70°C. respecuvely. Before the study of physical gelation,
photoisomerizauon reacuons of dilute solutions were studied as a function
of wemperatre. Although free dida't show any difficulty up 10 -
60°C. three labeled PSs showed significant rewrdation at iower
emperatures. It was {ound that the CPS experienced most difficulty,
followed by the SPS and the EPS. This result could be due to the increase
in segmental density caused by chain contraction and/or the greatest
acuvauon energy for photoisomerization reaction in the CPS. In
concentrated solutions, free probe showed little difficulty in
photoisomenization up 10 -60°C either in toluenc or in THF. The chain
mobility of the SPS decreased gradually with decreasing terapersture in
both solvents with hute difference. However. it didn't show any
significani change around the ge) empenature of the aPS / toluene sysiem.

In the case of the CPS. the fast fraction, @, showed a significant change
when approaching the gel iemperature as shown in Figure 5. This wend
was observed also in the EPS case . but with a lesser exient.  In other
words, the chain mobilities of the chain center and the chain end were
influenced by the gelauon process while the side chain and the free probe
exhibited litde change.

Effects of concentrauon and icroperature on the chain mobility
were characterized by the measurement of macroscopic viscosity 10 see
how the chain mobibiy at specific sites is influenced. Free probe showed
lite retardauon 1n a whole range of viscosity. In other cases. chain
mobility decreased gradually with increasing viscosity except the region of
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