Available online at www.scholarsresearchlibrary.com

9\‘\ed Sc,'e

\pPii %,
. gé \ oﬁ
Scholars Research Library £ (w 3
Scholars Research < 3
Archives of Applied Science Research, 2012, 4 (13%-644 M
(http://scholarsresearchlibrary.conmvar chive.html)
Library

ISSN 0975-508X
CODEN (USA) AASRC9

Impedance analysis of bimetallic thiocyanate ligantbased single
crystals of MNHg(SCN), and CdHg(SCN),

R. Josephine Ush&, J. Arul Martin Mani and V. Joseph

Department of Physics, Loyola College, Chennai, Tamil Nadu, India

ABSTRACT

Sngle crystal of manganese mercury thiocyanate (MMTC) and cadmium mercury thiocyanate
(CMTC) were grown by slow evaporation technique. The conditions for the growth were
optimized. The cell parameters of the grown crystals were confirmed by using single crystal X-
ray Diffraction. The grown crystals have high NLO efficiency compared to KDP and urea. The
optical properties were studied by using UV-Vis spectroscopy. The optical band gap energy
values of MMTC and CMTC crystals were reported. The measurement of complex impedance
response to small ac signals was carried out in the frequency range of 20 Hz to 1IMHz at
different temperatures. The activation energy has been calculated using Arrhenius plot as a
function of temperature.
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INTRODUCTION

Due to unique properties, the nonlinear optical @QYLsingle crystals have promising
applications in the area of photonics such as pigbd information processing, frequency
conversion, optical communication, high opticalkddata storage, etc. Among the different
varieties of NLO materials investigated, the recearterest has been mainly focused on
organometallic compounds due to the unique chaagesfer capability associated with charge
transfer transitions either from metal to ligandligand to metal. According to the idea of
“combining the inorganic distorted polyhedran wasymmetric conjugate organic molecules”,
organometallic materials have been attracting atgieal of attention in the nonlinear optical
field [1]. These NLO metal complexes exhibit don&r conjugate bridge) and acceptor - (D- -A)
structures. The most striking features are; theGHNS bridges which connect the center atoms of
the infinite three dimensional -A-N=C=S-B- netwarksAn organic ligand is usually more
dominant in the NLO effect. The metal ligand bomdin organometallics give rise to large
molecular hyperpolarizabilities due to the transférlectron density between the metal atom
and the conjucated ligand systems [2,3]. Ligarkisthiourea (tu) and thiocyanate (SCN) with S
and N donars are capable of combining with metafoton stable complexes through co-
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ordinated bonds. The crystals formed with SCN Ihdrave shown a relatively higher SHG
effect than those crystals formed with the othegaarc ligands. Due to the potential role in the
second order nonlinear optical (SONLO) applicatitmmetallic thiocyanate complex with
general formula: AB (SCN) where [A=Mn,Cd,Zn; B=Hgl[Chave been widely investigated.
This class of materials is reported to be potemizadidates for the generation of blue — violet
light by doubling the frequency of semiconductard# laser [4].

In recent years, the more detailed preparatiorycstre, thermal, electrical and SONLO
properties of these compounds have already beanteep The surface features like scanning
electron microscopy (SEM), etching and atomic farderoscopy (AFM) studies were reported
by Rajesh Kumar et al [5]. Impedance spectrosctpyi¢ a highly practical tool to investigate
the electrical properties of the solid. This adiadeals with our attempts to investigate
electrical property of crystals manganese merchigcyyanate (MMTC) and cadmium mercury
thiocyanate (CMTC). Survey of literature indicatkat these systems have not been investigated
by complex impedance spectroscopy. Impedance (Z)n®re general concept than resistance
because it takes phase differences into accounac.Inthe resistance R, is replaced by the
impedance, Z, which is the sum of resistance aactaace. It can be written as

Z=27+2"

Where Z' is the real part and Z” is the imaginamrtpof Z [6]. Generally, Z is frequency
dependent. The impedance (admittance) plots coabisto arcs, one due to the bulk of the
sample (single crystal) / grains themselves (pgbtatline) and the other due to electrodes. An
additional arc can also be there due to grain baxesl In this work we have investigated the
growth and electrical properties of two well knowsrganometallic NLO crystals of
MnHg(SCN) (MMTC) and CdHg(SCN)(CMTC) . The crystals are also subjected to single
crystal XRD, optical absorption and SHG test.

MATERIALS AND METHODS

2.1. Synthesis and crystal growth

Manganese mercury thiocyanate (MnHg(SEN) was synthesized by taking ammonium
thiocyanate, mercury chloride and manganese cldondhe ratio of 4:1 and cadmium mercury
thiocyanate (CdHg(SCM)was synthesized by taking ammonium thiocyanatrcary chloride
and cadmium chloride in the same ratio of 4:1. $taeting materials were of analytical reagent
grade and used as purchased. The raw materials insétgese studies were synthesized in
deionized water at room temperature based on tlenviag reactions:

0] For manganese mercury thiocyanate,

ANH,SCN+MnCb+HgChL — MnHg(SCN)+4NH,CI

(i) For cadmium mercury thiocyanate,

4ANH,SCN+CdC}+HgCh — CdHg(SCN)+4NH.CI

The purity of the material can be enhanced by reglecrystallization (typically 2 to 3 times).

A known weight of recrystallized powder sample oMWIC single crystal was dissolved in
deionized water. The solution was constantly stifiee 24 hours to overcome the concentration
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gradient in the crystallizer. The pH value playedeéinite role in the crystallization process [7].
The optimum pH value for MMTC was 2.8. The satutagelution was taken in a crystallizing
vessel and covered with perforated sheet to iritsétw evaporation at room temperature. Seed
crystals were formed due to spontaneous nucleatiathe supersaturated solution. Optically
clear and defect free seed crystals with perfeapaet were chosen for further growth. The seed
was suspended in the supersaturated mother saoldtdsmsolution was allowed to evaporate at a
constant temperature of 305K by covering the vesgéla perforated lid. Good quality crystals
of dimension up to 14 x 12 x 11 miwere harvested in a period of 50 to 60 days.

For CMTC, ammonium thiocyanate, mercury chlorided atadmium chloride were first
dissolved in deionized water and stirred separaWlyite colour precipitate was observed when
these three solutions were mixed together [8]. Vaichthis, the mixture of acetone and water
solvent were used. High purity CMTC was synthesiasithg the acetone and water solvent in
the ratio of 3:1. The solution was covered withtaht sheet and stirred for a few hours. After
vigorous stirring, the pH of the solution was atiasto 2.5 by adding diluted HCIl. The
supersaturated solution was kept in a constanteéemtyre bath and crystal of dimension up to
11 x 2 x 1 mmwas obtained in a period of 20 to 30 days. Theqgraph of MMTC and CMTC
crystals is shown in Figures (1a), (2b) respedyivklis clearly evident from these photographs
that CMTC exhibits needle morphology and MMTC p@gses prismatic shape.

@ T b

Fig. 1. Photogrph of grown crystals a) MMTC b) CMTC

RESULTS AND DISCUSSION
3.1. Single Crystal XRD
The cell parameters of the grown MMTC and CMTC kEngystals were determined using
Enraf-Nonius CAD4-MV3L1 single crystal X-ray diffmeneter. The crystal data are presented in

Table 1.
Table 1. Single crystal XRD data for MMTC and CMTC

Crystal MMTC CMTC
Empirical formula| MnHg(SCN)| CdHg(SCN) )
Crystal system Tetragonal Tetragonal
Space group 14 14
a=b (A) 11.274 11.57
c (A 4.25 4.25
o= B =1y (deg) 90 90
Volume (AY 542 569
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3. 2. SHG Measurement

Kurtz and Perry powder SHG test is extremely usg&fuinitial testing of materials for second
harmonic generation. The microcrystalline materadlarea and KDP were used for comparison.
The fundamental beam of 1064 nm from Q-switchedYW laser was used to test the SHG
efficiency of the samples. The SHG signal generatede sample was confirmed from emission
of green radiation from the sample [9]. When adageut of 2.3 mJ was passed through MMTC,
the SHG efficiency was determined 7 times gredtan turea and 71 times than KDP. Using an
incident beam of laser power of 1.8 mJ, the SH®&ieficy of CMTC was found to be 11 times
than urea and 106 times than KDP which is suitbdsl®&LO devices when compared to MMTC
single crystal.

3. 3. Optical absorption study

The recorded optical absorption spectra of MMTC &MTC single crystals are shown in
Figures (2a) and (2b). The UV cut-off wavelengtiMWITC is seen at 235 nm while for CMTC
it is around 243 nm. It is well known that an affiet NLO crystal has an optical transparency
and lower cut-off wavelength between 200 and 400 nm
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Fig. 2. Optical absorption spectrum 2a) MMTC and 2p CMTC

The direct optical band gap values of MMTC and CMTNave been calculated from
Tauc relation which is given by,

(@hv) = A (v — By

wherea - absorption coefficient,vh- photon energy(eV), & energy band gap(eV), n - ¥ (for
direct transitions). A graph is plotted betweetn)? along y axis and+halong x axis. The
extrapolation of the straight line wheah()? = 0 gives the value of the energy band gap of the
material [10].From the Figure (3), the band gap values of 3.220¥ 2.6 eV were obtained for
MMTC and CMTC respectively. Thus, the present stodgfirms the relatively better optical
qguality of MMTC crystal when compared with CMTC stal.
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Fig. 3. Tauc’s plot of MMTC and CMTC

3. 4. Impedance Spectroscopy

The grown crystals were powdered and then madelbtpfor impedance spectroscopy studies.
The thicknesses of the samples were 0.9 mm andhth&espectively. To study the electrical
properties of the samples, the flat surfaces ofp#tikets were coated with silver paint and dried
completely before perform the experiments [11]tHe present case, electrical measurements
were performed using an impedance analyzer HT 428d&ision LCR meter from 20Hz to
1MHz. All the electrical measurements of the crgstavere carried out at two different
temperatures (298 and 333K).

The ac conductivity study using complex impedance speacipy is performed to characterize
the bulk resistance of the crystalline materiale omplex impedance spectra for the grown
crystals are shown in Figures (4 and 5). It wastg@dbin the complex plane represented by the
real part versus imaginary part (cole-cole plog,IB]. Due to the high frequency limitation of
the used impedance analyzer, incomplete semiciveégs obtained at low temperatures. Some
of the semi circles are incomplete, because thistingty of the crystal is very large at low
temperatures [14]. The diameter of the arc and kesistance will be decreased with increasing
temperature. The electrical conductivity is promoral to temperature. It indicates that the
mobile ion has surface electrode effect at higherperature. Thac conductivity of the grown
crystals is determined from the real part of thpeaance using the relation,

Cac = /RA

where t is the thickness of the sample, A is tlea af the face in contact with the electrode and
Ry is the bulk resistance which is found from the gr}6]. The calculatedc conductivity of
MMTC single crystal at the temperatures 298 K aB8 R are 6.4%10° and 4.3%10* (Scm?).

In the case of CMTC, the calculatad conductivity values are 1.2610°, 1.74x 10° (Scm?).
The conductivity of the MMTC single crystal is at&t 10 fold higher than CMTC crystal. Figure
(6) shows the Arrhenius plot for MMTC and CMTC sdesp The Arrhenius equation is given
by,

o =cpexp (-&/ ksT)

where Eis the activation energygks the Boltzmann constant [16]. The ac conductistipws a
linear Arrhenius behavior indicating that the cleaogrriers are band conduction electrons. The
calculated activation energies of MMTC and CMTCstays are 1.85 eV and 0.48 eV.
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Fig. 5. ac conductivity of CMTC at 298K and 333K

[vrg 101 [awrg
| |
484
0%
—_ '] o0
X 46 e 0904
& a
‘T‘E HE
) S s,
= 44 =
® s
g 2 0801
424 g
w1+ o] . . ————
20 2% 30 36 310 315 32 300 36 310 315 320
1,
1000TKY) 1000TKY)

Fig. 6. Arrhenious plot of MMTC and CMTC
CONCLUSION
Single crystal of bimetallic thiocyanates of MMTCda CMTC were grown from slow

evaporation technique. Tetragonal crystal structwes confirmed by single crystal XRD
analysis. NLO study confirms the suitability of thmaterial for SHG applications. The UV cut-
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off wavelength and band gap energy are reported. eléctrical conductivity of the bimetallic
complexes of MMTC and CMTC is found to increasehwgmperature and this is an important
property for these materials in the constructiorpbbtonic and NLO devices. The activation
energies of MMTC and CMTC have been identified.
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