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Impact of Contaminant Comonomers
on the Various Conformational
and Thermodynamic Properties of Poly
(hydroxybenzoic acid) Liquid Crystals

TAREK M. MADKOUR

Department of Chemistry, Helwan University, Ain-Helwan, Cairo, Egypt

A conformational study of poly(hydroxybenzoic acid -co- hydroxynaphthoic acid) copolyesters
was conducted to examine the effect of randomly positioning naphthoic units along the back-
bone of the poly(hydroxybenzoic acid) liquid crystals. This is usually done to bring down the
processing temperature of the liquid crystal to practical working ranges. The COMPASS for-
cefield used throughout this study was developed particularly using ab-initio calculations to
improve upon existing forcefields. Energy contour maps for both comonomers indicated a
similar conformational behavior for the benzoic and naphthoic units. The radial distribution
function calculated for the homopolymers and the copolyesters indicated a disruption of the
short-range order in the copolyesters influenced by the greater length of the naphthoic units
over that of the benzoic units. The important configurational properties such as the end-to-end
distance and the radius of gyration show a linear dependence on the amount of the naphthoic
units in the copolyester. Both the Kuhn segment parameters and the persistence length calcu-
lations indicate an increase in the stiffness of the chains with the increase in the amount of the
naphthoic units. The Hildebrand solubility parameter evaluated from the cohesive energy
densities of the copolyesters indicates, however, a constant value for the thermodynamic
parameter across the entire compositional range of the copolyester.

Keywords Liquid crystals, conformational analysis, contour maps, Kuhn segment length,
cohesive energy density, Hildebrand solubility parameter

INTRODUCTION

The structures of poly(hydroxybenzoic acid) (PHBA) and poly

(hydroxynaphthoic acid) (PHNA) have been of a great deal of interest to

many scientific investigators for their close connection to the nature of the

structural order in some of the commercially viable random copolyesters

that show thermotropic liquid crystalline behavior [1]. These copolyesters
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comprise mostly HBA groups (ca. 70%) plus one or two comonomer

moieties to bring down the processing (flow) temperature to practical ran-

ges. This is because the PHBA homopolymer is intractable and does not

melt below temperatures at which degradation becomes a significant factor.

Recently, Economy et al. [2] showed that PHBA exhibits two phase tran-

sitions at ca. 340�C and ca. 445�C, respectively, on the basis of differential

scanning calorimetry (DSC) and thermomechanical analyzer (TMA) mea-

surements. They concluded that the first transition at 340�C is either a

crystal to a plastic crystal or to a high-order smectic phase transition and

that the second transition at 445�C results in a nematic phase. The two

phases of PHBA at room temperature were shown [3] to have the same

space group Pbc21 and to adopt the same conformation with glide symmetry

along the chain. The two phenyls, constituting the c-axis repeat unit, are

staggered by ca. 120�. Both orientations resulting from the disorder in the

packing of the phenyl groups along the c-chain axis are present in the

packing and the relative amount in the whole polymer sample is dependent

on the synthesis procedure.

It was predicted by Chick et al. [4], using Monte Carlo models of the

PHBA homopolymer, that a coarser microstructural scale results from the

higher molecular axial ratios of molecules that are perfectly rigid and ex-

perience only steric interactions. On a molecular scale, however, Dannels

and coworkers [5] showed that PHBA has a semiflexible molecular structure

and therefore the molecular conformation was nonlinear. They indicated

that the molecule is only considered straight over segmental lengths corre-

sponding to the persistence length of PHBA. At 300�C, they determined that

the persistence length is close to the contour length of 15 monomeric units.

At contour lengths greater than that, they indicated that the semiflexibility

of PHBA would become apparent.

2,6-Hydroxynaphthoic acid (HNA) has been, therefore, traditionally used

as a comonomer with 1,4-hydroxybenzoic acid (HBA) as a means of dis-

rupting crystallization and encouraging the formation of liquid crystalline

mesophases. Hanna and Windle [6] observed a clear similarity between the

two homopolymers of PHBA and PHNA. The main similarity between the

two homopolymers is that both form high symmetry pseudohexagonal ro-

tator phases. The a and b lattice parameters in the two rotator phases were

very similar, which may explain why similar phases were observed across the

entire compositional range of copolymers of both comonomers. They also

reported a lower melting point for the PHNA as compared to that of PHBA

homopolymer, which is probably due to the extra crankshaft type motion

associated with the rotation of the side-step in the linked naphthoic ring [7].
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The optimum range for the liquid crystals is brought down by decreasing the

enthalpy of the system that is a result of inserting the modifying units at

random positions along the chain, thus forming a random copolymer in

which the crystallinity is frustrated without any additional loss of meso-

genicity or reduction in the upper transition temperature. In addition, this

also causes the entropy to rise as a result of the extra degrees of freedom

within the mesophase, which helps in bringing down the processing tem-

perature closer to an optimum range.

Since, as was shown, the bulk physical properties of liquid crystals depend

to a great deal on the microstructure of the mesophases, i.e., the scale on

which different levels of molecular order occur, it is vital that the con-

formational behavior of the individual molecules contributing to this order

be evaluated and understood. It is the purpose of this work, therefore, to

explore the conformational behavior of PHBA and PHNA homopolymers

as well as the conformational behavior of their copolymers.

SIMULATION METHODOLOGY

Choice of Force Field

All calculations were performed with the molecular modeling package

Insight II of Molecular Simulations Inc. (release 400) running on a Silicon

Graphics Octane workstation. The quality of the forcefield, which consists

of a set of analytical function terms and parameters and provides a detailed

description of the inter- and intramolecular interactions as a function of

the molecular structures and their relative positions, directly influences the

reliability of the simulations to a great deal. The bulk simulation of

the different polymer systems has been carried out using the COMPASS

forcefield [8]. The COMPASS forcefield is a CFF-type forcefield [9]

constructed using exact ab-initio quantum mechanics calculations. It was

developed to improve upon existing forcefields. In the forcefield approach,

the potential energy of a system is expressed as a sum of valence and non-

bonded interactions:

Etotal ¼ Evalence þ Enonbond
¼ ðEbond þ Eangle þ Etorsion þ EinvÞ þ ðEvdW þ ECoulombÞ

The valence terms parameterize the short-range intramolecular interac-

tions that determine the bond lengths (Ebond), bond angles (Eangle), torsion

angles (Etorsion) and out-of-plane inversion angles (Einv). The nonbonded

CONTAMINANT COMONOMERS’ IMPACT ON LIQUID CRYSTALS 35

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 2
0:

39
 1

3 
A

ug
us

t 2
01

2 



interactions, which can be both intra- and intermolecular, are split into a

dispersive van der Waals term (EvdW), and electrostatic term (ECoulomb).

Other cross-terms are also important and well accounted for by the

COMPASS forcefield.

Energy Contour Maps

The energy contour maps for the homopolymers repeat units were calcu-

lated for ST and SR pairs of the dihedral angles T, S, and R as shown in

Figures 1 and 2. Varying two torsions with respect to each other leads to a

potential energy surface that is essential to understand the correlations

between the various conformations of neighboring dihedral angles [10]. The

energy surface was scanned every 10� from 7180� to þ180�. During the
generation of the energy contour, the rest of the molecule was minimized by

the conjugated gradient method until the energy derivatives were less than

0.001 kcalmol71. Torsion forcing of 1000 kcalmol71 was used to force a

torsion systematically to a grid of angles.

Conformational Analysis

Various conformational properties of the two homopolymers and their

copolyesters of different molar compositions were evaluated using RIS

Metropolis Monte Carlo methods (RMMC) [11]. Unlike traditional rota-

tional isomeric states methods, RMMC methods allows torsion angles to

vary continuously and therefore do not impose the assumption of discrete

rotational states. The method is thus based on relative energies of the new

and the old conformation. The bond-based cutoff method was used for the

simulations of the single polymeric chains in the y-condition. In this method,
the parameters nmin and nmax affect the way van der Waals and Coulomb

energies are evaluated in the RMMC simulation. The nonbond energies

were not computed for atoms that are closer than nmin or further apart than

nmax. The usual value for nmin was 3, whereas that of nmax was taken as 6 in

order to include the interactions of the side chains of the neighboring repeat

units in the energy evaluation.

RMMC simulations were done for polymers with 100 repeat units at

room temperature. The number of the equilibration steps was 10,000 for

each rotatable bond. This stage was necessary to bring the polymer chain

from its initial conformation to a conformation typical for the chain in the

melt at the desired temperature. The number of simulation steps was 50,000

steps for each rotatable bond. The block-averaged values of the mean
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squared end-to-end distance and energy were plotted as functions of the

simulation step number in order to determine if the system was fully equi-

librated. There was no evidence of any long-term drift in mean squared end-

to-end distance and energy over the course of simulation, which indicated

that the chains had reached a steady state. RMMC was used to calculate the

conformational parameters such as the end-to-end distances, the radii of

gyration and the persistence lengths as well as the Kuhn segment length and

number of the entire compositional range.

Bulk Simulations

The polymer structures were simulated in the bulk using three-dimensional

cubic periodic boundary conditions to enable the molecular dynamics

simulations to be carried out on relatively small molecular systems, in such a

way that the atoms experience forces as if they were in the bulk phase [12].

The periodic replicates of the parent chain provide a simple method for

introducing intermolecular interactions, necessary for the calculation of

certain polymer properties, without increasing the number of atoms. In

order to account for all of the long-range interactions, Ewald summation

method was used to allow a charged particle to interact with all other

particles in the simulation cell and with all of their images in an infinite array

of periodic cells. Five chain conformations of each of the different polymers,

consisting of 50 repeat units with full atomistic representations, were built

using a traditional RIS method inside a cubic box with a volume that cor-

responds to the experimental density of the polymer at room temperature.

After minimization, the systems were relaxed using molecular dynamics at

340�C, representing practical processing temperatures, for 1 ns at an average

pressure of 0 atm. The velocity rescaling method was used in a constant

particle number, N, volume, and temperature (NVT) ensemble. This was

done to ensure the convergence of any of the high-energy initial config-

urations into more representative ones. The periodic boxes were then

allowed to equilibrate under a NVT ensemble for another 1 ns at 25�C. A

constant pressure, potential energy and total energy were observed during

this equilibration stage. The data collection simulations were then per-

formed at 25�C using NVT ensemble for 5 ns. This was chosen because of

the known slow relaxation times for these polymers. At the end of every run,

a trajectory file was stored for later analysis. Four runs were performed for

each particular experiment for better averaging. The bulk simulations per-

formed using the molecular dynamics techniques were used to evaluate the

radial distribution function, the velocity autocorrelation function, the local
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orientation function and the cohesive energy densities which were later used

to estimate the Hildebrand solubility parameters.

RESULTS AND DISCUSSION

Figures 1 and 2 display the energy contour maps for the HBA and HNA

repeat units in case of rotations around R and S dihedral angles and around

S and T dihedral angles, respectively. It is obvious from the figures that the

extra phenylene group in the HNA repeat unit didn’t influence the location

of the local minima in both cases to a great deal. Therefore, it must be

expected that the population of the trans and gauche states should be similar

for both homopolymers.

The rotations around the S bond change the shape of the chain, which

means the torsional behavior of the S bond is the most important from the

viewpoints of liquid crystalline behavior and processability. The energy

barrier height for rotation around the S bond was found to be more than

12.1 kcalmol71, implying that rotation is more restricted in this case than

the one around the R bond, which was estimated to be of 5.68 kcalmol71 in

a good agreement with the experimental value [8] of 5.3 kcalmol71. Rota-

tion around the S bond is probably difficult since it takes on some of the

character of the adjacent double bond due to resonance. The ester linkage

thus provides little opportunity for the chain to exhibit a configurational

side step, as shown in the figures [7]. In fact, it was reported [13] that ester

links are often used in small molecule liquid crystals, where its tendency to

promote mesogenicity is ranked above that of a single bond linking the

adjacent phenyl groups. The conformational energy calculations indicate

that the phenylene group attached through the T bond is prevented from

rotating into the same plane of the ester by steric interaction between one of

the ortho hydrogen atoms on the phenyl ring and the carbonyl oxygen atom.

The side step associated with the ester provides an additional measure of

conformational freedom in the liquid crystalline phase through crankshaft

type motions associated with rotations around R and T bonds, causing the

second phenyl group to move laterally with respect to the first.

Radial Distribution Function and Velocity

Autocorrelation Function

The radial distribution function gives a measure of the probability that,

given the presence of an atom at the origin of an arbitrary reference frame,

there will be an atom with its center located in a spherical shell of

T.M. MADKOUR40

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 2
0:

39
 1

3 
A

ug
us

t 2
01

2 



infinitesimal thickness at a distance r from the reference atom. The radial

distribution function, gab(r), is calculated from the average of the static

relationship of every given pair of particles, ab, as [14]

gabðrÞ ¼
nabðrÞ
� �

4P r2 Dr rab
; ð1Þ

where hnabðrÞi is the average number of atom pairs in the spherical shell

between r and rþDr, ab denotes the possibility that a and b particles
may be of a different chemical nature, and rab is the density of atom
pairs of type ab. By investigating the radial distribution function, more
information on the local packing influenced by specific interactions

could be obtained. The radial distribution functions of poly(hydroxy-

benzoic acid), poly (hydroxynaphthoic acid), and poly(HBA-co-HNA)

copolyester of 50=50 molar composition obtained from the molecular

dynamics studies of bulk polymers are depicted in Figure 3. The figure

illustrates the short-range order in case of the homopolymers resulting

from the relatively rigid bond lengths and angles and the weak spatial

correlation among particles at large topological distances. More inter-

estingly, close inspection of the radial distribution function of the co-

polymer reveals the disruption of the short-range order resulting from

randomly positioning the naphthoic units along the backbone of the

poly(hydroxybenzoic acid) chains as influenced by the greater length of

the naphthoic units over that of the benzoic units. Even though melting

points are determined by competing factors such as statistical con-

siderations [15] and nonperiodic lattice formation [16], this disruption

will most probably influence the crystallinity of the chains, causing its

melting point to decrease to proper working ranges without any ex-

pected reduction in the stability of the mesophases since both mono-

meric units are mesogenic in nature.

Figure 4 represents the velocity autocorrelation functions of the PHBA,

PHNA, and (HBA-co-HNA) copolyester obtained from the molecular

dynamics studies of bulk polymers. The copolyester has a molar ratio

equal to that of the two comonomers. Of interest here is the effect of the

molecular structure on the dynamic and vibrational properties of the

materials at the elevated temperatures of 340�C common during the pro-

cessing of these materials. The velocity autocorrelation function, C, is

defined as [12]:

CðmÞ ¼ 1

n

Xn
i¼1
Vðmþ iÞ � VðiÞ; ð2Þ
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where m is the minimum number of points allowed during the calculations, n

is the number of data points used for averaging and V is the velocity of a

particle i. It is obvious from the figure that the added degree of freedom due

to randomly positioning the naphthoic units in the copolymer did not have

much influence on the dynamics of the systems, which indicates that the

effect of the copolymerization is rather static, or conformational, than

dynamic.

Local Orientation Function

The correlation between the orientations of the phenyl rings was studied

using the orientation function, p2, defined in terms of second order Le-

gendre polynomials describing the ensemble average of an angle made by a

section of the polymer chain with a specified direction. p2(cos y) is given
by [17]

FIGURE 3 Comparison of the pair radial distribution functions of PHBA, PHNA, and
(HBA-co-HNA) copolyester. The copolyester has a molar ratio equal to that of the two
comonomers.
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p2ðcos yÞ ¼
1

2
½3hcos2 yi 
 1�; ð3Þ

where y is the angle between any two vectors i and j defining the normals of
two phenyl groups. h� � �i denotes the average of all vector pairs having an
angle y with respect to each other. Figure 5 shows a plot of p2(cos y) as a
function of y angle obtained from the molecular dynamics studies of both

homopolymers in the bulk state. Similar to the observation made by the

energy contour maps, both homopolymers showed a similar orientational

behavior. No comparison was made with the copolymer because alignment

studies are only possible for homopolymers. The correlation functions show

a strong tendency for parallel alignment at angles greater than 80�, possibly

due to near-neighbor interaction correlations, caused by the strong steric

repulsions among the phenyl rings, which is such that the normals of the

phenyl rings tend to be parallel to each other.

FIGURE 4 Effect of the molecular structure on the velocity autocorrelation function of
PHBA, PHNA, and (HBA-co-HNA) copolyester. The copolyester has a molar ratio equal to
that of the two comonomers.
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Conformational Analysis

To examine the possible effect of randomly positioning naphthoic units in

the copolyesters chain backbone, the conformational properties such as the

end-to-end distance, the radius of gyration, and the persistence length were

evaluated as a function of the molar composition of (HBA-co-HNA) co-

polyesters. Error bars shown in all the figures are referring to the standard

errors. The end-to-end distance, r, of a single chain is defined as [18]

r ¼
Xn
i¼1
li; ð4Þ

where li denotes the vector along backbone bond i, and n denotes the

number of backbone bonds in the molecule. The radius of gyration, S, is

defined as the root mean squared distance of the atoms in the molecule from

their common center of mass and is given by [19]

FIGURE 5 Comparison of the local orientation functions of PHBA and PHNA.
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S
2 ¼

PN
i¼1mi S

2
iPN

i¼1mi
; ð5Þ

where Si denotes the distance of atom i from the center of mass, and N

denotes the total number of atoms. Figures 6 and 7 illustrate the dependence

of the mean squared end-to-end distance and radius of gyration on the

molar composition of the naphthoic units in (HBA-co-HNA) copolyesters,

FHNA.
Figure 8 illustrates the dependence of the persistence length on the molar

composition of the naphthoic acid in the copolyester. The persistence length

is a universal measure of the polymer chain stiffness. It is defined as the

average distance traversed by the chain backbone along its initial direction

before the chain loses ‘‘memory’’ of this direction. Mathematically,

the persistence length, hq1i, can be defined as the mean projection of the

FIGURE 6 The dependence of the root-mean-squared end-to-end distance on the mole
fraction of the naphthoic units in the (HBA-co-HNA) copolyesters.
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end-to-end vector on the first bond of the chain. An alternative definition,

hq2i, is the mean projection of all subsequent bond vectors on a bond in the
chain backbone, averaged over all bonds between the two chain ends. Both

of these quantities are investigated in Figure 8. It is obvious that the values

of the persistence length are consistent throughout the chains because the

averaging over all bonds did not bring any improvement over the sampling

of the measured parameter. This is due to the rigidity of the polymeric rods.

Furthermore, the increase in the persistence length as a function of the

molar composition of the naphthoic units is moderate if compared to that of

the end-to-end distance or the radius of gyration, thus indicating the high

stiffness of the polymeric chains at all compositions.

To further quantify the effect of adding more naphthoic units in the

backbone of the copolyester on the stiffness of the chains, it is appropriate

to consider the Gaussian chain parameters such as the number of Kuhn

FIGURE 7 The dependence of the root-mean-squared radius of gyration on the mole fraction
of the naphthoic units in the (HBA-co-HNA) copolyesters.
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segments and the Kuhn segment length. The fully extended chain length,

Rmax, for a Gaussian chain is given by the product of the number of seg-

ments, N, and the segment length, b. The mean squared end-to-end distance

for a Gaussian chain, hR2i, is given by the product of the number of seg-
ments and the square of the segment length [19]

Rmax ¼ Nb; ð6aÞ

hR2i ¼ Nb2: ð6bÞ

Assuming that the copolyester chain could be treated as both a Gaussian

chain and as a molecular chain, N and b could therefore be calculated using

the values for the fully extended length and the mean squared end-to-end

distance evaluated using the RMMC techniques. Table 1 lists the values of

the Gaussian chain parameters as a function of increasing the mole fraction

FIGURE 8 The dependence of the average persistence length on the mole fraction of the
naphthoic units in the (HBA-co-HNA) copolyesters.
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of the naphthoic units in the polymeric chains. If a polymer molecule is

extremely stiff, it will probably consist of only one Kuhn segment whose

length is the length of the whole molecule. Alternatively, if the polymer

chain is flexible enough, it will consist of many short Kuhn segments of

much smaller length. Therefore, it must be obvious from the table that the

incorporation of the naphthoic units into the copolymeric chain causes the

number of the Kuhn segments to decrease and the Kuhn segment length to

increase, indicating the increased stiffness of the copolyester chains by

adding more naphthoic units into the polymeric chains.

Cohesive Energy Density and Hildebrand Solubility Parameter

To complete this study, it is vital to investigate the influence of the added

naphthoic units on the Hildebrand solubility parameter of the copolyester.

The cohesive energy, Ecoh, of a polymer in the bulk can be defined as the

increase in energy per mole of substance if all intermolecular forces are

eliminated [14]. Using our molecular dynamics investigation, Ecoh could be

estimated by the difference in the potential energies between the parent

chain in the bulk and the parent chain in vacuum, i.e.,

Ecoh ¼ Eisolated 
 Ebulk: ð7Þ

The Hildebrand solubility parameter (d) can be obtained from the cohesive

energy density as

d ¼ Ecoh
V

� �1=2
; ð8Þ

TABLE 1 Evaluation of the Gaussian chain parameters

FaHNA Rmax
b (Å) hr2ic (Å2) bd (Å) Ne

0.0 128.64 13492 104.89 1.23
0.1 130.54 14139 108.31 1.21
0.2 134.33 14646 109.03 1.23
0.3 138.13 15740 113.95 1.21
0.4 140.02 16187 115.60 1.21
0.5 143.82 17277 120.13 1.20
0.6 147.61 18340 124.25 1.19
0.7 153.30 19934 130.03 1.18
0.8 157.10 21108 134.36 1.17
0.9 160.90 22205 138.01 1.17
1.0 166.58 23226 139.43 1.20

aThe mole fraction of the naphthoic units in the (HBA-co-HNA) copolyesters.
bThe fully extended length of the copolyester chains.
cThe mean squared end-to-end distance calculated using RMMC.
dThe Kuhn segment length.
eThe number of Kuhn segments per copolyester chain.
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where V is the volume of the amorphous cell. Table 2 lists the values of the

Hildebrand solubility parameter for a series of (HBA-co-HNA) copolyesters

with increasing content of the naphthoic units. For the purpose of com-

parison, some values for the melting points of copolyesters of different

compositions are also reported [7]. It is clear from the table that the Hil-

debrand solubility parameter remained fairly constant for the whole series

of the copolyesters. This is due to the expected similar values for the in-

termolecular forces in both cases of the comonomeric units. However, the

values for the melting point have gone through a minimum near the 50=50

ratio, implying that the melting behavior of the copolyester depends to a

great deal on the local molecular packing rather than on the intermolecular

forces between the polymeric chains.

CONCLUSION

Traditionally, comonomeric units of 2,6-hydroxynaphthoic acid are used to

bring down the processing temperature of the poly(hydroxybenzoic acid) to

practical ranges by disrupting its crystallinity. To examine the effect of the

copolymerization on the conformational behavior of the polymers influen-

cing the final bulk properties of the liquid crystals, RMMC and molecular

dynamics techniques were used. It was shown that rotations around the

bond linking the carbonyl carbon and the ester oxygen are more restricted

than other rotations. This is important since these rotations are the ones

responsible for the change in the shape of the chains. Energy contour maps

generated for both comonomeric units indicated similar conformational

behavior for both comonomers. Other predicted similarities for the

TABLE 2 Hildebrand solubility parameters and the
melting points [7] for various (HBA-co-HNA) copo-
lyesters with different molar compositions

FHNA d (J=cc)1=2 Tm (
�C)

0.0 21.58 —
0.1 22.82 —
0.2 24.01 340
0.3 22.80 —
0.4 22.12 250
0.5 23.14 —
0.6 23.06 275
0.7 22.70 —
0.8 22.88 310
0.9 23.44 —
1.0 23.67 —
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homopolymers were based on their solubility parameters, radial distribution

function, and their velocity autocorrelation function. This is in line with the

observation that both homopolymers form high symmetry pseudohexagonal

rotator phases with the a and b lattice parameters in both cases are very

similar. However, the behavior of the copolyesters was predicted to be of a

different nature resulting from the disruption of the short-range order in the

poly(hydroxybenzoic acid) chains as influenced by the greater length of the

naphthoic units over that of the benzoic units. Configurational properties

such as the end-to-end distance, the radius of gyration, and the persistence

length show a linear dependence on the amount of the naphthoic units in the

copolyester. Both the Kuhn segment parameters and the persistence length

indicate an increase in the stiffness of the chains with the increase of the

naphthoic units amount. The Hildebrand solubility parameter evaluated

from the cohesive energy densities of the copolyesters indicates, however, a

constant value for the thermodynamic parameter across the entire compo-

sitional range of the copolyester. This is probably due to the expected si-

milar values for the intermolecular forces in both cases of the comonomeric

units. However, the values for the melting point have gone through a

minimum near the 50=50 ratio, implying that the melting behavior of the

copolyester depends to a great deal on the local molecular packing rather

than on the intermolecular forces between the polymeric chains.
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