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Abstract

Single crystals of Urea Thiourea Mercuric Sulph@#@HS) and Urea Thiourea Magnesium sulphate (UTM@ni
organic nonlinear optical materials, have been grdvom a low-temperature solution growth technidue slow
evaporation method using water as solvent. Gooditgusngle crystals were grown within three weekée nonlinear
nature of the crystals was confirmed by SHG teke UV-Vis spectrum shows the transmitting abilifytlee crystals in
the entire visible region. FTIR spectrum recorded wbrational assignments were made. The degreepdnt inclusion
was ascertained by AAS. The TGA-DTA studies shosvtiermal properties of the crystals.
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Introduction

Non linear optical materials generating second loaimfrequency play an important role in laser texdbgy
and optical fiber communication[1-2]. To have propensmission and reception, communication link is
essential. Organic material posses good opticakingssion characteristics[3]. To be useful in teishnology
the materials should possess large second ordieabpbnlinearities, short transparency cutoff waxgth and
thermal stability. Organic materials possess goptical non-linearity but they are thermally uns&bl
Inorganic materials are having excellent mecharaadl thermal properties with moderate non-linessitin the
last two decades much progress has been made uetleopment of NLO organic materials, having large
nonlinear optical coefficients. But organic matksriare soft and difficult to polish since they amnstituted by
weak van der Walls and hydrogen bonds with conpdjatelectrons. Moreover these materials have more
absorption in UV region. In view of these problertige search for new frequency conversion matehassled

to the discovery of many semi organic materialseylposses large non linearity, high resistance iaskiced
damage and low angular sensitivity[4-5].

Semi organics are formed by combining organic mdéscof high polarizability with mechanically stgpand
thermally stable inorganic molecules. These nmtecombine the chemical flexibility and nonlinigarof
organics and favorable physical properties margnics[6-7]. Here, an attempt is made to grow and
characterize single crystals of urea thiourea msigne sulphate (UTMS) and urea thiourea mercuriplsate
(UTHS) by slow evaporation.
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Experimental

2.1 Synthesis

The required quantities of urea, thiourea and msigne sulphate, mercuric sulphate dissolved seggrate
double distilled water. The solution was thoroughlixed using a magnetic stirrer. A crystalline sahse was
formed. The synthesized substance was purifiegpgated crystallization process.

The UTMS and UTHS solutions were prepared in watet maintained at 30C with continuous stirring to
ensure homogenous temperature and concentratiantloeeentire volume of the solution. On reaching th
saturation the content of solution analyzed gratiicagly. This process was repeated for evehyC5in water
from 30 to 50 C. The solubility curve is shown in Fig. 1
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Fig. 1 The solubility graph of UTHSand UTMS
2.2 Crystal Growth
From the solubility test, both UTMS and UTHS arerengoluble in water. The required quantities of the
component salts were very well dissolved in douliétilled water and thoroughly mixed for about 4toand
7 hours, respectively, using a magnetic stirragrisure homogeneous temperature and concentrateurgtiout
the volume of the solution. TheyPf the solutions are maintained at 4 and 4.5,eetsgely. The saturated
solution was covered with transparent polytheneepapd left undisturbed for slow evaporation. Ggodlity
single crystals of UTMS and UTHS were grown witthnee weeks and are shown in Figure 2a and 2b.

i T

......

Fig. 2a Singlecrystalsof UTMS Fig. 2b Singlecrystalsof UTHS

Characterization

3.1 Atomic Absorption Spectroscopy
Atomic Absorption Spectroscopy (AAS) is one of thest widely used quantitative analytical method&SAs

used for quantitative determination of metals arefatipids down to absolute amounts as low a&'q0AAS
determines the presence of metals in liquid samMesals include Fe, Cu, Al, Zn, Mg, Hg, and mangre It

also measures the concentrations of metals in @dngples. To determine the mole percentage of dopants
incorporated in the grown doped crystals, finelyvgered doped crystals weighing about 100mg arelsisd

in 10 ml of dilute acid and then subjected to AABe results of AAS are presented in Table 1. Theuarhof
dopant incorporation was found to be far belowoiiginal concentration in their respective solutidine low
percentage of incorporation of dopants into thetadymay be due to large difference between thie i@dlii.

82

Scholars Research Library



G. Anandet al Arc. Apl. Sci. Res., 1 (2) 81-85

Table 1: Atomic Absor ption Spectra Estimate for dopants

Samples % of dopants
UTMS 0.09
UTHS 0.004

3.2 UV-Vis spectral studies

The optical transmission spectrum is recorded usiigHS and UTMS crystals of suitable size in the
wavelength range of 200 — 2000 nm using VARIAN s$mghotometer. The UV-visible-near infrared
transmission spectrum of UTMS and UTHS crystals sitewn in Figure 3a and 3b, respectively. The
significant absorption was found at 235 nm. Thedopwut off wavelength is below 250 nm, which is an
advantage in semi organic non linear materials. dibworbance of the crystal over inorganic matesidess
than one unit in the entire visible region. Theng@arent nature in the visible region is a desifmoperty for
NLO application and enables the crystals to be grantlidate for optoelectronic applications. Intenggy,
both UTMS and UTHS are transparent in entire visdnid infrared regions.

Fig 3a UV -VIZ spectrum of UTME crystal Fig 3b UV-VIS spectrum of UTHS crystal

3.3 Second Harmonic Generation testing (SHG)

The SHG conversion efficiency of the crystal wasied out using the Nd:YAG laser beam of wavelength
1064 nm, using Kurtz Powder technique. The secarchbnic generation was confirmed by the emission of
green radiation of wavelength of 532 nm. Seconanbaic generation efficiency of UTMS and UTHS are

compared with KDP and it is found to be 4nd 1/8' of KDP material, respectively

3.4 Thermogravimetry

Thermogravimetry (TGA) when complemented with digigtial thermal analysis (DTA) and differential
scanning studies (DSC) gives valuable informatibauh decomposition patterns of materials and weligbg
can be got. Simultaneous TGA and DTA were carrigidf@ar the UTMS and UTHS crystals. A powder sample
of 3.08 mg and 3.02 mg was used for the analysteartemperature range of°’Z8to 1100C with a heating
rate of 20 K/min in the nitrogen atmosphere. Theriogram and differential thermogram are shownign %4,

5b and 5c.

For UTMS there is no loss of weight observed aro@B&C showing the absence of any absorbed water
molecules in the sample. There is a sharp endothe@f8.73C which has no corresponding weight loss in the
TGA trace. Hence, this endotherm is assigned tdimgebf this compound. Major weight loss occurstwo
stages between 222 and 300C. The first stage weight loss corresponds to 28.%8 242.0%5C another
weight loss follows at 298.8€ corresponds to 82.23%. The weight loss in thisgeamay be due to
decomposition of thiourea present in UTMS. In thesecof UTHS crystal also there is no weight lossiiad
100°C shows the absence of water molecules. Thereaip sndotherm at 22C which has no corresponding
weight loss. The weight loss at 2&lis about 80%. The increase in decomposition teatpes compared to
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Fig. 5a Thermogram of UTM S crystal

the decomposition temperature of thiourea which8® C may be due to the formation of metal complexsThi
shows the thermal stability of UTMS than that of HE crystal. The thermogravimetry study shows that t
UTMS crystal is thermally more stable than UTHSstay.
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Fig. 5b Differential Scanning Calorimetry(DSC) Fig. 5¢ Thermogram and Differential Ther mogram

3.5 Comparison of UTMSand UTHS by FTIR spectral study

Infrared spectroscopy is effectively used to deteenthe molecular structure and the identificatainthe
functional groups in the synthesized compound. FBifectrum was recorded using Bruker IFS 66V
spectrophotometer by KBr pellet technique in thgice 4000 — 400 cthand shown in Figure 6a and 6b. The
characteristic vibrational frequencies are assigaed compared with urea, thiourea[8]. The symmeind
asymmetric C=S stretching vibratidnat 740 and 1417 cmof Thiourea are shifted to 730 and 1412'cm
respectively. The N-H absorption bands in the liighuency region 3400 — 3000 ¢rin the thiourea were not
shifted to lower frequencies on the formation ottah¢hiourea complex indicating that nitrogen tognasium
bonds are not present and bonding must be betweghus and magnesium atoms. The band at 1473 ism
assigned to N-C-N stretching vibration[9] and otblearacteristic Vibrational frequencies are assigneTab.

2.

Bonding through sulphur will increase the contribntfrom the resonance forms Il and lll, thus dasreg the
bond order of carbon-sulphur link towards the vadfi@ single bond, whilst that of the carbon-nigngoond
approaches the value for a double bond. Hencsuam complexes, the CS stretching frequency dhoul
decrease and that of CN opposite effect is to Ipeerd. The symmetric and asymmetric C=S $lirgjc
vibrations[9-10]at 740 cth and 1470 cihof thiourea are shifted to lower frequencies 742 cand 1401 cm
Lin UTHS crystals. In the case UTHS crystals theyshifted to 730 cthand 1412 cirespectively. In both
the crystal the NH absorption bands in the highdesncy regions 3400 — 3000 ¢rthiourea) were not shifted
to lower frequencies on the formation of metal tinema complex.
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Fig 6b FTIR spectrum of UTHS crystal

Table 2 Comparison of Absorption IR bandsof TUMSwith Urea, Thiourea

Urea | Thiourea | UTMS | UTHS Assignments
- 469 - 0(S-C-N)
508 | 494 509 509 0 (N-C-S)
- 740 730 730 v(C=N)
- 1089 1083 | 1473 p(NH,)
- 1417 1412 | 1611 Ve (C=S)
- 1471 1473 | - V(N-C-N)
1631 | 1627 1621 | 1611 0 (NHy)
3320| 3167 3178 | 3183 Ve (NHy)
3422 3280 3283 | 3273 Ve (NHp)
3376 3388 | 3383 v<(NH,)

Conclusion

Single crystals of UTMS and UTHS have been grownsloyv evaporation technique at room temperature.
Marginal change in the appearance of bands ineiem between 2000 and 400 tim FTIR spectra of doped
crystals confirms the incorporation of metal ionghe crystal lattice. Optical transmission stuaiesfirm that
UTMS and UTHS crystals are transparent in the entisible region. TGA reveals that the pure samgle
stable upto 185C without loss in weight whereas the doped sampées enhanced thermal stability upto
about 240°C and 22C°C, respectively. The present study is primarilyed at the development of a newer
variety of NLO crystals. The preliminary SHG effincy studies and the optical and mechanical ptigser
strongly favor the usage of these crystals in phiototechnology. In addition, there are good chanuke
identifying entirely novel materials with promisipgoperties.
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