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ABSTRACT: Orientational order in the nematic phase of the thermotropic aromatic polyester 
( C ~ o H ~ o O C ~ H ~ C O O C ~ H ~ O C ~ o H z o O C B " , O ) r  has been evaluated from magnetic susceptibility mea- 
surements and has been compared with those for the corresponding monomer and dimer, Le., CSHI1O- 
C6H4COOC6H40C5Hll and ~ 5 ~ 1 1 ~ ~ 6 ~ 4 ~ ~ ~ ~ 6 ~ 4 ~ ~ , o ~ ~ o ~ ~ 6 ~ ~ ~ ~ ~ ~ ~ ~ 4 ~ ~ ~ ~ l l ,  respectively. The (ori- 
entational) order parameter of this polymer near the isotropienematic transition is found to be ca. 0.6, compared 
to the corresponding order parameters of ca. 0.4 for the monomer and ca. 0.5 for the dimer. These results 
are thus confirmatory of the recent theory of Ronca and Yoon, which predicts that the isotropic-nematic 
phase transition of semiflexible polymers does not entail a very high degree of order in the resultant nematic 
phase and that this nematic phase should become a thermodynamically viable state for polymers with limited 
flexibility. This finding is contrary to the ideas of polymer crystallization or glass transition advocated on 
the physical impossibility of random chains with limited flexibility to  fill the space. 

Introduction 
The state of intermediate order, Le., the nematic phase, 

of bulk polymers has been the subject of intesnse inves- 
tigations in recent years from both experimental'+ and 
t h e ~ r e t i c a l ~ , ~  standpoints. Although the discovery of the 
nematic phase of bulk polymers was rather recent, first by 
Roviello and Sirigue in 1975,' a large number of polymers 
have since been synthesized to exhibit nematic melts, and 
some of them are found to undergo isotropic-nematic 
phase transitions involving latent heat. Nematic polymers, 
upon processing, exhibit better chain orientation and im- 
proved mechanical properties than conventional polymers 
and, hence, are of great technological interest.2 

From a fundamental theoretical point of view, the ap- 
pearance of the nematic phase of bulk polymers present 
a new and challenging situation. The isotropic phase of 
bulk polymers wherein the polymer chains adopt unper-  
turbed random coil configurations is now well estab- 
lishedsJO in accordance with the predictions of the lattice 
theory of Flory.ll However, in this theory the isotropic 
phase of random coils is predicated on the conditions that 
the polymer chains are sufficiently flexible. Thus, as the 
chain flexibility decreases, say with decreasing tempera- 
ture, the isotropic phase of bulk polymers should become 
untenable.'J2 The consequence of such limited flexibility, 
or semiflexibility, of random chains has been theorized to 
lead to a perfectly ordered state, i.e., crystalline order,12J3 
or glass tran~ition, '~ when the crystalline order is inhibited, 
due to the vanishing configurational entropy of random 
chains. This is shown schematically in Figure 1 in terms 
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of relative free energy of the isotropic phase vs. tempera- 
ture, wherein T, and T2 (T,) denote the temperatures of 
crystallization12 and glass transition14 thus predicted. 

In these theories, however, the state of intermediate 
order has not been considered. The possibility that the 
untenability of the isotropic phase of semiflexible polymers 
will result in a first-order transition to an ordered state 
was recognized early by Flory.12 But it is only very recently 
that a detailed theory of nematic systems of semiflexible 
polymers was developed by Ronca and Yoon.8 According 
to this theory, the consequence of this limited flexibility 
of bulk polymers should lead to the transition of the iso- 
tropic phase into a nematic phase containing considerable 
disorder. This is shown schematically in Figure 1 by the 
intersection of the free energy curve of the nematic phase 
with that of the isotropic phase. Therefore, the degree of 
conformational and orientational order in the nematic 
phase thus formed is predicted to be not very high, with 
the orientational order parrameters at the transition falling 
in the range 0.4-0.7. 

I t  is the intent of this paper to test the basic premise 
of this theory of Ronca and Yoon that the isotropic-ne- 
matic transition of semiflexible polymers does not entail 
a very high degree of orientational order in the resultant 
nematic phase. The subject of conformational order is 
touched upon only briefly here and will be discussed in 
detail in a separate paper.15 

For this purpose we chose the thermotropic polyester 

shown schematically in Figure 2a, because of its relatively 
low isotropic-nematic transition temperature TNI N 215 
"C and the resultant thermal stability of the polymer in 
the nematic state. A detailed study of the thermal prop- 
erties of this class of thermotropic polymers and the 

( C l o H ~ o O C ~ H ~ C O O C ~ H 4 0 C l o H z o O C G " , 0 ) r  (I), 
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Figure 1. Schematic represenation of free energy of semiflexible 
polymers in the bulk vs. temperature for the isotropic phase of 
random chains calculated from the Flory-Huggins lattice model 
and that for the nematic phase around the isotropic-nematic 
transition from the theory of Ronca and Yoon.6 T, and Tz (T ) 
denote the temperatures of crystallizationlZ and glass transitionf4 
prediced for the isotropic phase from the lattice model. 

Figure 2. (a) Schematic diagram of the polymer (I), (b) the 
corresponding monomer (II), and (c) the corresponding dimer (111). 

identification of the nematic phase of these polymers have 
been reported previ~us ly .~  For the purpose of comparing 
with classical thermotropic liquid crystals, we also chose 
the compound C5Hl10C6H4COOC6H40C5Hll (II), shown 
schematically in Figure 2b, Le., a monomeric analogue of 
the polymer (I) in terms of its rigid and flexible sections, 
and the corresponding dimer CSHl10C6H4COOC6H40- 
CloH200C6H400CC6H40C5Hll (III), shown in Figure 2c. 

The (orientational) order parameter s of interest here 
is defined by 

(1) 

where d, is the angle between the chain segment and the 
orientation axis of the domain and the brackets represent 
the averaging over all the chain segments within the do- 
main. These order parameters were evaluated from the 
measurements of diamagnetic anisotropy Ax  through the 
relationships16 

(2) 

= AX@ (3) 

s = (3(C0S2 4) - 1)/2 

A x  = XI\ - X I  = "/z(x,, - x) 

where xII and xI are the magnetic susceptibilities along 
and perpendicular to  the domain axis, respectively, the 
mean susceptibility x = (xll + 2x1)/3 for uniaxial orien- 
tation, and Axo is the diamagnetic anisotropy of the chain 
segment, Le., the diamagnetic anisotropy for the system 
of perfect orientational order (s = 1). Except for the 
negligible effects of chain ends, the value of Axo is thus 
independent of chain length at a given temperature as long 
as the axis of perfect orientational order does not change 
with chain length. 

Experimental Section 
Materials. The polymer was prepared by interfacial poly- 

esterification of 1,l0-bis[4-(chloroformyl)phenoxy]decane and 
1,10-bis(4-hydroxyphenoxy)decane~ The molecular weight of the 
polymer was not determined separately, but its inherent viscosity 
in a 4 0  (v/v) phenol-tetrachloroethane was measured to be -0.8 

0.0 I I I I I 

-40 -30 -20 -10 0 
T-T, ,, 'C 

Figure 3. Diamagnetic anisotropy Ax of the monomer and the 
dimer as a function of temperature around the isotropic-nematic 
transition. Measurements were made under a field of 20 kG and 
at cooling rates of 0.13 "C/min for the monomer and 0.25 "C/min 
for the dimer. 

dL/g, thus indicating a reasonably high molecular weight, and 
this value was found to remain relatively unchanged for polymer 
samples subjected to prolonged exposure at 240 O C . 1 7  The dimer 
was prepared by reaction of 4-(pentyloxy)benzoic acid with 
1,lO-bk(hydroxyphenoxy)decane according to the general method 
of Hassner and Alexanian.@ The monomer was prepared by the 
reaction of 4-(pentyloxy)benzoyl chloride and 4-(penty1oxy)phenol 
according to the method of van Meter and K1ande1-man.l~ 

All the samples were dried in a vacuum oven at 100 "C for 2 
days to remove the residual solvents before the susceptibility 
measurements. During the measurements the samples were kept 
under a helium atmosphere. 

Magnetic Susceptibility Measurements. We used a Faraday 
balance, which has a maximum field B,  = 20 kG and a maximum 
field gradient aB/ax = 180 G cm-' produced by two Lewis coils. 
The balance has an accuracy to -0.1 fig, and the field and the 
field gradient are measured within 0.1% accuracy.20 Samples of 
about 50 mg were used to generate a total magnetic force of -500 
a. 

In this method, the magnetic susceptibility x is determined 
along the field axis from the measured magnetic force F acting 
on the induced magnetic moment in a given field gradient by 

aB F = mB-x 
ax (4) 

where m is the sample mass. For nematic systems, the applied 
field can be made strong enough to align all the domains along 
the field, thereby yielding a measured susceptibility corresponding 
to the susceptibility along the domain axis, i.e., xl, in eq 2. On 
the other hand, measurementa in the isotropic phase correspond 
to the mean susceptibility 

Calorimetric Measurements. All the calorimetric mea- 
surements were carried out with a DuPont 990 differential 
scanning calorimeter (DSC) employing a cooling rate of 1 OC/min. 
Each DSC run was calibrated with indium standard and each peak 
area was measured with a planimeter and averaged over ten 
separate measurements. 

Results 
Monomer (11) and Dimer (111). The diamagnetic 

anisotropies A x  for the monomer and the dimer are shown 
in Figure 3 as a function of temperature. For these mea- 
surements the samples were initially heated to  -10 "C 
above the isotropienematic transition temperature of TNI 
= 79 "C for the monomer and T, = 148 "C for the dimer. 
Then the samples were cooled down under an applied field 
of 20 kG at constant cooling rates of 0.13 and 0.25 "C/min 
for the monomer and the dimer, respectively. The mag- 

in the same equation. 
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Figure 4. Change in diamagnetic anisotropy of the polymer at 
203 "C with time under various applied field strengths. The open 
and filled circles both represent measurements with 20-kG field, 
using manual data recording (filled circles) and computerized data 
collection averaged over 10 readings during every 6-min interval 
(open circles), respectively. All the other points were obtained 
with computerized data collection. 

netic force was averaged for a period of 6 min and recorded 
at  every 6-min interval. For these oligomeric compounds 
orientation of the nematic domains is quite rapid and, 
hence, the cooling rate is more than sufficient to allow 
complete alignment of all the nematic domains under the 
applied magnetic field. 

The abrupt increase of Ax at the isotropic-nematic 
transition, its continuing increase with decreasing tem- 
perature, and its sharp decrease upon crystallization for 
these oligomeric model compounds follow closely the 
general characteristics observed for classical liquid crystals, 
e.g., p-azoxyanisole (PAA) and  p-(p-methoxy- 
benzylidene)(aminobutyl)benzene (MBBA).16 The dimer, 
however, seems to exhibit a more gradual increase of Ax 
with decreasing temperature than those exhibited by the 
monomer and other "monomeric" liquid crystals such as 
PAA and MBBA. Furthermore, the dimer shows a con- 
siderably larger value of Ax a t  the isotropic-nematic 
transition (and hence a higher order parameter), AxNI N 

0.61 X erg G-' g-l, than that for the monomer, for 
which AxNI N 0.46 X 

Polymer (I). Due to the much longer relaxation times 
resulting from the long chain lengths, orientation of ne- 
matic domains of bulk polymers is much slower and re- 
quires a much higher field than those for oligomeric liquid 
crystals. Hence, in order to ensure that we can achieve 
complete alignment of nematic domains of the polymer 
under our experimental conditions, we first measured the 
diamagnetic anisotropy Ax as a function of time under 
various field strengths from 10 to 20 kG as shown in Figure 
4. For these measurements the polymer samples were 
initially heated to -225 "C, which is -10 "C above the 
nematic-isotropic transition point of the polymer. The 
samples were then cooled to 203 "C and subsequently were 
subjected to a given magnetic field. To  prevent compli- 
cations from possible thermal degradation of the polymer, 
measurements at  each field were started with new samples. 

Another difference from the oligomeric liquid crystals 
is that the nematic-isotropic transition of the polymer 
occurs over a very broad temperature range; the transition 
takes place over an interval of -12 "C, compared to 1-2 
"C for the monomer and the dimer as shown by the DSC 

erg G-2 g-l. 

1 ' 1  I ' 148A 
I l l l I l l  

0 4 a 12 
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Figure 5. DSC traces in arbitrary units near the isotropic-ne- 
matic transition of the monomer, the dimer, and the polymer while 
the sample was cooled at 1 "C/min. The peak temperatures are 
identified in the figure for each sample. 
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Figure 7. Schematic representation of the segment unit with 
the alkyl groups C a l 0  in all-trans conformation. The dashed line 
represents the segment axis. 

around the incipient isotropic-nematic transition at  - 217 
"C is much more gradual than those for the monomer and 
the dimer, reflecting both the kinetic constraints and the 
breadth of the transition temperature interval of the 
polymer. The decrease in Ax with the nematic-crystalline 
transition of the polymer around 190 "C is also found to 
be much more gradual than those of the monomer and the 
dimer (see Figure 3). 

The reason for the broad temperature interval of the 
isotropic-nematic transition of the polymer remains un- 
certain. At the moment there exist two different possilities: 
(i) biphasic separation due to polydispersity of chain 
lengths21 and (ii) kinetic control analogous to crystallization 
of polymer melts.22 Further experiments utilizing molec- 
ular weight fractions seem certainly required to provide 
further insight into the mechanisms of the isotropic-ne- 
matic transition of polymer melts. 
Evaluation of Diamagnetic Anisotropy of Chain 
Segment 

Evaluation of the order parameter s from the diamag- 
netic anisotropy Ax according to eq 2 and 3 requires the 
value of the diamagnetic anisotropy of the chain segment, 
Axo. According to F l ~ g a r e , ~ ~  the magnetic susceptibility 
tensor of a given molecule can be evaluated quite accu- 
rately as the sum of the magnetic susceptibility tensor of 
each bond or group. Hence, the required value of Axo was 
calculated for the segment -C5HloOC6H4COOC6H40C5H~o- 
shown schematically in Figure 7. 

In view of the twofold symmetry of the alkyl group 
arrangements around the phenylene-oxygen bond the axis 
of the chain segment was taken along the line connecting 
the two oxygen atoms adjoining the phenyl benzoate 
moiety as shown by the dashed line in Figure 7. For the 
dimer and the polymer, this implies that this is the axis 
of perfect orientational order (s = 1); that is, collinear 
alignments of adjoining phenyl benzoate units would not 
be impeded by the intervening alkyl groups. For the 
CIJ-Izo group of interest here, this is certainly the case, as 
can be demonstrated, for example, by the all-trans con- 
formation. Thus, the magnetic susceptibility tensor was 
computed in the reference frame of this axis (a axis) and 
the two orthogonal axes ( b  and c axes) normal to this axis. 
The diamagnetic anisotropy of the segment, Axo, was then 
computed as the difference between the segment-axis 
susceptibility, xao, and the average of the two normal-axis 
susceptibilities, (xbb + x,,)/2. 

For simplicity in numerical computations, the calcula- 
tions were first carried for the susceptibility tensor xI for 
the OC6H4COOC6H40C5Hlo group and xII for OCGH4CO- 
OC6H40 group, starting from the O**-C* bond in Figure 
7. The contribution xm of the other OC5Hlo group (on the 
left side of Figure 7) was then taken as xI - xII, and the 
total magnetic susceptibility tensor of the segment was 
computed as the sum of xI and xIII. 

The values of the susceptibilities along the principal 
inertia axes, xll, xZ2, and x33, of each bond considered here 

Table I 
Bond or Group Susceptibilities along 

the Principal Inertia Axesa 

X I 1  x 2 2  X a o  

benzene -34.9 -34.9 -94.6 
c=oc -1.3 2.2 -13.0 
C - O d  -7.2 -6.7 -3.8 
c-c e -7.9 -0.2 -0.2 
C-H e -5.6 -3.1 -3.1 

a In units of l o e 6  erg G - 2  mol'' ; from ref 20. Axes 
1, and 2 are in the plane of the ring. 
bond and axis 2 is in the plane of the pendant bonds. 

bond pair adjoined to 0. e Axis 1 is along the bond. 

Table I1 
Bond Anglesa 

Axis 1 is along the 

Axis 1 is along the bond and axis 2 is in the plane of the 

angle, angle, 
bond angle deg bond angle deg 

C-C*-O* 1 2 4  Carcarcar 1 2 0  
c-c*-0 111 CarCarH 1 2 0  
C*--O-Ca' 118 C-C-C 1 1 2  
Car-0-C 112  C-C-H 110 

a See Figure 7 for atom designation 
were taken from the tabulations of Flygare and are listed 
in Table I. For the benzene ring C6H4 in the chain - 

XCeH, - Xbenzene - 2XC-H 
= diag (-23.7, -28.7, -88.4) 

in lo4 erg G-' mol-'. 
The bond geometries employed here were taken mostly 

from the tabulations of crystal structures of phenyl ben- 
zoateZ4 and are listed in Table 11. The ester group is in 
the planar-trans conformation (+2 = 0), and the torsional 
angles +l and #3 in Figure 7 were taken to be = *6" and 
+3 = f65" as averages of crystalline aromatic estemZ5 
Electron delocalization at  the phenylene-oxygen bond 
enforces coplanarity of the phenylene-0-CHz bonds,% i.e., 
#4 = 0 or 180°, and the consequent steric interactions result 
in preclusion of the gauche conformations of the 0-CH2 
bond; hence, #5 = 0. 

The transformation of the magnetic susceptibility ten- 
sors of all the bonds and the groups of the segment and 
their summation in the reference frame of the segment axis 
can be accomplished by using the matrix multiplication 
method devised by Jernigan and F l ~ r y . ~ ' - ~ ~  Thus, for a 
given spatial configuration of the segment comprising t 
skeletal bonds as specified by skeletal bond angles a - Bi 
and the torsional angles +i for each internal skeletal bond 
i, the segment magnetic susceptibility tensor in column 
form xc is given by 

(5) 
where Sl(t-l) stands for the serial product of the t - 1 
generator matrices Si commencing with S1 for bond 1 and 
the generator matrices S are 

xc = s [O s 1 (t-1)S tl 

s[, = [ T O T  01, ( 6 )  

St l  = [:j 
As defined previously,2* Ti  is the transformation for the 

reference frame for bond i + 1 to that for bond i and is 
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Table 111 
Diamagnetic Anisotropy, Order Parameter, Transition Enthalpy, and Transition Entropy at the Isotropic-Nematic Transition 

monomer (11) 79 0.74 2.09 0.46 0.37 
dimer (111) 148 3.52 8.37 0.61 0.49 
polymer (I)  -215 6.53 13 .4  0.7 5 0.60' 

a Normalized per mole of segment unit of Figure 7 .  Evaluated taking axo = 1.25 X erg G-' g - ' .  C This represents 
an upper bound, since the measurements were carried out at 203 "C in order to ensure completion of the broad transition 

~~ 

occurring over the -12  "C interval. 

a function of Oi and $i. To is the transformation of the 
reference frame for the first bond (O**-C* in Figure 7; see 
below) to that of the segment (hence, Bo = 9.3' and $, = 
O'), and T 8 T denotes the self-direct product. xic denotes 
the column-form representation of susceptibility tensors 
summed over each bond or group that is grouped with 
skeletal bond rotation qi and expressed in the reference 
frame for bond i. That is 

x1 = XO-C + XCaH, + XC-C 

xz = xc=o + xc-0 
x3 = x5 = X0-C 

x4 = XCeHl + XC-0 

x6,7,8,9 = XC-C + 2XC-H 

x1o3O 7zxc-c + ~ X C - H  

Effect of Alkyl Group Conformations on Axo. While 
the contributions from the rigid part OC6H4COOC6H40 
to Ax, is straightforward, the contribution of the alkyl 
groups is not clear, since their conformation (&, &, $e, and 

in Figure 7) in the nematic phase is not known accu- 
rately. Strong even-odd effects of the number of alkyl CHz 
units on the isotropic-nematic transition temperatures4 
are suggestive of perference of the trans conformation. In 
view of this uncertainty Ax, was evaluated for two extreme 
cases of alkyl group conformations: (i) unperturbed ran- 
dom coil conformations of n-alkane c h a i n ~ ~ ~ , ~ ~  comprising 
trans (t), gauche+ (g+), and gauche- (g-) conformations at  
$ = 0,&120' and (ii) the completely ordered all-trans 
conformation. 

The statistical mechanical averaging of x given by eq 
5 over all accessible configurations is easily amenable by 
the matrix multiplication m e t h ~ d ~ ~ v ~ ~  employing the sta- 
tistical weight matrix U. Hence, the average susceptibility 
tensor (XI") of the OC6H4COOC6H40C5Hlo group in Figure 
7 can be calculated by 

(XI") = zfls[O( sl)SZ(s3) ( s 4 ) 8 5 8 6 8 7 8 8 8 9 8 1 0 ]  (9) 

where Zcl is the configurational partition function given 
by 

21 = u,u,u,u,u,u,, (1 0 )  

u, = [l 0 01 (11) 

a 1  

rli 
L J  

The brackets in (S,), ( S3),  and ( S4) represent the aver- 
aging of T @ T in eq 7 over the two torsional angles for 

where uij denotes the elements of the statistical weight 
matrix Ui of eq 12. 

Similarly, the average susceptibility tensor ( xnc) of the 
OC6H4COOC6H40 group is given by 

(X1IC) = S[O(~l)S2(S3)S4] (17) 

For the case of random coil conformation of alkyl groups 
(case i), taking the statistical weights of u = 0.54 and w = 
0.088 for n-alkanes at  140 0C,28331 we obtain the value of 
the segment diamagnetic anisotropy Ax, = 1.32 X erg 
G-2 g-l, and for the case of all-trans conformation (case ii) 
Ax, = 1.19 X erg G-2 g-l. Considering that the dif- 
ference in Axo between these two extremes is rather small 
and that neither of these extremes is feasible in reality, 
it seems reasonable to assume that Axo = 1.25 X erg 
G-2 g-l, regardless of chain length and temperature here. 
The error thus involved should not exceed 5%. 

For comparison, if the alkyl group contributions are 
completely neglected, the resultant segment diamagnetic 
anistropy is found to be Axo = 1.60 X erg G-2 g-' and, 
thus, demonstrates the importance of including the alkyl 
group susceptibilities. 

Order Parameter at the Isotropic-Nematic 
Transition 

The order parameters a t  the isotropic-nematic transi- 
tions thus evaluated by taking Axo = 1.25 X erg G-2 
8-l are shown in Table I11 for the monomer, the dimer, and 
the polymer together with their values of AxNI at  the 
transitions. The values of AxNI for the monomer and the 
dimer were taken by extrapolating the results in Figure 
3 to their respective transition points. The value for the 
polymer was taken from the asymptote of Figure 4. Also 
shown in the same table are the transition enthalpy AHNI 
and transition entropy A& of the nematic-isotropic 
transition of these compounds. 

The value of the order parameter of the monomer at  the 
transition, SN i= 0.37, is found to be in good agreement with 
the values reported for other monomeric nematogens; e.g., 
sNI = 0.35-0.40 for PAA obtained from 13C NMR32 and D 
NMR33 measurements. The value of the order parameter 
exhibits a considerable increase to sN i= 0.49 for the dimer 
and seems to increase further for the polymer. The value 
of sNI = 0.60 for the polymer listed in Table 111, however, 
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represents an upper bound since the measurements were 
carried out a t  203 OC, - 12 “C below the peak transition 
temperature, in order to ensure completion of broad 
transition as discussed above. 

The transition enthalpy AHNI and transition entropy 
ASNI exhibits a much more marked increase with chain 
length than is expected from the order parameter ac- 
cording t~~~ AH a s2. This indicates a much higher con- 
formational order in the alkyl groups of the polymer in the 
nematic phase and is consistent with the strong even-odd 
effect of alkyl groups on the isotropic-nematic transition 
 temperature^.^ A detailed discussion on the conforma- 
tional order accompanying the isotropic-nematic transi- 
tions of semiflexible polymers will be presented sepa- 
rately.15 

Discussion 
The order parameter of the nematic phase at  the iso- 

tropic-nematic transition has been found to increase with 
chain length. However, the value of sNI 0.60 found as 
an upper bound for the polymer, while considerably larger 
than that for the monomer (sNI = 0.37), does not represent 
a very high degree of order. Hence, this finding is con- 
firmatory of the recent theory of Ronca and Yoon8 on 
nematic systems of semiflexible polymers. Both the theory 
and the experiments thus show that the intermediately 
ordered nematic phase of semiflexible polymers is a 
thermodynamically viable state. Therefore, on purely 
thermodynamic grounds the isotropic phase of random 
chains should undergo a first-order transition into the 
nematic phase of intermediate order upon decreasing chain 
flexibiltiy. 

This conclusion is contrary to the ideas that emphasize 
the physical impossibility of random chains with limited 
flexibility to fill the space as the primary thermodynamic 
cause for crystaJlizationl2J3 or glass tran~ition’~ of polymers. 
The isotropic-crystalline phase transition of polymers 
should be assisted greatly by intermolecular attractions 
to compete and intercept the isotropic-nematic transition. 
The thermodynamic theory of polymer glass transition, if 
it is valid, seems to require an explanation how the ther- 
modynamically driven isotropic-nematic transition of 
polymers can be inhibited. 
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