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Abstract

An organic Non-linear optical crystal, 8 Hydroxy quinolinium benzoate is grown by slow evaporation
technique using ethanol as solvent. Cell parameter for grown crystal is observed from single crystal
XRD and the crystal belongs to the centrosymmetric crystal structure with P2, space group. The
molecular structure and various functional groups are identified by 'H NMR, FTIR and FTRaman
analysis. The dielectric responses of the compound have been studied in the frequency range 100 Hz—
5MHz at various temperatures. The first order hyperpolarizabilty of 8HQB is computed by Density

functional theory using B3LYP/ HF6-31G (d,p) level. The total number of vibrational modes is
obtained using factor group analysis. Thermal suitability in optical application is analysed using
TG/DTA thermal analysis. The lower cutoff wavelength of grown crystal is 243 nm. The second
harmonic generation efficiency of title compound is 2 times that of KDP.
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Introduction

Currently NLO materials have high
potential application and pioneer finding in field
of optical computing, optical signal processing,
optical communication and dynamic image
processing [1-2]. Based on the need of high
second order optical non linearity, stable physic-
chemical property and stable transparency cut
off, high quality NLO crystal has grown in the
last few decades. A Different variety of organic,
inorganic and semi-organic materials and their
molecular systems have been investigated for
NLO activity. Due to high order electronic
susceptibility structure modification through
standard synthetic method, fast response time,
organic NLO materials are having a great deal of
attention over inorganic NLO materials [4].

Extended m-conjugated systems, the
existence of the asymmetrical charge transfer,
organic compounds have a high order of non-
linearity. Electron donating and electron
accepting property of aromatic ring substituent
are the reasons for charge transfer [3].
Derivatives of 8-hydroxyquinolie are familiar

compounds for their antibacterial and antifungal
activities [5].

Several 8-hydroxyquinoline derivative
organic crystals reported for their NLO
properties,  such as 8-hydroxyquninolinium
hydrogen maleate [6], 8-hydroxyguninolinium
picrate [7], 8-hydroxyquinolinium dibenzoyl-
(L)-tartrate  methanol monohydrate [8], 8-
hydroxyquinolinium succinate [9], 8-
hydroxyquinolinium [10] are worthwhile to
mention for their excellent NLO properties. In
this article we have reported synthesis, optical
property, spectroscopic, thermal and dielectric
studies of 8HQB to understand the suitability
towards the utilization in opto electronic devices.

Materials and Methods

8-hydroxyquinolinium  benzoate  was
obtained by slow evaporation solution growth
method at room temperature using ethanol as
solvent. Analytic grade of 8-hydroxyquinoline
and Benzoic acid were taken in stoichiometric
amounts of 1:1 molar ratio The separate solution
of reactants was prepared, mixed by magnetic
stirrer and was stirred continuously for about 4
hours the pH value of the solution is 4. The
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homogeneous solution was filtered by grade one
Whatman filter paper and kept in an airtight
container and maintained at a constant
temperature to yield good quality of crystal at
dust free atmosphere.

The grown 8HQB crystals were
characterised by powder X-ray diffraction
(XRD) analysis using BRUKER, GERMANY
(D8 Advance) X-ray diffractometer with Cu Ka
radiation. The scanning rate of the sample is in
the range of 10-80°. The FTIR spectrum of the
8HQB crystal was recorded in the spectral range
400-4000cm™ by using a SHIMADZU
spectrophotometer. By a Bruker RFS 100/s
FTRaman instrument, Raman spectrum was
recorded in the region 4000-400 cm™. *H NMR
of the 8HQB has been obtained with a Bruker
AVANCE IIl NMR spectrometer operating at
500 MHz with CdCl; as a solvent.

UV-Vis absorption spectrum for the titled
crystal was recorded with a Lab India UV-Vis
spectrophotometer in the wavelength range 200-
1100 nm at room temperature. The
Thermogravimetric analysis of the grown crystal
was carried out using NETZSCH Thermal
analysis system between 30 to 500°C.
Dielectric studies for 8HQB was carried out
using an LCR meter which was used to measure
various dielectric parameters like dielectric
constant, dielectric loss (tan d) of grown crystal
as a function of various temperature (313, 323,
333 & 343K) and frequency (in the range (100
Hz - 5 MHz). Good samples of 8HQB crystals
were electroded after polished by fine grade
alumina powder (0.1 pum).

The intermolecular charge transfer from
the end-capping electron-donor to the efficient
electron acceptor group through m-conjugated
path is highly significant for ascribing the
HOMO-LUMO separation. In an electric field
Ei(w), the nonlinear response of an isolated
molecule can be constituted as a Taylor
expansion of the total dipole moment p; induced
by the field.
ut :yo +aij Ei +ﬂijkEiEj + oo

Where  u, is the permanent dipole
moment, ¢ is linear polarizability and £, are

the first order hyperpolarizibility tensor
components.
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The component of  first  order
hyperpolarizibility can be determined using the
relation

1
ﬁi = ﬂijk +§Z(ﬂijj +ﬁjij +ﬂjji) ....... (2)

The total static dipole moment and first
order hyperpolarizibility tensor of 8HQB, can be
calculated by the following equations.

no=u ﬂf/ +ﬂ22)1/2 ------ (3)
2 .2 .2
'Btotal = (ﬂx 'By + ﬁz ) 4)

The first order hyperpolarizibility from
GAUSSIAN 98 W output is given as follows.
2
s =L ( B By P ) 0,

tot X

+ﬂyz +f )2
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The calculated values of hyperpolarizibility are
given in terms of electrostatic units (1 a.u. =
8.639418X10 esu).  Hyperpolarizibility is a
third rank tensor; it strongly depends on basis set
and the method. Before calculating the
hyperpolarizibility, the crystallographic data of
8HQB compound was optimized in the UHF
(unrestricted open-shell Hartree-Fock) level. The
basis set used for calculating the first order

hyperpolarizibility (,Bijk) of 8HQB is B3LYP /6-

31G (d,P) by the finite field method using
GAUSSIAN 98 W software. The vibrational
modes of 8HQB crystals are determined by using
Factor group analysis. The second harmonic
generation efficiency of the grown crystals is
obtained by the Kurtz powder technique. The
crystalline sample of 8HQB was ground into
very fine powder and tightly packed in a micro
capillary tube. A Q-switched Nd:YAG laser
working at 1064 nm and 8 ns pulse width with
an input repetition rate of 10 Hz and input
energy 4.8 mJ/pulse was made to fall on the
sample cell. KDP used as the reference material
for the SHG analysis of 8HQB.

Results and Discussion

The 8-hydroxyquinolinium benzoate was
obtained by slow evaporation--solﬁﬁ)on growth
method at room temperature ratio using ethanol
as solvent. Good quality of crystal was grown
after 20 days of time and the grown crystals of
8HQB are shown in fig. 1. The product was re-
crystallized twice to remove the impurities. The
reaction scheme of 8HQB is given in fig. 2.
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Fig. 1. Grown crystal of 8HQB
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Fig. 2. Scheme of reaction of 8HQB

The powder X-ray diffraction pattern of
8HQB is shown in fig. 3. Prominent peaks in the
powder X-ray diffraction confirmed the good
crystallinity of the grown crystals. The crystal

Benzoic actd  8-hydroxyqumolmium benzoate

Counts

Growth, spectroscopic, hyperpolarizability and dielectric studies on 8HQB crystal

structure of 8-hydroxyquinolinium benzoate is
monoclinic with centro-symmetric space group
P21.. The X-ray diffraction peaks were indexed
for the lattice parameters a=6.6322(3) A,
b=8.5401(4) A, ¢=21.5578(10) A, p=92.798(1)°.
The lattice parameters obtained in powder X-ray
diffraction well suited with the literature [11]
and well matched with single crystal X-ray
diffraction.

FTIR spectrum of 8HQB is shown in fig.
4. FTRaman Spectrum for the titled compound is
shown in fig. 5. Frequencies of bending and
stretching vibrations, force constant of the donor
- acceptor group can be altered by hydrogen
bonds. The exact position of the OH band is due
to the strength of hydrogen bonds.
Intermolecular hydrogen bond between C-O
group and O-H group can be presented between
1600 and 1700 cm™. The ring carbon-carbon
stretching vibrations take place in the region
between 1625 and 1430 cm® [12].
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Fig. 3 Powder X-ray diffraction spectrum of 8HQB

The medium intensity vibrational band is
observed at 1573 cm' and its Raman
counterpart is appeared at 1582 cm*, due to
carbon-carbon stretching mode. The weak
absorption band appeared at 1905 cm™ is
attributed as the overtone or combination band
due to the C-H out of plane deformation
vibration. The identification of vibrational
modes at 1388 cm™ in FTIR and 1380 cm™

FTRaman is due to CH, deformation a and
represent the ring stretching vibrations of
quinoline. The in-plane bending vibrations of
quinoline were reported between 750 and 500
cm ' [13]. 723 and 715 cm™ are the vibrational
frequencies observed in FTIR and FTRaman
respectively represents the position of in-plane
bending vibrations of quinoline.

©2018 The Authors. Published by G J Publications under the CC BY license. 19
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Fig. 5. FTRaman spectrum of 8HQB

Absorption bands appeared at 3051 and
3066 cm™ have been assigned for the C-H
stretching mode of 8HQB in FTIR and FTRaman
respectively. Vibrations resulting due to C-H
in-plane and out of plane C-H bending are found
throughout the region 1300-100 cm™ and 900-
650 cm™. In FTIR, these bands give an
significant information about the type of
aromatic substitution. 881, 794, 723 and 890,
807, 715 cm™ are the absorption band for C-H
out of plane bending in FTIR and FTRaman
respectively. C-H in plane bending is confirmed
by the absorption peak at 1280, 1085 and 1045
cm? in FTIR spectrum and also the same
functional groups are confirmed by the

©2018 The Authors. Published by G J Publications under the CC BY license.

FTRaman spectrum at 1275, 1099 and 1060 cm’
! The vibrational frequencies and corresponding
functional group assignments are tabulated in
table 1.

The 'H NMR spectrum of 8HQB is
shown in fig. 6. In proton NMR, missing of the
signal near in 10-12 ppm related to protons of
carboxylic acid (-COOH) and peak at 5 ppm for
hydroxyl substitution in quinolinium confirms
the formation of new compounds. It could affirm
the formation of the title material via the
carboxylic acid deprotonation. A doublet
exhibited at 8.77 and 8.15 ppm represents the
position of protons in 8-hydroxyquinoline and
benzoate moieties respectively. A 6=7.47, 7.43,

20
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7.40, 7.33 ppm peaks represent the position of
protons at 8-hydroxyquinoline moiety. At o=
7.45, 7.32, 7.18 ppm owes to the position of
protons in the benzoate moiety.

As a NLO material, remarkable
parameters for a single crystal utilised in optical
applications and Opto electronic device
fabrication are the range of optical transmittance
and the transparency cut off [14]. The lower cut
off wavelength for 8HQB crystal is 243 nm and
65% transmittance observed over a frequency
range from 400 to 800 nm. The low percentage
of transmission can be ascribed to purity of
starting material and growth method. The
convincing evidence of this result is obtained
from transmission spectrum, is shown in fig. 7
and it indicates that the grown 8HQB material
can be used in NLO applications.

15 " ” ” " 0 ? B
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Table 1. Vibrational frequency and band
assignments of 8HQB

Wavenumber, cm™ Vibrational
FTIR  FTRaman Jband
assignments

3051 3066 C-H stretch

1573 1582 -C=C- stretch

1494 1474 Ring stretch

1388 1380 C=0 sym
stretch

1280 1275 C-Hin plane

1209 1225 C-Hin plane

1083 1099 C-Hin plane

1045 1060 C-Hin plane

881 890 C-H out of
plane

794 807 C-H out of
plane

472 473 Qutofplane
ring bending

— PR |
L] s LY 3 2 ) 70

Fig. 6. 'HNMR spectrum of 8HQB
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Fig. 7. Transmittance spectrum of 8HQB

The TG and DTA traces are shown in fig.
8. There is a major weight loss that starts at
80°C and propagated up to 250°C. The clear
endotherm peak at 80°C could be ascribed to
melting point of 8HQB crystal. A good degree of
crystallinity and purity of the material was
ascertained by the sharpness of the peak [15].
The melting point of 8HQB crystals was also
verified using a melting point apparatus. The
temperature of the powder sample of 8HQB was
gradually increased and the material starts to
melt from 80°C into and converted into a
transparent solution. The result reveals that the

©2018 The Authors. Published by G J Publications under the CC BY license. 21
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maximum temperature for NLO applications of
8HQB is limited up to 80°C.

6% DTA §=Wimg

1001 S —— oo

Temperatuee °C

Fig. 8. TG/DTA analysis of 83HQB

The reduction of the dielectric constant
with the increase in the frequency may because
of the nature of the dipoles in material to align
along the field direction [16]. Due to the non-
debye behaviour the dielectric constant varies
with frequency in 8HQB can be ascribed to the
constitution of the space charges at the electrode
and crystal interface [17]. Decreases of
dielectric constant at high frequencies in 8HQB
crystals may due to the fast periodic reversal of
the electric field occurs, thus the polarization due
to reduction of accumulation of charges of
interfaces of crystal and electrode [18].
Inactiveness of space charge polarization at
lower frequencies and high temperature confirms
the sign of perfection of crystal [19]. Fig. 9
shows the variation of dielectric constant of
8HQB as a function of temperature and
frequency. The dielectric constant of 8HQB was
calculated using the relation

Ct

gl’
EA (1)

where ¢, is the permittivity of free space, t is the

thickness of the sample; A is the area of a cross
section of the grown crystal of 8HQB.

Variation of dielectric loss with
frequency and temperature of 8HQB is given in
fig. 10. At lower frequencies, the higher value
of dielectric loss is due to the “free” charge build
up at the electrode—crystal interface [20]. Before
the electric field is reversed at low frequencies
there is enough time for accumulation of the
charges and this may cause to the large value of
dielectric loss in the material. At high frequency
there is no time for the accumulation of the
charges at the interface. The charges ramp up at
the boundaries of conducting species in the
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material. This process leads to the so-called
“conductivity relaxation” [21,22].

Dielectric loss
tano = De, )

where, & is the relative permittivity of the
crystal and D is dissipation factor.

Reduction of space charge polarization in
high frequency may increase the conductivity of
dielectric material for a given temperature which
confirms the small polaran loss in the 8HQB
crystal. A.C conductivity behaviour of 8HQB
with frequency is shown in fig. 11.

o, =24fg,6, tan o 3

Where & = 8.854 x 10-12 Fm™, f is the
frequency of the applied dielectric field, ¢ the
dielectric constant and tand is the dissipation
factor.
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Fig. 9. Variation of Dielectric constant with
frequency
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Fig. 10. Variation of dielectric loss with
frequency

The HOMO s the orbital that behaves as
an electron donor and the LUMO is the orbital
that behaves as the electron acceptor. Portending

©2018 The Authors. Published by G J Publications under the CC BY license. 22
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the most reactive position in m-electron system
and various types of reaction in the conjugated
system was explained by the molecular orbital
and their properties like energy [23]. The energy
gap between HOMO and LUMO evaluate the
optical kinetic stability, chemical hardness,
polarizability and chemical reactivity [24]. The
cell parameter discloses that the m-n* transition
which gives rise to the NLO properties of the
8HQB crystal.
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Fig. 11. Variation of conductivity with frequency

The calculated values of first order
hyperpolarizibility of 8HQB is 3.88823E° (esu)
and the dipole moments are u,=0.3284842,

4,=-0.190385 4,=-0.6148271 and iy =

0.4767279. Domination of particular
hyperpolarizibility component (Bxxx) indicates
on a significant delocalization of charges in
those directions. The calculated
hyperpolarizibility values of 8HQB are tabulated
in table 2. The higher dipole moment values are
associated  with  larger  projection  of
Lo Quantities.  The connection between the

dipole moments and first order
hyperpolarizibility of organic molecules are
widely recognized in the literature [25]. The
lowering the value of energy gap between this
orbital explains the charge transfer interactions
occur within the organic molecule and reveals
the chemical activity. The HOMO-LUMO plots
of 8HQB are shown in fig. 12.

The vibrational modes of 8HQB crystals
are determined by using Factor group analysis
method based on the procedures outlined by
Rousseau et al [26]. The 8HQB crystal
crystallized in the monoclinic system, P2y, space
group, the C, point group and molecule has 30
atoms (Z=4). The total vibrational mode of
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8HQB crystal is 360. The total vibrational modes
are decomposed according to the irreducible
representation of the point group as I'igta= 90Ag
+89A,+90By+88B, and T'acoi= Ay+2B, Three
acoustic modes represent the translations of free
molecule, which leads to inactive Infrared (IR)
mode in the crystal. The total vibration modes
predict 336 internal vibrations which can be
distributed as (84A¢+84A,+84B,+84B,) and 24
external modes such as (3Ag+3Ay+3Bg+3By)
translational, (3Ag+3A,+3By+3B,) Vibrational
modes. The results of the factor group analysis
are given in table 3.

Table 2.  First order hyperpolarizability of
8HQB derived from DFT calculation

B values
Bxxx 196.7084349
Bxxy -83.0793172
Bxyy 182.5762149
Byyy -373.7081334
Bxxz 37.354757
Bxyz -22.6351786
Byyz 10.0435313
Bxzz -43.5056477
Byzz 74.2539956
Bzzz 11.4616133
BTotal, au 450.0574269
BTotal, esu 3.88823E-30
LUMO
& 9
2%,
J‘%
HOMO AE=0.016a.u

B3LYP /6-31G (d.P)

Fig. 12. HOMO-LUMO plot of 8BHQB
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Table 3. Factor group analysis of 83HQB

Site symmetry C1sH11NO,
Factor
Group  Total Vibrations Compound
symmetry Internal External C H N O Total Optical ~ Acoustic Activity
mode mode mode mode mode IR Raman
Ay 84 3T 3R 48 33 3 6 90 90 -- R, ;’XX’ ‘;{V’
A, 84 3T3R 48 33 3 6 90 89 1 T,
By 84 3T 3R 48 33 3 6 90 90 -- RuRy o oy,
B, 84 3T3R 48 33 3 6 90 88 2 T Ty --
Total 336 24 192 132 12 24 360 357 3

The second-harmonic generation (SHG)
IS a cognitive process to new laser technology
and for the electro-optic effect. A quantitative
analysis of the second harmonic generation
efficiency of 8HQB crystal was determined by
Kurtz powder technique [27]. The grown crystal
of 8HQB crystallized in a P2y,c space group with
crystal system of monoclinic in centrosymmetric
manner. The induced SHG is observed and not
intrinsic. Some of the crystals even grown in
centrosymmetric space groups [28] may yield
the second harmonic generation due to the
presence of defects or internal stress or surface
effect and it causes the local breaking of
symmetry [29,30]. Based on the fact that the
8HQB crystal also shows the SHG and is 2 times
of KDP. Comparable values of SHG for 8HQB
and KDP are shown in table 4.

Table 4. Comparison of SHG Value for 8HQB
and KDP

Output power, mV
KDP 8HQB
4.8 78 156

Input Energy,
mJ/pulse

Conclusions

8HQB crystals are grown by the slow
evaporation technique using ethanol as solvent
and with the molecular complex of 8-hydroxy
quinoline and benzoic acid (1:1). The crystal
structure of the titled compound confirmed and
the lattice parameters have been calculated using
X-ray diffraction studies. Various vibrational
frequencies are observed using FTIR and
FTRaman spectra. *H NMR studies provided the
information about the chemical environmental of
title material. The first order hyperpolarizability

() of 8BHQB crystals was found to be 3.88823E-
30 esu using the B3LYP /6-31G (d,P) basis set.
The UV-visible spectrum cut-off wavelength is
found to be 243 nm. The dielectric behaviour of
8HQB crystal is confirmed from the dielectric
studies as the function of temperature and
frequency. The thermal stability of 8HQB was
affirmed from a sharp endothermic peak in the
DTA. The SHG conversion efficiency of 8HQB
was found to be two times that of KDP.
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