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Abstract

In the present communication we report normal modes and their dispersion in polydimethylsilane (PDMS) [–Si(CH3)2–]n using Urey–
Bradley force field, which in addition to valence force field accounts for the non-bonded interactions in the gem and cis configurations
and tension terms. The partially deuterated PDMS (PDMS-d3), i.e., (SiCH3CD3)n and fully deuterated PDMS (PDMS-d6), i.e.,
(SiCD3CD3)n are also studied to check the assignments and validity of the force field. Dispersion curves show two interesting features:
(1) a divergence of dispersion curves following repulsion of species belonging to the same symmetry; (2) crossing between the two modes.
In addition, heat capacity as a function of temperature via density-of-states is evaluated and some of the modes left unassigned by the
earlier workers have been assigned.
� 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Polysilanes are a class of polymers, which contain only
silicon (Si) atoms in the backbone with organic substitu-
ents. They are interesting because of their attractive
spectroscopic and semiconducting properties [1,2], photo-
luminescence, piezochromism, thermochromism [3,4], etc.
In recent years interest is focused on electronic and optical
properties which are dominated by r-delocalization on
electrons along the main chain. Their structures and con-
formational properties have been experimentally deter-
mined [3,5,6] using empirical force field, semiempirical
and ab initio quantum chemical approaches [7–10].

To understand the basic properties of polysilanes,
polydimethylsilane (PDMS) [–Si(CH3)2–]n is the simplest
representative of the class of such polymers. It is of great
interest as the first member of dialkyl substituted Si back-
bone polymers. PDMS was formed by the reaction of di-
methyldichlorosilane monomer with molten sodium metal
dispersed in octane. Damewood and West [7] using full
0022-328X/$ - see front matter � 2006 Elsevier B.V. All rights reserved.
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relaxation empirical force field methods found that the all
gauche (GG) conformations should be the lowest in energy
for PDMS, with anti gauche (AG) and all anti (AA)

slightly higher [11]. Here, A and G stand for anti and
gauche as proposed by West [12] and co-workers [13] for
the trans and gauche states having torsional angles of
180� and 60�, respectively. Welsh and Johnson [14]
employed molecular mechanics methods with full, partial,
or no relaxation of internal degrees of freedom. The full
relaxation calculations showed a preference for all gauche

conformations (in agreement with Ref. [7]), no relaxation
yielded AG lowest in energy, AA only very slightly higher,
and GG substantially higher (ca. 4 kcal/mol); partial relax-
ation gave intermediate results. However, more recent
studies [10,14] have utilized molecular orbital calculations
and concluded that the anti state is preferred over gauche

by 0.6–1.1 kcal/mol. Mintmire [9] utilizing a first principal
approach of a linear combination of atomic orbital local
density function, found that the smallest band gap for
PDMS is obtained for an all anti conformation (2.84 eV)
and that this increases by ca. 2 eV as the Si backbone is
rotated to an all gauche structure. The X-ray diffraction
studies of Furukawa [15] also support planar backbone
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conformation of PDMS with a monoclinic unit cell with
a = 0.745, b = 0.724, c = 0.389 nm and c = 67.1�. PDMS
undergoes two weak thermal transitions at 160 and
220 �C. First, transition involves preservation of the anti

conformation and adoption of orthorhombic packing on
a metrically hexagonal lattice. The second thermal transi-
tion involves additionally some conformational and orien-
tational disordering [11]. From electron diffraction analysis
of PDMS [11], it adopts an anti conformation. In our
calculations we also adopt the planar zigzag anti

conformation.
Vibrational spectroscopy, being very sensitive to confor-

mational changes, is a suitable tool to characterize the ori-
ented films of PDMS. The infrared (IR) absorption,
Raman spectra and inelastic neutron scattering from the
polymeric systems are very complex and cannot be unrav-
eled without full knowledge of the dispersion curves. The
evaluation of the normal modes of a polymeric system is
in general an order of magnitude more difficult than molec-
ular systems. However, the advent of lasers and fast com-
puters has greatly eased this problem. The physical
properties of a polymer are strongly influenced by the con-
formation of the polymer. Vibrational spectroscopy,
besides providing information about different conforma-
tional states, plays an important role in an understanding
of the dynamical behaviour of polymer chains. Normal
mode analysis helps in precise assignment and identifica-
tion of spectral features. The presence of regions of high
density-of-states, which appear in all techniques and play
an important role in thermodynamical behaviour, is also
dependent on the profile of the dispersion curves.

Vibrational studies of PDMS have been reported by
many workers [16–20] using IR and Raman spectroscopic
methods. Phonon dispersion curves of polysilane [–SiH2–]n
have been reported by Vora et al. [21]. However, to the best
of our knowledge no such detailed studies have been
reported on PDMS. In the present communication we
report normal modes and their dispersion in PDMS using
Urey–Bradley force field, which in addition to valence
force field accounts for the non-bonded interactions in
the gem and cis configuration and tension terms. The par-
tially deuterated PDMS (PDMS-d3), i.e., (SiCH3CD3)n and
fully deuterated PDMS (PDMS-d6), i.e., (SiCD3CD3)n are
also studied to check the assignments and validity of the
force field. In addition, heat capacity via density-of-states
is also determined.

2. Theory

2.1. Calculation of normal mode frequencies

Normal mode calculation for a polymeric chain was car-
ried out using Wilson’s GF matrix method [22] as modified
by Higgs [23] for an infinite polymeric chain. The vibra-
tional secular equation to be solved is

jGðdÞF ðdÞ � kðdÞI j ¼ 0 0 6 d 6 p ð1Þ
where d is the phase difference between the modes of adja-
cent chemical units, G(d) is the inverse kinetic energy ma-
trix and F(d) is the force field matrix for a certain phase
value. The wavenumber �viðdÞ in cm�1 are related to eigen-
values by kiðdÞ ¼ 4p2c2½�viðdÞ�2.

A plot of �viðdÞ versus d gives the dispersion curve for the
ith mode. The use of the type of force field is generally a
matter of one’s chemical experience and intuition [24]. In
the present work, we have used Urey–Bradley force field
[25], as it is more comprehensive than valence force field.
The Urey–Bradley takes into account both bonded and
non-bonded interactions as well as internal tensions.
Potential energy for this force field can be written as

V ¼
X
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where the symbols have their usual meaning. The primed
quantities are introduced as internal tensions. Non-bonded
interactions involve attraction and repulsion of atoms due
to the overlap of their electron shells. These effects are usu-
ally expressed by the 6-exp or 6–12 type potentials. The
tension terms are assumed to be all zero.

Recently, spectroscopically effective molecular mechan-
ics model have been used for inter and intra molecular
interactions consisting of charges, atomic dipoles and Van-
der Waals (non-bonded) interactions [26].

The force constants, including those for the interaction
of first and third non-bonded atoms, which give the ‘‘best
fit’’, are given in Table 1 and have been obtained by least
squares fitting. In order to obtain the ‘‘best fit’’ with the
observed wavenumbers the following procedure is adopted.

Force constants were initially transferred from the mol-
ecules having similar groups placed in the similar environ-
ment. Initially the force constants corresponding to the Si
group are transferred from cyclic silane Si6Me12 [27] and
for CH3 group are transferred from b poly(L-alanine)
(–CO–CaH–CH3–NH–)n [28]. Thus, starting with the
approximate F matrix F0 and observed frequencies kobs

(related through a constant), one can solve the secular
matrix equation:

GF 0L0 ¼ L0k0 ð3Þ
Let Dki ¼ kiobs

� ki0 in the above equation. It can be shown
that in the direct order of approximation

Dk ¼ JDF ð4Þ
where J is computed from L0. We wish to compute the cor-
rections to F0 so that the errors Dk are minimized. We used
the theory of least squares and calculate



Fig. 1. One chemical repeat unit of PDMS.

Table 1
Internal coordinates and Urey–Bradley force constants (mdyn/Å)

Internal coordinates Force constants

m(C1–H) 4.224
m(C2–H) 4.224
m(Si–C1) 1.495
m(Si–C2) 1.495
m(Si–Si) 1.240
/(H–C1–H) 0.371 (0.275)
/(H–C2–H) 0.371 (0.275)
/(C1–Si–C2) 0.360 (0.100)
/(Si–C1–H) 0.191 (0.300)
/(Si–C2–H) 0.191 (0.300)
/(Si–Si–C1) 0.169 (0.250)
/(Si–Si–C2) 0.169 (0.250)
/(Si–Si–Si) 0.050 (0.020)
s(Si–Si) 0.042
s(Si–C1) 0.005
s(Si–C2) 0.005

Off diagonal interaction

/(Si–C1–H) � /(Si–C2–H) 0.090

Note: m, / and s denote stretch, angle bend, and torsion, respectively.
Non-bonded interactions are given in parentheses.
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J 0PDk ¼ ðJ 0PJÞDF ð5Þ
where P is the weighting matrix and J 0 is the transposition
of J. The solution of this equation is obtained by inverting
J 0PJ to give

DF ¼ ðJ 0PJÞ�1J 0PDk. ð6Þ
If the number of frequencies is greater than the number of
F matrix elements, the matrix J 0PJ should be non-singular
and be obtain the corrections DF, which will minimize the
sum of the weighted squares of the residuals. This mini-
mum sum provides the ‘‘best fit’’. If the corrections DF

are fairly large, the linear relation between force constant
and frequency term in the matrix equation (3) breaks
down. In such a situation, further refinement using higher
order terms in the Taylor’s series expansion of Dki is
needed. King et al. [29] developed this procedure.

2.2. Calculation of specific heat

Dispersion curves can be used to calculate the specific
heat of a polymeric system. For a one-dimensional system
the density-of-states function or the frequency distribution
function expresses the way energy is distributed among the
various branches of normal modes in the crystal, is calcu-
lated from the relation

gðmÞ ¼
X
½ðomj=odÞ�1�mjðdÞ¼mj. ð7Þ

The sum is over all the branches j. Considering a solid as an
assembly of harmonic oscillators, the frequency distribution
g(m) is equivalent to a partition function. The constant vol-
ume heat capacity can be calculated using Debye’s relation

Cv ¼
X

gðmjÞKN Aðhmj=KT Þ2

� ½expðhmj=KT Þ=fexpððhmj=KT Þ � 1Þg2� ð8Þ

with
R

gðmiÞdmj ¼ 1.
The constant-volume heat capacity Cv, given by above
equation, can be converted into constant-pressure heat
capacity Cp using the Nernst–Lindemann approximation
[30]

Cp � Cv ¼ 3RA0ðC2
pT =CvT 0

mÞ ð9Þ

where A0 is a constant often of a universal value
[3.9 · 10�3 (K mol)/J] and T 0

m is the estimated equilibrium
melting temperature, which is taken to be 660 K [16].

3. Results and discussion

PDMS, with all anti conformation, having 9 atoms in a
chemical repeat unit (Fig. 1) gives rise to 27 dispersion
curves. The frequencies of vibrations are calculated at
phase difference values from 0 to p at intervals of 0.05p.
The calculated frequencies at d = 0 and p are optically
active. As explained in the theory, the force constants cor-
responding to the Si group are transferred from cyclic
silane Si6Me12 [27] and for CH3 group are transferred from
b poly(L-alanine) (–CO–CaH–CH3–NH–)n [28] and then
modified to give the ‘‘best fit’’ to the observed spectra of
Leites et al. [17] and Shimomura et al. [19] (Table 1). We
have not only used the diagonal force constants but also
the off-diagonal force constants. The off-diagonal interac-
tions are also given in Table 1. Urey–Bradley force field
takes into account the bonded as well as non-bonded inter-
actions between the tetra (1:4) and geminal (1:3) atoms as
well. The dispersion curves are given in Fig. 2(a) for the
modes below 600 cm�1, since the modes above this are
non-dispersive. The lower two dispersion curves corre-
spond to four acoustic modes two at d = 0 and two at
d = p. The assignments have been made on the basis of
potential energy distribution (PED), band shape, band
intensity and appearance/disappearance of modes in simi-
lar molecules placed in similar environment. The best
matched frequencies along with the PED of the modes
are given in Table 2.
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Fig. 2. (a) Dispersion curves of PDMS below 600 cm�1. (b) Density-
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3.1. Methyl group modes

In PDMS modes above 700 cm�1 are associated with the
vibrations of two methyl groups attached to the Si atoms in
the backbone. The calculated frequencies in the C–H
stretching region are in good agreement with the observed
bands in PDMS.

The region from 1200 to 1410 cm�1 contains asymmetric
and symmetric deformation modes of the methyl groups.
The calculated frequencies in this region fit well with the
observed spectra. The 830–700 cm�1 region is methyl rock-
ing region and the separation of the rocking modes at
832 cm�1 (symmetric rocking) and 731 cm�1 (antisymmet-
ric rocking) in the IR spectra and at 846 cm�1 (symmetric
rocking) and 746 cm�1 (antisymmetric rocking) in the
Raman spectra is due to the interaction between the two
methyl groups bonded to the same silicon atom [19]. Since
our force field does not account for the interactions between
the two-methyl groups hence an additional off-diagonal
coupling interaction between /(Si–C1–H) and /(Si–C2–
H) was taken into consideration (Table 1). All the methyl
group modes are well localized and non-dispersive.

Normal mode calculations for deuterated samples are of
great importance in checking the correctness of assign-
ments and validity of the force field. Observed spectra for
PDMS-d3 (partially deuterated), i.e., (SiCH3CD3)n and
PDMS-d6 (fully deuterated), i.e., (SiCD3CD3)n derivatives
of PDMS have been reported by Shimomura et al. [20].
Normal mode calculations for these two species with the
same set of force constants agree with the observed fre-
quency shifts. The H-deuteration of PDMS results in a
shift of all those modes that involve the motion of the
methyl group. These results are reported in Table 3. This
table also contains the (Si–C) stretch modes in PDMS-d3
and PDMS-d6 systems. The overall agreement is very good.
The divergence in a couple of cases lies within less than 4%.
The original and the shifted frequencies obey the product
rule [32].

3.2. Other modes

The asymmetric and symmetric Si–C stretching modes
are calculated at 669 and 612 cm�1, respectively, at the
zone centre. The former is assigned to the observed peak
at 668 cm�1 in Raman. It disperses to 681 cm�1 at zone
boundary and assigned to the observed peak at 690/
683 cm�1 in IR/Raman spectra. The second one at
612 cm�1 reaches at 632 cm�1 at d = p and is assigned to
the observed IR peak at the same value.

The skeletal stretch mode calculated at 373 cm�1 at zone
centre shows maximum dispersion (by 123 wave number).
This mode is assigned to the observed peak at the same
value in the Raman spectra. This mode is highly coupled
along the chain and involves coupling of m(Si–Si) with /
(C1–Si–C2) and /(Si–Si–Si). It has little dispersion till
d = 0.35p but beyond it its frequency increases sharply
and it becomes a pure mode of Si–Si stretch around
0.55p. Further, a mixing of /(Si–Si–C1) and /(Si–Si–C2)
occurs. At the zone boundary the mode reaches at
496 cm�1 and is assigned to the observed Raman band at
481 cm�1. In the case of polysilane (–SiH2–)n, Si–Si stretch
was observed at 480 cm�1 in Raman spectra [21].

The (Si–Si–C) bending modes are calculated at 268 and
230 cm�1 at the zone centre and assigned to the observed
peaks at 268 cm�1 (Raman) and 216 cm�1 (IR), respec-
tively. A prominent feature seen in the dispersion curves
of these modes is the repulsion of modes. The repulsion
occurs in the neighbourhood of 0.30p. An examination of
dispersion and PED of these modes indicates that these
modes approach each other, exchange character and then
get repelled. This interesting phenomenon of exchange of
character may be viewed as a collision in the energy
momentum space (e,p) of two phonons approaching each
other and moving apart after exchanging their PED. This
characteristic feature arises for the modes belonging to
same symmetry species and coupling of corresponding
modes. The /(C1–Si–C2) is calculated at 188 cm�1 and
observed in Raman spectra at the same value. The
observed peak at 154 cm�1 (IR) is assigned to the s(Si–C).

The lower two acoustic modes show a crossing at
d = 0.365p. At the crossing point the PED of upper mode
is /(Si–Si–Si)(37) + /(Si–Si–C2)(25) + /(Si–Si–C1)(25)
and of the lower mode is s(Si–Si)(94). To ascertain whether
it is a crossing or repulsion, calculations at very close inter-
vals of d = 0.001p have been performed and it was found
that the modes are crossing over each other. All such points
where they cross or repel correspond to some internal sym-
metry point of the polymer chain in the energy momentum
space. It implies two different species existing at the same
frequency. They have been called ‘‘non-fundamental
resonances’’ [31] and are useful in the interpretation of



Table 2
Normal modes and their dispersion in PDMS

Calculated
frequency

Observed
frequency

Assignment (d = 0), PED (%) Calculated
frequency

Observed
frequency

Assignment (d = p), PED (%)

IR Raman IR Raman

2957 2952 2956 m(C2–H)(51) + m(C1–H)(49) 2956 2952 2956 m(C2–H)(51) + m(C1–H)(49)
2957 2952 2956 m(C1–H)(51) + m(C2–H)(49) 2956 2952 2956 m(C1–H)(51) + m(C2–H)(49)
2894 2896 2895 m(C2–H)(50) + m(C1–H)(49) 2894 2896 2895 m(C2–H)(50) + m(C1–H)(50)
2894 2896 2895 m(C1–H)(51) + m(C2–H)(49) 2894 2896 2895 m(C1–H)(51) + m(C2–H)(49)
2893 2896 2895 m(C2–H)(50) + m(C1–H)(49) 2893 2896 2895 m(C2–H)(51) + m(C1–H)(49)
2893 2896 2895 m(C1–H)(50) + m(C2–H)(50) 2893 2896 2895 m(C1–H)(50) + m(C2–H)(50)
1405 1404 1404 /(H–C2–H)(48) + /(H–C1–H)(48) 1407 1404 1404 /(H–C2–H)(48) + /(H–C1–H)(48)
1401 1404 1404 /(H–C1–H)(49) + /(H–C2–H)(48) 1404 1404 1404 /(H–C1–H)(49) + /(H–C2–H)(47)
1400 1404 1404 /(H–C2–H)(49) + /(H–C1–H)(48) 1403 1404 1404 /(H–C2–H)(49) + /(H–C1–H)(47)
1398 1404 1404 /(H–C1–H)(49) + /(H–C2–H)(48) 1401 1404 1404 /(H–C1–H)(49) + /(H–C2–H)(48)
1248 1248 – /(H–C2–H)(26) + /(H–C1–H)(26) + /(Si–C2–H)(22)

+ /(Si–C1–H)(22)
1248 1248 – /(H–C2–H)(26) + /(H–C1–H)(26) + /(Si–C1–H)(22)

+ /(Si–C2–H)(22)
1204 – 1238 /(H–C1–H)(26) + /(H–C2–H)(26) + /(Si–C1–H)(22)

+ /(Si–C2–H)(22)
1205 – 1238 /(H–C1–H)(26) + /(H–C2–H)(26) + /(Si–C1–H)(22)

+ /(Si–C2–H)(22)
832 832 846 /(Si–C1–H)(46) + /(Si–C2–H)(46) 833 832 846 /(Si–C2–H)(46) + /(Si–C1–H)(46)
790 – – /(Si–C2–H)(59) + /(Si–C1–H)(33) 791 – – /(Si–C1–H)(46) + /(Si–C2–H)(46)
790 – – /(Si–C1–H)(58) + /(Si–C2–H)(32) 790 – – /(Si–C2–H)(45) + /(Si–C1–H)(45)
732 731 746 /(Si–C2–H)(45) + /(Si–C1–H)(45) 736 731 746 /(Si–C2–H)(43) + /(Si–C1–H)(43)
669 668 m(Si–C1)(43) + m(Si–C2)(43) 681 690 683 m(Si–C1)(46) + m(Si–C2)(46)
612 – – m(Si–C1)(42) + m(Si–C2)(42) + m(Si–Si)(10) 632 632 – m(Si–C1)(47) + m(Si–C2)(47)
373 – 373 m(Si–Si)(78) + /(C1–Si–C2)(10) + /(Si–Si–Si)(6) 496 – 481 m(Si–Si)(81) + /(Si–Si–C1)(8) + /(Si–Si–C2)(8)
268 268 /(Si–Si–C1)(49) + /(Si–Si–C2)(49) 228 – – /(C1–Si–C2)(74) + /(Si–Si–C1)(10) + /(Si–Si–C2)(10)
230 216 – /(Si–Si–C1)(48) + /(Si–Si–C2)(48) 166 – – /(Si–Si–C1)(36) + /(Si–Si–C2)(36) + s(Si–C2)(13) + s(Si–C1)(13)
188 – 188 /(C1–Si–C2)(75) + /(Si–Si–C1)(11) + /(Si–Si–C2)(11) 166 – – /(Si–Si–C2)(37) + /(Si–Si–C1)(37) + s(Si–C1)(12) + s(Si–C2)(12)
172 – – /(Si–Si–C2)(40) + /(Si–Si–C1)(40) 152 154 – s(Si–C2)(38) + s(Si–C1)(38) + /(Si–Si–C1)(12) + /(Si–Si–C2)(12)
154 154 – s(Si–C1)(49) + s(Si–C2)(49) 151 154 – s(Si–C1)(37) + s(Si–C2)(37) + /(Si–Si–C2)(13) + /(Si–Si–C1)(13)
153 154 – s(Si–C1)(44) + s(Si–C2)(44) 137 – 140 s(Si–Si)(49) + /(Si–Si–C1)(24) + /(Si–Si–C2)(24)

Note: All frequencies are in cm�1. Observed spectra are from Refs. [9,11]. Only dominant potential energy distributions are given.
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Table 3
Comparison of modes of PDMS, PDMS-d3, PDMS-d6

PDMS PDMS-d3 PDMS-d6

Calculated
frequency

Observed
frequency

Calculated
frequency

Observed
frequency

Calculated
frequency

Observed
frequency

CH3 asymmetric stretch 2957 2952ir, 2956r 2957 2951ir

CH3 symmetric stretch 2893, 2894 2895r, 2896ir 2893 2895ir

CD3 asymmetric stretch 2143, 2142 2210ir 2141, 2142, 2143 2209ir

CD3 symmetric stretch 2113 2112ir 2113 2112ir

CH3 asymmetric deformation 1405, 1401, 1400, 1398 1404ir,r 1404, 1403 1414ir

CH3 symmetric deformation 1248 1248ir 1228 1246ir

1204 1238r

CD3 asymmetric deformation 1018, 1017 1030ir 1019 1034ir

1018, 1017, 1016 1028ir

CD3 symmetric deformation 947 980ir 962 981ir

927 –
CH3 rock 832 832ir, 846r 793 795ir

790 – 786 746ir

732 731ir, 746r

CD3 rock 587 584ir 589 581ir

569 569ir

Si–C stretch 681 690ir, 683r 673 700ir 660 680ir

669 668r 605 600ir 552 567ir

632 632ir

Note: All frequencies are in cm�1. Observed spectra for PDMS-d3, PDMS-d6 are from Ref. [12].
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the spectra and interactions involved. When the approach-
ing modes belong to different symmetry species then the
two modes can crossover. These crossings are permissible
if there is a mirror plane of symmetry [32]. Since we have
considered an isolated chain, hence the discussion on dis-
persion curves; especially the symmetry relation is confined
to one-dimensional system with C2v point group symmetry
at phase angle 0. The eigenvectors of all modes with a par-
ticular value of d away from the zone centre or zone
boundary form a restricted set of the complete set of distor-
tion of the molecule and the molecule now behave as if it
no longer has the symmetry of the line group. The only
symmetry operation, which may leave any number of such
a set unchanged, is reflection in a mirror plane containing
the chain axis. In other words modes corresponding to a
given d( 6¼0 or p) will belong to one of two symmetry spe-
cies, depending on whether they are symmetric or antisym-
metric with respect to the mirror plane. Therefore, no two
dispersion curves both of which belong to the same one of
these two species can cross because this would imply the
existence of two modes of vibrations with the same symme-
try species and same frequency.

Dispersion curves provide knowledge of the degree of
coupling and information concerning the dependence of
the frequency of a given mode on the sequence length of
ordered conformations. In addition, the evaluation of dis-
persion curves for a three-dimensional (3D) system is
somewhat involved both in terms of dimensions and large
number of interactions; it is not easy to solve it without
first solving the problem for a linear isolated chain. It has
been generally observed that, the intramolecular interac-
tions (covalent, non-bonded) are generally stronger than
the intermolecular interactions (hydrogen bonding and
non-bonded). Crystal field only leads to splitting near the
zone centre and zone boundary. The basic profile of the
dispersion curves remains more or less unaltered. Thus,
the study of phonon dispersion in polymeric system contin-
ues to be an important one. They are also useful in calcu-
lating the density of vibrational states, which in turn can
be used for obtaining thermodynamic properties such as
specific heat, entropy, enthalpy and free energy.

4. Frequency distribution and heat capacity

From the dispersion curves frequency distribution func-
tion has been obtained and plotted in Fig. 2b. The
observed frequencies compare well with these peak posi-
tions. The peaks in the dispersion curves correspond to
the regions of high density-of-states. This information of
density-of-states is used for the calculation of heat capacity
as a function of temperature as explained in the theory.

Experimental values of heat capacity for PDMS are
given in ATHAS Data Bank only in the temperature range
between 160 and 200 K [33]. Their analysis is based on sep-
aration of the vibrational spectrum into group and skeletal
vibrations. The former are taken from computations fitted
to IR and Raman data and the later by using the two
parameter Tarasov model and fitting to low temperature
heat capacities. This approach is good when full dispersion
curves are not available. However, it has its own limita-
tions especially when the modes are strongly coupled. We
have calculated heat capacity of PDMS as a function of
temperature, from the dispersion curves via density-of-
states (Fig. 3). Theoretical details have already been given.
There is a very good agreement between calculated values
of the specific heat and the experimental measurements.
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Fig. 3. Variation of heat capacity of PDMS as a function of temperature.
Solid line represents the theoretical values and (�) represents the
experimental data.
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The discrepancy at the low temperature could arise for two
reasons, one the neglect of interchain interactions at low
temperature and the other because of force field being tem-
perature independent. The former leads to low frequency
lattice modes that are not included in the present model
and the heat capacity is sensitive to these. The evaluation
of lattice modes is not only prohibitive dimensionally but
even the enormities of interactions are difficult to visualize.
As for the later, the temperature dependence of force field
is difficult to build in the potential field.

In spite of several limitations involved in the calculation
of specific heat the present work does provide good starting
point for further basic studies on thermodynamical behav-
iour of polymers, which go into well-defined conformations.

5. Conclusion

Urey–Bradley force field successfully explains all the
characteristic features of dispersion curves such as regions
of high density-of-states, crossover and repulsion. In addi-
tion, the heat capacity as a function of temperature in the
160–200 K region has been accounted for as compared
with the experimental data reported in ATHAS.
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