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The adequate size of N,N Dimethyl 4 Nitroaniline single crystal have been grown by
solution growth slow evaporation technique at room temperature by using methanol as a
solvent. The Vibrational and electronic properties of the grown crystal was carried out by
FTIR,FT-Raman and UV -Vis analysis respectively and also the Density Functional
theory (DFT) method, using B3LYP (6-311++G(d,p)) which gives the useful information
about vibrational assignments of the grown crystal. The Powder and single crystal XRD
reveals that the crystalline structure of the grown material. Hyperpolarizibility and electric
dipole moment values have been calculated theoretically by using Gaussian 09 Package.
TGDTA study has been used to investigate the thermal stability of the grown crystal. By
using the Kurtz and Perry method the second harmonic frequency conversion process was

Powder and single crystal XRD, UV-Vis,

TGDTA, SHG, Hyperpolarisibility, examined.
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INTRODUCTION

Some ortho, meta, and Para disubstituted benzene derivatives
possessing high non linear properties [1]. Particularly p-nitro
aniline, m- nitro aniline and some other related structure
exhibits large second harmonic non- linear property. The =-
electron charge transfer property of the compound provides
high hyperpolarisibility [2, 3]. The second order NLO organic
materials that contain large hyperpolarisibility in non-
centrosymmetric packing system is suitable for opto electronic
devices [4,5]. Due to these reasons, the compound N, N-
dimethyl1-4-nitroaniline was chosen for the present study. In
this paper the vibrational assignments, Thermal, optical, and
NLO property of the grown crystal. Some theoretical values
of hyperpolarisibility, NBO (Natural bond analysis), and
HOMO-LUMO analysis (Higher occupied molecular orbital
and lower unoccupied orbital) are determined by using
Gaussian 98W package. The donor -acceptor substituted
benzene compounds are specially contribute the area of NLO
material because they are very good model for crystalline
hyperpolarisabilities[6,7]which can be able to understand from
the computational approaches. The fruitful explanation of the
molecular hyperpolarisibility has been developed in the
pubilication[8]
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MATERIAL AND METHODS

The single crystal of DMNA was prepared from the slow
evaporated solution growth technique The commercially
available organic compound under investigation namely N,N
Dimethyl 4 Nitroaniline (DMNA)was purchased from Alfa
aesar (98%). The saturated solution of title compound is
prepared from methanol is used as a solvent. Then it was
filtered by Whatmann filter paper to remove the unwanted
suspended materials. This purified solution was tightly covered
by a perforated polythene sheet and kept to allow the
evaporation. The good quality crystal was grown after 4 weeks
and the photographic image is shown in fig.1 (a)
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Fig 1 (b) Photograph of as grown crystal and Optimized structure of DMNA

RESULT AND DISCUSSION
Powder XRD and Single crystal XRD

The powder XRD Pattern of the DMNA crystal has been
studied by using SHIMADZU XRD 6000 X-ray diffractometer
is shown in Fig.2. From the XRD pattern analysis, the sharp
intense peak helps to prove the good crystalline nature of the
grown crystal. Lattice cell parameter was also been determined
and the values are good agreement with the reported values
(JCPDS File No-25-1766). The single crystal XRD using
Bruker AXS Kappa APEX II CCD diffractometer and the
calculated values are tabulated. The DMNA crystal system
belongs to the monoclinic with noncentrosymmetric space
group of P,;. The main advantage of noncentrosymmetric
space group evidences the frequency conversion process and
also the crystal is useful for the fabrication of opto electronic
devices.
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Fig 2 Powder XRD Pattern for DMNA
Table 1 Cell parameters of DMNA
Reported
As gmlv)vli‘,ﬂffzsml of values[JCPDS File
No-25-1766]
Molecular CoH N> O CHi N> O
formula g 1o IN2 W2 8 110 1N2 V2
Molecular 166.18 166.18
weight
Crystal system Monoclinic ,P2, Monoclinic ,P2;
Unit cell a=3.916(3) A o =90° a=3974 A
arameters b=10.618(11) A B=91.42° b=10.574 A
p c=9.746(8) A y=90° c=9.734 A
Volume 409.8(4) A® 408.92 A°
Computational details

The quantum chemical calculations of DMNA compound are
achieved by wusing Gaussian 09 program B3LYP /6-
311++G(d,p)basis set. [9]. The optimized geometries
corresponding to the minimum on the potential energy surface
are obtained by finding self-consistent field equation
iteratively. Harmonic vibrational wave numbers are
determined by using analytic second order derivatives and
additionally ensure the convergence to minima on the potential
energy surface and to evaluate the zero-point vibrational

energy [10]. The natural bonding orbital’s (NBO) calculations
[11] are performed using NBO 3.1 program in order to
understand various second-order interactions between the
filled orbital’s of one subsystem and vacant orbital’s of
another subsystem, which is a measure of the intermolecular
delocalization or hyper conjugation. The hyper conjugative
interaction energy was deduced from the second-order
perturbation approach[12].

Hyperpolarizability

The static initial hyperpolarizability (B0) of DMNA is
calculated based on the finite-field approach and the calculated
values are shown in Table 2. In the presence of an applied
electric field, the eneOrgy of a system is a function of the
electric field. First hyperpolarizability is a third rank tensor
that can be described by a 3x3x3 matrix. Due to the use of
Kleinman symmetry the 27 components of the 3D matrix can
be reduced to ten components [13]. It can be given in the lower
part of the 3x3x3 matrices is tetrahedral format. The
components of B are defined as the coefficients in the Taylor
series of expansion of energy in the external electric field. The
total static dipole moment p, the mean polarizability oo, the
anisotropy of the polarizability Ao and the static first
hyperpolarizability By, using the x, y, z components are defined
as given in the literature [14]. Since the values of
hyperpolarizability () of the Gaussian 09 output are reported
in atomic units (a.u.), the calculated values have been
converted into electrostatic units (esu).

Table 2 The First order hyperpolarizability of DMNA

B B3LYP/6-
components 311++G(d,p)
Proxx -2891.1344
Bxxy 0.0118661
Bxyy 257.69672
Byyy -0.0084963
Prx 2.7631458
Bryz 0.0175522
Byyz 2.1918082
Bz 103.3858862
Byzz -0.0028678
Brzz 5.7749644
Buot 2.5301x10e.5.u

The calculated p components * (—20, ®, ®) in 10" esu
The determined P value of DMNA is 2.5301x10 .s.u which
is nearly 13 times greater than urea( 0.1947x107%.s.u).

NBO analysis

The natural bond orbital (NBO) analysis gives a detailed
explanation of the structure of a conformer by a set of
localized bond, antibonds and Rydberg extra valence orbitals.
Stabilizing interactions between filled and unoccupied orbitals
and destabilizing interactions between filled orbitals can also
be obtained from this analysis [15, 16]. NBO analysis is used
to find the interaction between the bond orbitals, electron
delocalization, bond bending effect, intramolecular charge
transfer (ICT) and identification of hydrogen bonding. The
NBO’s obtained in this concept correspond to the widely used
lewis picture, in which two-center bonds and lone pairs are
localized [17]. The larger the E (2) value, the high intensive is
the interaction between electron donors and acceptors, i.e. the
more electrons donating tendency from electron donors to
acceptors and greater the extent of conjugation of the whole
system. The intramolecular hyper conjugative interactions are
formed by the orbital overlap between [¢ and ©t (C-C, C-N and
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C-H) and ¢* and n* (C-C, C-N and C-H)] bond orbitals which
results Intermolecular Charge Transfer (ICT) causing
stabilization of the system. These interactions are observed as
increase in electron density (ED) in C-C, C-N and C-H
antibonding orbital that weakens the respective bonds [18]. A
large number of stabilizing orbital interactions are calculated
in DMNA and they are listed in Tables 3. The maximum
stabilization energy arises for C,-Cs(m) to Cy4 - C5(n*) , Cs-
Cs(m) to Ce-Co(n'), and C4-Cs(m) to Ng-Oo(n') with energy of
about 29.21, 23.90, and 23.79 kJ/mol respectively. The charge
transferred value from DMNA lone pair nitrogen
LP(1)N;;shows the stabilization energy 49.08 kJ/mol.

Table 3 The second order perturbation energies E(2)(Kj/mol)
corresponding to the charge transfer between donor - acceptor
in DMNA

EQ2) E-E; F())

NBO() TYPE Eyp/e
(Kj/mol) (a.u) (a.u)

NBO(j) TYPE Eyl/e

C-C; b 1.58525 C4-Cs n 042555 2921 028 0.081
Cs-Cy 029566 13.74  0.28 0.057
C4-Cs b 1.64000 C»-Cs n 043768 15.17 028 0.059
Ce-Cy 0.29566 2390 0.29 0.075
N;s-Oy 0.65253 2379  0.14 0.062
Ce-C; b 1.72493  Cx-Cs n 043768 21.82 028 0.072
C4-Cs 0.42555 14.17  0.28 0.060
N; LP(1) 1.69465 C,-C; n 043768 49.08 027 0.106
0Oy LP(2) 1.90249 Cs-Ng ¢ 009650 1122 0.59 0.072
Ng-O10 0.05504 1891 0.72 0.105
Oy LP(2) 190254 Cs-Ng ¢ 009650 1121 0.9 0.072
Ng-O 0.05501 1890 0.72 0.105

E(2) means energy of hyperconjucative interaction(stabilization energy)

E; - E; means the energy difference between donor and acceptor i and j NBO
orbitals

F(i,j) is the Fock matrix element between i and j NBO orbitals

FTIR and FT-Raman
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Fig 3 FTIR

4 DMNA molecules consist of 22 atoms which gives 60
normal modes of vibrational and 60 degrees of freedom. The
FTIR spectrum has been observed in the range of 400- 4000
em’ using IFS Bruker FT IR Spectrometer and FT-Raman
spectrum has been illustrated in the range of 400- 4000cm’
using Bruker RFS 27 Spectrometer. The spectrum pattern is
shown in Fig. 3 and 4. Theoretically the experimental wave
numbers are smaller than the calculated wvalues. This
discrepancy can be corrected by using the empirical scaling
procedure which is excellently to agree the experimental and
theoretical frequencies. For the B3LYP/6-31G (d,p) level of
scaling factor of 0.956 has been consistently applied to the
computed wave numbers. The calculated and experimental
results were compared and it is found that there is an excellent

agreement between them at the DFT level which are given in
Table 2
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Fig 4 FT-Raman
C-H Vibrations

In general C-H vibrations are traced in the region between
3000 -3100cm'[19]. The present theoretical investigation
found that ten C-H stretching vibrations are identified at
3094.714, 3093.629, 3082.013, 3080.765, 3015.763, 3002.698,
2922.672, 2921.866, 2884.474 and 2878.176 cm’ with
contribution of average % of PED is about 97%..

The strong intensity bands are occur in the region between
1000-1300cm™ are characterized by C-H inplane bending
vibrations [20]. The in plane C-H bending vibrations are occur
at 1116, 1136, 1200 and 1273 cm™ in FTIR. These observed
vibrations are identical with theoretical observations at 1099,
1146, 1214 and 1286 cm™ and they are found to be mixed with
C-C stretching vibrations. Among the four vibrations only
three are present in both FTIR and Raman spectra.

C-C Vibrations

The ring vibrations were observed in the region between 915-
1591cm™ and 941-1626 cm™ experimentally and theoretically
[21].In DMNA theoretically there are seven C-C stretching
vibrations are identified. Out of seven, only four vibration are
present in FTIR at 1116, 1200, 1584 and1603 cm™. For the
same vibration three peaks are identified at 1110, 1201 and
1601cm™ in FT-Raman. Thus the experimental values more
related with theoretical data.

C-N Vibrations

Silverstein et al.[22] observed that the C-N vibration are
identified in the region 1382-1266 cm™.Aromatic amines
strongly absorbed in the region about 1300cm™ due to C=N
stretching vibrations. In both FTIR and FT- Raman vibrations
are traced at 1384 and 1386cm™. These assignments are also in
good agreement with the theoretical value.

N-O Vibrations

Aromatic nitro compounds have produced the strong peak in
the region of 1570-1485cm™ and 1370-1320cm™[23] which
exhibits due to the symmetric and asymmetric stretching
vibration of Nitro group. The strong peak observed at 1486¢cm
"in FTIR and 1483cm™ in FT-Raman are identified for NO,
symmetric stretching mode. The symmetric stretching
vibration are assigned at 1486cm™ which are closely related
with theoretical calculation.
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Table 2 Observed and B3LYP/6-31G* level calculated vibrational frequency assignments of 4ADMNA

S.No Observed frequencies (cm”)  Calculated frequencies(cm™) with B3LYP/6-311++G*level PED(%)
) Infrared Raman Unscaled Scaled IR Raman
1 3222.52 - 3223.66 3094.714 8.2434 193.2950 CH\(99)
2 3202.96 - 3222.53 3093.629 0.924 0.3686 CH(99)
3 3089.58 3086.91 321043 3082.013 42574 66.9118 CHw(99)
4 - - 3209.13 3080.765 1.1368 22219 CH(99)
5 - - 3141.42 3015.763 30.3720 182.9398 CH(94)
6 . - 3127.81 3002.698 1.761 1.8492 CHw(93)
7 2924.18 2930.92 3044.45 2922.672 65.2685 49.8076 CH,(100)
8 - - 3043.61 2921.866 0.1276 158.4793 CH,(100)
9 . - 3004.66 2884.474 58.0422 345.6136 CHw(94)
10 - 2818.86 2998.10 2878.176 83.2536 75.7455 CH(93)
11 1603.41 1601.79 1643.14 1577.414 331.387 159.3908 CCy(57), BHCC(19),bCCC(10)
12 1584.47 - 1620.38 1555.565 101.5339 2.0477 CC4(49), bCNC(13),
13 1530.95 1530.32 1550.84 1488.806 171.7666 352727 NCy(11), bBHCC(45)
14 1486.50 1483.07 1548.01 1486.09 183.438 20.4869 ON(69)
15 1459.37 1452.68 1526.16 1465.114 6.9953 24.0923 bHCH(58) ,HCNC Tring(21)
16 . - 151435 1453.776 1.1571 2.4433 bHCH(60) ,HCNC Tring(20)
17 - - 1495.12 1435315 17.2237 21.0515 bHCH(65) ,HCNC Tring(19), HCNC
Tring(10)
18 . - 1487.82 1428.307 20.4140 7.8612 bHCC(82)
19 - - 1486.19 1426.742 0.0223 7.4384 bHCH(62) ,HCNC Tring(24)
20 . - 1467.90 1409.184 9.2487 1.0250 CC,(43), bHCC(21), bHCH(14)
21 . - 1449.07 1391.107 3.0085 13.6599 bHCH(80)
2 1384.12 1386.60 1395.16 1339.354 29.1447 29.1439 NC,y(41) ,bHCC(18) HCNC Tring(10)
23 1312.27 - 1374.14 1319.174 6.9024 0.8283 bCNC(14) NCy(14)
24 - - 1344.95 1291.152 1085.6039 1057.6836 ON4\(76), BONO(10) HCNC Tring(10)
25 1273.72 1289.49 1339.73 1286.141 1.8094 0.2153 bHCC(73)
26 1200.21 1201.32 1265.25 1214.64 26.8192 7.7804 NCy(39) ,CCy(11), HCNC Tring(12)
27 - - 1219.79 1170.998 41.8109 4.0215 bHCC(57), CC(12)
28 1136.26 - 1193.92 1146.163 7.7538 10.2235 bHCH(13) HCNC Tring(47)
29 1116.26 1110.90 1144.85 1099.056 5.7200 0.0021 bHCC(64) CC(25)
30 - - 1136.99 1091.51 0.1223 0.5773 bHCH(21) ,HCNC Tring(61), HCNC
Tring(10)
31 ; - 1136.33 1090.877 0.0023 15162 HCNC Tring(61) bHCH(21) HCNC
Tring(10)
32 - - 1129.0 1083.84 209.9245 115.6805 NC,(13) ,bHCC(16) bHCC(12)
33 1068.76 - 1079.51 1036.33 26.3086 1.1454 HCNC Tring(54), NC,(24) ,bHCH(15)
34 - - 1014.41 973.8336 6.5158 0.1541 bCCC(70), bCCC(10),
35 996.41 - 982.25 942.96 0.0000 0.0473 HCNC Tring(72),
36 968.06 - 974.84 935.8464 2.9108 6.8779 HCNC Tring(65),
37 940.13 - 959.23 920.8608 19.9994 52.6601 CC «(63),HCNC Tring(10)
38 - - 868.32 833.5872 16.7679 0.0029 NCi, (14),CCy(10) bONO(49)
39 . - 835.16 801.7536 53.3425 0.1927 HCCC Tring(76)
40 . - 806.74 7744704 0.0001 7.5478 HCCC Tring(95)
41 749.91 749.11 762.64 732.1344 7.8729 1.1360 CC «(37)bONO(16) bCCC(31)
0 - N 737.65 708.144 9.5305 0.0211 Out of planeOCON(88)
43 696.19 - 700.93 672.8928 15.0804 5.5670 CCCC Tring(10) CCCC Tring(62)
44 628.64 640.54 644.54 618.7584 0.6701 3.3584 bCCC(74) bCCC(10)
45 605.03 N 616.93 592.2528 42180 3.3879 bCCC(17) bCCC(14) BONO(14))CC «(15),
46 54031 - 547.82 525.9072 5.5578 0.5704 HCNC(69) CC «(15)
47 505.16 - 497.12 4772352 10.7935 0.220 ceee T“ng(m)Tgfg((:fo)T ring(11) CCCC
48 490.73 - 476.26 457.2096 2.1044 5.6947 bCNC(61)
49 - - 471.19 452.3424 0.0054 0.0215 NC «(11) bCCC(69)
CCCCTring(51)
50 . - 432.76 415.4496 0.0000 0.1854 CCCC Tring(22) COCC Tring(11)
51 - - 310.33 297.9168 0.5019 5.1515 CCCC Tring(70) CCCC Tring(12)
52 . - 303.54 291.3984 0.0068 2.0231 bCCC(31) bCCC(14) NC ((19) CC ((21)
53 . - 287.94 276.4224 0.1731 1.6475 bCNC(86)
54 - - 197.50 189.6 4.3097 0.2017 Out of planeCCCN(66)
55 . - 184.16 176.7936 0.0143 0.0121 HCNC Tring(64) CCNO Tring(17)
56 . - 173.82 166.8672 0.5200 0.9086 bCNC(84)
57 - - 79.46 76.2816 0.0012 0.4327 CCNO Tring(78) HCNC Tring(10)
58 - - 78.87 75.7152 0.6387 0.4524 CCCC Tring(49) CCCC Tring(17)
59 . - 57.32 55.0272 0.0000 1.4330 CCNO Tring(87)
60 - - 16.12 15.4752 1.4047 0.6528 HCNC Tring(69)

Abbreviations used; b-bending, T-torsion, ss-symmetric stretching
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Optical Studies
UV-Vis-NIR Analysis
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The UV-Vis-NIR spectrum of DMNA has been recorded in
the region between 200-1100nm by using Perkin Elmer lamda
35 spectrophotometer is shown in Fig. 3.The crystal has wider
transparency in the visible and NIR region. The lower cut-off
wavelength is observed at 199.6 nm. This low value of lower
cut-off wavelength and higher transmission is well suited for
frequency conversion of 1064nm laser radiation. The variation
of (ahv)® versus incident photon energy (hv) relation in the
fundamental absorption region is plotted in Fig. 3.2.The
optical energy band gap of the crystal is found be 6.0 eV. The
plot between refractive index and wavelength is shown in Fig.
6. From the graph refractive index decreases with increasing
wavelength [24]. The obtained refractive index value of the
DMNA crystal is 1.1 for the wavelength determined from the
graph is 1.1 at 800nm The absence of absorption band in the
visible region and the wide band gap of the grown crystal

attest its suitability of the grown crystal for photonic and
optical applications [25]

Photoluminence

The Photoluminence study was recorded by using the Perkin
Elmer LS45 Spectrofluoro meter in the range from 300 -800
nm in Fig. The given sample was excited as 400nm [26] The
sharp emission peak is observed from the emission spectrum is
at 433nm.This shows that the grown crystal has blue emission
property. The strong emission peak indicates the presence of
intrinsic effects in the forbidden gap region. The grown crystal
emission region is visible which reveals the material is suitable
for optical applications [27].
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TGDTA Analysis

The TGA/DTA analysis were carried out by STDQ 600
thermal analyser at a heating rate of10° K /min in Nitrogen
atmosphere. The Decomposition of DMNA begins at 165°C.It
shows that the grown crystal thermally stable upto 165°C.The
endothermic peak observed in DTA at 165°C. The sharp
endothermic peak observed in DTA shows good crystalline
nature of the above materials. The one stage decomposition
observed in TGA, the sample losses its weight by 60%. The
high melting point and good thermal stability is much more
suitable for device fabrication [28].

I
8

g

59.9%

3 8
%IuBIapm

Heat flow(mW)
o
1

Sample :DVNA - 60
Size  :10.992mg
- 50
165'C 40
-20 v T T T T T T T
0 50 100 150 200 250
Tenperatme(oc‘)

SHG measurements

The SHG efficiency of the grown crystals has been carried out
by Kurtz and Perry technique using Nd-YAG laser with
1064nm radiation. The laser energy incident on the densely
packed capillary tube was chosen as input pulse energy
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1.2mJ/sec and pulse width 10 ns. The second harmonic
generation was confirmed by the emission of green radiation
(532nm). The same input energy is used for the sample KDP
and Urea. The SHG relative efficiency of the grown crystal
(210mV) has been observed to be nearly 9 times greater than
that of KDP (24mV) reference sample [29].

CONCLUSION

The good NLO crystal of DMNA were grown by the slow
evaporation solution growth method by using the mixture of
methanol as a solvent. The crystal structure of the grown
crystal is elevated from the single crystal XRD. The optical
transparency of the grown crystal is determined by the UV-Vis
analysis and also the optical behaviour of the grown crystal
was found by using Photoluminescence study. TGDTA
analysis is confirmed that the crystal has good thermal stability
below to 150°C .The theoretical hyperpolarisibility calculation
express the suitability of the grown crystal for the fabrication
of opto electronic devices. The grown DMNA crystal is found
to have good NLO property compared to KDP (is 9 times
greater than KDP).
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