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surface;

A slow evaporation approach was used to synthesize an

crystal chloroisocytosine bromo methylisocytosine
(CCBM). The FT-IR spectra of the synthesized crystal were
examined to identify several functional groups. UV-Vis-NIR
spectroscopy studies were used to assess the crystal's efficiency for
optical applications. The findings of theoretical calculations using
density functional theory (DFT) were compared to experimental
data in order to determine optical geometry using B3LYP with 6-
311++G (d, p) basis set. Hirshfeld surface evaluation was used to
study into the intermolecular interactions that present inside the
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1. Introduction

Researchers' interest in various natural
materials has increased rapidly in recent years,
making it possible to grow efficient organic
crystals. Organic crystals are essential in
telecommunications, frequency doubling, and
optical computing because they perform as a
source in electro-optics [1-5]. In organic
crystals, the strength of van der Waals
interactions is more important than
intramolecular chemical bonds for
intermolecular attraction in the lattice. Organic
nonlinear optical materials have received a lot
of attention recently because of their benefits
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over inorganic materials. It goes without
saying that a crystal developed with a non-
centrosymmetry space group will have a
strong SHG (second harmonic generation) and
non-zero hyperpolarizability [6]. However,
according to certain studies, SHG is
achievable even in  crystals  with
centrosymmetry space groups and delocalized
electrons. This will give the crystal
asymmetric polarizability, which will boost
the SHG effect [7, 8]. In addition, in
centrosymmetry crystals. Furthermore, the
presence of hydrogen bonding interactions in
centrosymmetry crystals improves the crystal's
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thermal and mechanical properties. Single
crystal X-ray diffraction research confirms the
hydrogen bonding interaction in organic
crystals [9, 12]. Based on the preceding
literature review, the physical features of
chloroisocytosine bromo methylisocytosine
(CCBM) have been identified using a variety
of characterisation methods.

2. Synthesis and crystal gowth

Chloroisocytosine and bromo
methylisocytosine are dissolved in N-N
dimethylacetamide in a 1:1 ratio to form
CCBM. To obtain a homogeneous solution,
the mixed solution was continuously stirred

.
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for 1 hour using a magnetic stirrer. For slow
evaporation, the solution was filtered into a
beaker and preserved in a dust-free condition.
Small needle-shaped seed crystals were
observed at the bottom of the beaker after 15
days. A saturated solution of CCBM in a 100
mL beaker was used to develop a bulk crystal
of CCBM, and one of the most well-shaped
seed crystals was placed into the solution. To
avoid multiple nucleation, the beaker is
covered with a polythene sheet and retained in
an undisturbed environment. After a 25-day
period, a 9mm x 7mm x 1mm CCBM crystal
was obtained.

Figure.1.As grown single crystal of CCBM.

3. Results and discussion

3.1. Powder X-ray diffraction studies

Using powder X-ray diffraction analysis, the
calculated lattice parameters a=9.270 (5) A, b
=11.423 (4) A and ¢ = 12.599 (7)A with space
group P21/n are found to be in good agreement
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with the reported value [13]. The powder X-
ray diffraction pattern was indexed and
compared with the stimulated single crystal
diffraction (Mercury 3.0 software) pattern
which reveals the exact identity of the grown
CCBM crystal.
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Figure.2. PXRD data of the CCBM generated using the Mercury 3.0 program.

3.2. FT-IR spectral analysis for CCBM
Confirmation of functional groups were done
through Fourier Transform Infrared
spectrophotometer (FT-IR) and the spectrum
was recorded in the range 0f4000-500 cm™.
The experimental and theoretical spectrum of

Published by: The Mattingley Publishing Co., Inc.

FT-IR are shown in Figure.3. The vibrational
modes with the theoretical support of PED
(potential energy distribution) using VEDA
program contribution of 99% are stacked in
Table 1.
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Experimental

Intensity (a.u)

DFT/6-311++G (d,p)

Wavenumber (1/cm)
Figure.3.0Observed and stimulated FT-IR spectrum of CCBM crystal.

Tablel. FT-IR observed and DFT spectral band assignment of CCBM single crystal

Experimental | Theoretical | Assignment with PED (%)

3420 3425 vsN-H (99)

2940 2937 vs C-H (98)

2860 2812 vs C-H (97)

1650 1650 vsC=0 (94)

1520 1507 vsC=N (92) and t C-H (87)
1470 1446 vsC=C (77), 3i;,C-H (66), and ® O-H (63)
1390 1340 vsC=C (72)

1145 1132 y C-H (68)

900 960 p C-H (71)

880 892 T C-H (66)

540 524 vs C-Br (84)
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Vs — symmetric stretching; vas— assymmetric stretching; B — in-plane bending; y — out-plane bending;
d — scissoring; djp— SCissoring in-plane; dqp — Scissoring out-plane; t — twisting; ® — wagging; p —

rocking.

3.3. UV-vis-NIR spectral studies

The optical characteristics of the CCBM
crystal were examined using a SHIMADZU
(UV-2600) spectrophotometer, and a spectrum
in the region of 200-800 nm was acquired. The
crystal examined in this investigation has a
thickness of 2mm. The production of single
crystal CCBM was detected by comparing the
experimental spectrum to the theoretical
spectrum in  different solvents using
TDB3LYP  (Time  dependent  density
functional theory) at the 6-311++G(d,p) basis

40
30 1

20

Absorption

10

set. The prominent peak at 404.62 nm with
oscillator strength (f) of 0.0023 is attributable
to charge transfer to the excited singlet state
S0-S1, according to the theoretical calculation.
Table 2 shows the theoretical and
experimental maximum values. The spectra
were taken in gas and various solvents
(Acetone and Methanol), as shown in Figure
4. Because of the solvent effect, the absorption
peaks in all other solvents showed modest
changes compared to gaseous state.

—— Acetone
—— Methanol

— Gas
— Experimental

— T
400 600

Wavelength (nm)
Figure 4. Experimental and Theoretical UV spectrum (Recorded by TD-SCF/DFT/B3LYP/6-
311 G(d,p)in different solvents) of CCBM single crystal.
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Table 2: Experimental and calculated electronic transition parameters of CCBM by
TDSCF/DFT/B3LYP/6-311 G(d,p)method in gas and other solvents.

Solvent Spec | Electronic E; Amax F € (%)
trum | Transition Experiment | Calculated
al

Gas UV | Excited state |
H-L 3.5601 331 404.62 0.0023 96
(H-1)-L 20
Excited state Il
H-L 3.4884 353.40 0.2801 97
(H-1)-L
Excited state
1l 72
H-L 3.6510 336.74 0.5414 23
(H-1)-L

ACETONE UV | Excited state |
H-L 3.5274 351.55 0.0531 96
(H-1)-L 17
Excited state Il
H-L 3.6158 342.80 0.9172 97
Excited state | 3.9489 315.59 0.1027 74
1l 22
H-L
(H-1)-L

METHANOL | UV | Excited state |
H-L 3.5326 349.11 0.0639 96
(H-1)-L 18
Excited state 1l
H-L 3.6423 343.12 0.8967 97
Excited state
1 72
H-L 3.9527 314.37 0.1041 23
(H-1)-L

*H-HOMO, L-LUMO

E;— Transition energy (eV)

Amax — Electronic absorption wavelength (nm)
f — Oscillator strength

€ - Contribution (%)
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3.4. HOMO - LUMO analysis
HOMO-LUMO analysis were carried
out using B3LYP 6311++G(d,p) basis sets
and the energy gaps are depicted in Figure
5. The HOMO and LUMO are the most
important aspects of quantum chemistry
which explains the role of electron donor
and acceptor respectively [14]. Enomo
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(highest occupied molecular orbital) and
ELumo (lowest unoccupied molecular
orbital) values are -0.20246 a.u and -
0.03756 a.u, respectively. The estimated
energy gap is 4.4871 eV. The values
indicates that the CCBM molecules are
highly efficient in electrical activity.

LUMO PLOT

4.4871 eV

HOMO PLOT

Figure 5. HOMO - LUMO plot of CCBM

3.5. Molecular electrostatic potential (MEP)

From DFT studies it is revealed that the
electrostatic potentialdepicted in Figure 6
ranges from -6.260 to +6.260 a.u. represents

Published by: The Mattingley Publishing Co., Inc.

the deepest blue density which in turn gives
the electron deficient region, V(r) >6.260 a.u.
and deepest red density represents the electron
rich region V(r) < -6.260 a.u.
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Figure 6. Calculated 3D molecular electrostatic potential contour map of CCBM.

3.6. Mulliken population analysis (MPA)
and Natural population analysis (NPA)

The following charge distributions on
several atoms (C, H, and O) are obtained using
Mulliken population analysis (MPA) and
Natural population analysis (NPA) using the
B3LYP/6-311++G(d,p) method. Figure 7
shows a study of Mulliken atomic charges and
Natural atomic charges utilising the B3LYP/6-

311++G(d,p) approach for CPM (cluster
partitioning method). When hydrogen or
oxygen enters the picture, the carbon atom
becomes more electron-deficient. Bromine
atoms and all hydrogen atoms have positive
charges. Each of the carbon atoms has a
negative charge. The Br atom has a greater
positive charge of 0.099828 than ordinary
hydrogen atoms due to the presence of oxygen
and carbon atoms on both sides.

Table 3. Mulliken Atomic Charge and Natural Atomic Charge of CCBM

Atoms MPA NPA Atoms MPA NPA
IN 0.034953 0.033873 17C -0.043632 -0.361173
2C -0.007724 -0.185358 18 N 0.154308 0.203760
3N 0.023322 -0.148744 19 H -0.006208 0.010628
4 H -0.002653 -0.161571 20H -0.005166 0.001573
5H -0.000953 0.287118 21N -0.018871 -0.329137
6N -0.002121 -0.266611 22 C -0.085622 -0.378531
7C -0.011841 0.014197 230 0.164272 0.037284
80 0.022009 -0.201032 24C 0.480105 0.659280
9C 0.053548 0.203956 25 Br 0.099828 0.391219

10 Br 0.016899 0.434244 26 C -0.142207 0.456726

11C -0.015756 0.753012 27 H -0.000993 -0.000839
12C 0.001023 -0.086074 28 H -0.003695 -0.006539
13H -0.000119 0.042883 29 H -0.003695 0.002853
14 H -0.000392 0.013452 30C 0.009086 0.003667
15H -0.000392 0.013482 31H 0.000136 0.000681
16 N 0.292552 0.380796
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TES'T

Engineering & Management

November/December 2020
ISSN: 0193-4120 Page No. 295-306

Figure 7.Mulliken population analysis and Natural population analysis

3.7.Natural Bond Orbital Analysis

At the B3LYP/6-311++G(d,p) level,
NBO analysis was performed on the CCBM
molecule to define the intramolecular
hybridization and delocalization of electron
density within the molecules. Intramolecular
hyper conjugative interactions are formed by
overlapping the orbitals between bonding (N-
C) and (C-C) orbitals, as well as the anti-

bonding (N-C) and (C-C) orbitals, resulting in
intramolecular charge transfer (ICT), which
stabilises the molecular system and increases
electron density [15]. The significant
interactions between Lewis and non-Lewis
orbitals are shown in Table 4. The interaction
between the oxygen and nitrogen lone pair of
the n3(08), n1(N3) to antibonding (N6-C7),
(N1-C2) gives the strong stabilisation energy
(93.25 and 39.44 Kimol-1).

Table 4. Second-order perturbation theory analysis of Fock matrix in NBO basis of CCBM

single crystal

Published by: The Mattingley Publishing Co., Inc.

Donor (i) ED/e Acceptor(j) ED/e EQ)*K | E()-E()°@u) | F(i.j)@.u)
J mol™)
t(N1-C2) 0.82206 | n*(C9-C11) 0.16490 | 13.50 0.30 0.082
n(N6-C7) 0.90144 | n*(N1-C2) 0.25031 | 18.67 0.32 0.106
n(C9-C11) 0.85994 | n*( N6-C7) 0.02694 | 14.66 0.21 0.078
n1(N3) 0.80799 | n*(N1-C2) 0.25031 | 39.44 0.21 0.19
n3(08) 0.73120 | n*( N6-C7) 0.02694 | 93.25 0.15 0.157
303
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n2(08) 0.91330 | o*( N3-H4) 0.05328 | 18.63 0.69 0.147

®E(2) means energy of hyperconjugative interactions
®Energy difference between donor and acceptor NBO

°F(i,j*") is the Fock matrix element between the donor and acceptor NBO.

3.8. Hirshfeld surface analysis

The Hirshfeld surface (HS) analysis
was carried out to study about the
intermolecular interactions in the crystal. The
doorm » dnorm transparency and shape-index
surface supports the presence of N-H...O and
N-H...N intramolecular interactions in the
structure of CCBM (Figures 8a, 8b and 8c).
Figure.9 shows the 2D fingerprint plots

reveals that the greatest contribution to the
Hirshfeld surfaces is from H...H contacts,
followed by H...O/O...H contacts.In the title
compound, the H...H (26.2%) has highest
contribution, then Br...H (12.9%), H...Br
(7.6%), H...O (6.5%), N...H (6.2%) and
C...H (4.4%) contributions.

dnorm transparency

Shape index

Figure. 8.Intermolecular interaction.
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Figure. 9.2-D fingerprint plots.

4. Conclusions

chloroisocytosine bromo
methylisocytosine has been grown at room
temperature using slow evaporation technique.
Powder X-ray diffraction, FT-IR, and UV- vis-
NIR studies confirms the formation of crystal
structure with the calculated cell parameters,
presence of functional groups and optical
absorption. Since the crystal has 4.4871 eV as
energy gap which predicts that it is suitable for
electrical conductivity process. The charge
transfer is taking place within the molecule
which was revealed by HOMO-LUMO
analysis. NBO, MEP and Hirshfeld surface
analyses of the crystal are good evidence for
the stability of crystal structure through
intermolecular interactions that exist between
oxygen and amine groups.
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