
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 19 February 2013, At: 12:57
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and
Liquid Crystals Incorporating
Nonlinear Optics
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl17

X Ray Diffraction Study
of Thermotropic Liquid-
Crystalline Main-Chain
Polyesters and Diester Model
Compounds
Hut H. Chin a , Leonid V. Azáaroff a & Anselm C.
Griffin b
a Institute of Materials Science, University of
Connecticut, Storrs, CT, 06268
b Department of Chemistry and polymer Sciences,
University of Southern Mississippi, Hattiesburg, MS,
39406
Version of record first published: 19 Dec 2006.

To cite this article: Hut H. Chin , Leonid V. Azáaroff & Anselm C. Griffin (1988):
X Ray Diffraction Study of Thermotropic Liquid- Crystalline Main-Chain Polyesters
and Diester Model Compounds, Molecular Crystals and Liquid Crystals Incorporating
Nonlinear Optics, 157:1, 443-453

To link to this article:  http://dx.doi.org/10.1080/00268948808080248

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

http://www.tandfonline.com/loi/gmcl17
http://dx.doi.org/10.1080/00268948808080248
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
57

 1
9 

Fe
br

ua
ry

 2
01

3 



Mol. Crysf. Liq. Crysf. Inr. Nonlin. Opt.. 1988. Vol. 157. pp. 443-453 
Reprints available directly from the publisher. 
Photocopying permitted by license only. 
0 1988 Gordon and Breach Science Publishers S.A. 
Printed in the United Slates of America 

X-FAY DIFFRACTION STUDY OF THERMOTROPIC LIQUID- 
CRYSTALLIF MAIN-CHAIN POLYESTERS AND DIESTER MODEL 
COMPOUNDS 

. 
W I  H. CHIN and LEONID V. AZAROFF 
Institute of Materials Science, University of 
Connecticut, Storrs , CT 06268 
ANSELM C. GRIFFIN 
Departments of Chemistry and Polymer Science, 
University of Southern Mississippi, Hattiesburg, 
MS 39406 

Abstract Two nematic liquid-crystalline polyesters 
were examined by x-ray diffraction following quenching 
from the nematic temperature in a magnetic field of 15 
tesla. It was not possible to quench an aligned 
nematic glass; instead a polycrystalline phase showing 
some preferred orientation or an unoriented nematic 
glass was produced. Fibers drawn from the nematic 
melts yielded monodomain nematic diffraction patterns 
with one resembling that of a fiber (crystalline) 
photograph while the other showed good nematic align- 
ment which could be enhanced slightly by annealing. A 
series of Siamese-twin dieater model compounds also 
were examined at their respective nematic temperatures 
in a magnetic field of 2,000 gauss as well as in their 
crystalline phase at room temperature. A l l  displayed 
well-aligned nematic monodomains above the crystalli- 
zation point. 

INTRODUCTION 

The interest in liquid crystalline polymers is increasing 
as more compounds are being aynthesized and studied. 192 

Two types of thermotropic liquid crystalline polymers 

* 
Publication No. LCPRC 87-4 of the Liquid-Crystalline 
Polymer Research Center supported, in part, by ONR Grant 
~00014-86-K-0772. 

443 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
57

 1
9 

Fe
br

ua
ry

 2
01

3 



444 H. H. CHIN, L. V. AZAROFF AND A. C. GRIFFIN 

can be distinguished: Those in which the mesogenic units 
form a part of the polymer chain and those in which the 
mesogenic group is attached to the side of the polymer 
chain. The current study is limited to the analysis of 
main-chain liquid crystalline polymers and some of their 
model compounds. 

Two nematic liquid crystalline polyesters3" having 

the general structure 

x = 9,lO y = 10 

were examined by x-ray diffraction following quenching from 
the nematic temperature range' in a magnetic field of 15 
tesla. Fibers also were drawn from the nematic melt in 
order to compare the degree of alignment induced magneti- 
cally and mechanically. 

5 A series of Siamese-twin diesters having the general 
structure 

x = 3-7,9,10 

were examined in their respective nematic ranges5 in a 

magnetic field of 2,000 gauss. D
ow
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X.R.D. STUDY OF LC MAIN-CHAIN POLYESTERS 445 

Powder photographs were recorded at room temperature 
in order to study the crystalline phases of these dimers 
and polymers. An attempt to fit likely molecular models 
inside the unit cells is currently in progress. 

ExPERIMEmTAL 

Thermal analysis (DSC) was used to check the transition 
temperatures (Table I) which agreed, within experimental 
error, with those reported previously' for the two 
polymers. 

TABLE I. Transition temperatures for solid + nematic 
(K-N) and nematic -t isotropic (N-I) 
transitions of polymers. 

X Y 

9 10 179.5 202.5 
10 10 185.0 212.0 

The polymers were packed inside glass capillaries 
having circular cross sections (brim dim.). Several 
capillaries were placed inside a special furnace and heated 
to about 5-15'C above the nematic transitions (TK,N in 
Table I) in a superconducting magnet (field strength 15 
tesla) at the Francis Bitter National Magnet Laboratory at 
M.I.T. and, following several hours at that temperature, 
quenched by liquid nitrogen. Fibers were drawn directly 
from the nematic melts. A l l  of these samples were examined 
using a Buerger precession camera equipped with a bent- 
crystal monochromator using Cu or Fe Ka radiations, before 
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446 H. H. CHIN, L. V. d R O F F  AND A. C .  GRIFFIN 

and a f t e r  further annealing fo r  several hours a t  15-2OoC 

below t h e i r  nematic transit ions.  
The d h e r s  were examined similarly t o  the polymers 

except that  t h e  cemera was  equipped with a magnet (H10.2 T )  

and a sample heating arrangement.6 Photographs typical of 

nematic mesomorphs were obtained i n  the nematic range of 

temperatures, Table 11. 5 

TABLE 11. Transition temperatures f o r  sol id  3 nematic 
(K-N) and nematic + isotropic (N-I) 
t ransi t ions of dimers. 

X T K p  1 TN,I(oC) 

3 138.7 160.1 

4 128.7 159.9 
5 122.8 149.0 
6 120.3 149- 5 
7 124.0 143.0 
9 118.2 133- 0 

10  122.7 136.2 

RESULTS AND  DISCUSSION^ 

Cell constants l i s t e d  i n  Tables 111 and I V  were deduced 

f r o m  powder-photograph data of t he  dimers and polymers, 

respectively, i n  t h e i r  crystal l ine phases using I t o ' s  
methoL7 

the dimer calculated i n  i ts  most extended conformation 

using standard bond lengths, angles, and V a n  der Waals 
radi i .  

length of the dimer L suggesting tha t  t he  molecules are 
aligned paral le l  t o  t h i s  c e l l  edge. By comparison, t he re  

is  no clearly evident relationship i n  Table IV between the 

Table I11 also lists t h e  molecular length L of 

Note t h a t  the a axis agrees closely with the 
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X.R.D.  STUDY OF LC MAIN-CHAIN POLYESTERS 447 

TABLE 111. Cell constants  of dimers. 

X 

3 40.82 10.50 7.80 90.8 42-57' 
4 44.79 11.04 7.62 94.7 44.67 
5 44.63 10.43 7.40 99.2 46.78 
6 50.10 10.66 7.33 93.7 48.88 
7 51.40 10.31 7.43 93.9 50.99 
9 45.30 10.10 7.50 92.7 55-20 

1 0  57.82 10.31 7.59 91.6 57 31 

length of t he  repeat u n i t  i n  t h e  polymer L and t h e  c e l l  

constants i n  Table I V  although a L/2. Similar ly ,  t h e  

anomalous value of a = 45.30 A f o r  t h e  dimer with x = 9 i s  

not understood at present.  

0 

TABLE I V .  Cell constants of polymers 

9 10 21.88 27.70 9.36 93.0 43.46 
10 10 21.84 28.90 9.63 91.8 44.52 

Two x-ray d i f f r ac t ion  photographs of nematic dimers 

are shown i n  Fig. 1. All such photographs indicated wel l  

aligned nematic monodomains. 

and t h e  longest chain (x=lO) are shown here. 

inner  r e f l ec t ion  appears along the  meridian as t h e  chain 

length increases ,  showing up first at  x=5 and growing i n  

in t ens i ty  as x increases ,  becoming most prominent at  x=9 
and 10. The measured spacings f o r  t h e  equator ia l  and 

meridional re f lec t ions  are l i s t e d  i n  Table V. 

Only t h e  shor tes t  chain (x=3) 

Note t h a t  an 
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448 H. H. CHIN, L. V. -OFF AND A. C. GRIFFIN 

( a )  (b)  

FIGURE 1. Normal-beam x-ray diffraction photographs of 
magnetically aligned dimers recorded w i t h  
crystal  monochromatized Fe Ka radiation. 
(a) Diner 3; (b) D i m e r  10. 

The meridionsl reflections i n  Fig. 1 record the  

average repeat distaoces paral le l  t o  the magnetic f i e l d  
direction and the molecular axes. The spacing increasing 
from 22.14 t o  27.63 A as x changes from 3 t o  1 0  can be 

explained by two possible molecular models. If the dimers 

bend over t o  form "hairpins", the average repeat disterce 

a 

a 
TABLE V. Measured spacings of nematic dimers (A ) .  

X equatorial meridional 

3 4.68 22.14 - 
4 4.66 22.92 - 
5 4.64 23.61 ? 

6 4.69 24.35 58.29 
7 4.65 25.22 61.52 

9 4.57 27.05 60.56 
10 4.61 27.63 63.02 
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X.R.D. STUDY OF LC MAIN-CHAIN POLYESTERS 449 

becomes s l i g h t l y  less than L/2 as t h e  dimers a l ign  p a r a l l e l  

t o  each other  i n  the  magnetic f i e ld .  Because t h e  monomers 

const i tut ing these "Siamese-twin" dimers have v i r t u a l l y  

iden t i ca l  e lectron density d is t r ibu t ions  i n  t h e  extended 

form of the  dimers, however, a p a r a l l e l  alignment of ex- 

tended dimers would appear t o  be indis t inguishable  by x-ray 

d i f f rac t ion  from a p a r a l l e l  array of  monomers, each of 

length L/2. Thus x-ray data  alone could not d i s t inguish  

which array was ac tua l ly  present. The emergence of an 

inner re f lec t ion ,  however, suggests t h a t  the  extended dimer 

i s  the  correct  model i n  t h e  present case. 

To understand the  f a c t  t h a t  t h e  second meridional 

re f lec t ion  i n  Table V is produced by a repeat dis tance t h a t  

i s  longer than the  length L of the  dimer i n  its most ex- 

tended configuration (Table 111) it is necessary t o  pos i t  a 

pair ing of adjacent dimers i n  which t h e  polar groups 

(pos i t ive ly  charged carbon) at the  centers  of t he  aromatic 

portions of one dimer associate  with negatively charged 

oxygens in t he  e ther  groups (a t  the  ends of t h e  aromatic 

port ions)  of an adjacent dimer, Fig. 2, so t h a t  t he  d h e r  

"pair" has a length equal t o  L plus pa r t  of one end chain. 

For each pa i r  of dimers, there  should be a t o t a l  of four 

such interact ions.  These dimer pair ings are fur ther  

s tab i l ized  by chain-chain in te rac t ions  as t he  chain ends 

are extended, enabling overlaps of t h e  adjacent end chains. 

The f i r s t  h in t  of the  formation of such pa i r s  is evident i n  

x-ray photographs when x=5. The r e l a t i v e  in t ens i ty  of t he  

inner r e f l ec t ion  grows progressively as x increases  above 

x=6, becoming equivalent t o  the  outer  meridional r e f l ec t ion  

when x=10. Since such pair ings are t r ans i to ry  i n  a l i qu id  

c rys t a l ,  the  r e l a t ive  intensi t ies  of  t he  two meridional 

re f lec t ions  ind ica te  t h a t  t he  probabi l i ty  of such pair ing 
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450 H. H. CHIN, L. V. &ROW AND A. C. GRIFFIN 

FIGL!E 2. Structure  of nematic dimers. 

is highest when the  lengths of t h e  a l ipha t i c  chains at the  

ends of the  dimers a re  longest. Thus two repeat dis tances  

along the  magnetic f i e l d  d i rec t ion  (meridian i n  Fig. 1) 

predominate, one proportional t o  L/2 f o r  t he  i so la ted  

dimers and the  other proportional t o  the  length of extended 

dimer pa i r s  ' (Fig. 2 ) . 
The x-ray d i f f rac t ion  photographs of t h e  polymers 

following quenching from t h e  nematic temperature i n  a 

magnetic f i e l d  of 15 tesla are shown i n  Fig. 3. As can be 

seen there in ,  it is not possible  t o  obtain a magnetically 

aligned monodomain i n  t h i s  way. Figure 3(a) shows t h a t  an 
unaligned nematic phase can be quenched i n  t he  9,lO poly- 

ester whereas Fig. 3(b)  is t h a t  of a polycrys ta l l ine  

aggregate displaying preferred or ien ta t ion  of t h e  

c rys t a l l i t e s .  

When f ibe r s  are mechanically drawn from t h e  nematic 

melts of these polymers, Fig. 4(a) shows t h a t  a nematic 
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X.R.D. STUDY OF LC MAIN-CHAIN POLYESTERS 45 1 

(a) (b) 
lormal-beam x-ray diffraction photographs 
of polymers ( f i l t ered  Cu K a ) .  
polyester; (b) 10,lO polyester. 

FIGURE 3 .  
(a) 9,lO 

(a)  (b) 
FIGURE 4 .  Normal-beam x-ray diffraction photographs 

of drawn fibers (crystal monochromatized Fe 
Ka). ( a )  9,lO polyester; (b)  10 , lO  polyester. D
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452 H. H.  CHIN, L. V. h R O F F  AND A. C. GRIFFIN 

monodomain tends t o  form i n  the 9,lO polyester whereas the 

10,lO polyester crystal l izes  rapidly, Fig. )r(b), t o  yield a 

f iber  photograph not unlike the preferred orientation 

vis ible  in Fig. 3(b). These trends could be enhanced 

(diffraction patterns sharpened) s l i gh t ly  by annealing the 

f ibers  fo r  12 hrs. at 10-20°C below the  nematic t ransi t ion 

temperatures (Table I). A further interpretation of these 

photographs should await completion of current attempts t o  

determine the molecular arrays present i n  the crystal l ine 

phases of these polymers. It is quite probable, however, 

t ha t  the tendency t o  segregate the aliphatic and aromatic 

segments in adjacent molecules, already evident i n  the 

dimers, is responsible for the strong tendency t o  crystal- 

l izat ion i n  the polymers. 
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