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A Semi Organic Non-linear Optical Crystal: Synthesis, Growth and 
Characterization of Novel Thiosemicarbazide Magnesium Chloride 

Single crystals of thiosemicarbazide magnesium chloride 
(TSCMC) a semi organic nonlinear optical (NLO) material 
have been grown from aqueous solution by a slow evaporation 
technique. The grown crystals have been subjected to single 
crystal X-ray diffraction studies to identify of the structure.  FTIR 
and optical transmission spectra reveal the optical properties 
of the grown crystals. The thermal behavior of TSCMC was 
investigated using the TG–DTA studies. Dielectric measurements 
were made over a wide range of frequencies for different 
temperatures. 
The second harmonic generation (SHG) efficiency for the grown 
crystals was determined using the Kurtz powder technique. 
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1. Introduction  

In recent years there has been a considerable 

for several decades as a progress in the 

development field with important application in 

the domain of photonics and opto-electronics  

based on nonlinear optical (NLO) property [1,2]. 

Due to familiar NLO properties semiorganic 

materials have been grown for more familiar of 

broad applications, such as High-performance 

electro-optic switching element for 

telecommunication and optical information 

processes [3]. A lot of organic chromophorus 

exhibit high and rapid NLO far better than those 

ascertained in inorganic crystals however they 

are thermally unstable. Hence, latest research 

are motivated on semi organic materials owing 

to their great nonlinearity,  good mechanical , 

great larger loss threshold and thermal stability 

[4,5]. In the modern years, to enhance their 

properties efforts are made on the organic 

material mixed with inorganic complex host 

crystals. Thiosemicarbazone moiety aids the 

free thiosemicarbazone ligands and their metal 

complexes to increase SHG efficiency [6]. In this 

work, synthesis, growth and characterization of 

one of the semi organic NLO crystals such as 

XRD, UV–Vis spectroscopy studies, SHG, FTIR 

analysis, dielectric and thermal studies have 

been investigated. 

2. Experimental method 

2.1 Material synthesis and crystal growth of 

thiosemicarbazide magnesium chloride 

single crystals 

The TSCMC compound was grown from 

aqueous solution by a slow evaporation 

technique. The thiosemicarbazide and 

magnesium chloride were taken in 2:1 molar 

ratio and dissolved in 100 ml of deionized 

Millipore water at room temperature. The 

chemical reaction of the synthesized 

TSCMC materials are given as follows: 

 

MgCl2 + NH2 − NH − CS − NH2 → Mg(NH2 − NH− CS − NH2)Cl2 

 

The supersaturated solutions of TSCMC were 

filtered using Whatmann filter paper and were 

kept in dust free atmosphere. The beaker 

containing solution was allowed to undergo slow 

evaporation. The TSCMC was obtained within 

the growth periods of   20 days, respectively. The 

grown block-like single crystals of size 10x7x4 

mm3 are shown in Figs. 1 

 

 

Figure1. The grown crystals of TSCMC crystal 

 

3. Result and discussion 

3.1 Single crystal X-ray diffraction  

The grown crystal data collection having 

dimensions 10x7x4 mm3 was subjected to single 

crystal XRD analysis using Enraf Nonius CAD 4 
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single crystal X-ray diffractometer. Further, the 

analysis reveal that the title crystal belongs to 

triclinic system with space group P21 and the 

lattice parameters are are a = 4.93 (4) Å, b = 6.02 

(8) Å, c = 7.32Ǻ (6) Å and α=77.0 (1)°, β=77.1 

(1)°, γ=83.7 (1)°. The X-ray powder pattern of 

the crystal TSCMC was recorded on a JEOLJDX 

X-ray diffractometer using Cu KR (1.540 Å) 

radiation. The recorded X-ray spectra and the 

corresponding data obtained for the grown 

crystal reveal that the pattern matches of the 

crystallite, purity and crystalline perfection of the 

grown crystals shown in fig.2. 

 

 

Figure 2.  XRD pattern of the grown TSCMC crystal 

 

3.2 FTIR Spectral Study 

Fourier transform infrared spectrum (FTIR) of 

the TSCMC crystal was recorded in the range of 

400-4000cm-1[7-9] using Perkin Paragon-500 

through KBr pellet technique and is shown in Fig. 

3. All these assignments illustrate the presence 

of various functional groups present in the 

material which are tabulated in Table 1.  

 

 

Figure 3. FTIR spectrum of the grown TSCMC crystal 

5001000150020002500300035004000

1/cm

-25

0

25

50

75

100

%T

3
3

7
1

.5
7

3
2

6
3

.5
6

3
1

8
6

.4
0

3
1

6
9

.0
4

2
9

6
8

.4
5

2
7

7
1

.7
1

2
6

5
4

.0
5

2
6

1
5

.4
7

2
0

1
1

.7
6

1
6

4
3

.3
5

1
6

2
0

.2
1

1
5

3
3

.4
1

1
4

8
3

.2
6

1
3

1
7

.3
8

1
2

8
4

.5
9

1
1

6
5

.0
0

1
0

0
1

.0
6

8
0

0
.4

6

6
4

8
.0

8

5
9

9
.8

6

5
7

0
.9

3

2B



K.Sankar al., IJNR, 2020; 3:13 

IJNR: https://escipub.com/international-journal-of-nanoparticle-research/   4

Table 1. Vibrational Wavenumbers (cm-1) and Tentative Assignments for TSCMC Crystals 

Wave Number (cm-1) Band Assignments 

3371 γ (C-H) Stretching 

3263 N-H asymmetric stretching Vibration of NH2 group. 

3169 N-H Symmetric stretching Vibration of NH2 group 

2968 CH2 Vibration of amino acid 

1643 NH3
+ asymmetric vibration 

1620 NH2 deformation 

1533 Asymmetric Vibration of COO- 

1165 NH3 
+ rocking 

1001 Due to γ (N-N) Vibration 

800 C=S Symmetric Stretching mode 

 

3.3 Optical Absorption Spectral Studies 

An optical absorption spectrum of the grown 

crystal was carried out between from 200 to 800 

nm using VARIN CARY 5E UV-Vis-NIR 

spectrophotometer and is shown in Fig. 4. The 

optical studies reveal very low absorption in the 

entire visible region, which is one of the energy 

band gap of the crystal was found to be around 

4.439 eV. This very low absorption in the entire 

visible region suggests its suitability for second 

harmonic generation. 

 

 

Figure 4. Optical absorption spectrum the grown TSCMC crystal 

 

Owing to the direct band gap, the crystal under 

study has an absorption coefficient (α) obeying 

the following relation for high photonenergies 

(hν); 






h

Eh g
2

1

)( −
=   (4) 

Where Eg is optical band gap of the crystal. The 

plot of variation of (αhν)2 vs. hν is shown in Fig.5. 

Eg is evaluated by the extrapolation of the linear 

part and the band gap is found to be 4.4 eV. 

3.4. Determination of optical constants 

The optical behavior of materials is important to 

determine its usage in optoelectronic devices. 

Knowledge of optical constants of a material 

such as optical band gap and extinction 

coefficient is quite essential to examine the 

material’s potential opto-electronic applications. 
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Further, the optical properties may also be 

closely related to the material’s atomic 

structure,electronic band structure and electrical 

properties. The extinction coefficient (K) for the 

grown crystals can be determined using formula 





4
=K                (5) 

where λ is the wavelength, The extinction 

coefficient (K) and absorption coefficient (α)  

The plot of K vs. photon energy (hν) is shown in 

the Figures. . It is observed that the K decreases 

with increase in energy. The reflectance (R) in 

terms of photon energy (Figures.) is derived from 

the relation, 

)exp(1

)exp()exp(11

t

tt
R





−+

+−−
=    (9) 

Figures 6, 7 and 8 display the variation of 

extinction coefficient (K), reflectance (R) and 

refractive index (n) as a function of photon 

energy (hν). From the graphs, it is strong that 

the, extinction coefficient reflectance and 

refractive index rely on the photon energies [12]. 

Meanwhile the internal efficiency of the device 

also rely on the photon energy, through 

modifying the photon energy one can achieve 

the preferred material to fabricate the 

optoelectronic devices. 

Figure 9 represents the wavelength dependence 

of the refractive index n. The refractive indices 

decrease monotonically once the wavelength 

will increases for the sample. It also shows the 

presence of a good transparency window lying 

between 240 nm and 1000 nm particularly within 

the visible light region that is according to the 

result of the optical absorption spectra in Figure 

4. 

 

 

Figure 5. Plot of (αhν)2 function of hν with evaluation of band gap of the material 

 

 

Figure 6. Plot of reflectance (R) versus photon energy (hν) 
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Figure 7. Plot of extinction coefficient (K) versus photon energy (hν) 

 

 

Figure 8. Plot of refractive index (n) versus photon energy (hν) 

 

 

Figure 9. Refractive index Vs wavelength 
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3.4 Thermal analysis 

The thermal stability of the growth TSCMC 

crystal was carried out by thermogravimetric 

(TG)   and differential thermal analysis (DTA) 

studies using NETZSCH STA 409 C  thermal 

analyzer and the resultant thermogram are 

shown in the Fig. 5.The first stage of 

decomposition (184.7°C) may be due to the 

breaking of bonds with the mass loss of 2.7 %. 

The second stage between 184.7°C and 

263.7°C corresponds to the loss of a magnesium 

atom and thiosemi carbazide molecule. From 

the results are observed values of mass losses 

in the process are 62 and 60 % of the total mass 

taken, respectively. The final stage beyond 

263.7°C corresponds to remaining two chlorine 

atoms without any decomposition. The 

calculated mass loss (37.8 %) is in good 

agreement with the observed mass loss (37 %). 

In the DTA, a strong endothermic peak at 

184.7°C coincides with the initial mass loss 

which is owing to the loss of one mole of 

magnesium and thio semicarbazide atom. The 

sharpness of this peak displays the high degree 

of crystallinity and pureness of the sample.  

 

 

 

Figure 10. TG-DTA curve of TSCMC crystal 

 

3.5 Dielectric studies

Dielectric measurements were distributed for the

fastidiously elect samples. The samples were

cut employing a diamond saw and polished

using paraffin oil and fine grade alumina powder

to get an good surface finish and coated with

conducting silver paste so as to extend the

ohmic contact. An HIOKI 3532 -50 LCR

HITESTER meter was used for this study  with

the frequency varied from 50 Hz to 50MHz within

the temperature range 40°C to 80°C to cover the

phase transition .The dielectric constant is

calculated by means of the relation equation

[10].

(10)

where C (capacitance), d (thickness), A (area) 

and 0  (absolute permittivity of the free space). 

The frequency response of the dielectric 

constant ( r ) along with that of the dielectric loss 

for the TSCMC crystal is shown in Figure  11 and 

Figure 12 respectively .The dielectric constant 

has high values in the lower frequency region 

and then decrease with the applied frequency. 

The large values of dielectric constant at low 

frequencies may be owing to the existence of 

combinations of all four polarizations namely 

orientation, electronic, space charge and ionic 

polarization [13] [ 14].  The low value of dielectric 

constant at high frequencies occurs due to the 

loss of these polarizations. The dielectric loss as 

a function of frequency suggests that dielectric 

loss strongly depends on the frequency of the 

applied field. The low value of dielectric loss 

indicates the enhanced optical quality of the 

crystals [15]. A. C. conductivity was calculated 

from a formula equation (11)        
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 tan0 rac =                               (11)
 

The variation of σac with frequency is shown in 

Figure 13. The variation of σac with frequency for 

all the temperature is almost constant upto 0.9 

MHz. Later it has shown exponential variation 

with frequency in agreement with the reported 

results. Several theories based on classical 

hopping as well as quantum mechanical 

tunneling have been developed to account for 

the ac conductivity.  

 

 

Figure 11. Plot of dielectric constant (εr) versus log f. 

 

 

Figure 12.  Plot of dielectric loss versus log f. 

 

 

Figure 13.  Variation of ac conductivity versus log f. 
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3.6 NLO studies 

The powder SHG efficiency of the grown 

TSCMC crystal was studied using Q-switched 

Nd: YAG laser by employing the Kurtz and Perry 

powder technique[16]. The Nd: YAG laser emits 

fundamental wavelength of 1064 nm.The output 

from Nd: YAG laser was used as source and it 

was illuminated to the crystal powder. Pulse 

energy was 850 mj /second and pulse width was 

about 10 ns, also repetition rate was 10 Hz. The 

SHG radiation at 532 nm green light was 

obtained through photomultiplier tube. Hence 

the powder SHG efficiency obtained is 1.09 

times than that of well-known reference material 

(KDP crystal). 

4. Conclusion 

A novel nonlinear optical TSCMC have been 

grown by slow evaporation solution growth 

technique. The grown crystal belongs to triclinic 

system with space group P21 system. The FTIR 

study confirms the formation of the expected 

compound. The optical absorption studies reveal 

very low absorption in the entire visible region 

that the cut-off wavelength is around 280 

nm.The TG-DTA thermogram predicts the 

stability of the material decomposition and 

corresponding weight losses. The dielectric 

constant variation with frequency specifies that 

the dielectric constant decreases with increase 

in the frequency. Kurtz Perry powder method, 

used to confirm the SHG of the crystal, having 

SHG efficiency 1.09 times that of KDP. All these 

studies confirm that the grown TSCMC crystal is 

the potential candidate for the fabrication of 

nonlinear optical devices. 
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