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Abstract : Poly[1-(cholesteryloxycarbonyloxy)ethylene] (PCOE) and poly[1-(cholesteryloxycarbonylheptanoyloxy)ethylene]
(PCOSE) were prepared by reacting poly(vinyl alcohol) with cholesteryl chloroformate or 8-cholesteryloxycarbonylheptanoyl
chloride (CH8C), and their thermal and optical properties were investigated. CH8C formed a monotropic cholesteric phase
whereas PCOE and PCOSE exihibited enantiotropic cholesteric phases. Like in the case of CH8C, the optical pitch (Ay) of
PCOSE decreased with increasing temperature. PCOE, contrast with PCOSE, did not display reflection colors, suggesting
that the helical twisting power of the cholesteryl group highly depends on the length of the spacer joining the cholesteryl
group to the main chain. The mesophase properties of PCOE and PCOSE were entirely different from those of poly
(cholesteryl-m-acryloyloxyalkanoates). The results indicate that the mode of chemical linkage of the side chain group with
the main chain plays an important role in the formation, stabilization, and temperature dependence of A, of the cholesteric
mesophase.
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Figure 1. Chemical structures of PCOE, PCOSE, PCA, and PChA-n.
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Figure 2. FTIR spectra of (a) CH8A, (b) CH8C, (c) poly(vinyl alcohol),
(d) PCOE, and (e) PCOSE.
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Figure 3. "H-NMR spectra of (a) CH8A, (b) CHSC, (c) PCOE, and (d)
PCOSE.
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Figure 4. Optical textures observed for CH8C on slow cooling from
the isotropic phase: (a) the mesophase at 96 °C (batonnet texture); (b)
the untreated mesophase at 60 °C (focal conic texture); (c) the sheared
mesophase at 60 C (Grandjean texture); (d) step-cooled sample (b) to
30 °C (solid); (e) reheated sample (d) to 60 °C; (f) incubated sample (b)
for 10 days at room temperature (crystalline state).
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Figure 5. Optical micrographs of PCOE and PCOSE: (a) heated PCOE at 180 C(oily-streak texture); (b) sheared PCOE at 180 C (Grandjean
texture); (c) PCOE cooled from the isotropic state to 218 “C (focal conic texture); (d) PCOE cooled to 136 C (crystalline); (e) heated PCOSE at
100 C(focal conic texture); (f) sheared PCOSE at 100 ‘C (Grandjean texture); (g) PCOSE cooled from the isotropic state to 112 C(batonnet texture);

(h) PCOSE cooled to 30 “C(solid).
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Figure 6. DSC thermograms of (a) CH8C, (b) PCOE, and (c) PCOSE.
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Table 1. Thermal and M esophase Properties of CH8A, CH8C, PCOE,
PCOSE, and PChA-n

Transition temperatures(C ) and

Sample .
corresponding enthalpy changes[J/g]*
code Heating Cooling Reference
Ty T T Ty i T T. Ta T
CHSA 125 130 128 79 40a
[64.6] [5.3] [6.6] [14.0]
106 96 this
CHSC [8.6] [1.24] study
98°
[1.21]
172 249 275 219 136
PCOE [32.5] [0.66] [0.89] [25.7] this
160° 223¢ study
[24.2] [1.04]
PCOSE 14 118 210 112 15  this
[1.83] [2.1] study
55 218 24
PChA-5 [4.0]
~5 ~125 20
35 154 158
PChA- [3.1~ 2,4
10 3.2]
~30 ~140 16

*Determined by DSCmeasurement. 7;: glass transtion temperature, 7y, melting
temperature, 7. smectic phase-to-cholesteric phase transition temperature, 7;:
smectic phase-to-isotropic liquid phase transition temperature, 75: cholesteric
phase-to-isotropic liquid phase transition temperature, 75 isotropic liquid phase-
to-cholesteric phase transition temperature, 7g: cholesteric phase-to-crystalline
phase transition temperature. Square brakets indicate the enthalpy values.
l)l"emperature at which 5% weight loss occurred. °The second heating data.
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Figure 7. TGA thermograms of cholesterol, poly(vinyl alcohol), PCOE,
and PCOSE.
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Figure 8. FTIR spectra of (a) PCOE and (b) PCOSE at different
temperatures.
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Figure 9. UV-VIS spectra of (a) CH8C and (b) PCOSE at different
temperatures.

A o WHEEE 30 T oldtele] UVVIS Z4& Eudty
o BlaE SIste] CHEASK™ 37} oF 36021 PChA-109] v}
ERIE 4,8 &5 SEHE A e, Tgo] HelFRo), RE
AR 1 57} 4 ek Rah o] FosHY
IFE AR A SYTPT DRI B Wl ohje} 4
B FULHE FEABAOP 1,8 257 J5Yol net hast

=AM S gAY 2l o8l a0l Hashe e 29
ZHE 25 AE ATz 28l AlEs LRkl ] A

< Y F AU

S zHE IR (), U2 Fe] Fo2dE(n) 2L 4, 2
NE In=(2p)e] ¥AZ} BHITH! o & oF 1524 L3 ¢S 71
AB2 ), 2o Z7)e poll AuiEtta & < ok 23, pseudonema-
e AR(D)S T3] HIEH (g 18L p ol p=2 zD/q
A7} AHET diH o2 Do} g= 2= 9T o] 59
o)L EU=HY e Bk 24 TR eItk D
gl sl STVl Do BR-E(dinD/dT y& 10* CEA

Ho s tieks] Aok o]H @ AMdES 2 W, Figure 1001
UERd uiel o] BE MBS 4.0 257} il weh st
=gl o8 g7t Stk AMERH zHEE A

&
o o
B

o ]

e

1w rr o o
o

rr
~
>
>
rlo

Z0H, A3048 A1ZE, 2006

wheg
700
—e— CHsC
—&— CHBA
650 | —-A— PChA-10
—e— PCOSE
600 | §
_ 4
E 5501
<
500
450
400 1 1 1 1 1 1 1
20 40 60 80 100 120 140 160 180

Temperature(C)

Figure 10. Temperature dependance of the optical pitch (A.) for
CHSA,*® CHS8C, PCOSE, and PChA-10**(see text for details).

o2 gz,

&3]
£
=
o
fz
f
_1
i
9
0
=
0
L
i
£
[
i)
1
>,
o
oft
oX
ol
ﬂ'r'
r
et

WO E CHSAC vig| AeZo 2 o5t} TolAe] dgs] ¥}
CHBA”} CH8Coll BIall oF 5u)71 & AR ZRE ke w(Table 1
), o]Hg P2 CH8AY Thel| EXsh= OH 1&FAt 84
He FaAgHel sl S zEE g d4 o] CH8AYY
CH8Coll HI3] SV eh= AMI2HH ZHHe A0 42T CHSA
9} CH8C7} Tioll A YER= mol HHEEHIF o] JEZT HEl=
7tz 89 183 1.9 J/(K - mol)E4 CHSCol s & AMe T
Ao Fy =g o] FM=r} CHSColl HIsh CHSAZF =25 9lv]
gtk ol AR B 25l 93 A,,9] F4-E&°] CH8A”} CH8C
of Hlg] & AME AXMET}L FUIsHE =4l % g0 ST
o] V1S AARITE 257t T A, BRI desoE <l
T B Y g FAEATE AW CHSAY} CHSC Rt} =IH
o|Z Qg YA ehe] Wsl= CHSAZ} CHSColl vls) & Aoz Azt
ot o]HT dZo] B A, S ~HE IFE1 chiral 4
F28H0) o3l AuljE= g0 F7HE2 YAFHS WSt aW F
7¥8he- AJAKSHEE 2-Haloethoxyethylcholesteryl ethers” 1> UERN = S|
2HE o] AAE9 1,9 &5 gEdo] Tk A YA F
Froll NI olEshzs AME Zd719] &S A A|gHtt. Cholesteryl
alkanoates®] S| 2HY Jo] AAMEE 2Fo]Ae] dojo o&Es)
w? ZE|2~HE 158 A'd twin, dimer 123 trimerEe] FdlX
HE Ao AME9} 1,9 25 o|EHLS 2uo)xe] Holo &gt
oy meba] FAAEE] AR 4,9 25 YA WA=
BEFES 205 o3 AAFE ] wistee] FstolA] Hrt zlo]
olalisly] HallAE 2Fo|xe] ZdolE EElsk= cholesteryloxycar-
bonylalkanoic acids$} cholesteryloxycarbonylalkanoyl chloridesE- ©]-&
ste] S-S el EAd gk A1 AEZF a7Hn
PCOE, PCOSE “1#]3l PChA-10°] TiolA YehdE= dEgs] H
BZES o] &3l ALEE mol HHETY S dEZY WHil=
Zy7}+ 0.58~0.80, 2.7 1813 4.7 J/(K - mol)ZA] 2¥|o]A|e] Zo)
7} Z7VEE FHaH Y o] AAEE ZU15HE AARIT o)
S Qe AApEgHeess So Balgsen pRzZe] JER e




ZY[(EY=HBEATRES

2HE A S22 vulE o] AAErE wigd wle] F4e) B
of ojEstH Wiga Tl 4t SV E Flee A4 {4k
3t} o]213k AMNEL FAET mesogenic 1E-9Q] 38Ho] B
o] dukr oz ~wHo|ae] Aolrt FIFE ] mWeEl ZAE meso-
genic T1E0] FAES] Ao 2HE Hloju} AAME mesogenic T1E
o] WA F71HE AARRITE o]Edk dFo] B g, &
=sel 93t 1.9 7HAEo] PChA-10°] PCOSES sl & AV‘
< 2=E 93 g8 /M2 AA=7F 2 PChA-10°] PCOSE

& AL e viel o] Fd2HE 185 Ad
AL §E 2N SFHE=EY e A4
7o)t} whetA ZEsHdE IE

Eéx
el
=

A4 Bhe B AR 4 2
N A BE 18z # d2Eg 2o 4% S40 1)

PCOSE<H At 23
o]-gsto] Ze=HY o] ¥
Zdoll T AR AE=7t 2

ot

4%, PME
L3}t

PChM-109] A,°] 7M1 3@ el ERlshs 2=H9= 02 C
©]5}24]7 PChA-10 Hh= tiehs] 5ok -4, PCOE} &2 PCOSE

= as] B2 2591904 A0l 7 Fgd ol EAs= =
H2=HE A4S A olg AMES 1,0 7]+ FARE
EABRE WY 25l sl ESA ke 4,5 24ds] 9
af 2y o] &HI Je FFTH THH gl FAEN 2Akee A
geFala 2ol e] Aojuks ZEldte] SBiAE A0 ZHol 7}
TS AR 8 FEaHE 25S Ad GHAES A
A dojA= T Zf‘&zﬂ%ﬂr 2] PCOE 3- PCOSE?Y] X352
ZAg) M= ME EAS A S z=HY A9F B 7
dol 7FedhE f\lA}t&E}.m’m

a =

ZFMId €=2)T cholesteryl chloroformate ¥+ CHSCE %3
Al o8 F FF/F2 f=A, & PCOES®} PCOSES A&} &
Alell o5 & 9 Hg EAS HESATE o9 Aie} PCA,
PChA-n 183 PChMnE9] € 2 HF B4 gk T A+
Aol vlwste] offe] AEE AUTh

1) CH8C= @i S =dHY 4=
PCOSE:= A Zel2EE 42 I43o

2) PCOEE 9474 & A5k A 227114
ERX] ¢k= wbd PCOSEE CHSCSF U3l 4%
oF 70 T Y2 2714 BIAMIZS YR o]
FE 1Y Z7= 2vo)lAY dolol mizeA gEFTS & = 3
Art.

3) PCOSE®] 1,2 CHSC 13l PChA-10%} &

’dsgloll Mt 7raghct

4) PCOE®} PCOSE7} UYeRf= Zel2=HY o] A5, &=+
Zh, G383 4.2 25 9E42 PCA, PChAn 183
PChM-n°] L}EM“ EQET Holsith o]2g ARERE F
2HE I5S ZAAKEE Ad g A9 S o) ¥4
s BAL AT 2AEY SRR TE FARET A

AP s oEge &+ Ak

SE R A

Apelld &)t 8] [1(Zd =B ESA 7S e

AN gAY I A4 AF 43

gt |

I
A
o

. (@) G. Pfaff and P. Reynders, Chem. Rev, 99, 1963 (1999). (b) N.

Tamaoki, Adv: Mater., 13, 1135 (2001).

. N. A. Plate, Comb-Shaped Polymers and Liquid Crystals, Plenum

Press, New York, Cahp. 4, p. 197 (1987).

V. P. Shibaev and Ya. S. Freidzon, Side Chain Liquid Crystal Polymers,
C. B. McAurdle, Editor, Chapman and Hall, Inc., New York, Chap. 9, p
260 (1989).

Ya. S. Freidzon and V. P. Shibaev, Liquid-Crystal polymers, N. A. Plate,
Editor, Plenum Press, New York, Chap. 7, p. 251 (1993).

S.-I. Yusa, K. Kakimoto, T. Yamamoto, and Y. Morishima, Macromol.
Rapid Commun., 22, 253 (2001).

6. S.H. Chen and M. L. Tsai, Macromolecules, 23, 5055 (1990).
7. S.Krishnamurthy and S. H. Chen, Macromolecules, 24, 3481 (1991).
8. M. Arnold, S. Poser, H. Fisher, W. Frank, and H. Utschick, Macromol.

10.
11.
12.

13.
. A. Yu. Bobrovsky, N. I. Boiko, and V. P. Shibaev, Lig. Cryst., 25, 679

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

30.

31.

Rapid Commun., 15, 487 (1994).

. H. Fisher, S. Poser, M. Arnold, and W. Frank, Macromolecules, 27,

7133 (1994).

H. Fisher, S. Poser, and M. Arnold, Macromolecules, 28, 6957 (1995).
S. Weidner, D. Wolff, and J. Springer, Lig. Cryst., 20, 587 (1996).

S. Weidner, D. Wolff, and J. Springer, Macromol. Chem. Phys., 197,
1337 (1996).

S. Weidner, D. Wolff, and J. Springer, Lig. Cryst., 22, 193 (1997).

(1998).

A. Yu. Bobrovsky, N. I. Boiko, and V. P. Shibaev, Lig. Cryst.,, 27, 57
(2000).

H. Hattori and T. Uryu, J. Polym. Sci.; Part A: Polym. Chem., 38, 887
(2000).

A. Stohr and P. Strohriegl, Macromol. Chem. Phys., 199, 751 (1998).
T. Mihara, T. Uedaira, and N. Koide, Lzg. Cryst., 29, 855 (2002).

J.-S. Hu, B-Y. Zhang, Y-G. Jia, and Y. Wang, Polym. J, 35, 160 (2003).

T. Kaneko, H. Nagasawa, J. P. Gong, and Y. Osada, Macromolecules,
37, 187 (2004).

E. B. Barmatov, M. V. Barmatova, B-S. Moon, and J-G. Park,
Macromolecules, 37, 5490 (2004).

J.-S. Hu, B.-Y. Zhang, Z.-J. Liu, and B.-L. Zang, J Appl. Polym. Sci.,
86, 2670 (2002).

B.-Y. Zhang, J.-S. Hu, Y.-G. Jia, and B.-G. Du, Macromol. Chem.
Phys., 204, 2123 (2003).

J.-S. Hu, B.-Y. Zhang, Y.-G. Jia, and S. Chen, Macromolecules, 36,
9060 (2003).

J.-S. Hu, B.-Y. Zhang, Y. Wang, and F-B. Meng, J. Polym. Sci.; Part A:
Polym. Chem., 42, 3870 (2004).

B.-L. Zhang, J.-S. Hu, F-B. Meng, and B.-Y. Zhang, J Appl. Polym.
Scr., 93,2511 (2004).

H. Ogawa, E. Stibal-Fisher, and H. Finkelmann, Macromol. Chem.
Phys., 205, 593 (2004).

J.-S. Hu, B.-Y. Zhang, Y. Guan, and X.-Z. He, J Polym. Sci.; Part A:
Polym. Chem., 42, 5262 (2004).

S.-W. Cha, J.-I. Jin, M. Laguerre, M. F. Achard, and F. Hardouin, Lig.
Cryst., 26, 1325 (1999).

S. M. Harwood, K. J. Toyne, J. W. Gray, M. Parsley, and G. W. Gray,
Liq. Cryst., 27, 443 (2000).

T. Tasaka, H. Okamoto, Y. Morita, K. Kasatani, and S. Takenaka, Mol

Polymer(Korea), Vol. 30, No. 1, 2006



44

32.
33.

34.

35.

36.
37.

38.

39.
40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.
57.

Cryst. Lig. Cryst., 404, 15 (2003).

J-L. Jin, Mol Cryst. Lig. Cryst., 267, 249 (1995).

A. Sirigu, Liquid Crystallinity in Polymers, A. Ciferri, Editor, VCH
Publishers, Inc., New York, Chap. 7, p. 261 (1991).

D. J. Simmonds, Liquid Crystal Polymers: From Structures to
Applications, A. A. Collyer, Editor, Elsevier Applied Science, London
and New York, Chap. 7, p. 349 (1992).

(a) V. Percec and C. Pugh, Side Chain Liquid Crystal Polymers, C. B.
McArdle, Editor, Chapman and Hall, Inc., New York, Chap. 3, p. 30
(1989). (b) J. W. Y. Lam and B. Z. Tang, J. Polym. Sci.; Part A: Polym.
Chem., 41, 2607 (2003).

J-H. Kim and Y.-D. Ma, J Korean Ind. Eng. Chem., 15, 113 (2004).
Y.-D. Ma, J.-H. Kim, and J.-H. Choi, Industrial Technology Research
Paper, Dankook University, 3, 27 (2003).

J-H. Kim, M. Sc. Dissertation, Dankook University, 2000.

S.-Y. Jeong, J.-H. Choi, and Y.-D. Ma, Polymer(Korea), 26, 523 (2002).
(a) Y.-D. Ma and S.-Y. Jeong, Industrial Technology Research Paper,
Dankook University, 5, 21 (2004). (b) J-W. Lee, J.-I. Jin, M. E. Achard,
and F. Hardouin, Lig. Cryst, 28, 663 (2001). (c) D. Tsiourvas, T.
Felekis, Z. Sideratou, and C. M. Paleos, Lig. Cryst., 31, 739 (2004).

G. W. Gray, J. Chem. Soc., 3733 (1956).

S.-Y. Jeong and Y.-D. Ma, to be published.

S. Koltzenburg, F Stelzer, and D. Nuyken, Macromol. Chem. Phys.,
200, 821 (1999).

C. V. Yelamaggard, M. Mathews, T. Fujita, and N. Iyi, Lig. Cryst., 30,
1079 (2003).

J. W. Y. Lam, X. Kong, Y. Dong, K. K. L. Cheuk, K. Xu, and B. Z.
Tang, Macromolevules, 33, 5027 (2000).

D. W. Lee, J.-I. Jin, M. Laguerre, M. F. Achard, and F. Hardouin, Lig.
Cryst., 27, 145 (2000).

S.-W. Cha, J.-I. Jin, M. Laguerre, M. F. Achard, and F. Hardouin, Lig.
Cryst., 26, 1325 (1999).

C. V. Yelamaggard, A. Srikrishna, D. S. Shankar Rao, and S. Krishna
Prasad, Liq. Cryst., 26, 1547 (1999).

C. V. Yelamaggard, U. S. Hiremath, and D. S. Shankar Rao, Lig, Cryst.,
28, 351 (2001).

N. L. Morris, R. G. Zimmermann, G. B. Jameson, A. W. Dalziel, P. M.
Reuss, and R. G. Weiss, J Am. Chem. Soc., 110, 2177 (1988).

R. Mukkamala, C. L. Burns, Jr.,, R. M. Catchings III, and R. G. Weiss,
J Am. Chem. Soc., 118, 9498 (1996).

T. Yamaguchi, T. Asada, H. Hayashi, and N. Nakamura, Macro-
molecules, 22, 1141 (1989).

For a discussion of the spacer decoupling model and its limitation, see:
reference 35.

C. Pugh and A. L. Kiste, Handbook of Liquid Crystals, D. Demus, J.
Goodby, G. W. Gray, H.-W. Spiess, and V. Vill, Editors, Wiley-VCH,
Weinheim-New York, Vol. 3, Chap. ITI, p. 123 (1998).

C. T. Imrie, F. E. Karasz, and G. S. Attard, Macromolecules, 26, 545
(1993).

P. J. Shannon, Macromolecules, 16, 1677 (1983).

E. M. Barrall IT and J. F. Johnson, J Macromol. Sci.-Rev. Macromol.
Chem., C17, 137 (1979).

EZ0H, A3048 A1ZE, 20063

59.

60.

61.

62.

63.

65.

66.
67.

68.

69.

70.

71.

72.
73.

74.

75.

76.

77.

. H. Finkelmann, Liquid Crystallinity in Polymers, A. Ciferri, Editor,
VCH Publishers, New York, Chap. 8, p. 315 (1991).

(a) W. Maier, A. Saupe, and Z. Naturf, 13A, 564 (1958). (b) W. Maier,
A. Saupe, and Z. Naturf, 14A, 882 (1959). (c) W. Maier, A. Saupe, and
Z. Naturf, 15A, 287 (1960).

C. Boeffel and H.-W. Spiess, Side Chain Liquid Crystal Polymers, C. B.
McArdle, Editor, Chapmann and Hall, Inc., New York, Chap. 8, p.
224 (1989).

J.W.Y. Lam, Y. Dong, K. K. K. Cheuk, J. Luo, Z. Xie, H. S. Kwok, Z.
Mo, and B. Z. Tang, Macromolecules, 35, 1229 (2002).

(a) W. R. Krigbaum, G. Brelsford, and A. Ciferri, Macromolecules, 22,
2487 (1989). (b) A. Ciferri, Liquid Crystallinity in Polymers, A. Ciferri,
Editor, VCH Publishers, New York, Chap. 6, p. 209 (1991). (c) A.
Takada, T. Fukuda, J. Watanabe, and T. Miyamoto, Macromolecules,
28, 3394 (1995).

C. T. Imrie, F. E. Karasz, and G. S. Attard, Macromolecules, 26, 3803
(1993).

. A. A. Craig and C. T. Imrie, Macromolecules, 28, 3617 (1995).

B. R. Maughon, M. Weck, B. Mohr, and R. H. Grubbs, Macromolecules,
30, 257 (1997).

A. A. Craig and C. T. Imrie, Macromolecules, 32, 6215 (1999).

J. M. Rodriguez-Parada, R. Duran, and G. Wegner, Macromolecules,
22,2507 (1989).

V. Percec, A. D. Asandei, D. H. Hill, and C. Crawford, Macromolecules,
32,2597 (1999).

B.-Q. Chen, A. Kameyama, and T. Nishikubo, Macromolecules, 32,
6485 (1999).

C. T. Imrie, T. Schleeh, F. E. Karasz, and G. S. Attard, Macromolecules,
26, 539 (1993).

J-H. Kim, S.-Y. Jeong, and Y.-D. Ma, Polymer(Korea), 28, 92 (2004).
J-H. Kim, S.-Y. Jeong, and Y.-D. Ma, Polymer(Korea), 28, 41 (2004).
(a) S. Bhattacharya and Y. Krishman-Ghosh, Mol Cryst. Liq. Cryst.,
381, 33 (2002). (b) A. T. M. Marcelis, A. Koudijs, and E. J. R. Sudholter,
Lig. Cryst, 18, 851 (1995). (c) A. T. M. Marcelis, A. Koudijs, and E. J.
R. Sudhoélter, J Mater. Chem., 6, 1469 (1996). (d) A. T. M. Marcelis, A.
Koudijs, and E. J. R. Sudhdélter, 7he Solid Films, 284-285, 308 (1996).
(e) A. T. M. Marcelis, A. Koudjjs, and E. J. R. Sudholter, Lig. Cryst.,
27, 1515 (2000). (f) N. Tamaoki, H. Matsuda, and A. Takahashi, Lig.
Cryst., 28, 1823 (2001). (g) S. Shubashree and B. K. Sadashiva, Mol
Cryst. Lig. Cryst., 411, 193 (2004). (h) A. T. M. Marcelis, A. Koudjjs,
and E. J. R. Sudhélter, Mol. Cryst. Lig. Cryst., 411, 193 (2004).

S.-Y. Jeong, J. -H. Jeong, Y. -D. Ma, and Y. Tsujii, Polymer(Korea), 25,
279 (2001).

E. M. Barrall I, Ziquid Crystals, F. D. Saeva, Editor, Marcel Dekker,
Inc., New York and Basel, Chap. 9, p. 335 (1979).

J. Stumpe, Th. Fisher, and H. Menzel, Macromolecules, 29, 2831
(1996).

Ya. S. Freidzon, Ye. G. Tropsha, V. V. Tsukruk, V. V. Shilov, V. P.
Shibaev, and Yu. S. Lipatov, Polym. Sci., US.S.R(Engl. Tranl), 29,
1505 (1987).



