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ABSTRACT

First-principles calculations based on Density Functional Theory have
been done on an important Amino acid Glycine. Its structure has been
simulated and variable cell calculations based on energy minimization
technique give a new polymorph of Glycine showing triclinic unit cell
with lattice parameters a=4.15A, b=14.30A, ¢=5.53A, 0=97.35deg,
=101.65deg and y=98.46deg. Volume of the unit cell is found to be
313.8A3. Band gap in case of this polymorph of Glycine comes out to be
3.43eV. Thisvaueisin the range exhibited by Non-linear Optical (NLO)
meterials. The value of dielectric constant comes out to be 2.30, 2.29
and 2.61 along X, Y and Z axes respectively and its average value comes
out to be 2.4. Molecular packing in this polymorph of Glycine is similar

KEYWORDS

Glycine;
Dielectric constant;
Electronic density of states;
First-principles calcula-
tions;

Amino acid;

NLO material.

to that in case of a-Glycine.

INTRODUCTION

Amino acids are biologically important organic
compounds made from amine (-NH2) and carboxy-
lic acid (-COOH) functiona groups, aong with a
side-chain specific to each amino acid. Thekey ele-
ments of an amino acid are carbon, hydrogen, oxy-
gen, and nitrogen, though other elements are found
in the side-chains of certain amino acids. Glycine
(C2H5NQO2) isstructurally the simplest amino acid.
It has no center of chirality. Glycine can exist asa
neutral molecule in the gas phase and it exists as a
zwitterion in solution and in the solid state.

In the solid state, glycine crystallizes in three
forms (o, p and y) which have been studied by x-
ray*3 and neutron diffraction*®. The a form con-
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sistsof hydrogen bonded doubl e layers of molecules
which are packed by van der Waals forces. The un-
stable B form, whose single molecular layers pos-
sessesaninterna arrangement the sameasthe o form,
readily transforms into the o form in air?. The y
form crystallizes with a trigonal hemihedral sym-
metry. While the y form is stable at room tempera-
ture, it is reported to irreversibly get converted to
the o form upon heating above 165°C.

Glycine has several commercial applications
such asflavor masking and enhancement, pH buffer-
ing and stabilization applicationsin antiperspirants,
cosmetics, and toiletries. It has pharmaceutical ap-
plications and even used as a chemical intermedi-
ate”. Glycine has also gained importance in astro-
physics as it is aso the object of interstellar spec-
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troscopic searches® to help answer the question of
whether the seeds of life were created in space or
onearth.

Taylor, R.E.® has applied C-13 CP/MAS tech-
nigue and carried out experiments on three polymor-
phic structures of Glycine. P. Langan €t. d.,* have
studied the crystal structure of a-Glycineinthetem-
perature range 288-427 K using neutron diffraction
and have claimed that the molecular structure does
not change significantly and the putative crystallo-
graphic phase transition associated with anomal ous
electrical behaviour inthistemperaturerangeis not
observed. L. Li and N. Rodrlguez-Hornedo™ have
carried out studies on the growth kinetics of Gly-
cine crystalsfrom aqueous sol ution.

It has been found that any little modificationin
the structure and composition of amaterial will bring
in sufficient changes in the properties of the mate-
rial*2 138, Thusit isimportant to study the structure
of the materials and look at the parameters which
can be altered to get a better material for techno-
logical applications. First-principles calculation
based on Density Functional Theory™ has been
proved to be an effective tool in the study of struc-
tural, electronic and diel ectric properties of organic
material g5 ¢, Amino acids have attracted the sci-
entific community in various aspects. With thisin
view, structure of Glycine has been simulated using
First-principles cal cul ations based on Density Func-
tional Theory and computation of Electronic density
of statesand Dielectric constant have been doneand
the results have been reported in the present paper.

COMPUTATIONAL DETAILS

Severa codes are available for the theoretical
structure simulation*”). The density functional theory
approach has emerged as a well established com-
putational method. It has been widely employed to
arrive at the conformations of a large number of
molecular systems. The practical applicability and
sophistication of DFT is strongly sensitive to the
good choice of exchange-correlation function along
with the appropriate basis set.

Quantum espressoisan integrated suite of Open-
Source computer codesfor el ectronic-structure cal-
culations and materials modelling. It is based on

> FUl] Paper

density-functional theory, plane waves, and
pseudopotentials. Author has used plane wave self
consistent field (PWSCF)*8 implementation of den-
sity functional theory (DFT), with a Local density
approximation (LDA)™ to exchange correlation
energy of éectronsand ultrasoft pseudopotential §2,
to represent interaction between ionic coresand va-
lence electrons. Kohn-Sham wave functions were
represented with a plane wave basis with an energy
cutoff of 30 Ry. Integration over Brillouin zonewas
sampled with aMonkhorst-Pack schemée?! with ap-
propriatek point mesh and occupation numberswere
smeared using Methfessel-Paxton scheme?? with
broadening of 0.03 Ry. The structurewas relaxed to
minimizeenergy.

RESULTSAND DISCUSSION

In the present study, the unit cell of Glycinewas
first smulated using “Avogadro™?!. Later, atomic
positions of the molecules have been used in the
plane wave self consistent field calculations.

The structure was subjected to variable cell cal-
culations based on energy minimization technique
of Quantum espresso. Relaxed and the optimized
values of the unit cell parameters thus arrived at
through minimization of energy are; a=4.15A,
b=14.30A, c=5.53A, a=97.35deg, p=101.65deg and
v=98.46deg. Volume of the unit cell isfound to be
313.8A3. This comes out to be a Triclinic lattice
[with space group P1(1)] with four molecules per
unit cell. This turns out to be a new polymorph of
Glycine asthe other three polymorphsare not show-
ing Tricliniclattice with four moleculesper unit cell.
But the a-Glycine showsthe monoclinic latticewith
four molecules per unit lattice. “scf”” calculation
was done using the final atomic positions obtained
after relaxing the structure using the program ‘pw.x’
of Quantum espresso.

Completely relaxed structure of the unit cell was
visualized using the program “XcrysDen’24 and the
structure of unit cell of new polymorph of Glycine
as seen along X-axis, Y-axis and Z-axis are shown
inFigures 1, 2 and 3 respectively. The bond lengths
and bond anglesin therelaxed structure of new poly-
morph of Glycine have been tabulatedin TABLES 1
and 2 respectively. The molecular packing is very
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Figure 1 : Sructure of unit cell of new polymorph of
glycine and packing of molecules as viewed along X-axis

Figure 2 : Sructure of unit cell of new polymorph of
glycine packing of molecules as viewed along Y-axis

much similar to that found for a-Glycine!™.

It has al so been observed in Glycine that on the
(0112) faces, both oxygen atomsof the carboxyl group
are normal to the faces which provides good bind-
ing sitesfor polar water molecules®!. The zwitteri-
onic glycine molecules align end to end, with the
second layer antiparallél to the first. There are four
molecules per unit cell. The molecular packing in
the structure simulated by First-principles calcula-
tion based on DFT of the present study is matching
well with the molecular packing shown by R.E.
Marsht,

EDOScalculation

Electron Density of States (EDOS) has been
computed in new polymorph of Glycineusing Elec-

Figure 3 : Sructure of unit cell of new polymorph of
glycine and packing of molecules as viewed along Z-axis

tronic structure calculation code of Quantum
espresso. EDOS in new polymorph of Glycine has
been shown in Figure4. Band gap in new polymorph
of Glycineisfoundto be 3.43eV. Thisiscloseto the
value of the Band gap foundin NLO materials. First-
principles calculations in Beta Alanine have given
avaue of 4.47¢eV as the Band gap?. Band gap in
case of 2-Chloro-3-Chloro-Phenyl-Benzamide has
been found to be 3.08eV13.

Dielectric constant

Dielectric constant of the materia hasbeen com-
puted in case of new polymorph of Glycine. The

TABLE 1 : Bond lengthsin new polymorph of glycine

Bond Bond length (&)
C-H 1.09- 113
C-N 1.42
c-C 1.55
N-H 1.04-1.15
c-0O 1.25- 127

TABLE 2 : Bond angles in new polymorph of glycine

Bond Bond angle (deg)

ni-121
104-112
ns5-12
102 -110
102 -107
126 -128
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Figure 4 : Electron density of statesin new polymorph of glycine

value of dielectric constant in new polymorph of
Glycine comes out to be 2.30, 2.29 and 2.61 along
X,Y and Z axes respectively and its average value
comes out to be 2.4. L-Alanine - another important
amino acid and NLO material showsan average di-
electric constant of 2.22¢],

CONCLUSIONS

The molecular packing in the ssmulated and op-
timized structure of new polymorph of Glycine is
matching closeto the structure of a-Glycinereported
intheliterature. Band gap in case of new polymorph
of Glycine comes out to be 3.43eV. The value of
dielectric constant in new polymorph of Glycine
comesout to be 2.30, 2.29 and 2.61 along X, Y and
Z axesrespectively and its average value comes out
to be2.4.
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