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Dynamics of Low Mass Molecules Dissolved in Polymers

Osamu URAKAWA ", Shogo NOBUKAWA, Toshiyuki SHIKATA, and Tadashi INOUE

Graduate School of Science, Faculty of Macromolecular Science, Osaka University,
1-1, Machikaneyama, Toyonaka Osaka 560-0043, Japan

We studied dielectric and viscoelastic relaxation behavior for blends of low mass compounds (LM) and polymers.
Specifically the polymers used are polystyrene (PS) and poly(vinylethylene) (PVE), and the LMs are alkyl-cyanobenzene
(nCBz, n = 0,5), alkyl-cyanobiphenyl (nCB, n = 0,1,3,5,7), and alkyl-cyanoterphenyl (nCT, n = 5), where n represents
the number of carbons in the normal alkyl groups of the LMs. The objective of this study is to clarify the effect of the
sizes of LM molecules and those of polymer segments on the cooperative dynamics between those two dynamical units
in the miscible state. Due to large dipole moment of the cyano-group, only the LM motions were observed by dielectric
measurements even for blends with low LM content such as 5 %. On the other hand, viscoelastic terminal relaxation
reflects the polymer component dynamics. By performing both dielectric and viscoelastic measurements we found the
followings. (1) Rotational motion of the smallest LM, i.e., 0CBz, decoupled with the segmental motion of PS, however
the other LMs with larger sizes than 0CBz exhibited cooperative dynamics with the segmental motion. (2) Below
the glass transition temperature of LM / polymer mixtures, fast relaxation process (§ relaxation) corresponding to the
spatially restricted motion of LMs in the glassy state was observed. However for the mixtures of SCT(5 wt%) / PS and
5CB(5 wt%) / PVE, B relaxation did not appear. This result suggests that the local wiggling motion of LM (B relaxation)

is highly suppressed when the LM size becomes large and comparable with the segmental size of a polymer.
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Fig. 1. Chemical structures of LMs.
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Table I. Two characteristic sizes of low mass molecules (LM) used in this study.

I /NM I igig/NM
0CBz 0.65 0.65
5CBz 0.84 0.73
0oCcB 1.07 1.07
1CB 1.15 1.11
3CB 1.22 1.11
5CB 1.26 1.11
7CB 1.30 1.11
5CT 1.67 1.54
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Fig. 2. Dependence of T,'s on the LM concentrations for all the
LM / polymer mixtures examined in this study.
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Fig. 3. Temperature dependence of ¢" for pure PS and the mixtures with
5CBz (27 wt%) and 0CBz (8 %).
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Fig. 4. Temperature dependence of ¢" for nCB(5 wt%, n=0~7) / PS
mixtures.
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AN CIREERAE S 2 B & & 2 S A LEDH 5.
ZFI T, LM B ORI O iR ERIE Y 2 ET 5 720
12, 5CB (7.7 Wt%)/PS S22 DWTC, FER B L UFHERL
" OB A W LR E, — & LT Fig. 5
VRS, FEFIRERBE I A AN AR MV TH LD,
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ZPET B 72012, kD Cole-Cole Y OFIT7 1 v
TA TR
Ag
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1 + (ia)z-slaw)
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%. Fig. 5 1ZR L7z 58432 D d Cole-Cole 95t TH 1, K
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Fig. 5. Angular frequency dependence of &' and ¢" at 359 K for the 5CB
(7.7 wt%) / PS mixture. The solid and dotted lines represent the
fitting results with eq (1) and the two Cole-Cole functions in eq
(1), respectively.
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Fig. 6. Dependence of two dielectric relaxation times, 7o, Trng and the
viscoelastic relaxation time, .., on the reciprocal of temperature.



LR =1 IR 1% O =3 e U2 A B 13575 i RO (v RN/ A0S

X, LM oW A AWMz L0, 75 ARE OB ES) )
L FIRE N7 THBEEZHNSE. £72,5CB DA,
PS HCIL g EMASHIBL L7225, PVE FCIIZ N0 BN
LwH kb, 2FD, LMY A XS TRL, @51
DET AL M A XS BOHERICERL TD 2 &R
b,
FRICEVRLZ o & pHEMOINT % T 5 HIYT,
o ¥— 0 DR E T BURE T THIEAL L 72 & DIREESTHL
HiI#E (=100 Hz) % Fig. 8 \I/RT. Bl Z i34 &, LM
Do T A XOBENNAE AR RE DS A LTV % D 95h
A%, nCBIPSZTlEn=0& n=1DHETEHENDOY — ik
ERRELHRHMANY 7ML, n21 TRYE-ZREND F
DAL, MEOAPDY LEA L Twab. LAl n=357
TIEBMEEZL L /NS, & BT EN RV T T

bbb, L, pEMOBENAIL LM ORIELRS O
0.1 T T
5CT/PS
- X 100Hz “
w o IKHz Tg o'e i
0.05 - ©  10kHz i ?g:b .
: 100kHz l 5;?::0% ‘..

200 250 350 400 450 500

Fig. 7. Isochronal &" curves at various frequencies for 5CT (5 wt%) / PS
and 5CB (5 wt%) / PVE mixtures.
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Fig.8. Normalized plot of isochronal £" curves measured at the frequency
of 100 Hz for nCB/PS, 5CT/PS, and 5CB/PVE mixtures with LM
concentration of 5 wt%.
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