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ABSTRACT

First-principles cal cul ations based on Density Functional Theory has been
employed to simulate the structure of Trans-Polyacetyl ene with two mono-
mers per unit cell and also with four monomers per unit cell. Structural
parameters have been measured. Electron density of states, dielectric con-
stant and phonon modes have been computed in both cases and the re-
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sults have been reported in the present paper. Cal culation of the electronic
component of dielectric constant along different directions indicates that
the conformation having four monomers per unit cell is not that stable as
compared to the conformation with two monomers per unit cell.
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INTRODUCTION

Conducting polymershave emerged asanew tech-
nologically important potentia classof materiaswhich
has attracted scientific community to alarger extent!¥,
They arefundamentally different from other conven-
tional inorganic semiconductors essentially because,
these materia shave highly anisotropic quasi-onedi-
mensional structure. They haveachain-likestructure
which leadsto strong coupling of the el ectronic states
to conformationa excitations. Also, they will behaving
relaively week inter-chain binding which dlowsdiffu-
sion of dopant moleculesinto the structure?. But the
strongintra-chain carbon — carbon bonds will maintain
theintegrity of the polymer.

Polyacetyleneisthes mplest anong the conjugated
polymers. It isan organic polymer with the repeating
unit (C2H2) . It will be consisting of weakly coupled
chainsof CH units. Thediscovery of the high conduc-
tivity of polyacetylene by Hideki Shirakawa, Alan J.

Heeger, and Alan G MacDiarmid got the Nobel Prize
in Chemistry in 20001, Polyacetylene has been con-
sidered asthe prototype examplefor the conducting
polymers. Thus, study of thispolymer hasattracted a
larger scientificcommunity. Thispolymer consistsof a
long chain of carbon atomswith dternatingsingleand
double bonds between them, each with one hydrogen
atom. It hasgot mainly two conformations—cis and the
trans.

Any littlemodificationin the structure and compo-
sition of aPolymer will bringinsufficient changesinthe
properties of the polymert*®, Thusit isimportant to
study the structure of the Polymersand ook at the pa-
rameterswhich can beatered to get abetter materia
for technol ogical applications. Firg-principlescacula
tions based on Density Functional Theory™® hasbeen
proved to bean effectivetool inthestudy of structural,
electronic and diel ectric propertiesof polymerd”8. With
thisinview, structure of trans-Polyacetylenehasbeen
simulated using First-principles cal culationsbased on
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Dengty Functiond Theory intwo conformations— that
iswith two moleculesper unit cell [PA2] and four mol-
eculesper unit cell [PA4]. Computationsof Electronic
density of states, Didectric constant and phonon modes
have been doneand the results have beenreportedin
the present paper.

COMPUTATIONAL DETAILS

Severd codesareavailablefor thetheoretica struc-
ture simulation. We use planewave self consistent
field (PWSCF)*% implementation of density functiond
theory (DFT), with a Local density approximation
(LDA)™M to exchange correl ation energy of eectrons
and ultrasoft pseudopotentia §'2, to represent interac-
tion betweenionic coresand valenceeectrons. Kohn-
Sham wavefunctions were represented with aplane
wave basiswith an energy cutoff of 40 Ry and charge
dengty cutoff of 240 Ry. Integration over Brillouin zone
was sampled with aMonkhorst-Pack schemée*® with
appropriatek point mesh and occupation numberswere
smeared using Methfessel-Paxton schemée*¥ with
broadening of 0.003 Ry. The structurewasrelaxed to
minimizeenergy.

RESULTSAND DISCUSSION

Sructureof PA2 and PA4

Thestructurewasfirst stimulated us ng Avagadro™
and then thecoordinateswerefed into pwscf input file.
The structure hasbeen optimized using energy minimi-
zation technique. Compl etely relaxed structure of the
Polyacetylenewas observed us ng the X CrySDen soft-
ware!'® and the structures as seen along arandom di-
rection havebeengivenin Figuresland 2.

B.S. Goodet. al.!*" have carried out investigation
of the structure of Polyacetylene at |ow temperatures
takinginto account of intra-chain interactionsand have
found that the most stable configuration at low tem-
perature appearsto bethe cis-transoid conformation.
J. W. Mintmireand C.T. White have applied X o ap-
proach for the determination of el ectronic and geomet-
ricstructureof Polyacetylene®®. D.S. Suh et. d .9 have
studied the helical Polyacetylene heavily doped with
iodine. Studieshave also been carried out on Polyeth-

ylene/Polyacetyl ene compositesto look at theimprove-
ment in the conducting properties®.

Figure1: Structure of PA2 asviewed along a random
direction

Figure 2 : Structure of PA4 asviewed along a random
direction

Structurd parametersof thesmulated structurd pat-
ternsof PA2and PAdaregiveninTABLES1, 2and 3.

TABLE 1: Bond lengthsin PA2 and PA4
Bond length (A) Bond length (A)

Bond

in PA2 in PA4
Cc-C 1.3708 1.375
H-C 1.0991 1.098
TABLE 2: Bond anglesin PA2 and PA4
Bond angle (deg) Bond angle (deg)
in PA2 in PA4
C-C-H 117.59 118.16, 118.03
c-Cc-C 124.8 123.81
TABLE 3: Other parametersin PA2 and PA4
Parameter PA2 PA4
a 7.36 A 7.36 A
b 243A 4.86 A
c 478 A 478 A
Unit cell Orthorhombic Orthorhombic
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EDOScalculation

Electron Dengity of States(EDOS) havebeen com-
putedin PA2 and PA4 using Electronic structure cal cu-
lation code of Quantum espresso and the same are
shownin Figures3 and 4. The material showsaband
gap of 2.19 and 2.15 respectively in PA2 and PA4
conformations.
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Figure3: Electron density of statesin PA2
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Figure4: Electron density of statesin PA4
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Phonon modesand didectric constant

The computed phonon modes at the gamma point
range from 124cm* to 3022cm in case of PA2 and
11cm™to 3037cmt in caseof PA4. Dielectric constant
of the polymer intwo conformationsPA2 and PA4 have
been computed. In case of PA2, it comes out to be
1.446, 1.511 and 1.303 dong X, Y and Z axesrespec-
tively and the average value comes out to be 1.42. Di-
electric constant in case of PA4 comesout to be 1.47
aong X axis. But it showsimpracticableva ues (289757

—= Fyl| Paper

and -1.164) along Y and Z axes. Thus, among these
two conformations PA2 ishighly stable than the con-
formation PA4.

CONCLUSIONS

First-principles calculations based on DFT has
simul ated the structure of trans-Polyacetylenein two
conformations PA2 and PA4. EDOS cal cul ations show
that the polymer hasaband gap of 2.19eV and 2.15eV
in case of PA2 and PA4 respectively. Phonon modes
range from 124cm* to 3022cm in case of PA2 and
11cm* to 3037cmt in caseof PA4. Cal culationsof the
didlectric constant show that among thetwo simulated
structuresPA2 ismore stablethan PA4.
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