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ABSTRACT

First-principles cal cul ations based on Density Functional Theory has been
employed to simulate the structure of Ethylene tetrafluoroethylene. Struc-
tural parameters have been measured. Electron density of states, Dielectric
constant and phonon modes have been computed and the results have
been reported in the present paper. Phonon modes indicate that the struc-
tureishighly stable. Electron density of statesindicate that the material is
© 2012 Trade Sciencelnc. - INDIA

avery good insulator.

INTRODUCTION

Ethylenetetrafluoroethylene, ETFE isafluorine
based translucent plastic material and its systematic
nameis poly (ethylene-co-tetrafluoroethylene). It is
designed to have high corros on resi stlanceand strength
over awidetemperaturerange. ETFE hasavery high
melting temperature, excdllent chemicd, eectrica and
high energy radiation resi stance properties.

ETFEisusedinthenuclear industry for tie or cable
wraps, andintheaviation and aerospaceindustriesfor
wirecoatings. Thisisduetoitsbetter mechanicd tough-
nessthan poly tetrafluoroethylene (PTFE), it finds sev-
erd gpplications. Inaddition, ETFE exhibitsahigh-en-
ergy radiation res stanceand can withstand moderately
high temperaturesfor along period of time?.

DuetoitshightemperatureresstanceETFEisaso
usedinfilmmodeasamold rdeasefilm. ETFEfiimis
used in aerospace applications such as carbon fiber
curing asareleasefilm for moldsor hot high pressure
plates.

Comparedto glass, ETFE filmis 1% theweight
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transmitsmorelight and costs 24%to 70%lesstoin-
gtdl. It canwithstand hugeloads of about 400 timesits
ownweight. Itiseasy to cleanitssheetsduetoitsnon-
stick surfaceand it isrecyclable. Ontheother handitis
proneto puncturesby sharp edges, thereforeitismostly
used for roofs. In sheet form as commonly employed
for architecture, itisableto stretch to threetimesits
length without loss of el asticity. Employing heat weld-
Ing, tearscan berepaired with apatch or multiple sheets
assembled into larger panels. ETFE hasan approxi-
matetend|estrength of 42 N/mn?, with a working tem-
peraturerangeof 89 K to 423 K.,

Any littlemodification in the structureand compo-
stion of aPolymer will bringin sufficient changesinthe
properties of the polymer*®. Thusit isimportant to
study the structure of the Polymersand ook at the pa-
rameterswhich can be altered to get abetter materia
for technologica applications. First-principlescacula-
tions based on Density Functional Theory!® has been
proved to bean effectivetool inthestudy of structurdl,
electronic and didlectric propertiesof polymerg”d. With
thisinview, sructureof ETFE hasbeensmulated using
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Frgt-principlesca cul ationsbased on Dengity Functiond
Theory and computation of Electronic density of states,
Dielectric constant and phonon modes have been done
and theresults have been reported in the present pa-
per.

COMPUTATIONAL DETAILS

Severd codesareavailablefor thetheoreticad struc-
ture simulation. We use planewave self consistent
field (PWSCF)*% implementation of density functiond
theory (DFT), with a Local density approximation
(LDA)™ to exchange correl ation energy of eectrons
and ultrasoft pseudopotentia §'2, to represent interac-
tion betweenionic coresand valencedectrons. Kohn-
Sham wavefunctions were represented with aplane
wave basiswith an energy cutoff of 40 Ry and charge
dengty cutoff of 240 Ry. Integration over Brillouinzone
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 ETFE

Completely relaxed structure of the ETFE wasob-
served using the X CrySDen software*™ and the struc-
tureasseenfrom different directionshavebeengivenin
Figures1-4.
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Figurel: Sructure of ETFE asviewed along a random
direction
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Figure2: Sructureof ETFE asviewed along X-axis
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Figure3: Sructureof ETFE asviewed along Y-axis
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Figure4: Sructureof ETFE asviewed along Z-axis

Structurd parametersof thes mulated Sructurd pat-
ternof ETFE aregivenin TABLES1,2and 3.

EDOScalculation
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Electron Dengity of States(EDOS) havebeen com-
puted in the polymer ETFE using Electronic structure
calculation code of Quantum espresso andthesameis
shownin Figure 5. The material showsalarge band
gap of 6.74eV, which provesthehighinsulator nature
of thispolymer.

TABLE 1: Bondlengthsin ETFE

Bond Bond length (A)
H-C 1.101
F-C 1.381
Cc-C 1.505
TABLE 2: Bond anglesin ETFE
Bond Bond angle (degree)
H-C-H 108
H-C-C 111
cC-C-C 111to 115
F-C-F 106
F-C-C 107

TABLE 3: Other structural parametersin ETFE

Par ameter Value
H-Hdist 1.777 A
F- Fdist 2.207 A
a 7.955 A
b 5.200 A
c 5.000 A
Vol of unit cell 206.83A°
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Figure5: Electron density of statesin ETFE
Dielectric constant and phonon modes

Didectric constant of the polymer hasbeen com-
puted and it comes out to be 1.431, 1.580 and 1.655
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along X, Y and Z axes respectively and the average
value comesout to be 1.555. The computed phonon
modes at thegammapoint areall positive and range
from 16cm* to 3032cm' showing that the simulated
gructureishighly stable.

CONCLUSIONS

First-principles calculations based on DFT has
smulated ahighly stablestructureof ETFE. EDOScd-
culationsshow that the polymer hasalarge band gap of
6.74eV. Thematerial hasan average Dielectric con-
gant of 1.555 from the e ectronic contribution. Phonon
modes range from 16cm* to 3032cm'* showing that
thesmulated structureishighly stable. Present study
reveal sthat the First-principles cal cul ations based on
DFT can be effectively employed to study the elec-
tronic and diel ectric properties of thepolymer ETFE.
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