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Conformational parts of the thermodynamical function change on melting, in particular the conformational 
volume A Vconf, the conformational entropy ASconf and the pressure variation of the latter are analysed for an 
ideal polymer crystal. These quantities can be calculated from the data for low molecular compounds 
combined with the three-state rotational isomer model (with adjacent gauche states of opposite sign 
forbidden). The assumption of intramolecular dominance in the Gibbs energy difference between conformers 
in a polymethylene chain results in a negative value for AV~onr and a positive value for the quotient 
(t3AS¢onf/dP)T which contradicts the available experimental data for polyethylene crystal fusion. The 
disagreement might be reconciled by the postulation of intermolecular contribution to the Gibbs energy 
difference between conformers favouring the existence of trans sequences of bonds in the chain and the 
correlation of molecular orientations in neighbouring chains. 

(Keywords: polymethylene melting; conformational entropy; configurational statistics; orientational correlations; van der 
Waals volume; packing in liquids) 

INTRODUCTION 

Melting of polymer crystals is usually thermodynamically 
treated as a process consisting of two steps: firstly an 
isochoric fusion of an ideal crystal with formation of the 
melt at high pressure, followed by an expansion of the 
melt to atmospheric pressure. Using this simplified 
picture the change of thermodynamic functions on 
melting can be divided into at least two contributions. 
This can be exemplified on the separation of the melting 
entropy ASm into the entropy change at constant volume 
of the crystalline phase (ASm)vC and an entropy contribu- 
tion due to the volume expansion ASve 

ASm=(ASm)~+ASve (l) 

The first term on the right-hand side of equation (1) is 
often identified with the change in intramolecular 
conformational entropy of chains when passing from the 
crystalline to the molten amorphous state, ASconf, and the 
volume expansion term can be found from the measure- 
ment of the thermal pressure coefficient 7, hence 

ASm = ASconf + 7 d V  (2) 
v ¢ 

where integration proceeds from V ~ to V ~, i.e. from the 
volume of crystal to the volume of liquid at the melting 
point temperature Tin. Assuming melting of an ideal 
crystal possessing a perfect conformational order S~o~f is 
zero and AS~o,f equals Slco,t. 

The conformational entropy in equation (2) can be 
determined as a difference of two other experimentally 
accessible terms in equation (2). However, using the 
configurational statistics method based on the rotational 
isomeric state model of a polymer, the average conforma- 
tional entropy of a chain in the unperturbed state Sconr can 
be calculated 1-3 and its value identified with the 
conformational entropy of the collection of chains in the 
melt, S~nnf. Values of ASconf experimentally derived via 

0032-3861/85/111638-05503.00 
© 1985 Butterworth & Co. (Publishers) Ltd. 
1638 POLYMER, 1985, Vol 26, October 

equation (2) and calculated theoretically are usually in 
relatively good accord for various polymers. 

In spite of its popularity the foundation of the method 
of the conformational entropy determination is still 
actively discussed 4 8. The main criticisms are e.g. 
correctness of the entire entropy-separation concept 
according to equation (1); the existence of an additional 
term in equation (1) accounting for the 'communal 
entropy' of a liquid; the assumptions of unperturbed 
chain parameters in the calculation of SJconr or of perfect 
conformational order in the crystal, etc. The whole 
procedure of comparison of AScn,f determined via two 
paths suffers from the insensitivity of the results to an 
arbitrary selection of input data and from the possibility 
of a fortuitous compensation of errors. The independence 
of the conformational entropy of melting on the volume 
or pressure which is implicitly involved in equating (ASm)~ 
with S~co.f o r  SConf is somewhat controversial. 

Determination of the conformational part of AS m (and 
similar parts of the other thermodynamical functions on 
melting) depends critically on the role of intermolecular 
forces played in establishing a conformational equi- 
librium of chains in the polymer melt. Two types of 
models are presently assumed for the organization of 
macromolecules in the condensed state 9-11 with contra- 
dictory views concerning the role of intermolecular forces. 
In the 'coil model', a minimum influence of intermolecular 
interactions of the surrounding chains on the local 
distribution of conformers in the chain is assumed and the 
average dimensions of coils in the melt are about the same 
as those in theta solution. On the other hand, various 
'bundle models' or 'meander models' of macromolecular 
organization presume the enhanced local parallel 
ordering of neighbour chain segments. 

The intermolecular effect on the chain conformation 
undoubtedly increases at higher pressure and, simul- 
taneously, in this case also the changes in the inherent 
volume of chains with conformation become important. 



Thermodynamical function changes on crystal melting: T. Bleha 

Theoretical and experimental results for the low molecu- 
lar weight compounds indicate a several percent differ- 
ence in the molecular volume between rotational 
isomers~2 ~5. Both the abovementioned effects, namely 
the variation of conformational volume and the pressure 
(intermolecular) influence on conformational equilibria, 
are taken into account in the analysis of polymer crystal 
melting presented in this paper. On the basis of semi- 
empirical calculations, the conformational volume of 
melting AVco, f and the pressure changes of ASconf a r e  
estimated for an ideal polymethylene crystal. Correlation 
of molecular orientations between the chain segments in 
liquid polymethylene is invoked in order to achieve some 
accord between the experimental and theoretical values. 

RESULTS AND DISCUSSION 

Partition of the volume of melting 
In a similar way to the melting entropy, other thermo- 

dynamical functions can also be divided into several 
terms. For example, the conformational part can be 
separated from the total enthalpy of melting A H m  16A7 

However, the volume change at melting AVm is tradition- 
ally viewed (with one notable exception 6) merely as the 
result of thermal expansion of the polymer melt with 
respect to the crystal. In fact, this quantity can also involve 
a conformational contribution due to the possibility of 
change of the inherent (e.g. van der Waals) chain volume 
with rotation. Since this effect has already been proven in 
low molecular compounds including alkanes, it should be 
expected that this effect would also operate in the polymer 
systems. Accordingly, the change of volume at melting of 
the polymer crystal can be divided as follows 

AVm=AVu . . . .  + aVconf (3) 

wh.ere A V~o,f represents the difference between the inherent 
volume of chains in the crystal and in the melt (if 
intermolecular effects on the conformational equilibrium 
are neglected, vide infra). When the volume of the chain is 
expressed as a sum of van der Waals volume contributions 
of constituent atoms the unoccupied volume difference 
AVu,oc~ in equation (3} represents a change of an 'empty' 
volume between the crystal and the melt. 

Calculation of the melting conformational terms 
Conformational parts of the thermodynamical 

functions at polymer crystal melting AXco,r (where X is S, 
H or V) can be approximately estimated from knowledge 
of the conformational energetics of individual chains in 
the melt. Generally, the difference between the Gibbs 
energy of two conformers, Ag, is expressed as a sum of 
isolated molecule contribution and an environmental 
term 

Ag = Agisol + Agen v (4) 

and analogous relations apply to the enthalpy and 
entropy differences. The environmental term is indis- 
pensable in a description of the solvent effect on 
conformational equilibria of polar molecules and usually 
involves a 8.19 the expressions for dispersion and electro- 
static solute-solvent interactions Agars and Age,s and the 
cavity term accounting for the Gibbs energy of the 
accommodation of solute in solvent. Recently, it has been 
shown that, due to the differences in inherent volume and 
solvent packing requirements between rotational isomers, 

the term Ag~n , might not be negligible for nonpolar solutes 
also 13,20. 

Differentiation of equation (4) with respect to pressure 
yields an expression for the volume difference of two 
conformers Av given as a sum of intramolecular and 
environmental contributions :l 

(~Ag/OP)v = hv = Avisol + AVenv (5) 

The first term on the right-hand side of equation (5) 
corresponds to the difference in 'inherent' volume of two 
stable conformers and the second term accounts for the 
volume difference due to electrostriction, packing and 
other intermolecular factors. 

In order to obtain the average conformational quantity 
for a chain molecule, it is necessary to find a proper mean 
value of Ag (and similarly for Ah, As and Av) averaged over 
all possible conformational isomers in the chain. Flory's 
matrix method of configurational statistics 22 represents 
the most appropriate method of averaging for linear chain 
molecules. However, since pressure-volume relationships 
are neglected in the present version of the latter method, 
we restrict our treatment to the simplified model of a chain 
with mutually interdependent rotational potentials. A 
three-state model with trans and two equienergetic gauche 
states (G ÷ and G-) is assumed with the exclusion of the 
pair of gauche states with opposite signs ('pentane inter- 
ference'). Miller has shown 6 that the following simple 
partition function represents an adequate approximation: 

Q = 1 + ,,/2 exp(-  Ag/RT) (6) 

where Ag is the Gibbs energy difference between gauche 
and trans isomers. Fraction of bonds in the gauche states, 
f, is given by 

f =  (Q- 1)/Q (7) 

From the standard thermodynamic relations the 
expressions follow for the average conformational 
quantities of the chain. Conformational energy of chain 
Econf , conformational entropy Scone and its pressure 
derivative are: 

/~conf = f a g  (8) 

Sconf= R In Q +fAg/T (9) 
and 

-(OSco,f/~?P)r = (Ag/RT2)(f/Q)(~Ag/~P)r (10) 

Next, we assume that the total conformational volume 
change of the chain ~onf is proportional to the number of 
gauche states in the chain: 

~onf= f a y  (11) 

where Av is the gauche-trans volume difference. The 
experimental results for polyethylene 6 substantiate this 
assumption. Within the simple statistical model both 
average chain conformational energy and volume are 
related by the additive way to the single trans to gauche 
isomerization. If Av is temperature independent, the 
variation of conformational volume of the chain ~o.f with 
temperature will be determined by the change of gauche 
fraction f with temperature. Hence, 

(~Vconf/~T)p= (Ag/ORT2)Vconf (12) 

From the average conformational Gibbs energy of the 
chain expressed as a total differential: 

d(~conf = - -  Vconf dP + Sco,f dT 
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a Maxwell relation will follow: 

(t~Sconf/t~P)T ~- -- (~Vconf/t~T)p (13) 

Rearrangement of equation (10) using relations (5) and 
(l l) and comparison with equation (12) confirms that 
equation (13) is satisfied. 

Relations (8)-(13) provide the average conformational 
quantities and their derivatives for a model linear chain. If 
the Ag and Av differences are known, the computed results 
can then be identified with the conformational terms 
appropriate for the set of chains in the melt state and 
compared with the conformational terms derived experi- 
mentally, similarly, as shown in the Introduction for the 
melting entropy. 

Application to ideal polymethylene crystal 
For polymethylene (PM) both conformational entropy 

and enthalpy calculated for the model polymer chain have 
already been compared with data derived from crystal 
fusion experiments ~-3'6-s. In the present work we concen- 
trate on the estimation of conformational volume at 
melting and pressure variation of conformational entropy 
in PM. Therefore, reliable appraisal of the Av difference 
appropriate for the molten PM is required. 

Organic stereochemistry provides a great deal of 
examples on the existence of molecular volume changes 
with conformation. Apart from experimental works, 
convincing arguments concerning the existence of a 
conformational volume effect in linear chain molecules 
are furnished by theoretical calculations. Using the simple 
geometrical model we have calculated 14 the magnitude of 
the mutual overlap of methylene groups in the gauche 
position of the PM chain. A sphere with a centre on each 
atom in the chain with the van der Waals radius was 
assumed and the surface (and volume) of a geometrical 
body formed by interlocking the spheres have been 
computed. The model computation for linear chain 
alkanes resulted in a value of about - 2.5 cm 3 mol- ~ for 
Avw, the change of van der Waals chain volume at 
transition from the trans to gauche conformation. 
However, the computations are based on an approxima- 
tion of rigid bond lengths and bond angles in molecule. 
There are indications in the literature that the  latter 
condition is too restrictive; the bond angles can be slightly 
enlarged in the gauche conformation in order to accom- 
modate the increase in repulsion energy due to the steric 
overlap of methylene groups. Accordingly, the calcula- 
tions based on the rigid internal parameters could slightly 
overestimate the van der Waals volume differences Avw as 
can also be seen from Table I where all available data on 
the conformational volume changes in n-alkanes are 
summarized. 

It should be pointed out that all data in Table 1 confirm 
the decrease in volume of the alkane molecule in going 
from the trans to the gauche conformation. The environ- 
mental term Aven v in the molecular volume difference 
seems to be of less importance and the overall change Av 
can be roughly estimated from the calculation of the van 
der Waals volume. The best present estimate of the 
gauche-trans volume difference in linear alkanes seems to 
be about -1.5 cm 3 moi-~ of gauche bond and this 
value should certainly depend on the temperature and 
pressure of the system. The mentioned figure should be 
valid for the solutions of linear alkanes in quasi-spherical 
solvents (of the CC14 type) and for neat liquid short-chain 

Table 1 Gauche-trans molecular and van der Waals volume difference 
for n-alkanes (in cm 3 mo1-1) 

Method of determination - Av - Av~ Refs. 

Raman spectroscopy 
Butane 1.0 
Hexane 1.1 
Heptane 1.8 

Statistical mechanical calculation for 
butane 

In CC14 4.7 
Neat 2.0 

Monte Carlo simulation of liquid 
butane 0.4 
Overlapping spheres calculation for 
n-alkanes 
Correlation of liquid characteristic 
parameters 
Correlation of partial molar volumes 
of n-alkanes in CCI4 

2.5 

1.02 

1.54 a 

23 
24 
12, 15 

20 

25 

14 

26 

27 

"After recalculation from the partial molar volume data, see ref. 14 

alkanes, at least. We should mention, however, that in 
recent Raman spectra measurements 2s, no evidence was 
found for pressure induced change in the conformer 
population in liquid alkanes which implied the zero value 
Av. As follows from Table 1, little is known still about the 
conformational volume changes of alkanes in rod-like 
solvents and, generally, about long chain alkane liquids. 

Using the above estimation of Av and equation (11) one 
can tentatively separate the conformational part of the 
melting volume AV~onf of an ideal PM crystal at the 
melting temperature 414K. The generally accepted 
value 22 of the gauche-trans Gibbs energy difference Ag, 
appropriate for chains in the 'unperturbed state', in the 
PM melt is about 2.1 kJ mo1-1. That corresponds to the 
fraction of CH 2 group in the gauche positions with 
f~0.43. For comparison, the same quantity is about 
0.405 (ref. 22)when computed using the more rigorous 
model of a chain with the interdependent rotational 
potentials in PM chain. The combination of the former 
value of f with Av = - 1.5 cm 3 mol- 1 of gauche bonds 
yields -0.64 cm a mol-1 for ~'~o,f- 

Identification of the calculated value V~onr with the term 
AV~o,f in equation (3) results in an unconventional picture 
of volume changes during PM melting. Since the con- 
formational volume change at melting is negative, the 
change of unoccupied volume in equation (3) should be 
higher than the experimentally observed total volume of 
melting 7 (3.28 cm 3 mol-1 of CH 2 groups). This means 
that during the melting process the average effective 
interchain distances should enlarge not only due to the 
thermal expansion on melting but also due to the 
'shrinkage' of the volume occupied by the chains. 

Since the population of gauche bonds in the PM chain is 
increasing with the rising temperature, V~on r should 
become more negative with the increase in temperature, 
i.e. (d~o,f/OT)p < 0 as can be seen also from equation (12). 
From equation (13) it follows (t3Sco.r/t3P)r>0; which 
indicates an increase in conformational disorder in the 
melt with rising pressure. This quantity can be evaluated 
from equation (10) using the same parameters as above 
and it reads 5.4x l0 -4 cm 3 K -1 mol-L Indeed, the 
spectroscopical measurements for short chain alkanes ~2 
suggest an increase in gauche bonds in the alkane liquids 
with rising pressure. 

A few available experimental data for long-chain 
polymethylenes are completely at variance with the 
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foregoing findings derived from the experimental and 
computational data for short-chain alkanes. The only 
existing 'experimental' estimation of the conformational 
volume AV~.nr for PM was derived 6 from the pressure- 
volume-temperature properties of a polymer liquid 
combined with the three-state conformational model 
specified by equation (6) (using Ag ~ 5.9 kJ mol-~) reads 
1.0 cm 3 mol-  1 of gauche bonds, i.e. about 30~o of the total 
volume change AV m during the PM crystal melting. In 
contrast to the data from Table 1 this result suggests an 
increase in chain volume of about 4.31 cm 3 tool -1 of 
gauche bonds in the isomerization process from the trans 
to the gauche state. 

Similarly, the observed pressure dependence of 
conformational entropy disagrees with the foregoing 
(positive) computed value. Indeed, large differences have 
been found 7'29 between conformational entropy ASc.nf 
and entropy of fusion at constant volume (ASm)v~ which 
may invalidate the entropy partition concept given by 
equation (2). However, the compression (pressure) 
necessary to maintain the melting at constant crystal 
volume seems to decrease the conformational entropy of 
the melt, i.e. the derivative (OASconf/OP)r has a negative 
sign. Robertson estimated 29 that (ASm)w represents only 
about 75Vo of the conformational entropy existing in the 
melt at atmospheric pressure which is about 7.49 J K -  
mol-a of CH2 group. In other words approximately 
25~o of this value is lost on compressing the melt from the 
volume of the melt to the volume of the crystal. At a 
molecular level this observation corresponds to an 
increase in the trans bond population in the PM chain 
with increasing pressure. An analogous pressure-induced 
decrease in AS~o,f has recently been found also for trans- 
polyisoprene melting 5. 

Due to the limited data available concerning the 
pressure (volume) conformational terms in PM it is 
difficult to decide what importance should be assigned to 
the disagreement between the experimental and the 
calculated results. The origin of disagreement is not 
connected with the application of the simple statistical 
model in the calculation. In the simple model, similarly as 
in more elaborate models 22, the sign of terms ~..f and 
(OSconf/~P)r is determined by the sign of Av. The only 
difference is that in the latter case the simple additive 
relation, equation (ll), is no more valid since the gauche 
bonds in the chain will not contribute independently to 
the total volume ~,nf" In fact, the latest experimental 
results for liquid n-hexane 24 indicate the interdependence 
of gauche interconversions on molecular volume changes. 

From a comparison of experimental results for PM and 
Table 1 it seems that there may exist a difference in the 
pressure (volume) conformational properties of short- 
chain alkanes and long-chain PM analogues. According 
to a recent study 3° this may be evidence that conforma- 
tional properties of short and very long alkanes cannot be 
described by the same model. Traditionally, however, the 
similarity in n-alkane behaviour is assumed, regardless of 
chain length, and a different rationalization should be 
sought to account for this discord. 

Correlation of molecular orientation in PM 
If the difference in sign of the terms Vconr and AVconf or 

(?Sco,f/OP)r and (dASconf/OP)r for short and long alkanes 
is real, a tentative explanation emphasizing the role of 
intermolecular interactions can be suggested. The con- 

tribution of van der Waals volume changes ought to be 
similar (and negative) in both cases. Therefore, the 
difference is connected with the Ave,,, term in equation (5) 
and may be assigned to the existence of the correlation of 
molecular orientations (CMO) in long-chain alkanes. 
Depolarization of Rayleigh light scattering, calorimetric 
and other techniques confirm the small preference in the 
alignment of neighbouring segments in long chain 
alkanes 9'1°'31'32. The molecular correlation is of the 
short-range order with the correlation length less than 
1 nm or about 8-9 bonds in all trans sequence which may 
be in a parallel orientation with the similar chain segment 
in the near vicinity 1°. Since the tendency to CMO 
influences only the local segment population, the overall 
chain conformational equilibrium is only slightly 
perturbed in comparison with the dilute solution in the 
theta state. 

So far all evidence for the existence of CMO in long 
alkanes was inferred from the experimental measure- 
ments. Recently, we have performed molecular-mechanics 
calculations 33 of internal rotation in clusters of hexane 
molecules which provide some energetical parameters 
concerning CMO. The 9auche-trans energy difference Ae 
was determined for the rotation around the central bond 
in all-trans hexane with one or two additional extended 
hexane molecules in the near vicinity. The position of one 
or two neighbouring extended hexane and all internal 
parameters have been optimized for each value of the 
torsional angle. A more elaborate description of the 
method, the model and the computational details can be 
found in ref. 33. Here we wish to point out some 
implications of the calculations for CMO. From the 
computation it follows that the additional molecules in 
the vicinity influence the Ae value of an isolated molecule 
and the effect is sensitive to the mutual orientation of the 
zig-zag backbone in hexanes. The intermolecular con- 
tribution to the gauche-trans energy difference, Ae .... is 
listed in Table 2. It can be seen that in most cases the 
presence of a rod-like molecule or molecules in the vicinity 
induces the chain stiffening of the central molecule 
resembling the notion of CMO. The all-trans segments 
which are translationally completely free prefer the 
aligned positions and induce an additional preference for 
the trans state in the segments with internal rotation. 
Surprisingly, the computation also predicts the opposite 
effect, namely an increase in chain flexibility due to the 
presence of a rod-like molecule in its vicinity when the 
molecules are in the sandwich configuration AA. 

Neglecting the differences between Aee.v and Agenv we 
can conclude that, locally, in the regions with CMO the 
9auche-trans Gibbs energy difference A9 can be much 
higher than the recommended effective mean value for the 
chain which is about 2.1 kJ tool -~ (ref. 21). Since the 
extent of CMO is pressure sensitive it may also influence 
the 9auche-trans volume difference Av through the Ave, v 
term. It depends on the sign of the derivative (OAgenv/OP)T 
whether AVenv will follow the same tendency as Av~,ol or, on 
the contrary, it will compensate the latter negative value. 
Unlike the situation covered in Table 1, packing forces in 
long-chain alkanes may bring about the situation where 
both mentioned terms are equally important parts of the 
total Av. At present it is difficult to evaluate the value of 
(~Agen~/~P)r for PM quantitatively on the mere basis of 
theory because of the lack of data concerning the 
variation of the intermolecular interaction of the aligned 
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Table 2 Gauche-trans potential energy difference Ae and its environmental contribution Aeenv in isolated n-hexane and various configurations of the 
pairs and a triad of hexane molecules (in kJ mol-1) 

o 

e~O e---O 

isolated e - -o  e ~ o  e---o 

Configurations = molecule AA AA' BB AC 

Ae 2.8 1.2 4.3 3.7 4.9 6.3 
Aee,v - 1.6 1.5 0.9 2.1 3.5 

Zig-zag backbone is projected along the long molecular axis with the full circles representing the carbon atoms closer to the observer 

O---O e----~ O----O 

BBB 

molecules with pressure. However, it was observed experi- 
mentally that the higher the pressure (the closer the 
molecules are packed together) the stronger is CMO 32 
and, therefore, the corresponding Agenv or Aee,v terms in 
Table 2 would be larger. The enhanced rod-like character 
of the chain with pressure, due to the greater preference of 
the trans position, results in a positive volume term Avenv 
and a negative quotient (~ASco,f/c3P)T. Schoen et al. 12 
interpreted the experimentally found positive value of the 
latter term in heptane using the virial coefficient analysis 
for spherocylinders. However, they noted the problems in 
generalization of their results to the long chains due to the 
complete neglect of short-range orientational corre- 
lations. If the Ave~v term is larger (in absolute value) than 
the -1 .5  cm 3 mo1-1 value used for Avisol, the total 
gauche-trans difference Av might even be positive in PM 
in accord with the result of ref. 6. But the question still 
remains whether the gauche-trans volume difference in 
the presence of CMO, AVcMo, (presumably positive) 
represents an effective mean value of Av for the whole PM 
chain. Further experimental and theoretical data are 
needed to clarify the disharmony in the conformational 
volume results between short alkanes and PM, and to 
decide whether the CMO concept is really indispensable 
in the interpretation of this inconsistency. 

REFERENCES 

1 Smith, R: P. J. Polym. Sci. A-2 1966, 4, 869 
2 Tonelli, A. E, J, Chem. Phys. 1970, 52, 4749 
3 Sundararajan, P. R. J. Appl. Polym. Sci. 1978, 22, 1391 
4 Karasz, F. E., Couchman, P. R. and Klempner, D. Macro- 

molecules 1977, 10, 88 
5 Na0ki, M. and Tomomatsu, T. Macromolecules 19801 13, 322 

6 Miller, A. A. Macromolecules 1979, 12, 651 
7 Wunderlich, B. and Czornyj, G. Macromolecules 1977, 10, 907 
8 Turturro, A. and Bianchi, U. J. Chem. Phys. 1975, 62, 1668 
9 Flory, P. J. Faraday Disc. 1979, 68, 14 

10 Fischer, E. W., Strobl, G. R., Dettenmaier, M., Stamm, M. and 
Steidle, N. Faraday Disc. 1979, 68, 26 

11 Pechhold, W., Liska, E., Grossman, H. P. and H~igele, P. C. Pure 
Appl. Chem. 1976, 46, 127 

12 Schoen, P. E., Priest, R. G., Sheridan, J. P. and Schnur, J. P. J. 
Chem. Phys. 1979, 71,317 

13 Bleha, T., Gajdo~, J. and Tvaro~ka, I. J. Mol. Struct. 1980, 68, 189 
14 Bleha, T., Makromol. Chem. Rapid. Commun. 1981, 2, 35 
15 Taniguchi, Y., Takaya, H., Wong, P. T. T. and Whalley, E. J. 

Chem. Phys. 1981, 75, 4815 
16 Allen, G. J. Appl. Chem. 1964, 14, 1 
17 Tonelli, A. E. d. Chem. Phys. 1971, 54, 4637 
18 Sinanoglu, O. Int. J. Quant. Chem. 1980, 18, 381 
19 Tvaro~ka, I. and Bleha, T. Collect. Czech. Chem. Commun. 1980, 

45, 1883 
20 Pratt, L. R., Hsu, C. S. and Chandler, D. J. Chem. Phys. 1978,68, 

4202 
21 Bleha, T. Chem. Zvesti 1984, 38, 181 
22 Flory, P. J. 'Statistical Mechanics of Chain Molecules', 

Interscience, New York, 1969 
23 Devaure, J. and Lescombe, J. Nouv. J. Chim. 1979, 3, 579 
24 Wong, P. T. T., Mantsch, H. H. and Snyder, R. G. J. Chem. Phys. 

1983, 79, 2369 
25 Jorgensen, W. L. d. Am. Chem. Soc. 1981, 103, 4721 
26 Klunder, H., Hammers, W. E. and de Ligny, C. L. J. Solution 

Chem. 1978, 7, 475 
27 Edward, J. T., Farell, P. G. and Shahidi, F. J. Phys. Chem. 1978, 

82, 2310 
28 Schwickert. H.. Strobl. G. R. and Eckel. R. Colloid Polym. Sci. 

1982. 260. 588 
29 Robertson. R. E. Macromolecules 1969. 2. 250 
30 Wiirflinger, A. Molec. Phys. 1983.49. 413 
31 Tancrede. P.. Bothorel. P.. de St. Romain. P. and Patterson. D. J. 

Chem. Soc. Faraday Trans. II  1977. 73. 15 
32 Heintz. A. and Lichtenhalter. R. N. Angew. Chem. Int. Edn. Engl. 

1982. 21. 184 
33 GajdoL J. and Bleha. T. Collect. Czech. Chem. Commun. 1983.48. 

71 

1642 POLYMER, 1985, Vol 26, October 


