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Abstract

Single crystal of Tris-allylthiourea mercury broreid ATMB), a NLO active complex of
allylthiourea was grown by slow evaporation tecluggat 305 K. The structure of the grown
crystal was confirmed by single crystal XRD. Thengosition of the sample was identified by
CHN elemental analysis. The optical properties wamneestigated by FTIR and optical
absorption spectroscopic techniques. From the aptiabsorption spectrum, the cut-off
wavelength and energy gap of the sample were fotauheé 350 nm and 3.9280 eV respectively.
The SHG efficiency of ATMB was found to be neaBytifhes higher than that of urea. Thermal
analysis confirms that the crystal is thermally bdéaup to 125.11 °C. Scanning Electron
Microscope (SEM), photoluminescence (PL), dielearid dc conductivity studies were carried
out and reported for the first time.

Key words : Allylthiourea, Organometallic, Slow evaporatiorhd®luminescence, Scanning
electron microscope.

INTRODUCTION

With the introduction of the double-radical modstientists working in the field of NLO
materials have developed a series of novel megm@me compounds. This model encourages the
inclusion of organic conjugated molecular groupghe distorted polyhedron of co-ordination
complex [1]. These complexes have considerable Nig® coefficient (contrast to inorganic
material), stable physicochemical properties arttebenechanical intention (contrast to organic
materials). Under the guidance of this theory, msearch group as well as Chinese research
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groups have successfully developed and reportedifiésvesting complexes of allylthiourea
along with the complexes of thiourea and thiocyang-5]. The structure radical of the
organometallic complex, especially in allylthioulisano longer planar as the benzyl ring, hence
the anisotropy of the crystal is reduced as contpaséth the organic crystals [5]. A
comparatively high optical nonlinearity in thesemgmexes comes from the distortion of the
tetrahedron, which is composed of three allylthéau(GHgN,S, AT) and one CI (or Br)
combining with Cd (or Hg). In this context, with Adcting as a ligand, scientists have developed
tri-allylthiourea cadmium chloride (ATCC), tri-allythiourea zinc chloride (ATZC), tri-
allylthiourea cadmium bromide (ATCB), tri-allylthivoea mercury chloride (ATMC) and tri-
allylthiourea mercury bromide (ATMB) [6-9]. Tri-glthiourea mercury bromide (ATMB) is an
interesting organometallic complex material desigaad synthesized by Hou Wenbo et al [5].
A relatively large susceptibility in ATMB comes frothe distorted tetrahedron arrangement in
its structure. The complex cation [HgBr(AT) forms a distorted tetrahedron using metal ion
Hg?* as a centre ion to connect with Band three sulphur atoms in the allylthiourea malies:
The distorted tetrahedron arrangement increases agymmetric structure and thereby
contributes to the enhanced NLO activity. The séa® been confirmed in the other complexes
of allylthiourea and they possess higher SHG efficy than both KDP and urea [7, 12].
Deviated from the earlier work, the present artidéals with the growth of ATMB by slow
evaporation technique instead of the slow coolaghhique. The grown crystal was confirmed
by single crystal XRD, FTIR and CHN analysis. Thewgn crystals were also characterized by
optical absorption and TG-DTA techniques. Scannifdectron Microscope (SEM),
photoluminescence (PL), dielectric addconductivity studies of ATMB were under taken and
reported for the first time. The NLO propertiestioé grown sample were investigated by Kurtz
and Perry powder technique and damage thresholdureraent.

MATERIALS AND METHODS

2. Experimental Procedure

2.1 Crystal Growth

ATMB was synthesized by reacting allylthiourea witlercury bromide (AR grade with purity
98 %) in double distilled water. The chemical reatis as follows:

HgBr, + 3CH=CH-CH~NH-CS-NH — )
[Hg(CH,=CH-CH~NH-CS-NH)sBr] * Br

The solution was stirred continuously for few hours beaker and the content was closed with
a perforated lid to initiate nucleation at room parature. During this period, few drops of HBr
were slowly added into the solution in order touatithe pH between 2 and 3. We have observed
the formation of only the precipitate, if the plddibelow or above the recommended value [6].
Seed crystals are observed within a week time hey appear as transparent tiny crystals with
square shape. The seed crystal was suspendetiéngoltition to initiate further growth. Though
the crystal was highly transparent during the ahiitages, its transparency was gradually lost
after its complete growth. The crystal appearedh Witht milky white patches and single crystal
of dimension 10 x 10 x 7 mtwas obtained by slow solvent evaporation technigueperiod of
35 — 40 days. Fig. 1 shows the photograph of agmgEingle crystals of ATMB. It is evident
from the photograph that the crystals are developi#d sharp edges and layered growth is
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clearly visible in the SEM micrograph. Thus, thegant work indicates that the crystal shape is
better controlled under slow evaporation technitiian the slow cooling technique used in the
past [5].
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Fig. 1. The photograph of as grown single crystalsf ATMB

2.2 Characterization

Single crystal X-Ray diffraction analysis was dom@th ENRAF NONIUS CAD4-F
diffractometer employing MoK source. The structure was solved by the directhatetand
refined by full matrix least square technique usihg SHELXL program. Fourier Transform
Infrared spectrum (FTIR) of the sample was recoritedhe range 4000 — 400 Enusing
AVATAR 330 FT-IR spectrometer. The absorption $pen of the sample was recorded from
200 nm to 2500 nm using HITACHI U-2800 spectrophatter. The band gap energy of the
sample was calculated using the relation, B2eW, where h is Planck’s constant and c /.
The thermal behaviour of the grown crystals wasestigated by Perkin Elmer Thermal
Analyzer in nitrogen atmosphere at a heating rdtd5°C/min from 28 to 1000°C. The
elemental analysis of ATMB was performed using Eatar Vario EL Il Elemental analyzer.
The SHG efficiency of ATMB was measured using Kwtw Perry powder technique [10]. The
surface morphology of the as grown sample of ATM&wnvestigated using a JEOL/EO-JSM-
5610 Scanning Electron Microscope (SEM). Photol@soence of the sample was recorded by
VARIAN spectrometer with 2.5 kV fluorescence laniicrohardness was measured using a
Leitz Wetzlar Vickers microhardness tester fittedhwa Vickers diamond pyramidal indenter
attached to an incident light microscope. Dielectronstant and dielectric loss of the sample
were measured at different temperatures using HIGEB2-50 LCR HITESTER in the
frequency range from 50 Hz — 5 MHz. The measureragdt electrical conductivity was done
using the conventional two-probe technique for terafures ranging from 313 to 423 K.
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RESULTS AND DISCUSSION

3.1 X-Ray Diffraction Analysis

The X-ray diffraction studies confirm the trigonatystal system of ATMB with non-
centrosymmetric space group R3c. The cell parasieter b = 11.392 A, ¢ = 28.692 A and V =
3323.5806 Aare in fairly agreeing with the reported data [5].

3.2 FTIR Analysis

The FTIR spectrum of ATMB single crystal is presehin Fig. 2. It is well known that the AT
derivatives are highly favoured in sulphur coordiora to the metal during complex formation.
From the spectrum, it is evident that the CN shieig frequency gets shifted towards high
frequency region by 9 cmwhereas, the stretching frequency of CS is dribfidowered by
66 cm' when compared to AT. These observations strongtjicate the probability of
coordination of sulphur with mercury in the resulticompound.
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Fig. 2. FTIR spectrum of ATMB single crystal

3.3 Elemental Analysis
The percentage of carbon, hydrogen and nitrogendetesmined using the elemental analysis.
The presence of the carbon, hydrogen and nitroges wstimated as 19.86, 3.28 and

11.05 % respectively and they are fairly matchinghwhe theoretical values (20.34, 3.39
and 11.86 %).
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3.4 Optical Absorption Studies

Fig. 3 shows the UV-Vis-NIR spectrum along with ffeuc’s plot [11] of ATMB single crystal.
The UV cut-off wavelength of the sample is seeruadd350 nm and the absorption of ATMB is
very low in the region from 350 — 2500 nm. The aggeof absorption in the above region
reveals the suitability of the sample for NLO apations. Using the Tauc’s relation, a graph has
been plotted betweerviand ¢hv)? to estimate the direct band gap value, whelie absorption
coefficient and 1 is the energy of the incident photon (E %).hThe energy gap (§ is
determined by extrapolating the straight line mortof the curve toohv)®= 0. From the plot, the
band gap of ATMB is found to be 3.9280 eV.
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Fig. 3. Absorption spectrum along with the Tauc’s fot of
ATMB single crystal

3.5 NLO Property
Nonlinear optical property of the sample was stddig Kurtz and Perry powder technique and
the efficiency of the sample was compared with ougystalline powder of KDP and urea. A Q-
switched, mode locked Nd:YAG laser operating atftirelamental wavelength of 1.064 pm was
used. In the present investigation, the laser pefigns with spot radius of 1 mm was employed.
The input laser beam was passed through the IRectefl and then directed on the
microcrystalline powdered sample packed in a capiltube. When a laser beam of 1.35 mJ was
passed through the sample, second harmonic sigrs82 nm was generated and the output
voltage of 55 mV, 520 mV and 1830 mV were obtairfedin KDP, urea and ATMB
respectively. The experimental data show that do®rsd harmonic efficiency of the sample is
nearly 3.5 times than that of urea, which is beti@n ATCC [12] and ATZC [7]. The laser
damage threshold measurement of ATMB was carriedusimg single shot mode setup and it
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was found to be about 10.68 GW /Zrfhe value of damage threshold is better thanr dthe
materials such as MMTC, KDP, urea and BBO [13-15].

3.6 Thermal Analysis

The TG-DTA thermogram of ATMB was recorded and tigpd in Fig. 4. The TGA trace
confirms that there is no water of crystallizatlmefore the decomposition of the sample. During
the first stage of decomposition, there is a welgss of about 12 %, which is probably be due to
the loss of Br atom. In the successive stage, liteetmolecules of allylthiourea (AT) are lost
whose weight percentage (48%) is comparable wighthieoretical value of three molecules
(49.165%) of AT. The sharp peak observed at 128C39f DTA trace evidences the melting
point of the sample. Interestingly, the meltingrmaf ATMB is much greater than ATZC (58
°C) [7] and ATCC (110 °C) [186].

3.7 Scanning Electron Microscope (SEM)

Figure 5 shows the surface morphology of as growgles crystals of ATMB. The photograph
was recorded in the operating voltage of 20 KV wiite magnification factor of 1000. From the
photograph, it is observed that the basic unitsaar@nged in different layers, which is a clear
evidence for the stacking of fundamental unitsmyigrystal growth
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Fig.4. TGA-DTA trace of ATMB single crystal
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Fig. 5. SEM photograph of ATMB single crystal

3.8 Photoluminescence

The photoluminescence (PL) spectrum of ATMB sirglestal is shown in Fig. 6. The excitation
of the sample is observed between the region 280@nm and the emission between the region
300 to 800 nm. The absorption of the sample séadsnd 247 nm and it decreases upto 280 nm
and then maintained a constant with very less alisor (less than 0.5 unit). When excited with
235 nm radiation, the sample emits a sharp bad8&nm, which corresponds to the metal (Hg)
— blue spectral lines. After this emission, a smabsorption peak is observed at
504 nm, which may be due to the transition betwmetal (Hg) and the sulphur present in the
ligand (AT). The green emission is also observediad 528 nm.

3.9 Dielectric Mesurement

Suitably cut and polished section of ATMB was sotgd to dielectric studies. The
measurements were made on the (001) face of thplsdiy varying the frequency from 50 Hz
to 5 MHz at different temperatures (308 K, 328 K8X, 368 K and 388 K). Figs. 7 and 8 show
the variations of dielectric constant and dielectoss with log frequency. It is found that the
dielectric constant of ATMB is high at low frequéss and it decreases with increasing
frequency and dielectric constant increase withpenature and a similar trend is observed in the
dielectric loss (Fig. 8). In ATMB, at 50 Hz, thelwa of dielectric constant is found to be around
55 (308 K) and above 10 kHz, the value of dieleatonstant remaining unchanged upto 5 MHz.
At low frequencies, all the four contributions aetive hence higher dielectric constant. The
decrease in dielectric constant with increaseagdency may be attributed to the dependence on
the electronic, ionic, orientational and space gbagiolarizations. In the lower frequency region,
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dielectric loss is more due to the loss assocmiddionic mobility [17]. The low dielectric loss
with high frequency implies that the sample posseg®od optical quality with lesser defects.

Excitation with 235 nm

L) LINe %) L)

i .Expt.'data.l
—— Fitted Curve
—— Lorentizan fits

= =
) )
o o
[ [

(o]
o
M

Intensity (arb. unit)
B (o))
. 2

201

Q
((‘l(«((((f(((((«(«(«(f«é«4((((«(«(«((«(««m«/amummm,

200 300 400 500 600 700 800
Wavelength (nm)

Fig. 6. PL spectrum of ATMB single crystal
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Fig. 8. Variation of dielectric loss with log frequency at different
temperatures for ATMB crystal
3.10 DC Conductivity
The dc electrical conductivity measurements were cargat for the ATMB crystal using the
conventional two-probe technique in the temperatarege 313 - 423 K. Thdc electrical
conductivity Eq4c) of the crystal was calculated using the relation

cd= t/RA

where R is the measured resistance in ohm, t ishibkness of the sample and A is the area of
face in contact with the electrode. Tdg values were fitted into the equation

Odc — Oo eXp ('Ej/kT)

Electrical conductivity depends on thermal treatmeh a crystal. Thecy. values in the
temperature region studied are found to increatie temperature for the sample. The electrical
conduction is mainly a defect controlled procestou temperature region. It is observed from
the Fig. 9, the electrical conduction of ATMB isM@t lower temperature owing to trapping of
some carriers at defect sites which is predomigaaitie to moment of defects produced by
thermal activation. The value of conductivity oq4c is found to increase with temperature.
Activation energy was found to be 0.3 eV from tia gFig. 9).

3.11 Microhardness Studies

Microharness studies were carried out by selectsmgooth face and free from any

microstructures or defects of the ATMB single caystwere selected. The Vickers Hardness
Numbers (K) were observed for the applied load of 5, 10,2Bband 30g. The indentation time

was kept as 15 sec for each load. Micro cracks vedrgerved in the sample due to the
mechanical stress when a load of 35 g was addgd1Bishows the plot of applied load (p) Vs
Vickers Hardness Number {H From the plot, it is observed that the hardmessber increase
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with increase in applied load. The work hardenimgfticient of ATMB was calculated by
drawing a plot between log p and log d, and ibigd to be 3.57.
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Fig. 9. Plot of Inoyc)T versus 1000/T for ATMB single crystal
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CONCLUSION

Single crystals of ATMB with appreciable size wecenveniently grown by the slow
evaporation technique in room temperature for ttst fime. The structure of the grown crystal
was confirmed by single crystal XRD. ATMB belongsttigonal crystal system with the space
group, R3c. The incorporation of carbon, hydroged aitrogen was estimated and compared
with the theoretical values. The UV cut-off wavejém of ATMB lies around 350 nm and the
band gap energy of the sample is found to be 3.8280hermal studies reveal that the melting
point of the sample is 125.11 °C, which is highkart other complexes of allylthiourea.
Activation energy of the sample was calculatedlbgonductivity measurements and is found to
be 0.3 eV. The grown crystals were also subjectedli¢lectric, microhardness, SEM and
photoluminescence studies.
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