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Optically good quality doped ZTS crystals with BaCl have grown by silica gel growth method at ambi-

ent temperature and their characterization have studied. The presence of functional groups of doped crys-

tals has identified from FTIR spectra. The hardness analysis has performed with using different hardness 

models. Chemical Etching study has carried out in the present work. The second harmonic generation effi-

ciency has tested from Kurtz-Perry test as the main important finding of this work. The results are report-

ed in the paper. 
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1. INTRODUCTION 
 

The non-linear phenomena occur usually by using 

NLO crystals. So, in recent time, semi organic nonline-

ar optical crystals have attended more attention from 

technologist, scientist and researchers due to their 

significant applications. The NLO material have con-

siderable applications such as optical data storage, 

printing, spectroscopy inspection, biomedicine, laser 

tuning experiment, frequency modulation, second har-

monic generation, third harmonic generation, Raman 

spectra shifters etc. Zinc Tris (Thiourea) Sulfate (ZTS) 

is such an important non-linear optical crystal which 

gets both organic and inorganic advantages having 

main application as frequency doubling. ZTS crystal 

has molecular formula as Zn (NH2CSNH2)3 SO4 [1-11].  

To grow better crystals, to satisfy technological re-

quirement for numbers of applications, the concept of 

doping is successfully adopted by researchers. In this 

research study, ZTS crystal has doped with new chlo-

ride dopant as Barium chloride which is grown by Gel 

growth technique. The doped ZTS crystals are charac-

terized by Fourier Transform Infrared Spectroscopy 

(FT-IR) analysis, Vickers hardness measurement, Se-

cond harmonic generation efficiency test etc. In the 

present experimental research work, the important 

study to know the effect of Barium chloride dopant on 

ZTS crystal has carried out. The growth of ZTS crystal 

with new chloride dopant such as Barium chloride is 

discussed 

 

2. EXPERIMENTAL PROCEDURE 
 

In order to prepare gel medium, Silica gel was used 

as a growth medium during the entire experimental 

study. This experiment procedure was through at an 

ambient temperature. AR grade of Zinc Sulfate Hep-

tahydrate and Thiourea were taken in 1:3 molar ratio 

and 3N solution of Thiourea was prepared using Milli-

pore water and was stirrer with 48 °C temperature to 

avoid decomposition. The stock solution was acidified 

either by hydrochloric acid or acetic acid. Thiourea was 

used as a mother solution and Zinc sulfate heptahy-

drate was used as a feed solution and vice versa. Bari-

um chloride doped ZTS crystals were obtained with 1N 

solution of dopant in different atmospheric temperature 

with required density value. The stirring time of the 

solution of dopant was one hour and mixed with main 

solution. The main solution was made up by mixing 

stock solution with adjusted required density and 3N 

solution of thiourea the grown doped crystals are 

shown in Fig. 1 (in test tubes) and in Fig. 2. 

 

3. RESULTS 
 

3.1 FTIR Analysis 
 

The Fourier transform infrared (FTIR) spectra were 

recorded using Bruker Alpha T FTIR spectrometer by 

KBr pellet technology with the range of 500-4000 cm  1. 

The obtained frequencies with their relative intensities 

of chloride doped ZTS crystals are obtained from FTIR 

analysis which were recorded in the region 500-

4000cm  1 by KBr technique. From the FTIR spectra of 

doped samples; it is clearly shown the minor shifts 

occurrence due to incorporation of dopant which is 

shown in Fig. 3. 

From the FTIR spectra, the broad band lines of the 

range 2700 cm  1-3400 cm  1 is relate to symmetric and 

asymmetric vibrations of NH2 bonds. Absorption 

around 955 cm  1 is due to sulfate ion. The CS and N-

C-N stretching vibrations are shown at around 

714 cm  1 and 1437 cm  1 respectively. The absorption 

at around 1515 cm  1 corresponds to N-C-N stretching 

vibration. The comparison of pure and doped ZTS crys-

tals shows slight shift in characteristics vibrational 

frequencies. The additional peaks are also observed 

which are due to the incorporation of particular do-

pants in the lattice of ZTS crystal. This observation 

ascertains the addition of particular dopants in ZTS 

crystal. 
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Fig. 1  Grown Barium chloride doped ZTS crystals in test 

tubes 
 

 

 
 

Fig. 2- Barium chloride doped ZTS crystals grown with 1N 

solution of dopant 
 

 
 

Fig. 3  FT IR spectrum of Barium chloride doped ZTS crystal 

 

3.2 Vickers Hardness Measurement  
 

The mechanical behavior of doped crystals was test-

ed by using Vaisesikha Vickers micro hardness tester 

type 7005 equipment. The load range applied crystal 

was 20 gm-80 gm and fixed time interval as 10  

 
 

Fig. 4  Plot of Hardness number (Hv) vs Load P of doped 

crystals 
 

 
 

Fig. 5  Plot of Log d Vs Log P of doped crystals 
 

second was taken. Fig. 4 and Fig. 5 are revealed plots of 

micro hardness Vs load P and Log d vs Log P of doped 

crystals. The Vickers hardness number was calculated 

using the following formula 
 

 
2

1.854P
H

d
   in kg/mm2.  

 

Indentation Size Effect (ISE): ISE behavior of 

material can described by several models with the rela-

tionship between applied load and diagonal length are 

reported [12]. 

Meyer’s Law: A plot of log d vs log P of doped crys-

tals are drown form which Hardening coefficient were 

calculated. The work hardening coefficient (n) was gave 

Meyer’s Index number (n) by the relation as P  adn. 

And it is concluded that Barium chloride doped ZTS 

crystals are soft crystals n  1.8.  

Hays-Kendall’s law: Hays-Kendall approach was 

applied by using the formula P  W + A1d2. From this 

approach, the value of H0 was obtained as 37 gm/mm2. 

The values obtained from the graph are drawn in 

Fig. 6. 

PRS Approach: A number of authors [13] have 

mentioned that ISE behavior of material may be ex-

press by the relation as given as P  ad + bd2. From 

this approach, the value of H0 was obtained as 

50 gm/mm2. The value of H0 was calculated by the rela-

tion as H0  1.854b. The graph is shown in Fig. 7. 
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Fig. 6  Plot of Load P vs d2 of Barium chloride doped ZTS 

crystals SHG Test 
 

Second Harmonic generating efficiency of the chlo-

ride doped crystals were tested using Kurtz-Perry pow-

der technique. Fine powdered samples were filled in 

the capillaries for the test. The high intensity funda-

mental wavelength of Nd:YAG laser of 1064 nm with 

pulse width 10 ns was used. The SHG efficiency of 

doped crystals is 50 mV which is 1.1 times more than 

that of pure ZTS crystal. 

 

CONCLUSION 
 

 Good quality of Barium sulfate doped ZTS crystals  

 
 

Fig. 7  Plot of P/d vs d of Barium chloride doped ZTS crystals 

SHG Test 
  

were successfully crystallized by gel growth technique. 

The changes in Morphology, color, size and in growth 

rate are observed. According Vickers micro hardness 

test it is proved that doped ZTS crystals are soft due to 

the effect of dopant and also concluded that Hays-

Kendall approach was more suitable for doped crystals. 

Enhancement in SHG efficiency was observed in Bari-

um chloride doped ZTS crystal (1.1 times more). Thus it 

is concluded that Barium chloride doped ZTS crystals 

are more suitable for NLO device manufacturing.
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