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LIQUID CRYSTALLINE POLYESTERS BY ELECTRON MICROSCOPY 
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POLYMER SCIENCE AND ENGINEERING 

UNIVERSITY OF MASSACHUSETTS AT AMHERST 
AMHERST, MASSACHUSETTS, 01003, USA 

Introduction 
There is strong interest in observing textures and 

defects in liquid crystalline polymers (LCP), because of their 
influences on the rheological and optical properties of these 
materials. The defects, called disclinations, are hypothesized 
to give rise to the non-Newtonian flow observed at low shear 
rates! Disclinations are line singularities in the orienta- 
tion of the molecular director ( ~ ( r ) ) .  The orientation as a 
function of position following an imaginary loop around the 
disclination changes by nR. The strength of a disclination is 
defined as nlT/ZlT. 
been observed. The disclination line, or core as it is 
called, has a small but finite volume supposed to contain 
isotropic material. 

While disclinations are singularities in the molecular 
director field g ( r ) ,  the term texture refers to ~ ( r )  as a 
whole. A texture may contain many disclinations, or it may 
contain none at all, e.g. a monodomain texture. Disclinations 
may be arranged disorderly as in a Schlieren texture or or- 
ganized as in a serrated wall texture. Banding is a type of 
texture which need not contain any disclinations. This tex- 
ture is commonly observed upon relaxation of LCP’s after 
shearing at moderately high rates. 

Wood and Thorna~~’~ developed the technique of lamellar 
decoration which enables high resolution visualization of 
texture and disclinations. Our purpose is to demonstrate that 
this technique permits observation of various textures ranging 
from very high disclination density (50-100 /u ) to that of a 
monodomain. We wish to exploit the technique as a diagnostic 
probe to investigate the relationship between textures and 
defects and the sample history (i.e. as a function of deforma- 
tion rate, extent of deformation, relaxation time after 
deformation, and temperature). 

Disclinations of strength t1/2 and +_1 have 

2 

Method 
The polyesters formed from the condensation of 1,lO 

decanebisterephthaloyl chloride with various substituted 
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64 S. D. HUDSON, E. L. THOMAS AND R. W. LENZ 

hydroquinones* were investigated. The chemical 
shown in figure 1. 

r 
structure is 

Figure 1. Chemical structure of the polyesters 

The alkyl substituent group, R ,  may be hydrogen, methyl., 

ethyl, octyl, or decyl? 
tallj.zes readily and is therefore very useful for the lamellar 
decoration technique. 

As a preliminary study, three different thin film 
preparation techniques were used to obtain a wide range of 
defect density. Very high defect density samples were 
prepared at room temperature by casting films of the polymer 
from isotropic: 0.2% solutions in methylene chloride. As the 
solvent rapidly evaporates, the liquid crystalline state is 
nucleated in many sites at random orientations, much like when 
a LCP is cooled from an isotropic melt. By castihg at room 
temperature, we hoped t.o capture a high disclination density. 
Intermediate defect density simples were prepared by spreading 
liquid crystalline films on hot phosphoric acid as previously 

done by Thomas and Wood?’3 
KPO substrate at 170C, a temperature which the polymer is 

liquid crystalline (T -154C for the methyl substituted 

polymer). After the polymer, which spreads due t.o the high 
surface tension of %PO4, formed a thin film, the film was 

then immedi.ately (within a few seconds) quenched on room 
temperature H PO Subsequently, .it was transferred to a room 
temperature H 0 substrate before placing on a microscope grid. 
? n  order to realize very low defect density, samples were 
prepared by spreading films on 170C mercury and annealing 
(relaxing) the polymer film, while in the liquid crystalline 
state, for 3 hours on the mercury substrate before quenching 
to room temper at ure  . 

After the films were solidified, they were placed on 
electron microscope copper grids and then anneal-ed in the 
solid state at 135C for 10 m.inutes to induce cryst.allinity. 
During annealing crystall-ine lamellae grow perpendicul.ar to 
the chain direction (as shown schematically in figure 2). 
Because the final sample i.s semi-crystalline, it can be shown 
by electron diffraction that t.he c--axis in t.he crystal i s  

The methyl substituted polymer crys- 

Solid polymer was melted on a 

3 4  

LC - 

3 4‘ 
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IMAGING OF TEXTURES AND DEFECTS 65 

approximately parallel to the molecular di.rector in the frozen 
nematic precursor. 

Figure 2. Schematic diagram showing the relationship between 
the molecular director, n, the chain axis, c,  and the long 
dimension of the lamellae, 1.. 

Resul. ts and Discussion 

wi.th good contrast in thin films using bright field TEM. 
Figure 3a shows a high magnification bright. field image show- 
ing the 1amell.ae. The lamellar thickness is approximately 
12nm. 
fie1.d image formed from the 000 spot (fig. 3b), it is shown 
that the chain direction, or molecular director, is perpen- 
dicular to the lamellae. Therefore upon crystallizati-on, the 
frozen rlrntcitic precursor is effectively decorated with 
lamellae, revealing a map of the mo1.ecular director field. 
That the chain direction is perpendicular to the lamellae is 
further elucidated by figure 3c. This figure shows a crack 
which has grown following the chain direction in a sample with 
a banded texture. The director field here has a simple 
sinusoidal variation. 

1.amell.ae ( s e e  f ig .  4a). The lines drawn perpendicular to the 
lamellae on figure 4b correspond to the molecular director 
trajectories. It j.s observed that the same type of disclina- 
tion occurs in the director f i e l d  at tho same location it does 
in the field of lamellae. The disclination in the director 
field is rotat:ed in orientation with respect to that in the 
1.amellar field. 
sample. The most common types of disclinations seen in these 
polyesters are those of strength, s ,  equal to +1/2 and -1/2. 

Figure 5 shows a solution cast. sample which has a very 

hi.gh defect density (25/~ ).  Disclination densities up to 

50-100 /u2 have been observed; this density is at about the 
resolution limit of this decoration technique. Images at this 
density reveal interactions of disclinations. We hope to also 
determhe a maximum disclination density above which the 
sample becomes effectively isotropic. 

After crystallization, lmellae can be readily imaged 

By superposing the diffrat:t.ion patt.ern and the bright. 

The images also reveal defects in the field of oriented 

Figure (I also shows a perspective view of the 
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66 S. D. HUDSON, E. L. THOMAS AND R. W. LENZ 
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IMAGING OF TEXTURES AND DEFECTS 61 

F i g u r e  3 .  a . )  High magn i f i ca t ion  micrograph showi.ng t h e  ].amel- 
lar morphology. b .  )Supe rpos i t  ion o f  t h e  d i f f r a c t i o n  pr1tt.er-n 
and t h e  b r i g h t  f i e l d  image formed from t h e  000 s p o t  es tab-  
l i s h i n g  t h e  orthogonal r e l a t . i o n  between t h e  long dimension o f  
t h e  lamellae and t h e  cha in  ax;.,. c.) A banded t e x t u r e  in a 
t h i n  f i l m  which has been subscquent. ly subject.ed t.o st.ress. A 
crack has followed t h e  s i n u s o j  ria1 t r a j e c t o r y  of the molecul .es .  
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68 S .  D. HUDSON, E. L. THOMAS AND R .  W. LEN2 

F igu re  4.  a . )  A p a i r  of t1 /2  and -1/2 d i s c l i n a t i o r ~ s  i n  t h e  
f i e l d  of lamellae; a p e r s p e c t i v e  view is i n  t h e  i n s e t .  b . )  
The same p a i r  bu t  w i t h  l i n e s  drawn i n  pen pe rpcnd icu la r  t o  the  
l ame l l ae  cor responding  t o  t h e  molecular  d i r e c t o r .  
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IMAGING OF TEXTURES AND DEFECTS 69 

Figure 6 shows a samp1.e made by spreading on %PO4. 

Defect pairing and polygonalization are apparent in figure 6a. 
Banding, as seen in figure 6b, is evidence that some relaxa- 
tion has occurred before quenching. It is evident that a 
band may end without any disclinations. Since banding may 
occur without the creation of any disclinations, this 
mechanism of relaxation can occur at short time scales. 

Figure 7 shows a sample which had been annealed on 170C 
Hg for 3 hours. 
disclinations of opposite sign have attracted each other and 
annihilated. Each disclination feels a force from all the 
other di-sclinations in the sample due to the distortional 
energy field around each disclination. 

clination is, according to Nehring and Saupef of the same form 
as the electrostatic force on charged particles: 

We see that during the annealing process, the 

The force on a dis- 

F=ks s /r 1 2 12 
where k is a constant proportional to the elaslic constant 
(for the i.sotropic case when bend and splay constants are 
equal) and the length of  the disclination line. r12 i s  the 

djstance between disclinations of strength sl and s 

lamellar dec:orat,ion technique can be used t.o analyze the 
effects of flow and thermal. hi.story on the texture. Thjs 
t.t:c:hnique permits visua1.izat.ion of the Lexture at. high resolu- 

tion. Disclination densities up to 50-100/u2 have heen 
observed. 
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70 S .  D. HUDSON, E. L. THOMAS AND R. W. LENZ 

b’igurr 5. High defec t  density snmpIt. cast from d i l u t c  s o l u t i o n  
1 II methyl ene chlor j  de. 

F i g u r e  6a. 
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IMAGING OF TEXTURES AND DEFECTS 71 

Figurv 6 .  Iriterniediatc: defect d e n s i t y  simple melt spread on 
H. PO, (da rk  spots are b i t s  of d u s t ) .  a. Pai r ing  of i k f P c t s  

a n d  polygonaliziitiun. Disc - l ina t ions  markpd 1 ,2 ,4 ,6 ,8 ,10  arc- 
+1/2 mid those marked 3 , 5 , 7 , 9  are -1/2. h . )  Bantied textu1.p. 
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12 S.  D. HUDSON, E. L. THOMAS AND R.  W. LENZ 

Figure 7 .  Zero defect sample annealed i n  the l i q u i d  crys ta l -  
Iinc. s t a t e  on 17OC mcrciiry for .? hoiirs (hexagonal g r i d  is t h e  
mi crosc-ope gr id)  . 

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

3:
09

 1
9 

Fe
br

ua
ry

 2
01

3 




