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ABSTRACT

Nonlinear optical metal organic single crystal ocamyjanese Mercury Thiocyanate dimethylsulphoxide NIy
was grown by slow evaporation technique in aquenligtion. The crystal system and lattice parameteng determined
by single crystal X-ray diffraction. FESEM analysisveals that the surface of the crystal has mdefects and few
dislocations. Atomic force microscopy shows that thystal almost possesses a smooth surface. Edesggrsive X ray
analysis confirm the chemical composition of thestal in weight percentage. FTIR studies confire filmctional groups
and formation of the crystalline compound. Kurtdderry powder technique confirm the SHG efficiendyMMTD.
Epifluorescence studies reveal that the compouavsiemission spectra with green fluorescence atrdd0Detailed
dielectric measurements have been carried outrendiélectric constant was calculated. Photocomdtycstudies reveal

the photoconducting nature of the sample and thertal stability was investigated by thermogravincetnalysis
KEYWORDS: Organometallic, Photoconductivity, X-ray DiffraatiopAtomic Force Microscopy
1. INTRODUCTION

Nonlinear optical (NLO) single crystals with theinique properties have promising applications m dhea of
photonics such as high speed information procesfieguency conversion, optical communication, hogiical disk data
storage, etc., based on the idea of combining mloeganic distorted polyhedron with asymmetric cgaje organic
molecules. Organic class of crystals have beengsexh as a new approach for the materials withestigrg nonlinear
optical properties for technologically importantvibes due to their physical, chemical and mecharstability [1.2].
The semi-organic nonlinear optical (NLO) crystalsvé also been given a great deal of interest duaeio superior
properties such as high susceptibility, faster sasp, capability of designing components on theemdér level and large
NLO co-efficient over the corresponding inorganauoterparts [3,4]. Hence, organometallic compoumalse attracted a
great deal of attention in the NLO field for optearonic devices. Among the different varietiesNifO materials
investigated, the recent interest has been maiysed on organometallic compounds due to thequancharge transfer
capability associated with charge transfer tramsgieither from metal to ligand or ligand to mg&l The metal ligand
bonding in organometallics give rise to large molac hyper-polarizabilities by the transfer of ¢tea density between

the metal atom and the conjugated ligand systeins [6

Ligand like thiocyanate (SCN) with S and N donarsapable of combining with metal to form stablenptexes
through coordinated bonds. The crystals formed BIi@N ligand have shown a relatively higher SHG ctftean those
crystals formed with the other organic ligands. ldwer like organic materials, organometallic compsualso offer the

advantages of architectural flexibility and easefatfrication [7, 8]. The grown MMTD crystals arebgected to single
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crystal X-ray analysis, Field emission scanningtete microscopy (FESEM), Atomic force microscogyM), Fourier
transform infrared analysis (FTIR), Epifluorescenstdies, Thermogravimetric and differential thelrnaaalysis
(TGA/DTA), Photoconductivity studies and Dielectpcoperty measurements. The NLO activity was aksdopmed by

Kurtz and Perry technique.
2. EXPERIMENTAL PROCEDURE

All starting materials were analytical reagent gréplurity Z#98.0%) and used as purchased, and all synthesis and
growth processes were carried out in aqueous saluManganese Mercury Thiocyanate (MMTC) and itsidebase
adduct Manganese Mercury Thiocyanate dimethylsijpleo(MMTD) was synthesized by taking ammonium ty@anate,
mercury chloride and manganese chloride in theslsitminetric ratio of 3:1:1. The raw materials usegtavsynthesized in
deionized water and stirred continuously using ne#ignstirrer for over 5 hours until the salt is dtitved completely.

The following reaction was observed during the pesc
4NH,SCN+MnCL+HgClLb — MnHg(SCN)+4NH,CI

For synthesizing manganese mercury thiocyanatettisellfoxide (MMTD), first MMTC crystals were crbsd
and the powder was dissolved in mixed solvent ofSiMand deionized water in the ratio 1:3. The folfmyvchemical

reaction takes place during the process.
MnHg (SCN), + 2GHsOS— MnHg (SCN), (C;HsOS),

As carried out in the preparation of MMTC crystidle pH of the MMTD solution was also adjusted to3oé.
In the case of MMTC, nucleation started after tweeks whereas, tiny MMTD crystals can be seen wihiveek after the
solution was kept for evaporation. Defect free sesdtal chosen for further growth were hung withon thread and
carefully suspended into the beaker containing sgpturated solution and the solvent was allowecduaporate at
ambient temperature. As the solution evaporategrpssively in constant temperature bath systenwj goiality single
crystals of MMTD were obtained within a period & ® 33 days. The photograph of the grown singstafs are shown

in Figure 1.
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Figure 1: Photograph of as Grown MMTD Single Crystds
3. RESULTS AND DISCUSSIONS

3.1 Single Crystal XRD and Determination of Fundametal Parameters

The single crystal X-ray analysis of MMTD crystal asv recorded using X-ray diffractometer
(ENRAF NONIUS CADA4). The unit cell parameters aE20A, b = 11.29R, ¢ = 4.2A, V = 544.2 Revaluated from the
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single crystal X-ray analysis is in good agreenwittt the reported value [9]. The study also revéladd the space group
of the crystal is P2121. The calculated value efrifolecular density of the grown crystal was fotmtep=2.523 g crit

and the valence electron plasma enéhgy is given by,

hawp = 28.8 (%) 1/2 [1]

Where, z is the total number of valence electrprnthie density and M the molecular weight of MMTD stigl.

The explicit factors depending dwuy are the Penn gaBzand the Fermi energy:Bjiven by the relations,

had
E, = ? (2]
Er = 0.2948(hap)¥? [3]

The molecular polarizabilityc was obtained using the relation [10]

= [&] x 2L %0396 X 10%cmt
|._hlI|J;:I-5-:+EE;- g
Where,
—q [ Ee] L 1]E |2
g = 1 |:q.£'}-i| + 3 [4Er] [4]

The value of of the crystal so obtained is agreed well with @ausious-Mossotti relation,

_AM (=-1)
XK= . e [5]

Where the symbols have their usual significance lpés the Avogadro number. The calculated fundamental

parameters from single crystal XRD data of the gr&W TD crystal are presented in Table 1.

Table 1: Fundamental Parameters of MMTD Crystal Obgined at Room Temperature

Plasma Energy Penn Gap Fermi Energy Polarizability/cm?
leV leV leV Penn Analysis | Clausious Mossotti
14.326 3.239 26.847 56. 760~ 51.41%10*

3.2 FESEM Analysis

FESEM analysis was carried out using Field Emisseanning Electron Microscope in order to analyme t
nature and surface morphology of the grown MMTDsta}; The crystal was cut into few mm for observihg surface
morphology and the FESEM images of MMTD crystal @aleen in three different magnifications as demigte Figure 2.
The images clearly establish the step-like growthjch suggests the existence of grain boundaries sinations.
In consequence of the same it is predicted thastnkace is smooth and free from any visible indos. The micrographs
also show the presence of few cracks on the crgsidhce which may be due to the temperature asoifis during the
crystal growth. Figure 2a shows the formation ofima&rystals and the growth pattern was uniform hathogenous
whereas in Figure 2b the changes on the surfackt$henpatterns were due to the optimization of pid emperature.
Figure 2c shows that the crystal surface contagglar voids and are cubic in nature. Dendrite ¢fopattern and

formation of minute crystallites over the surfaceravalso observed [11].
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Figure 2: FESEM Images of MMTD Crystal
3.3 AFM Amplitude Analysis

To collect the three dimensional image for MMTD stal, NT-MDT, NTEGRA PRIMA — Modular AFM was
used. Atomic force microscopy (AFM) is an advandedhnique, for observing crystal growth dynamicswasl as
imaging and computing surface features on a narermesolution. The amplitude parameters of a samy@alescribed by
the parameters which give information about siatisaverage values, shape of the histogram hemydsother extreme

properties [12].

The average roughness (Sa) is the mean heightladatad over the entire measured length/area. Roasn
square (RMS) roughness (Sq) is the square rodteoflistribution of surface height and is considdéoede more sensitive
than the average roughness. Ten-point mean hedglghness (Sz) is the difference in height betwberaterage of five
highest peaks and five lowest valleys in the evaunaprofile/surface and is more sensitive to oemzel high peaks or
deep valleys than Sa. Surface skewness (Ssk) dstasmeasure the symmetry of the variations ofdilpfsurface about
the mean line/plane. Coefficient of kurtosis (Skaused to measure the distribution of the spikes/a and below the
mean line/plane. The values of the same are prxdémiTable 2. The results of skewness and kurtdsigined from the
Figure 3 show that the crystal surface is spikyhwlibminant peaks. The micrographs reveal thatutface is indicative of
a crack free and pinhole free surface together wWithrelated size distribution analysis, based awsSian functions.
In fact, the size of the histograms showed thatindiuthe growth, the mean diameter increased tegetfth an impressive
change in the distribution width of the materiahis behaviour can be explained considering thatctigstal growth is
controlled by surface processes [13]. Figure 4 shibw two-dimensional AFM micrograph where, thargdistribution is
uniform. The grain size increases with increasehm thickness of the surface which is due to laigeic radius of

Mn causing larger clumps of unit cells or graing][1
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Figure 3: Three Dimensional Image of MMTD Crystal

Table 2: Roughness Parameters of MMTD

Peak-to-peak, Sy 23.4415 nmh
Ten point height, Sz 11.1161 nm
Average 4.13662 nm

Average Roughness, Sa 0.428618 mm
Root Mean Square, Sq 0.918211 nm
Surface skewness, Ssk 7.62499

Coefficient of kurtosis, Sku 108.827

103Counts

nm

Horizontal Cross Section Vertical Cross Section

Figure 4: Two Dimensional AFM Micrographs of MMTD Single Crystal

3.4 Energy Dispersive X-ray Analysis

Energy dispersive X-ray analysis (EDAX) is a mienmoalytical technique, used to obtain informatioowhthe
chemical composition of the grown crystal. The gnasystal was subjected to EDAX analysis usingitiserument supra
55 coupled with Carl Zeiss and bombarded with 20,88ts and the obtained EDAX spectrum of the @alyist shown in
Figure 5. The spectrum confirms the exact chengoaiposition of MMTD. The various elements presentiMTD with

weight percentage and atomic percentage is prasenieable 3.
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Figure 5: EDAX Spectrum of MMTD Crystal
Table 3: EDAX Analysis of MMTD Crystal

Eleme | Weight Atomic
nt Yo Yo

CK 3.86 31.60
oK 2350 10.11
CIEK 1183 2191
CrK 054 0.67
FeK |3.49 428
NiK [0.38 0.64
MoL [18.72 12465
Heg M [36.14 1314

Totals | 100.00

3.5 Fourier Transform Infrared (FTIR) Analysis

The FTIR analysis of MMTD single crystal was cadlrieut using KBr pellet technique by IFS BRUKER 66V
FTIR spectrometer to confirm the functional groapsl formation of the crystalline compound and thectrum obtained
is shown in Figure 6. In the FTIR spectrum of MMTIie intense sharp peak at 2112'cim assigned to CN vibrations.
The CS vibration is observed to produce a lesnggeak at 773 clmThe peaks at 441 chand 914 cm are due to the
bending modes of NCS. In the higher energy regioth@® spectrum, OH vibrations of,8 produce more intense broad
band at 3319 cth The bending mode of water is seen at 1698.cFhe frequency assignments of MMTD in the present
study are presented in Table 4. The assignmertieofrtain characteristic IR band frequency is in gagteement with
literature [14]
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Figure 6: FTIR Spectrum of MMTD Crystal
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Table 4: Frequency Assignments of IR Band Frequenes Observed for MMTD

Band Frequencies for Assignment

MMTD Crystal (cm ™) 9
2112 CN stretching
773 CS vibration
441 NCS bending
914 NCS bending
3319 OH vibration
1696 HO stretching
1231 C- H bending

3.6 Second Order NLO Test

The second harmonic generation efficiency of MMT&s lbeen studied using Kurtz and Perry techniqug [15

The sample was tested using Q switched Nd: YAGrlasam of wavelength 1064 nm, Quanta ray seriepligapby
spectra Physics and Coherent molectron power mateinput power of 6.8 mJ/pulse and pulse width8ofis with a
repetition rate of 10 Hz was used. The grown ciysteere crushed into a fine powder and then paakadmicro capillary

of uniform bore and exposed to laser radiationg $82 nm radiation was collected by a monochroneter separating
the 1064 nm pump beam with an Infra-red blockittgrfi Second harmonic radiation generated by thdamly oriented
micro crystals was focused by a lens and detecyed photo multiplier tube. The emission of greaghticonfirms the
second harmonic generation property of the cry§aimparison of the SHG output of MMTD with the stard NLO
crystal KDP reveal that the SHG efficiency of MMTIB 1.3 times that of KDP and this agrees well vilik earlier
report [16].

3.7 Epifluorescence Analysis

An optical study was performed by means of Brigieldf Fluorescence microscopy (Nikon Eclipse 80i).
Fluorescence is a molecular phenomenon in whichbatance absorbs light of some colour and almasamaneously
radiates light of another colour with lower enemayyd thus longer wavelength. This process is knosvexcitation and
emission. The most important advance in fluorescence miopg was the development of episcopic illuminatfon
fluorescence microscopes in 1929. The first Epitsaence microscope probably used half-silveredonsifor the beam
splitter, with a maximum overall efficiency of 25%luorescence may be expected generally in moleciiat are
aromatic or contain multiple conjugated double ondth a high degree of resonance stability [1TJioFescence finds
wide application in the branches of biochemical dival, and chemical research fields and also usetigating in
fluorescent lamps, LED etc. The Epifluorescencession spectrum for MMTD was recorded in the wavgierrange
400 — 700 nm. It is observed from the fluorescemige that the compound shows complete emissionceHBMTD
possess green fluorescence at 540 nm as showgureFi.

Figure 7: Epifluorescence Image of MMTD Crystal
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3.8 Dielectric Studies

The dielectric constant and the dielectric losMMTD crystals were measured along the growth pldi®) at a
room temperature using HIOKI 3532 LCR HITESTERHhe frequency range 50 Hz to 5 MHz. Figure 8 shdwespiot of
dielectric constant, versudog frequency. It is observed from the profile ttize¢ dielectric constant has high values in the
lower frequency region and then decreases withahydied frequency of MMTD. The very high value @fat low
frequencies may be due to the presence of allahefolarizations namely, space charge, orientagtactronic and ionic
polarization and its low value at higher frequenaigay be due to the loss of significance of thedarjzations gradually.

The low value of dielectric constant at high fregyetestifies the optical quality of the crystaB]1
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Figure 8: Dielectric Constant vs Log Frequency of NMTD Crystal
3.9 Photoconductivity Measurements

The measurements of photocurrent and dark curfedtl D were done using the Picoammeter (Keithlep$8
The dark current was recorded by keeping the sammpposed to any radiation. Figure 9 shows th&tian of both
dark and photocurrent with applied field at differéevels of illumination. The required currentisted for variation. It is
seen from the plots that both dark and photocuroérihe sample increase linearly with the applieddfand the dark
current is less than photocurrent at any instantife same applied field. The photoconductivityibithd by the sample
may be due to the reduction in the number of chagegéers in the presence of radiation. Accordinghte Stockmann
model, photoconductivity is based on two level-sasheOne level is located between the Fermi levdltae conduction
band, while the other is close to the valence bahé.second state has high capture cross sectiomectrons and holes.
Thus the net number of mobile charge carriers dsiced due to incident radiation. This may be duentwe positive

charge of manganese and mercury metal ions [19].
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Figure 9: Photoconductivity Nature of MMTD Crystal
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3.10 Thermal Analysis

A ceramic crucible was employed for heating the ganand the analysis was carried out using Perkierfal
Analyser in an atmosphere of nitrogen at a heatitg of 20 °C /min in the temperature range 50-875The TGA/DTA
spectrum of MMTD exhibits three stages of weiglssloT he first stage is between 220°C to 430°C hedécond stage is
from 430°C to 690°C then the final stage of weilgiss occurred between 690° to 875°C. It is perthitmeknow that no
decomposition of the sample takes place till 2208Q@areful examination of thermograph reveals thpearance of an
endothermic peak around 390°C in DTA trace depistdéigure 10 signifies the melting point of thetavaal [20].
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Figure 10: TGA/DTA Spectrum of MMTD Crystal
4. CONCLUSIONS

Good quality organometallic compound MMTD singlgstal was grown by slow evaporation method within a
period of 33 days. Identification of the crystalsa@nfirmed by XRD analysis. The FESEM study shdved the crystal
contains smooth surface with few minute crystallisnd dendrite growth patterns. Atomic Force mimopy analysis
shows that the crystal surface is spiky with dominpeaks. Energy dispersive X ray analysis confih@ chemical
composition of the crystal in weight percentagee Tinctional groups and formation of the compourel@nfirmed by
FTIR analysis. The NLO efficiency of the crystal svastimated by Kurtz and Perry technique. Epiflaceace image
reveal that the sample was excited at 540 nm. Tdwguéncy dependence of dielectric constant inceeasth decreasing
frequency at a particular temperature. Photocomdtycstudy reveals that the photocurrent is gre#tian the dark current

at varying fields. The thermal behavior of the gnourystal studied by TGA/DTA reveal the thermalbiitey of the
sample.
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