
AD-A248 288 I1

OFFICE OF NAVAL RESEARCH

Contract N00014-90-J- 1828

R&D Code 413c024

Technical Report No. 62

Molecular Engineering of Liquid Crystal Polymers by Living Polymerization. 23.

Synthesis and Characterization of AB Block Copolymers Based on [(4-Cyano-4'-

biphenyl)oxy]alkyl Vinyl Ether with 1H, 1H, 2H, 2H-Perfluorodecyl Vinyl Ether,

and of 2-(4-Biphenyloxy)alkyl Vinyl Ether witml 1H, 1H, 2H, 2H-Perfluorodecyl

Vinyl Ether with 1H, 1H, 2H, 2H- Perfluorodecyl Vinyl Ether

Virgil Percec and Myongsoo Lee

Department of Macromolecular Science

Case Western Reserve University

Cleveland, OH 44106-2699

. . - Submitted for Publication

in

J. Macromol. Sci. Chem.

March 27, 1992

Reproduction in whole or in part is permitted for any purpose

of the United States Government.

This document has been approved for public release and sale.

Its distribution is unlimited.

4 1b 92-08835



4,

9FCUR" I' CLASSIC CA11O% O TIS 'PAGE

REPORT DOCUMENTATION PAGE
is REPORT SECURTY CLASSIFICATION 1b RLSTRiCTIVE MARK~INGS

Unclassifiled__________________________
2. SECuRiTY CLASSIFICATION AUTHORITY 3 DISTRIBUTIONi/AVAILABILITY OF REPORT

______________________________________ Available for distribution
Zb DE CLASSIFICATIONI/DOWNGRADING SC04E DULE

Distribution unlimited

4. PERFORMING ORGANIZAT#ON REPORT NUMBER(S) 5 MONITORING ORGANIZATION REPORT NUMBER(S)

Technical Report No. 62

6& NAME OF PERFORMING ORGANIZATION [6b OFFICE SYMBOL 170 NAME OF MONITORING ORGANIZATION

Case Western Reserve University 4B56 ONR

kc ADDRESS (City, State, and ZIP Code) 7b ADDRESS (Crry. State. end ZIP Code)

2040 Adelbert Road Office of Naval Research
Cleveland, OH 44106 Arlington, VA 22217

Be NAME OF F UN DING/ SPONSORING 8 b OFFICE SYMBOL 9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION Oif applicable)

ON R

k ADDRESS (Crty, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS
Office of Naval Research PROGRAM PROJECT ITASK WORK UNIT
800 N. Quincy ELEMENT NO NO NO 1 ACCESSION NO

Arlington, VA 22217 '00014-89 J-1828 413c024
11 TiTIF (Include Securrm' Class'hcation)

Monlecular Engineering of Liquid Crystal Polymers by Living Polymerization. 23. Synthesis and Characterizationl of AB Block Copolymers
fiased on [(4-Cyano-4'-biphenyl)oxvlalkylI Vinyl Ether with iHi IH. 2Hi 2H-Perfluorodecyl Vinyl Ether. and of 2-(4-.Biphenyloxy)aliyl
\tnyl Ether with 1H, IH. 2H, 2H-Pcrfluorodecyl Vinyl Ether with 1H, IN. 2H, 2H- Perfluorodecyl Vinyl Ether

12 PERSON AL AUTI4OR(S) V"irgil Percec* and Myongsoo Le

13~a TYPE OF REPORT 113b TIME COVERED 714 DATE OF REPORT (Year.Aolonth. Day) lS. PAGE COUNT
P'reprint FROM TO March 27, 1992I

11 SUPPLEMENTARY NOTATION

J. Macromol. Sci. Chem.

17 COSATI CODES 18 SUBJECT TERMS (Continue on reverse if necessary end id~ntofy by block number)
FIELD IGROUP ISUB-GROUP

I9 ABSTRACT (Continue on reverse if nectuary and idty by block number)

This paper describes the synthesis and characterization of AB block copolymners based on wk-[(4-cyano-4'-
biphenyl)oxv]alkyl vinyl ether (6-n) with alkyl being ethyl (6--), propyl (6-3.), nonyl (6-9) and undecanyl &6-Il
with I H, I H, 2H, 21--perfluorodecyl vinyl ether (CF8), poly[(6-n)-b-CF8]X/Y (where X/Y refers to the w~eight
ratio of the two segments), and of 2-(4-biphenyloxy)ethyl vinyl ether (BEVE) with IH, IH, 2H,2H-
perfluoe-odecyl vinyl ether, poly[BEVE-b-CF81X/Y. They were prepared by living cationic polymerization and
exhibit a narrow molecular weight distribution. AlR block copolymers display a microphase separated morphology
when the A segment is in the liquid crystalline phase. Block copolymers based on 2. and BEE with CF8
exhibit a microphase separated morphology also in the melt phase of A and B block.

20. 0DSTN /AVALABILITY OF ABSTRACT 121. ABSTRACT SECURITY CLASSIFICATION
JOUNICLASSIPIED)UNLIMITED E3 SAME As *PT. E3DTIC USERS I unclassified/unlimited

20 NAME Of RESPON4SIBLE INDIVIDUAL 122b TELEPHONE (ifude Area Co4 22 OFF ICE SYMBOL

11Virgil Pereec 1 (216) 368-4242
DD FORM 1473, SAMAR 63 APR edition thay be used until exhaurted SECURITY CLASSIFICATION OF THIS PAGE

All cther tdition are obsolete-



Molecular Engineering of Liquid Crystal Polymers by Living Polymerization. 23a

Synthesis and Characterization of AB Block Copolymers Based on o-[(4-cyano-4'-

biphenyl)oxy]alkyl Vinyl Ether, and 1H,1IH,2H,2H-Perfluorodecyl Vinyl Ether, and of 2-

(4-Biphenyloxy)ethyl Vinyl Ether with IH,IH,2H,2H-Perfluorodecyl Vinyl Ether.

Virgil Percec* and Myongsoo Lee

Department of Macromolecular Science

Case Western Reserve University

Cleveland, OH. 44106

D i

Chem., submitted

* To wvhom correspondence should be addressed. -- .---- --

N1,i



.I I

SYNOPSIS

This paper describes the synthesis and characterization of AB block copolymers

based on (o-[(4-cyano-4'-biphenyl)oxy]alkyl vinyl ether &M with alkyl being ethyl (. L-2,

propyl (.3., nonyl (&-) and undecanyl (LW with IH,1H,2H,2H-perfluorodecyl vinyl

ether (CF8), poly[(6-n)-b-CFSX/Y (where X/Y refers to the weight ratio of the two

segments), and of 2-(4-biphenyloxy)ethyl vinyl ether (BEVE) with IH,1H,2H,2H-

perfluorodecyl vinyl ether, poly[BEVE-b-CF8]X/Y. They were prepared by living cationic

polymerization and exhibit a narrow molecular weight distribution. All block copolymers

display a microphase separated morphology when the A segment is in the liquid crystalline

phase. Block copolymers based on -2, 6-3 and BEVE with CF8 exhibit a microphase

separated morphology also in the melt phase of A and B blocks.

INTRODUCTION

Since the first examples of mesogenic vinyl ethers and poly(vinyl ether)s were

reported from our laboratory, 1 several other research groups have become actively engaged

in the cationic polymerization of mesogenic vinyl ethers because they can be performed

under living conditions.2-4

Recently, we have demonstrated that mesogenic vinyl ethers containing various

functional groups can be polymerized by a living mechanism and these polymerizations

allowed systematic investigations of the molecular weight effect on the phase transitions of

the resulting polymers. 5,6,8 Binary copolymerization experiments were performed to

investigate the influence of copolymer composition on the phase behavior of the

copolymers with constant molecular weight. These results were used to tailor make

polymers exhibiting nematic, smectic A, reentrant nematic, chiral smectic C, and cholesteric

mesophases.Tlab In addition, we have demonstrated that a quantitative functionalization of

a polymer chain end is possible and can be used to produce side chain liquid crystalline

macromonomers. 9
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There are only few reports on the synthesis of AB block copolymers containing an

amorphous A-block and a side chain liquid crystalline B-block. 11 .12 They were prepared

by polymer homologous reactions of poly(styrene-b-butadiene) A-B block copolymer, 11

and respectively by succesive living polymerization of methyl methacrylate and a

mesogenic methacrylate by group transfer polymerization. 12 The theoretical interest on AB

block copolymers containing liquid crystalline and amorphous segments was discussed in

detail by Adams and Gronski. 1la

Presently, we are investigating the synthesis and characterization of block

copolymers containing side chain liquid crystalline segments in one block and fluorocarbon

segments in the second block by living cationic polymerization. It is well known that the

miscibility of fluorocarbon and hydrocarbon molecules is very poor. As a consequence,

fluorocarbon-hydrocarbon compounds are surface active systems and can assemble into

aggregates both in nonaqueous solutions and in melt. 10 Therefore, block copolymerization

of mesogenic vinyl ethers with fluorocarbon-substituted vinyl ethers should allow the

preparation of polymer materials with new microphase separated morphologies at very low

degrees of polymerization of the hydrocarbon and fluorocarbon blocks.

The goal of this paper is to describe the synthesis and thermal characterization of

AB block copolymers based on o>-[(4-cyano-4'-biphenyl)cxylalkyl vinyl ether (6-n) with

alkyl being ethyl (-.2.), propyl (-3, nonyl -,) and undecanyl (-j_11), with

I H, IH,2H,2H-perfluorodecyl vinyl ether (CF8) poly[(6-n)-b-CF8]X/Y (where X/Y refers

to the weight ratio of the two segments), and of 2-(4-biphenyloxy)ethyl vinyl ether (BEV)

with I H, 1H,2H,2H-perfluorodecyl vinyl ether poly[BEVE-b-CF8]X/Y.

EXPERIENA

Methyl sulfide (anhydrous, 99%, Aldrich) was refluxed over 9-

borabicyclo[3.3.1]nonane (crystalline, 98%, Aldrich) and then distilled under argon.
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Dichloromethane (99.6%, Aldrich) used as polymerization solvent was first washed with

concentrated sulfuric acid, then with water, dr: d over magnesium sulfate, refluxed over

calcium hydride and freshly distilled under argon before each use. Trifluoromethane

sulfonic acid (triflic acid, 98%, Aldrich) was distilled under vacuum. IH,IH,2H,2H-

Perfluorodecan-l-ol (Strem Chemicals, rap; 40-43 02) was used as received.

Technique

IH-NMR spectra were recorded on Varian XL-300 and Varian XL-200

spectrometers. TMS was used as internal standard. A Perkin Elmer DSC-4 differential

scanning calorimeter, equipped with a TADS data station was used to determine the thermal

transitions which were reported as the maxima and minima of their endothermic or

exothermic peaks respectively. In all cases, heating and cooling rates were 20C/min unless

otherwise specified. Glass transition temperatures (Tg) were read at the middle of the

change in the heat capacity. First heating scans differ from second and subsequent heating

scans. However, second and subsequent heating scans are identical. A Carl-Zeiss optical

polarized microscope (magnification: 100x) equipped with a Mettler FP 82 hot stage and a

Mettler FP 800 central processor was used to observe the thermal transitions and to analyze

the anisotropic textures 13 .14 . Molecular weights were determined by gel permeation

chromatography (GPC) with a Perkin Elmer series 10 LC instrument equipped with LC-

100 column oven, LC-600 autosampler and a Nelson analytical 900 series integrator data

station. The measurements were made at 400C using the UV detector. A set of Perkin

Elmer PL gel columns of 104 and 500 A with CHC13 as solvent (Iml/min) and a calibration

plot constructed with polystyrene standards was used to determine the molecular weights.

High pressure liquid chromatography (HPLC) experiments were performed with the same

instrument.

Synthesis of Monomers

2-[(4-Cyano-4'-biphenyl)oxy]ethyl vinyl ether (&2),5b 3-[(4-cyano-4'-

biphenyl)oxy]propyl vinyl ether ():D,5b 9-[(4-cyano-4'-biphenyl)oxyjnonyl vinyl ether
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(6-9), 5 d I] -[(4-cyano-4'-biphenyl)oxyundecanyl vinyl ether (6-11),5a 2-(4-

biphenyloxy)ethyl vinyl ether (BEVE) 5f and IH,1H,2H,2H-perfluorodecyl vinyl ether

(CF8) 6f were synthesized as described previously. Additional details for the synthesis of

CF8 are presented below.

Synthesis of l1HlH.2H.2H-Perfluorodecanyl vinyl ether (CF8).

1H,IH,2H,2H-Perfluorodecan-l-ol (14 g, 0.03 mol) was added to a mixture of

100 ml of n-butyl vinyl ether, 100 ml of chloroform, and 1,10-phenanthroline

palladium(II) diacetate 5a (0.8 g, 2 mmol) and kept under argon. The yellow mixture slowly

turned green while it was refluxed for 12h. After filtration, the solvent was removed in a

rotary evaporator. The crude product was purified by column chromatography (silica gel,

CH2C12 eluent) and then extracted with MeOH to remove residual n-butyl vinyl ether. The

obtained product (yield 12 g, 74 %)was then dried over CaH2 and freshly distilled under

vacuum before each use. Purity: >99% (GC); bp: 71 OC (3 mm); 200MHz 1H-NMR

(CDCI3, TMS, 3, ppm): 2.51 (2 protons, -CF 2-CH 2 -, m), 4.00 (2 protons, -CH20-, t),

4.10 (1 proton, OCH=CH2 trans, d), 4.23 (1 proton, OCH=CH2 cis, d), 6.47 (1 proton,

CH2=CHO-, q).

Synthesis of block copolymers

The syntheis of block colymers was carried out in glass flasks equipped with teflon

stopcocks and rubber septa under argon atmosphere at OOC by sequentially polymerizing

first the mesogenic vinyl ether and then CF8. All glassware was dried overnight at 1300C.

The monomer was further dried under vacuum overnight in the polymerization flask. Then

the flask was filled with argon, cooled to OOC and the methylene chloride, dimethyl sulfide

and triflic acid were added via a syringe. The first monomer concentration was about 10

wt% of the solvent volume and the dimethyl sulfide concentration was 20 times larger than

that of the initiator. After 40 min of reaction time, when the polymerization of the first

monomer had reached about 100% conversion, freshly distilled CF8 was injected into the

polymerization solution. After two more hours, the polymerization was quenched with
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ammoniacal methanol. The reaction mixture was then precipitated into methanol. The

filtered polymers were dried and precipitated from methylene chloride solutions into

methanol (two or three times) until GPC traces showed no traces of unreacted monomer.

Tables I summarizes the polymerization results.

RESULTS AND DISCUSSION

The mesogenic vinyl ethers, 6-n and BEVE were polymerized by initiation with

CF3SO 3HIS(CH3)2 in methylene chloride at 0DC. 15 After 40 min, CF8 was injected into

the polymerization solution as a second monomer. The synthesis of block copolymers is

outlined in Scheme I. Figure 1 shows typical GPC traces of poly(1j2) and of the resulting

block copolymer. The polymerization of mesogenic vinyl ether had reached almost

quantitative conversion in 40 min to produce the homopolymer with controlled molecular

weight and narrow molecular weight distribution (Table 1, Figure lb). Subsequent

sequential addition of CF8, led to block copolymers with a monomodal, narrow molecular

weight distribution which however, was slightly broader than that of the parent

mesomorphic homopolymers (Table I, Figure l a). This sequence of polymerization was

selected since poly(CF8) is insoluble in conventional solvents.6 f However, its insertion

into a block copolymer leads to soluble block copolymers and demonstrates that CF8 can

be polymerized by a living mechanism.

The structure and composition of the block copolymers were determined by 300

MHz IH-NMR spectroscopy. Figure 2 presents a typical 300 1WHz tH-NMR spectrum of

poly[(L.-2-b-CF815/5. This spectrum exhibits the aromatic protons of the &L repeating

units at 6.9-7.7 ppm and the methylene protons of the CF8 repeating units at 2.31 ppm. In

addition, the resonances of the acetal and methoxy protons which are formed after

quenching the living carbocationic polymerization with methanol are observed at 4.70 and

3.31 ppm, respectively. No other signals indicative of side reactions are observed. The

composition of block copolymers was determined from the ratio of the aromatic protons (o
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to alkoxy, signal d in Figure 2) to the methylene protons (-Cjj 2CF2-, signal m in Figure

2). The composition of block copolymers determined from their NMR spectra and

presented in weight ratio in Table I is in good agreement with the feed weight ratio of the

two monomers.

The mesomorphic behavior of all block copolymers was characterized by DSC and

optical polarized microscopy and compared to that of the homopolymers with similar

degrees of polymerization of the A block.

Let us discuss first the thermal behavior of poly[(f2)-b-CF8)5/5 and poly[BEVE-

b-CF815/5. Both block copolymers are synthesized from the mesogenic monomers whose

parent homopolymers exhibit a glassy phase when it is determined from second DSC

heating scan 5b (Table H, Figures 3 and 4), and fluorinated monomer whose parent

homopolymer displays a crystalline melting.6f In the first heating scan, poly[R6i)-b-

CF8]5/5 exhibits a crystalline melting which correspond. to the CF8 block followed by an

X phase of the mesogenic segment. The transition temperature of each phase in the block

copolymer is very close to that of poly(6-2) (Table II) and poly(CF8). 6f Second heating

and cooling DSC scans of poly[(.z,2j-b-CF8]5/5 display the same behavior except that the

X phase does not appear since this mesophase is located in close proximity to the glass

transition temperature of the mesogenic segment and therefore, it is strongly kinetically

controlled (Figure 3). The DSC traces of the first heating, second heating and cooling scans

of poly[BEVE-b-CF8]5/5 are presented in Figure 4. Thermal behavior of poly[BEVE-b-

CF8]5/5 is similar to that of poly[(.6i_2)-b-CF8]5/5 except that the melting transition of the

mesogenic segment is absent in the first DSC heating scan.

One of the unique feature of these block copolymers is the persistence of

mesomorphic behavior above the isotropization temperatures of the corresponding

mesogenic homopolymers (Table II, Figures 3,4). This is most probably due to a

microphase separated morphology in the melt state. Since the refractive indices of these two

segments arm highly dissimilar, they exhibit an anisotropic texture on the optical polarized
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microscope. A characteristic example of the mesomorphic texture obtained for poly[(62)-

b-CF8]5/5 at 190 OC is presented in Figure 5.

Poly[(i-3)-b-CF8]5/5 is based on the mesogenic monomer (k-3) whose parent

homopolymer poly(&3 5b exhibits a nematic mesophase. This block copolymer exhibits a

crystalline melting of the fluorinated segment, the X and nematic phases of the mesogenic

segment, and the newly generated mesophase indicative of microphase separated

morphology above the isotropization temperature (Table II, Figure 6). Both the

mesomorphic-mesomorphic transition temperature and the enthalpy change associated with

the mesophase of poly[(6 2 )-b-CF8]5/5 decreases in comparison to that of the parent

homopolymers (Table II). This trend agrees well with previous results available in the

literature I I and is predicted by theory. 16.17 The following speculative explanation about

this phenomenon is possible. The decrease of enthalpy change may be caused by a

disordering of the mesogens at the interphase. Although the phase boundary is sharp on a

local scale, the interphase may be of very irregular structure which could oppose the

ordering of the mesogens at the interphase.

The observation of textures of poly[(-.3.)-b-CF8]5/5 by optical polarized

microscopy reveals significant difference in comparison to the behavior of their respective

homopolymers. Figure 7 shows the schlieren texture of both poly(.63) and poly[( . -b-

CF8]5/5 which is characteristic of a nematic mesophase. However the domain size of the

schlieren texture in block copolymer is much smaller than that of the parent homopolymer

even after overnight annealing.

DSC traces of poly[ (62-b-CF87/3 and poly[ (fi.-D-b-CF8]7/3 are presented in

Figures 8 and 9 respectively. Both block copolymers are synthesized from mesogenic

monomers whose parent homopolymers exhibit a SA phase as their highest temperature

mesophase. In the case of the first heating DSC scan of poly[&(M.-b-CF8]7/3, this block

copolymer exhibits the melting of the fluorinated segment and the sA phase of the

mesogenic segment which is indicative of a microphase separated morphology. The first
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order transition at 41.3C (Table II, Figure 8) may result from different crystalline size of

the fluorinated segment. In second and first cooling scans this first order transition does not

appear, and there are only transitions which correspond to those of each homopolymer.

Both the transition temperature from SA to the isotropic state and the enthalpy change

associated with this mesophase decrease when they are compared to those of the

corresponding mesogenic homopolymers poly&M 5d and polyLjj) a (Table II).

Figure 9 displays representative optical polarized micographs of the SA phase of

poly(C2)M (a) and of poly[(k-M-b-CF8]T73 (b). The SA phase of poly((9) displays a typical

focal conic texture. The SA phase of poly[(&.)-b-CF8]7/3, on the other hand, exhibits

striations on the focal conic texture which is clearly different from that of the parent

homopolymer. It is believed that these striations are manifestations of microphase

separation of the fluorinated block within the SA phase.

Figure 10 presents first and second heating, and first cooling DSC scans of

poly[ -(L-.-b-CF87/3. The thermal behavior of this block copolymer is similar to that of

poly[(6.9.)-b-CF8]7/3 except that there is a melting transition of the mesogenic segment in

the case of first heating scan.

Distinct from the behavior of the block copolymers based on mesogenic monomers

with two and three methylene units in the spacer, the optical micrographs of poly[((z)-b-

CF817/3 and poly[&fl-b-CF817/3 display a lack of mesomorphic behavior in melt state.

This phenomenon illustrates the role of longer length spacer in deC-asing the immiscibility

between the mesogenic segment and fluorinated segment, and/or its influence on the

difference between the refractive indices of the two segments.

In conclusion, block copolymers containing side chain liquid crystalline segments

in one block and fluorocarbon segments in the second block can be synthesized by living

cationic polymerization. The resulting block copolymers exhibit narrow molecular weight

distribution and the weight ratio composition of block copolymers is in good agreement

with the feed weight ratio of the each monomer. The thermal behavior of all block



copolymers syrthesized in this paper was determined by DSC and optical polarized

micoscopy and shows a microphase separated morphology, although the degrees of

polymerization of the mesogenic and fluorocarbon blocks are very low. For mesogenic

monomers with short spacer lengths the microphase separated morphology is also

maintained in the melt phase up to a temperature where the fluorinated and mesogenic

segments become miscible.

ACKNOaniaGupoTf
Financial support from the Office of Naval Research is gratefully acknowledged.



10

REFERENCES

1. J. M. Rodriguez-Parada and V. Percec, J. Polym. Sci.; Part A; Polym. Chem. 19,

327(1986); V. Percec and D. Tomazos, Polym. Bull., 18, 239(1987)

2. (a)T. Sagane and R. W. benz, Polym. J., 20,923(1988); (b) T. Sagane and R.

W. Lenz, Polymer, 30, 2269(1989); (c) T. Sagane and R. W. Lenz,

Macromolecules , 22, 3763(1989).

3. S. G. Kostromin, N. D. Cuong, E. S. Garina and V. P. Shibaev, Mol. Cryst.

Liq Cryst., 193, 177(1990)

4. V. Heroguez, A, Deffieux and M. Fontanille, Makromol. Chem., Makromol.

Symp., 32, 199(1990); V. Heroguez, M. Schappacher, E. Papon and A. Deffieux,

Polym. Bull., 25, 307(199 1).

5. (a) V. Percec, M. Lee and H. Jonsson, J. Polym. Sci.: Part A: Polym. Chem., 29,

327(1991); (b) V. Percec and M. Lee, J. Macromol. Sci.-Chem., A 28,651(1991);

(c) V. Percec and M. Lee, Macromolecules, 24, 1017(1991); (d) V. Percec and M.

Lee, Macromolecules, 24, 2780(1991); (e) V. Percec, M. Lee and C. Ackerman,

Polymer, in press; (f) V. Percec and M. Lee, J. Macromol. Sci.-Chem., submitted

6. (a) R. Rodenhouse, V. Percec and A. E. Feiring, J. Polym. Sci.: Part C: Polym.

Lett., 28, 345(1990); (b) H. Jonsson, V. Percec and A. Hult, Polym. Bull., 25,

115(1991); (c) R. Rodenhouse and V. Percec, Adv. Mater., 3, 101(1991); (d) V.

Percec, A. E. Gomez and M. Lee, J. Polym. Sci.: Part A: Polym. Chem., 29,

1615 (1991) (e) V. Percec, C. S. Wang and M. Lee, Polym. Bull., 26, 15 (1991);

(f) J. Hopken, M. Moller, M.Lee and V. Percec, Makromol. Chem., in press

7. (a) V. Percec and M. Lee, Polym. Bull., 25, 123 (1991); (b) V. Percec and M.

Lee, Polym. Bull., 25, 131 (1991); (c) V. Percec and M. Lee,

Macromolecules, 24, 4963 (1991); (d) V. Percec and M. Lee, Polymer, 32,

2862 (1991); (e) V. Percec and M. Lee, J. Mater. Chem., 1, 1007 (1991)



8. () V PececQ. hen an M. eeJ. aier Chm.,1, 11 (991; ()1V

8(a.Percec, Q. Zlieng and M. Lee, J. Mater. Chem., 1, 1 (1991); () V. re n

Q. Zheng, J. Maier. Chem., in press.

9. (a) V. Percec, M. Lee, P. L. Rinaldi and V. E. Litmann, J. Polym. Sci.. Part A:

Polym. Chem., in press (b) V. Percec and M. Lee, Polym. Bull., in press

10. 1. Hopken, C. Pugh, W. Richtering and M. Moller, Makromol. Chem., 189, 911

(1988); Y. Ishikawa, H. Kuwahara and T. Kunitake, J. Am. Chem. Soc., 111,

8530 (1989); C. Viney, R. I1 Twieg, T. P. Russell and L. E. Depero, Liq. Cryst.,

5, 1783 (1989); M. P. Turberg and J. E. Brady, J. Am. Chem. Soc., 110, 7797

(1988); C. P. Jariwala, P. E. G. Sundell, C. E. Hoyle and L. J. Mathias,

Macromowlecules, 24, 6352 (1991)

11. (a) J. Adams and W. Gronski, Makrornol. Chem., Rapid Commun., 10, 553

(1989); (b) J. Adams and W. Gronski, in "Liqui Crystalline Polymers", R. A.

Weiss and C. K. Ober Eds., ACS ':Pymposium Series 435, Am. Chem. Soc.,

Washington D C, 1990, p. 174

12. M. Hefft and J. Springer, Makromol. Chem., Rapid Comrnun., 11, 397 (1990)

13. D. Demus and L. Richter, " Textures of Liquid Crystals", Verlag Chemie,

Weinheim, 1978

14. G. W. Gray and G. W. Goodby, "Smectic Liquid Crystals. Texture and

Structures", Leonard Hill, Glasgow 1984

15. C. G. Cho, B. A. Feit and 0. W. Webster, Macromolecules, 23, 19 18(1990); C.

H. Lin and K. Matyjaszewsk:- Polym. Prepr. Am. Chem. Soc. Div. Polym.

Chem., 31(1), 599(1990).

16. A. Skoulios and D. Guillon, Mol. Cryst. Liqud Cryst., 165, 317 (1988)

17. P. Sheng, Phys. Rev. A 26, 1610 (1982); A. Pomiewiersi, T. J. Sluckin, Liqud

Cryst., 2, 281 (1987); A. N. Semenov, Mot. Cryst. Liq. Cryst., 209, 191 (1991)



12

FIGURES AND SCHEME CAPTION

Scheme I. Synthesis of block copolymers

Figure 1. GPC traces of poly[(..2)-b-CF8]5/5 (a) and of poly(.Z) (DP=12) (b)

Figure 2. 300 Mz 1H-NMR spectrum of poly[(.2)-b-CF8]5/5

Figure 3. DSC traces displayed by the first heating (a), second heating (b) and the

first cooling scans (c) of poly[(.-2L)-b-CF8I5/5

Figure 4. DSC traces displayed by the first heating (a), second heating (b) and the

first cooling scans (c) of poly[BEVE-b-CF815/5

Figure 5. Representative optical polarized micrograph (100x) of the mesophase

displayed by poly[(.62)-b-CF8]5/5 at 190 OC after annealing 1 day.

Figure 6. DSC traces displayed by the first heating (a), second heating (b) and the

first cooling scans (c) of poly[(.z3)-b-CF8]5/5

Figure 7. Representative optical polarized micrographs (100x) of the mesophase

displayed by poly(6-.3.) (DP= 16) at 90 OC (a) and poly [3)-b-CF8]5/5 (b)

at 90 OC after annealing overnight.

Figure 8. DSC traces displayed by the first heating (a), second heating (b) and the

first cooling scans (c) of poly[( 9)-b-CF817/3

Figure 9. Representative optical polarized micrographs (100x) of the mesophase

displayed by poly(.fi9 (DP=16) (a) and poy[(f2)-b-CF8]7/3 (b) at 130

oC.

Figure 10. DSC traces displayed by the first heating (a), second heating (b) and the

first cooling scans (c) of poly[ (U -b-CF8]7/3
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