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ABSTRACT: Dynamic viscoelastic properties of a newly synthesized thermotropic liquid 
crystalline homo-polymer with relatively low transition temperatures were measured over a range 
of temperatures with a Rheometrics Mechanical Spectrometer (RMS). The unique behavior of this 
material, highlighted by an intermediate temperature minimum in the I 11* I vs. T curve in the 
temperature range explored, is indicative of a liquid crystal nature, and may be related to structural 
differences. Viscoelastic results were therefore compared with optical micrographs taken in the 
static state over the range of temperatures. Polarized light optical microscopy identifies the so-called 
isotropitization temperature which signals the beginning of the isotropic rheological behaviour, but 
optical micrographs show little apparent corresponding structure change below this temperature, in 
the range where the intermediate temperature rheological transition is located. 
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Polymer liquid crystal research has been 
dominated by the study of lyotropic systems 
and copolyester thermotropic systems. This is 
related to the relative abundance of these 
materials, because of their actual and per­
ceived commercial importance. Recently, ho­
mogeneous liquid crystalline polymers have 
been synthesized. This class of materials has a 
less complicated structure than thermotropic 
copolyester counterparts, potentially giving in­
sight into the nature of thermotropic liquid 
crystals. 'l In this paper we examine the tem­
perature dependence of the structure and of 
the dynamic viscoelastic properties of one of 
these materials. 

polymers (TLCP) is closely related to their 
structure (for example see ref 2 and 3). For this 
reason it was desirable to compare structure as 
revealed by optical microscopy with dynamic 
viscoelastic properties as a function of tem­
perature. 

Previous experiments seem to indicate that 
the rheology of thermotropic liquid crystalline 

We have synthesized materials of this class 
offering considerably lower LC transition tem­
peratures than the well known thermotropic 
copolyesters.4 The general structure is: 

(1) 

In this case, the polymer is of the structure 

where Y =S02-<Q)-F. 
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In this article dynamic viscoelastic proper­
ties as measured by a Rheometrics Mechanical 
Spectrometer (RMS) are compared with the 
structure observed by optical microscopy over 
a similar temperature range. No doubt there 
may be danger in drawing conclusions from 
the results because of the limitations of these 
tests, some of which are discussed in ref 5. 
Nonetheless some basic structural and 
rheological information is provided by this 
combination of experiments. 

EXPERIMENT AL 

Preparation of Polymer 
Preparation of (1) was carried out by melt 

polycondensation of the two monomers: 

o OH 
11 I 

F-0-S-(Q) 
II I 
O OH 

c1-c-O--o-(CH2)10-o-O--c-c1 (2) 
II II 
0 0 

A well-ground mixture of these monomers was 
heated to 120°C to obtain a melt mixture and 
stirred under a constant flow of dry nitrogen 
gas. Then, the temperature was gradually 
raised to 180°C and the reaction was conti­
nued at this temperature for 3 hours. The po­
lymerization was completed under reduced 
pressure at 240°C for an additional 2 hours. 
After cooling to room temperature, the poly­
mer was dissolved in 1,1,2,2-tetrachloroeth-
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ane, precipitated in a IO-fold volume of ace­
tone, filtered, washed well with methanol, 
water, and acetone, and dried under re­
duced pressure overnight. 

Characterization 
The inherent viscosity of this polymer was 

found to be 0.66 in tetrachloroethane (0.5 g/ 
100 ml) at 45°C. Gel Permeation Chroma­
tography (GPC) measurements shown in Fig­
ure I revealed that this polymer has a mo­
lecular weight of about 80000 at the peak 
position, when compared to a polystyrene 
standard. (A 80000 molecular weight poly­
styrene had an elution volume of about 26.3 
ml.) Although, of course, actual molecular 
weight averages were impossible to obtain 
because of a lack of standards for the ex­
perimental polymer, the polydispersity 
(M wl Mn) was determined to be 4.1 from 
the GPC curve. We currently are able to of­
fer no explanation for this wide molecular 
weight distribution, and present these findings 
only as an experimental observation. 

Differential Scanning Calorimetry (DSC) at 
a rate of 20°C min - i is seen in Figure 2. Peaks 
are revealed on heating, (more well defined on 
the second heating), which separate an iso­
tropic liquid phase, from a nematic liquid crys­
talline phase at about l 80°C, with the next 
transition to a crystal+ (supercooled) nematic 
liquid crystal phase at about 129°C, and finally 
a transition to a crystal+ nematic glass phase 
at about 93°C. These distinct thermal tran­
sition peaks seem to be a characteristic of 
homogeneous liquid crystalline polymers; they 
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Figure I. GPC curve for the TLCP showing a single uniformly shaped peak. 
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Figure 2. DSC heating and cooling curves for the 
TLCP, measured at a scanning rate of 20°C min_,. 
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Figure 3. For heating at I °C min - , , temperature de­
pendence of dynamic viscoelastic functions G ', G ", and 
IIJ*I fortheTLCP measured atw=0.l s- 1 and y0 =6%,-

are not observed in thermotropic copolyes­
ters.3·6 According to our current thinking most 
of the above-mentioned nematic liquid crystal­
line phase on cooling is able to transform to a 
crystal phase. A certain amount of material is 
supercooled (the amount increasing with in­
creasing cooling rate), therefore we label this 
temperature range crystal+ nematic liquid 
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Figure 4. For cooling at l°C min- 1, temperature de­
pendence of dynamic viscoelastic functions G ', G ", and 
I I/* I for the TLCP measured at w = 0.1 s - ! and y0 = 5%. 

crystalline. Given enough time (possibly until 
infinity), this material would be able to form a 
crystal phase. If the material is further cooled 
below the glass transition temperature, any 
remaining supercooled material forms a nem­
atic glass. 

Sample Preparation and Measurement 
RMS sample preparation consisted of dry­

ing the polymer under vacuum at 105°C for at 
least 6 hours, before further preparation was 
done. Compression molding of RMS samples 
was then performed at 200°C. 

Dynamic viscoelastic properties were mea­
sured using a Rheometrics RMS-605. Data 
were obtained in dynamic mode using 
50 mm diameter parallel-plate in an extremely 
dry air atmosphere. The sample thickness was 
approximately 1. 75 mm. The gap was initially 
set at 230°C, where it could be quickly ad­
justed to 1 mm. At l 50°C no effect of strain 
amplitude was seen between 1 % <Yo< 8% at 
w= 1 s- 1 ; subsequent measurements were per-
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(e) 

Figure 5. Photomicrographs for the TLCP between 
crossed polars at various temperatures. (a) 130°C; (b) 
145°C; (c) !60°C; (d) 167°C; (e) l 72°C. (a)-(c) were 
taken in sucession as part of a heating program, whereas 
(d) and (e) were obtained by reheating a cooled melt. 
Further thermal history details are presented in the text. 

formed at Yo= 5 or 6%. 
Texture observation was made with a po­

larizing microscope equipped with a hot stage. 
Microscopy samples were limited in thickness 
because of the lack of transparency of the 
sample. Samples were between 35-50 microns 
in thickness, on the same order of those used 
in other TLCP optical microscopy investi­
gations.6-8 

RESULTS AND DISCUSSION 

Viscoelastic Properties 
Figure 3 shows the temperature dependent 

curves of storage modulus G', loss modulus 
G", and the absolute value of the complex 
viscosity I I'/* I for the experimental polymer. 
Measurements were performed at a constant 
w=O.l s- 1, and a heating of l°Cmin- 1 was 
used. Indication of an intermediate tempera­
ture minimum is seen in this curve. 

A subsequent run with decreasing tempera­
ture is seen in Figure 4. A cooling rate of 
1 °C min - i was used. Here the measurements 
were extended to lower temperatures. It is 
believed that the intermediate temperature 
minimum is related to a structural change in 
the polymer. 
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Direct comparison of Figures 3 and 4 shows 
a decrease in the viscoelastic parameters in 
Figure 4. This is believed to be related to the 
degradation of the sample in the isotropic state 
caused by the extended period at 200°C. 
Although certainly a quantitative concern, 
this does not effect the results qualitatively; 
namely, the intermediate temperature min­
imum in the viscoelastic parameters is still 
present. 

Optical Microscopy 
Hot stage optical microscopy was used to 

investigate the structural characteristics of this 
polymer over a similar temperature range as 
was used for the RMS measurements. Initial 
work examined the texture of a sample at 
constant temperatures from 130 to l 72°C. 
Under crossed polars photomicrographs are 
shown in Figure 5. Each temperature was 
maintained for at least 5 minutes before the 
picture was taken. Increase of temperature was 
accomplished by heating at I 0°C min - 1 be­
tween pauses at I 5°C intervals. This procedure 
was followed for pictures until 160°C (Figures 
5a---c), but the sample lost all its birefringence 
before l 75°C was reached. Therefore the 
sample was cooled, and then held at l 67°C 
(Figure 5d) for the picture, then heated at 
l0°C min - 1 to I 72°C (Figure 5e) and held 
again. Comparing the l 67°C picture to the 
160°C photomicrograph, there is little evi­
dence of coalescence of the regions of bire­
fringent structure after so-called "isotropiti­
zation" ,4 followed by subsequent cooling. The 
texture of the l 72°C photo, on the other hand, 
is representative of the beginnings of the 
isotropitization transformation. 

In the next experiment, photomicrographs 
were taken during a constant heating at 
3°Cmin- 1 from 140 until 170.5°C. Structure 
observed under these experimental conditions 
was similar to that observed in the previous set 
of pictures. Transformation appeared to be 
beginning at approximately l 70°C so heating 
was halted nominally at 170.5°C where pie-
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Figure 6. Photomicrographs for the TLCP between 
crossed polars during a heating from 140 until 170,S°C at 
3°C min - 1 . (a) 170.5°C at O min; (b) l 70.5°C after 3 min; 
(d) 170.5°C after 55 min. 

tures were then taken as a function of time 
(Figures 6a---c). Undoubtedly there was some 
overshoot exposing the sample temporarily to 
temperatures above l 70.5°C. This apparently 
activated the transformation process, but with 
time, there was an eventual return to a texture 
similar to those originally seen in Figure 5. It 
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should be noted that no apparent coalescence 
of the birefringent regions occurred (therefore 
the domain size, and consequently the domain 
boundaries, must remain about the same). 
Transformation at first must involve the re­
organization of material within these regions, 
the boundaries remaining intact, at least ini­
tially for small heatings above the birefrin­
gence transition. 

There is little evidence in these static optical 
microscopy results of a drastic change of struc­
ture in the range of the minimum in the Ir,* I vs. 
w curve. Nevertheless optical microscopy was 
useful in ·verifying that the isotropitization 
transition of this polymer is between 170.5 and 
l 73°C, which agrees well with the DSC results 
considering the lower heating rates used for 
microscopy. 

CONCLUSIONS 

An intermediate temperature minimum in 
the dynamic viscoelastic properties G', G", 
and Ir,* I is evidence of the liquid crystalline 
nature of this thermotropic liquid polymer. 
Further indication of the liquid crystallinity is 
the DSC results which show well defined peaks 
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which can be related to LC transitions. Little 
change in texture is apparent for the quies­
cent sample when heated through this temper­
ature range. The rheological anomalies, there­
fore seem to be a more complicated struc­
tural phenomenon than standard optical mi­
croscopy was able to reveal. For this reason 
direct observation and rheological measure­
ment during shear is desirable, and will be 
examined in a subsequent paper. 
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