
-A183 926 SYNTHESIS NO CHfRiCTERIZiTION OF BIPHASIC LIGUID i
CRYSTALLINE POLYSILOXMN.. (U) CASE WESTERN RESERVE UNIV
CLEVELIND ON DEPT OF NRCRONOLECULAR.. C S HSU ET AL.

UNCL*SSIFIED 19S6 TR-15 NMM4--K-0204 F/0 ?/6 L

I. imnnunnnmnh



1.0
a.'0I.'

11.25 14116

1AII IOP RESOLUTKI4 TEST CHARI

,____~~MLn.ALU OF STANDAMS1lUS--

A* 11W Am w.F w 4

N N I III -up



• I f FILE COPY.

OFFICE OF NAVAL RESEARCH

0Contract N00014-86-K-0284

0R&T Code 413c024---010

Technical Report No. 15 ELECTEeAUG 05 087

Synthesis and Characterization of Biphasic Liquid Crystalline Polysiloxanes

Containing 4-Undecanyloxy-4'-Cyanobiphenyl Side-Groups

By

Chain S. Hsu and Virgil Percec
Department of Macromolecular Science

Case Western Reserve University
Cleveland, OH 44106-2699

p.'

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.

9 8 4



REPRODUCED AT GOVERNMENT EXPENSE

SEC'JRiTY CLASSIFICATION Of rHIS PAGE

REPORT DOCUMENTATION PAGE

I&. REPORT SECURITY CLASSIFICATION I1b KESTRICTIVE MARKINGS

Unclassified _________________________

2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION / AVAILABILITY OF REPORT

2b. ECLSSIFCATON DOWGRAING CHEULEAvailable for publication
2b DCLASIFIATIO/DONGRAINGSCHEULEDistribution unlimited

4. PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)

Technical Report No. 15

6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION
(Nf applicable)

Case Western Reserve University56 N
4B566 ON

6c. ADDRESS (C0ty, State, and ZIP Code) 7b. ADDRESS (City, State. and ZIP Code)

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

to. NAME OF FUNDING/ SPONSORING 8 b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (f applicable)

ONR

k~. ADDRESS (City, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS
Office of Naval Research PROGRAM ~PROJECT ITASK IWORK UNIT
800 N. Quincy ELEMENT NO. NO. NO. ACSINNo

Arlington, VA 22217 N000114-86 IK-0284 )413c0214---0

11 TITLE (include Security Classification)
Synthesis and Characterization of Biphasic Liquid Crystalline Polysiloxanes
Containing 4-undecanyloxy- 1

'-Cyanobiphenyl Side-groups J

12 PERSONAL AUTHOR(S) C. S. Hsu and V. Percec

13 TPE ~ 3b TIME COVERED 14. DATE OF REPORT (Year. Month, Day) S. PAGE COUNT
13. YEF FROM TO

16. SUPPLEMENTARY NOTATION

J.

17 COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)'p
FIELD IGROUP ISUB-GROUP

Side-chain thermotropic liquid crystalline polymers

19. ABSTRACT (Continue on reverse if necessary and identify by block number)

See attached.

20 DISTRIBUTION, AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION

E3UNCLASSIFIEDIJNLIMITED (3 SAME AS RPT 0 OTIC USERS
22& NAME Of RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (include Area Code 22 OFICE SyMk1OLA



ABSTRACT

The synthesis and characterization of liquid crystalline polysiloxanes

and copolysiloxanes containing 4-undeedanyloxy-4'-cyanobiphenyl side

groups is presented. The polysiloxane presents a single glass transition

temperature followed by an SC and an SA mesophase. Copolysiloxanes pre-

senting around 50% weight fraction of side groups exhibit two glass

transition temperatures i.e., one due to the independent motion of the

main chain and the other due to the cooperative but independent motion of

the side groups, and in addition to the S and SA phases exhibited by the

homopolymer, present also side-chain crystallization.
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SUMMARY
The synthesis and characterization of liquid crystalline

polysiloxanes and copolysiloxanes containing

4-undecanyloxy-4'-cyanobiphenyl side-groups is presented. The
polysiloxane presents a single glass transition temperature
followed by a Sc and a SA mesophase. Copolysiloxanes presenting
around 50% weight fraction of side-groups exhibit two glass
transition temperatures i.e., one due to the independent motion

of the main chain and the other due to the cooperative but

independent motion of the side groups, and in addition to the
Sc and SA phases exhibited by the homopolymer, present also
side-chain crystallization.

INTRODUCTION

In several previous papers from our laboratory we have
presented the first examples of biphasic i.e., micro-phase

separated side-chain liquid crystalline polymers (LCP) (1-3).
These polymers exhibit two glass transition temperatures i.e.,

one due to the independent motion of the main-chain, and the
other due to the cooperative but independent motion of the side
groups. These side-chain LCP might represent the first examples
of highly decoupled side-chain LCP. These structures were
predicted by the spacer concept advanced by Finkelmann and

Ringsdorf (4, 5) but were never previously accomplished

although Ringsdorf and Schneller have synthesized some
side-chain LC copolysiloxanes exhibiting two glass transition
temperatures (6, 7). According to recent unpublished data from

our laboratory (8), it is not only the spacer length which
controlls the degree of decoupling, but also the miscibility

between the side-chains and the polymer backbone.
The goal of this paper is to present some additional

experimental results which support this last assumption. These
results are based on the thermal behavior of a series of

polysiloxanes and copolysiloxanes containing
4-undecanyloxy-4'-cyanobiphenyl side-groups.

A.



EXPERIMENTAL

Materials
Poly(methylhydrosiloxane ) (Rn=4500-5000) and

poly[(30-35%)- or (15-18%)-hydrogenmethyl-(65-70)%)- or

(82-85%)-dimethylsiloxanle]s (Rn=2000-2100) were obtained from

Petrarch Systems Inc., and were used as received.

4-Cyano-4'-hydroxybiphenyl and the lO-undecylenylether of

4-cyano-4'-hydroxybiphenyl were synthesized as previously

reported (9).

Techniques
Experimental techniques used in the characterization of

intermediary compounds and of polymers are identical to those

previously reported (10, 11).

Synthesis of Polymers and Copolymers
The synthesis of LC polysiloxanes and copolysiloxanes is

outlined in Scheme 1. The detailed procedure used to accomplish

a quantitative hydrosilation reaction is in press elsewhere (1,

3).

RESULTS AND DISCUSSION

The nature of the polymer backbone apparently plays a more

important role than previously considered in achieving a highly

decoupled side-chain LCP. It has been already accepted that for
the same mesogenic unit and spacer length, a more flexible
backbone gives rise to a broader range of thermal stability of
the mesophase (8, 10, 12, 13). Recently, we have shown that for

the same mesogenic unit and spacer length, the number of

transitions exhibited by the polymer increases in going from a

polymethacrylate to a polyacrylate and subsequently to a

polysiloxane backbone (8). This result has been associated with
an increase in the degree of freedom of the side-groups, and

this is certainly related not only to the mobility of the

polymer backbone but also to its miscibility with the side

groups. This statement can be more clearly understood if we
make a comparison between side-chain LCP and graft copolymers.

When the graft and the backbone are miscible, the overal

properties of the graft copolymer are weight averaged. When the

graft and the backbone are nonmiscible, the graft copolymer

exhibits a micro-phase separated biphasic morphology and

presents synergistic properties exhibited by the individual

graft and backbone segments (14). The micro-phase separated
morphology of a graft copolymer when transplanted to a

side-chain LCP, in our oppinion, should give rise to a highly
decoupled side-chain LCP. It is certain that the same

parameters governing the miscibility in blends and/or graft
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Scheme 1: Synthesis of LC Polysiloxanes
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copolymers would have to be considered in achieving microphase

separated side-chain LCP. One of the simplest parameters which

dictate the domains size of a phase separated system is the

weight ratio of the two systems. This is because a very smal

weight fraction of a polymer is at least partially miscible

with the other polymer. Therefore, large domain sizes are

expected at about a 50/50 weight ratio.

This paper will discuss the influence of the weight ratio

between the backbone and side-groups in the LC polysiloxanes

presented in Scheme 1. Previously, we have shown (9) that this

homopolymer exhibits a SA and a Sc phase as shown in Figure 1

(curve A). This result is in agreement with the mesomorphic

behavior of the homologous polyacrylate (15). Since the Tg is

quite close to the transition from Sc to SA, on the cooling

scan TI is supercooled and overlappes the Tg (curve B). This

gives rise to a reorganization transition (Tr) on the next

heating scan (curve C) i.e., a transition which transforms the

SA phase into the Sc phase. Nevertheless, since the process is

again very slow due to its proximity to Tg, TI on this second
scan appears at a lower temperature than in the first scan. If
the sample is allowed to "anneal" at room temperature for

several hours, the next heating scan is identical to that in

curve A (Fig. 1). This polymer exhibits only one Tg, and this
is not unexpected since the weight fraction of the polymer

backbone represents only 18% from the overal polymer weight.

Even if this polymer would exhibit a biphasic morphology, its

composition is at the borderline where two Tg 's could be

detected by DSC.

Figure 2 presents representative DSC scans for the

copolysiloxane: x=1O, y=20. The first heating scan (curve A)
shows an additional endotherm which was assigned to a melting

transition (Tm3), followed by a Sc phase, Ti, a SA phase and
Ti. The melting transition (Tm3) is proceeded by a

crystallization exotherm (Tc2). The cooling scan (curve B, Fig.

2) is similar to the same scan (curve B, Fig.1) for the

homopolymer, except that this time AHI from the cooling scan is

larger than AHI from the heating scan. This means that it

contains part of AHc2. The second heating scan (curve C, Fig.2)

is quite similar to the first one, except that Tm3 and TI are

overlapped. Annealing the sample at room temperature, leads to

a new heating scan identical to the first one (curve A, Fig.2).

Curve D presents the DSC trace of the low temperature range. It

demonstrates a biphasic system, since it presents two glass

transition temperatures i.e., Tg1 due to the independent motion

of the polymer backbone and Tg2 due to the cooperative but

independent motion of the side groups. The heat capacity change
at Tgl is proportional to the weight fraction of the backbone



(39.8%), while the heat capacity change at Tg2 is proportional

to the weight fraction of the side groups (60.2%). It is clear

that this micro-phase Aeparated system allows a high degree of

freedom for the side groups and therefore they can undergo

side-chain crystallization. The present case represents a happy

situation where the side-groups exhibit Tg2, Tc2 and Tm3. Tg2

can be observed only because Tc2 is above Tg2.
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Figure 2: Normalized DSC thermograms (20oC/min) of LC

polysiloxane (x=10, y=20): a) first heating scan; B)

cooling scan; C) second heating scan; D) heating scan

for the low range of temperatures

Figure 3 presents representative DSC scans for the

copolysiloxane: x=5, y=25. This figure is self-explanatory. It

resembles the behavior of the previous copolysiloxane from



Fig.2 except that Tm3, TI and Tc2 are overlapped on the heating

scan. Evidence for this is that AHi + aHl (both from curve B) +

AHc2 (from curve C) is equal to AHm3 + AHI + AHi from curve C
of Fig.3. This LC copolymer exhibits also two glass transition
temperatures and their heat Gdpacity changes are proportional
to the weight fraction of the side groups (43.0%, Tg2) and main

chain (57%, Tgl).
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Figure 3: Normalized DSC thermograms (20oC/min) of LC

copolysiloxane (x=5, y=25): A) first heating scan; B)
cooling scan; C) second heating scan; D) heating scan
for the low range of temperatures

Table I summarizes all the thermal transitions and the

thermodynamic parameters of some of the starting materials, a
poly(dimethylsiloxane) and of the LC polysiloxane and
copol ysi loxanes.
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TAILe 1: TEIW. TmNSTIOIsisis An TIERqOnYNAMIc PARAMEIERS OF POLYSILOXAES

TmevNA. TRANsITIONS, ('C) An TmEReonwANic PARAMETERS,
POLlMR$ A •AOH(KcAULONO), AS(CAL/Mu. K)

HEATING COOLING

s ... . .................... Tc2 . . TO TI ---...... Ti ---- Ti ..... TI T

No. x Tel Tc Ted Te2 T.2 tc&k21 &:c2 MbA I /h AH1/SI AHI/ASi AHI/AS, AH/AS1-

1 0 80-123 -79 -40 -26 .......... I"

2€ 10 20-126 -...........
3€C 5 25-I27 .......

35 5- 2 so 0 - --- - -- 8 157 150 -- -

.... -8 157 150
q I10 0 -- -- - -- --I-' .--.. 1.64/5.10 0.85/1.97 0.84/1.99 0.24/0.86

5 10 20-103 -9 22 37 84- 82 15
0.28/1.06 0.53/1.80 0.32/1.03 0.71/1.99 0.69/1.94 0.43/1.49 .

-25 7 -- 23 18 -21
6 5 25 -109-4 -- -- -- - - - -- - - - -- - - - - - - - - -

0.78/3.14 --/-- ---- 1.15/--0 "--" 1.15/--o

A) MRU - MOLE OF REPEAT UNITS, CONSISTING OF 14ESOGENIC UNIT AND TEN METHYLENIC UNITS.

5) X AND Y ACCORDING TO SCHEME 1. C) POLY(X-YDROGIENETHYL-Y-DINETHYLSILOXANE)

D) OWR.APPED TRANSITIONS, AH -AHi +A,

The overal conclusion obtained from these experiments is

that the synthesis of micro-phase separated LCP requires not

only highly nonmiscible polymer backbones and side-groups, but

also a proper weight ratio between the backbone and the

side-groups. A higher degree of freedom of the mesogens is

provided by a micro-phase separated system, and this is

supported by the fact that while the LCP presenting a single Tg

exhibits only two thermal transitions, the LC copolymers

presenting two Tg's exhibit three thermal transitions.
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