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INTRODUCTION

In current years, metal organic complexes have attracted
good attention owing to a result of their application in second
and third harmonic generation, optical bistability, laser driven
fusion, laser remote sensing, optical disc data storage, medical
and spectroscopic image processing, colour display and optical
communication [1-3]. The metallic organic complexes combined
the benefits of each the organic and inorganic substances. Many
new materials are having a wide application inside the area of
frequency conversion [4]. Typically these compounds are fashi-
oned through weak hydrogen and van der Waals bonds. However,
the use of some organic crystals are substantially restrained to
high power laser packages because of their demerits such as
low laser harm threshold, negative mechanical, low thermal
balance and difficulty in producing big sized crystals. To conquer
the above said negative aspects, an alternative magnificence
of fabric which combines both the fine elements of organic
and inorganic referred to as metal organic has been advanced
[5]. This type of metal organic compounds containing organic
molecules are connected to metal atoms by way of carbon-metal
bonds [6-8]. These sorts of substances had been used in optical
switches and other photonic devices and have numerous advantages
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such as low cost, low dielectric steady and amazing diversity
of feasible organic templates [9-11]. The organic and metal
organic non-linear optical materials are attracting conside-
rable interest because of the important potential applications
in electro-optical modulator, memory, optical switches and other
photonic devices [12-14]. However, they have been absolutely
few reports on devices based on but, there had been unaccom-
panied a few reviews on gadgets primarily based on organo-
metallics, metallic-organic and metal coordination complexes.
During this period, they have been readily studied guerdon to
their architectural plenty of rope and systematize of animate
combinations of champion metal and ligand [15]. A large
number of literature survey deals with tetramethylammonium
cadmium chloride (TMACB). We rearrange halogen atoms of
bromide in this structure. In preliminary X-rays diffraction study
of TMACB, the space group of the crystal at room temperature
[P63/m (z = 2)] and low temperature [P61 - P65 (z = 6)] phases
have been established [16]. Previous literature survey gives the
ferroelectric phase transition of [(CH3)4N]CdBr3 which denotes
the complete structure of TMACB [17]. The present paper deals
with preliminary study of XRD, morphology, UV-visible,
FTIR, SEM, dielectrics, photoluminescence and microhardness
studies.
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In the present investigation, the growth of tetramethyl-
ammonium cadmium bromide crystal and the morphology study
is reported. The vibrational, thermal, mechanical, dielectric and
optical properties are also discussed.

EXPERIMENTAL

Single crystal XRD analysis and morphology of the grown
crystal were carried out using Enrof NORNIUS cad 4 X ray diffr-
actometer to determine the lattice parameter values and the structure
of crystal. The sample was crushed in powder form. The intensity
data were analyzed by continuous scan in 2θ/model from 10º
to 70º in the scanning speed of 0.01º/s. The surface study of the
grown crystals by scanning electron microscope using a JEOL
Model JSM-6390LV. The optical absorption spectra were recorded
using Varian, Cary 5000 UV-VIS spectrometer. The FTIR and
FT Raman spectra were recorded to confirm the presence of func-
tional groups by using Bruker: RFS 27 spectrometer in the
frequency range 4000 to 500 cm-1. The Vickers microhardness
was used to calculate the variation of hardness with respect to the
indented load for a fixed time of 10 s. The photoluminescence
spectrum was recorded using JOBIN YVON FLUROLOG-3-11
spectroflurometer at room temperature. Dielectric study was
carried out using the impedance analyzer (HIOKI LCR HITESTER
3532-50) in the frequency range 42 Hz-1 MHz at varies temper-
atures between RT-145 ºC.

Crystal growth: The organic metal of tetramethylammonium
cadmium bromide was synthesized by slow evaporation method
at room temperature. The aqueous solution of tetramethylamm-
onium and cadmium bromide was taken in the ratio of 2:1. In the
chemical reaction, the two salts are mixed with 20 mL deionized
water, the mixed solution was stirred at 3 h using magnetic stirrer.
The prepared solution was covered using butter sheet and kept
at free of mechanical disturbance and dust for a period of 10
days. The colourless, transparent and good quality crystal was
grown. In the purification process, the grown crystal was mixed
again with 20 mL water and stirred at 3 h. The prepared solution
was filtered and kept in an undisturbed place. Good quality
crystals were harvested after a period of 17 days. The photo-
graphs of as-grown crystals of tetramethylammonium cadmium
bromide are shown in Fig. 1.

Fig. 1. Crystal photo of TMACB

RESULTS AND DISCUSSION

The single crystal XRD analysis had been carried out to
confirm the structure of the grown crystal. The lattice parameter
values were found to be a = 9.257 Å, c = 6.9167 Å and α = β
= 90º, γ =120º. Using the parameter values, it is confirmed
that the structure of grown crystal was hexagonal closed packed
structure. The space group was P63/m (z = 2). The experimental
values are in good agreement with the reported literature [16,17].
The morphology of the grown crystal is shown in Fig. 2. The
prominent planes are (111), (111), (110), (001), (110) and
(110). The planes (110) are well developed and have dominated
crystal morphology. The crystals grew faster along at pH value
7 [18]. The quality of grown crystal TMACB can be observed
by the surface morphology of the crystal [19]. The recorded
SEM analysis is shown in Fig. 3 and confirms the formation
the inclusions and pits on the surface of the crystal. The particle
arrangement distribution was taken 500×, 1500×, 3500× and
7000× magnification with 15 KV acceleration voltages.

(1 1 1) (1 1 1)

(1 1 0)(1 1 0)(1 1 0)

(0 0 1)

Fig. 2. Morphology of TMACB crystal
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Fig. 3. SEM analysis of TMACB crystal
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Optical absorbance study: Optical absorbance and transm-
ittance spectrum was recorded in the range of 200 to 1200 nm.
The important properties of non-linear optical crystals are good
optical transmittance and lower UV cut off wavelength. The
lower cut off wave length is 360 nm. The maximum transmittance
is above 90 % shown in Fig. 4. The crystal has good transpar-
ency in the range of 320 to 1100 nm, which indicate that this
crystal can be employed in the NLO application in the entire
visible and IR region [20].
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Fig. 4. UV absorbance spectrum of TMACB crystal

Vibrational analysis: FT-IR and FT-Raman spectrum of
grown crystal are used to identify the functional groups present
and to determine the molecular structure of the synthesized
compound. The peak corresponds to the range 4000- 500 cm-1

and 4000 to 400 cm-1, respectively. The peak at 3025.53 and
3024.65 cm-1 in IR and Raman spectrum are due to the O-H
stretching vibration of water molecule. The peak at 2587.68
cm-1 in FTIR is due to S-H stretching vibration (Figs. 5 and 6).
The medium C-H bending mode appears at 1479.40 and 1445.49
cm-1 in FTIR and FT Raman spectrum. The peak at 1076.28 cm-1

FT IR denotes the strong C-O stretching vibration mode. The
strong C=C bending vibration is assigned at 948.98 cm-1 in
FTIR and the corresponding mode appears at 947.95 cm-1 in
FT-Raman. The peak value revealed at 754.17 and 751.47 cm-1

denote the medium C=C bending mode in IR and Raman
spectrum, respectively. The strong C-Br stretching halo compound
occurs at 628.79 cm-1 in FTIR spectrum.

Mechanical property: The strength of the materials for
device fabrications explicitly dependent on important parameters
called hardness. The Vickers's microharness test is the principal
type of hardness test in which a square pyramid of diamond
with apex angle equal to 136º is impressed into crystal surface.
The elastic deformation is equal to the strain of the given material,
and its conserved in the form of elastic strain energy where
the energy dissipated as heat or generated the internal defects
in the material [21]. The indentation hardness of the grown
crystal was measured as the ratio of applied load to the surface
area of the indentation. The constant time indentation 3 s was
maintained. Vickers's microharness number was found by using
the relation:

Hv = 1.8544P/d2 (Kg/mm2)
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Fig. 5. FTIR spectrum of TMACB crystal

R
a

m
a
n
 i
n
te

n
s
it
y

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm )
–1

0.12

0.10

0.08

0.06

0.04

0.02

0

Fig. 6. FT-Raman spectrum of TMACB crystal

where P is the applied load in Kg and d is the mean diagonal
length of the indenter impression in millimetre. It is observed
that by increasing the load, there is an increase in hardness
number (Fig. 7). This phenomenon is known as reverse inden-
tation size effect [22]. The slope of the graph gives Mayer's
index (n) and it is calculated to be 2.32. Mayer's index value
comes out to be 1 to 1.6 for hard materials and greater than
1.6 for soft materials [23,24]. For that reason, tetramethyl-
ammonium cadmium bromide crystal belongs to soft material
category.

Dielectrics constant and dielectric loss: The temperature
dependent dielectric constant (ε') for the grown crystal shows
that the dielectric constant (ε') initially increases up to 433 K.
This indicates that the grown crystals begin to undergo phase
transition from paraelectric to ferroelectric at this temperature,
which is called as Curie temperature (TC). Thus, the peak at
433 K indicates the ferroelectric phase transition for various
frequencies.

It is observed that the dielectric constant and dielectric loss
decreases exponentially with increasing frequency and then
attains almost a constant value in the high frequency region
[25-28]. The low value of dielectric constant at higher frequ-
encies is important for the fabrication of ferroelectric devices.
It is also observed that as the temperature increases, the value
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Fig. 7(a). Hardness number (HV) vs. load (P) for TMACB
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Fig. 7(b). log P vs. log d for TMACB

of the dielectric constant also increases. Fig. 8 observed the
increment of dielectric constant and dielectric loss may due to
interfacial polarization behaviour.

Photoluminous study: The photoluminous studies are
prepared rather than optical absorption to detect the lower concen-
tration of defects. This is a mechanism where the impurity on
absorption of light gives rise to ground state to exited state. photo-
luminescence emission spectrum (Fig. 9) was recorded in the
range of 300 to 700 nm at room temperature. The emission peak
observed at 569.8 nm indicates the presence of intrinsic defects
in the forbidden band region for this TMACB crystal. The origin
of green band can be attributed to the relaxation of polarization
defects [29,30].

Conclusion

Single crystal of tetramethylammonium cadmium bromide
(TMACB) was grown from aqueous solution by the slow evapo-
ration method at room temperature. From the single crystal X-
ray diffraction analysis, it is observed that TMACB crystallized
in hexagonal crystal system with P63/m space group .The lattice
parameter values are presented .The morphology of the grown
crystal were analyzed. FTIR and FT-Raman spectral studies
revealed the presence of functional group. The lower cut off
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Fig. 8. Dielectric analysis of TMACB crystal

wavelength was found to be 360 nm. The quality of the grown
crystal was measured by SEM analysis. Photoluminescence
spectral studies give the information about strong charge transfer
in the molecules. Vickers microhardness studies carried out for
the grown crystal and observed that the hardness value increases
with increasing the load and at last cracks occur. Thus the results
show that TMACB crystal belongs to soft material category.
The dielectric studies carried out to know the variation of dielectric
constant and dielectric loss with frequency at different temperature.
This indicates that the grown TMACB crystals begin to undergo
phase transition from paraelectric to ferroelectric at 433 K.
Thus, the peaks indicates the ferroelectric phase transition for
various frequencies.
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Fig. 9. Emission spectrum of TMACB
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