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ABSTRACT

First-principlescal cul ations based on Density Functional Theory have been
done on the 1, 3-Dimethyl Urea - [ C2H8N20]. The Orthorhombic struc-
ture of Urea has been simulated and the structural parameters have been
found out. Electron Density of States (EDOS) has been computed in the
materials using the Electronic structure calculation code of Quantum-
Espresso which givesaBand gap of 3.3 eV. Thisvalueiscloseto the value
exhibited by NLO materials. Dielectric constant of the materials has been
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computed. The value of dielectric constant comes out to be 2.11, 2.06
and 2.05 along X, Y and Z axes respectively and the average value comes
out to be 2.07. Phonon modes have also been computed.
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INTRODUCTION

Dimethylurea(DMU) isaureaderivative and it
isused as an intermediate in organic synthesis. Itis
usually obtained as a colorless crystalline pow-
der®?, 1,3 - Dimethylureais used for synthesis of
caffeine, theophylline, pharmachemicals, textileaids,
herbicides and others. In the textile processing in-
dustry 1, 3-Dimethylureaisused asintermediatefor
the production of formaldehyde free easy care fin-
ishing agentsfor textiles.

Pratik M. Wankhade and Ggjanan G. Muley®
have used 1,3-dimethyl ureaasadopant and studied
the effect of its doping in growing |-arginine phos-
phate monohydrate (LAP) crystals and have found
that the doping with 1, 3-dimethyl urea increases
optical transparency. They have also found increase

inthe second harmonic generation (SHG) efficiency of
thedoped crystal.

Thus, Urea and its derivatives have wide num-
ber of applications in severa fieldd*®. Any little
modification in the structure and composition of a
material will bring in sufficient changesin the prop-
ertiesof thematerial” 8. Thusit isimportant to study
the structure of the materialsand look at the param-
eters which can be altered to get a better material
for technological applications. First-principles cal-
culation based on Density Functional Theory!® has
been proved to be an effective tool in the study of
structural, electronic and dielectric properties of
organic material 9% 1. With thisin view, an attempt
has been made to look into the structural aspects,
Electronic and Dielectric properties of Dimethyl
Urea using the First-principles calculations.
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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 electronic-structure cal-
culations and materials modelling. It is based on
density-functional theory, plane waves, and
pseudopotentials. Author has used plane wave self
consistent field (PWSCF)*3 implementation of den-
sity functional theory (DFT), with a Local density
approximation (LDA)™ to exchange correlation
energy of electronsand ultrasoft pseudopotential §*°,
to represent interaction between ionic coresand va-
lence electrons. Kohn-Sham wave functions were
represented with a plane wave basiswith an energy
cutoff of 15 Ry and charge density cutoff of 70 Ry.
Integration over Brillouin zone was sampled with a
Monkhorst-Pack scheme*® with appropriate k point
mesh and occupation numbers were smeared using
M ethfessdl -Paxton schemée* with broadening of 0.03
Ry. The structure was relaxed to minimize energy.

RESULTSAND DISCUSSION

In the present study, the orthorhombic unit cell
of Dimethyl Ureawasfirst built using “Avogadro™#,
The structure was allowed for geometric optimiza-
tion. Later, atomic positions of the geometrically
optimized structure have been used in the planewave
self consistent field calculations.

The structure was relaxed with different values
of lattice parameters. Optimized values of lattice
parametersthus arrived at through minimization of
energy are; a=10.85A, b=4.91A and c=5.50A. “scf*”
calculation was done using the final atomic posi-
tions obtained after relaxing the structure using the
program ‘pw.x’ of Quantum espresso. Completely
relaxed structure of the unit cell was visualized us-
ing the program “XcrysDen”[*% and the structure as
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viewedalong X, Y and Z axesaregiveninFigures1, 2
and 3. Thebond lengthsand bond anglesintherelaxed
structure of Ureahave beentabulated in TABLES 1
and 2.

Similar valuesof structura parametershave been

f
Figure 1 : Structure of 1, 3-dimethyl urea as viewed
along X axis
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Figure 2 : Sructure of 1, 3-dimethyl urea as viewed
along Y axis
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Figure 3 : Sructure of 1, 3-dimethyl urea as viewed
along Z axis
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TABLE 1: Bond lengths in 1,3-dimethyl urea

Bond Bond length (&)
O-C 1.25
C-N 1.37,1.44
N-H 1.02
C-H 101

TABLE 2 : Bond angles in 1,3-dimethyl urea

Bond angle (Deg)

O-C-N 123
H-C-H 108
H-C-N 110
C-N-C 121, 123
W
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Figure 4 : EDOS in 1, 3-dimethyl urea

found by C. Néther et. al.,!??. They have studied two
polymorphsof Dimethyl Ureaat |lower temperature.
Pérez-Folch et al.l® and Marsh??Z have studied a
polymorph of this compound having 8 molecul es per
orthorhombic unit cell. Martins et a.?® have stud-
ied apolymorph having 2 molecul es per orthorhom-
bic unit cell. 1,3-Dimethyl ureais an organic com-
pound derived from ureaby replacing two hydrogen
atoms of two -NH2 groups by -CH3 groups. It has
one H-donor site and two acceptor sites. It is ca
pable of forming multiple hydrogen bonds. It is ex-
pected that, it can form multiple hydrogen bonds and
modify the properties of the host crystal when used
as a dopant. It has been found that, doping of 1,3-
dimethyl urea improves optical properties of the
KDP crystal’?4,

EDOScalculation
Electron Density of States (EDOS) have been
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computed using Electronic structure cal cul ation code
of Quantum espresso and isshown inFigure4. The
band gap comesout tobe 3.3 eV. Thisvalueisclose
to the value shown by NLO material §%°! and liquid
crystallinematerial§%6 27, It hasbeenfound that Urea
isan organic compound having very large NLO prop-
erties. It has good optical and mechanical proper-
tiesbut its crystallization and handling israther dif-
ficult asitishighly hygroscopic. Other ureaderiva-
tives like monomethylurea (H2ZNCONHCH3), 1,1-
dimethylurea(H2NCON (CH3)2), 1,3-dimethylurea
(CH3HNCONHCH3) and phenylurea
(H2NCONHCHD5) have beeninvestigated inthelight
of NLO applicationsand few of them have beenfound
suitable for NLO applicationg?!.

Didlectric constant and phonon modes

Thevalue of dielectric constant comes out to be
Dielectric constant of the materia has been com-
puted and it comes out to be 2.11, 2.06 and 2.05
along X, Y and Z axes respectively and the average
value comes out to be 2.07. The computed phonon
modes at the gamma point range from 105 cm to
2568 cm® showing that the simulated structure is
stable.

CONCLUSIONS

Band gap in case of Dimethyl Ureais found to
be 3.3 eV. Thisvalueis closeto the value shown by
NLO materials and liquid crystalline materials.
Hence the possibility of finding liquid crystaline
nature in mixtures containing Ureacan be explored.
The value of estimated Band gap is confirming that
the material can be used for NLO applications. The
average value of dielectric constant in Urea comes
out to be 2.07. The computed phonon modes at the
gammapoint rangefrom 105 cm* to 2568 cmt show-
ing that the simulated structureis stable.
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