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ABSTRACT 
 
L - Threonine hydrochloride (LTHCl) and zinc chloride doped L - Threonine  hydrochloride  crystals  are  
aminoacid  compounds which have been successfully grown by slow evaporation method . Single crystal X-ray 
diffraction studies reveal that the LTHCl and  zinc chloride doped crystals belong to orthorhombic crystal  system  
with  space  group P21 . UV-vis-NIR absorption spectrum shows that crystals have wide optical window in the range 
of 190-1100 nm. The functional groups of  the  grown crystals were analyzed  by FT-IR  spectral studies. The 
dielectric  property  of  grown  crystals was established by dielectric measurements. Vickers microhardness test was 
also carried out to elucidate the mechanical behavior of the grown crystals. FESEM - EDAX and ICP-OES studies 
confirm the  presence  of  zinc  chloride  in LTHCl crystal . The second harmonic generation (SHG) behaviour of the 
grown crystals has been confirmed by Kurtz-Perry powder technique  and the result shows that the incorporation of 
zinc chloride in LTHCl has improved the SHG efficiency.  
 
Keywords:  UV–vis–NIR study, FTIR spectral study, Dielectric study, Microhardness study, SHG. 
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INTRODUCTION 
 
Growth and characterization of aminoacid  compound  L-Threonine hydro chloride  (LTHCl)  have  already been 
reported as a promising NLO material with SHG efficiency higher than that of KDP [1]. For the past few years, the 
nonlinear optical (NLO) properties of  organic  materials draw more attention due to their large electro optic 
coefficient with low frequency dispersion and high nonlinearity. Hence, there is need to expand the search for the 
new  metal – ions  doped  aminoacid  NLO materials and their properties with a view to study the effect of doped 
metal -ions on the host material [2,3]. Non-linear optical materials have wide applications in various fields like 
optical data storage, photorefractive phenomenon, frequency multipliers, optical switches, etc.   
 
In the present study, LTHCl and zinc chloride doped L- Threonine hydrochloride crystals have been successfully 
grown by slow evaporation technique to analyze the changes in the properties of the doped materials. The grown 
crystals were characterized by XRD, UV- vis –NIR, FTIR, Dielectric, Microhardness studies, FESEM-EDAX, ICP-
OES and NLO Measurements. 
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MATERIALS AND METHODS 
 
 1. Growth of  LTHCl  and zinc chloride doped LTHCl cry stals 
Single crystals of  LTHCl   were grown from the aqueous solution of  L-Threonine  and  hydrochloric acid with 1 : 1 
molar ratio. The grown material was then doped  by adding 0.5 wt% of  zinc chloride with  LTHCl solution. For the 
growth of LTHCl and zinc chloride doped LTHCl , the solutions  were prepared at room temperature and allowed to 
evaporate slowly in order to achieve the required supersaturation.  After a period of 30 days, transparent crystals   
were harvested.  Figures 1 (a)  -  (b)  show the photographs  of  as – grown  LTHCl  and  zinc chloride doped  
LTHCl crystals.  It is seen from the photographs that both LTHCl and zinc chloride doped LTHCl are optically 
highly transparent. 
 

                                    
(a)                                                                                            (b) 

 
Figures 1(a) and (b): Photographs of the as - grown LTHCl  and zinc chloride doped LTHCl  crystals 

 
2. Single  crystal X-ray diffraction study 
Single crystal X-ray diffraction studies of the grown crystals were carried out using ENRAF NONIUS CAD - 4  X - 
ray diffractometer.  From XRD studies it is found  that the both pure and doped crystals belong to orthorhombic 
crystal  system with space group P21. The space group suggests that the grown materials are noncentrosymmetric 
which fulfil the fundamental requirement for the material to exhibit  NLO behavior. The lattice parameters of the  
LTHCl  and  zinc chloride doped  LTHCl crystals are shown in Table 1 for comparison. The variations in the cell 
parameters of doped crystal  show the incorporation of zinc chloride in LTHCl crystal. 
 

Table 1 Lattice parameters of LTHCl and zinc chloride doped LTHCl ctystals 
 

Lattice parameter LTHCL Zinc chloride doped – LTHCL 
a (Å) 5.517(2) 5.152 
b (Å) 7.769(3) 7.620 
c (Å) 13.641(9) 13.52 

Crystal System Orthorhombic Orthorhombic 
Space group P21 P21 
Volume(Å3) 546.5(3) 536.00 

 
 
3.UV - vis - NIR Studies 
The optical absorption spectra of LTHCl and zinc chloride doped LTHCl crystals were recorded in the range 190-
1100 nm using a Varian  cary 5E model spectrometer. For optical device fabrications, the grown crystal should be 
highly transparent over a wide range of wavelength. Figures 2  shows  the optical  absorption   spectra of  LTHCl 
and zinc chloride doped crystals respectively. From the spectrum, it is observed that the absorption of the crystals is 
considerably high in the wavelength region 190 - 1100 nm with UV cut off  wavelength as  248 and 232 nm 
respectively for the grown crystals. There is no much significant change in the transparency of the grown crystals. 
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Figure 2 : UV– vis- NIR Absorption Spectra of LTHCl and zinc chloride doped LTHCl crystals 

 
4. FT-IR Spectroscopic Analysis 
The various functional groups present in LTHCl and doped LTHCl crystals were identified using FTIR spectral 
analyses.  FT- IR spectrum was recorded for the samples in the range 450 - 4000 cm-1 using the instrument FT- IR 
4100  type    spectrometer.  Figures 3 (a) and(b) show the FTIR spectrum of  LTHCl  and zinc chloride doped 
LTHCl respectively. The broad  envelope positioned between  2049 - 3165  cm -1  and  2036  -  3170 cm -1 
correspond to the N-H and C-N stretching  of  pure and zinc chloride doped  LTHCl  crystals. The peaks  at 1626 cm 
-1 corresponds to C - C stretching. The O - H bending is indicated at 1346 cm -1.  Acid chloride group  is shown 
corresponding to the peaks at 1041 and 1110 cm -1. The presence of alkene group is confirmed due to the peak at 
929 cm -1 .  Table 2 presents the various functional groups present in   LTHCl  and zinc chloride  doped LTHCl 
crystals. The shift in the various peaks of the FTIR spectrum of zinc chloride doped LTHCl may be due to the 
incorporation of metal ion in LTHCl. 
 

Figure 3(a) :  FT-IR spectrum of  LTHCl crystal 
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Figure 3 (b) :  FT-IR spectrum of zinc chloride doped LTHCl crystal 
 

Table 2 Functional groups of  LTHCl  and zinc chloride doped LTHCl crystals 
 

Wavenumber        
( cm-1 ) 

Spectroscopic Assignments 
LTHCl 

Wavenumber               
( cm-1 ) 

Spectroscopic Assignments 
zinc chloride doped LTHCl 

3170 N-H  stretching  3165 N-H  stretching  
2870, 2703 C – N stretching 2223 C-N stretching 
2036 –N=C=O  stretching  2049 –N=C=O  stretching  
1626 C = C stretching 1626 C = C stretching 
1457  C-N stretching  1455  C-N stretching  
1347 O-H bending  1346 O-H bending  
1041,1110 acid chloride group 1040,1109 acid chloride group 
929 alkene  group 931 alkene  group 

 
5.Dielectric Studies 
The dielectric behaviour of  LTHCl and zinc chloride doped LTHCl crystals was studied using HIOKI 3532 LCR 
HITESTER. The sample  has been placed inside a dielectric cell whose capacitance was measured at temperature 
(40°C) for different frequencies from 50Hz to 5MHz. The dielectric constant (ε) and dielectric loss (ε') have been 
calculated using the formulae  

                                   ε = c d / A ε0  

                                  and  ε' = ε D  
 
where d is the thickness of the sample,  A  is the area of cross-section,  ε0  is permittivity of free space and D is  
dissipation factor. The dielectric constant of  crystals as a function of frequency is shown in Fig.4. From the graph, it 
is seen that the dielectric constant decreases with increase in frequency. The large value of dielectric constant at low 
frequency is due to the contribution by all the polarizations, namely, space charge, orientation, electronic and ionic 
polarization and its low value at higher frequencies may be due to the loss of significant polarizations gradually. The 
plot of  dielectric loss  as a function of frequency   has been shown in Fig.5.The lower values of dielectric loss at 
higher frequencies suggest that the crystals contains minimum density of defects. The dielectric loss of  both the  
LTHCl  and  zinc chloride doped LTHCl shows similar trend with a slight change in the values. Thus, it is 
concluded that  the presence of metal dopant has slightly altered values of dielectric constant and dielectric loss.  
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Figure 4  Plot of dielectric constant Vs log f  for LTHCl and zinc chloride doped LTHCl crystals 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 Plot of dielectric loss Vs log f  for LTHCl and  zinc chloride doped LTHCl crystals 
 

6.Vickers microhardness test 
Microhardness studies were carried out for the  LTHCl  and zinc chloride doped LTHCl  using Leitz Wetzler 
Vickers microhardness tester by varying the applied load from 25g to 100g. The indentation time was kept at 5s for 
all the loads. Fig.6 shows the variation of Vickers hardness number with applied load P for (010) plane of the 
crystals.  It is observed that the hardness number increases with the increases of load. The value of work hardening 
coefficient (n) of the zinc chloride doped  LTHCl  and  LTHCl crystals was determined as 2.2 , 2.0 from the slope of 
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the plot of log P vs log d (Fig.7).  According to Onitch,  if n  is less than 3,  the hardness number will  increase with 
increase in load [5].The microhardness studies reveal that the doped  crystals have a relatively high value for its 
work hardening coefficient. The results reveal that  the zinc chloride doped LTHCl crystals are found to be harder 
than  LTHCl[6].  
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Figure 6: Plot of hardness number vs  load P 
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Figure 7 : Plot of  ln P vs ln d 

 
 
7. EDAX and ICP- OES ANALYSIS 
The doped LTHCl crystal was analyzed  by  INCA200 energy dispersive X-ray      micro analyzer equipped with 
LED steroscon 440 scanning electron microscope. Fig.8 shows the EDAX spectrum of  crystal  which confirms the 
presence of elements chlorine , carbon, nitrogen, oxygen and zinc in the grown crystal. Table 3 presents the 
compositional analysis of zinc chloride doped  LTHCl crystal. The crystal was then subjected to inductively coupled 
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plasma optical emission spectroscopy (ICP-OES) analysis using Perkin Elmer optima 5300 DV Spectrometer. The 
crystal was well  crushed into fine powder  using an agate mortar. The powder sample weighing 100 mg was 
transferred to 200ml flask with the help of  funnel for analysis. The results of  ICP - OES analysis show the 
characteristic wavelength 206.200 nm which confirms the presence of  zinc chloride with concentrations of  29.99 
mg per liter[7]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8 :  EDAX spectrum of zinc chloride doped LTHCl  crystal 
 

Table3: Compositional analysis of zinc chloride doped LTHCl crystal from EDAX Analysis 
 
                    
 
 
 
 
 
 
 
8. FESEM analysis 
FESEM analysis was carried out in order to study surface features of the grown crystals. Fig.9 shows the 
microstructural  image of zinc chloride doped LTHCl  crystal with resolution 50.0um. FESEM images provide 
spatial distribution of various components present in the material. The different components are distributed spatially 
with a clear environment revealing the smooth and transparent nature of the zinc chloride doped LTHCl. 
 

Element Weight % At % 
      C K 26.75 31.87 

N K 29.39 30.03 
O K 42.16 37.71 
Cl K 0.05 0.02 
Zn L 1.66 0.36 
   
Totals 100.00  



V Ramesha et al  Arch. Appl. Sci. Res., 2014, 6 (5):135-143 
______________________________________________________________________________ 

142 
 Scholars Research Library 

 
 

Figure 9 : FESEM  images of  zinc chloride doped LTHCl crystal  
 
9.NLO studies: Second harmonic generation efficiency 
Kurtz powder SHG technique was performed to confirm the SHG by the grown crystals [8]. Zinc chloride doped 
LTHCl sample was illuminated using Q-switched mode locked Nd: YAG laser with the fundamental beam of 
wavelength 1064 nm and input pulse 0.68J. The emission of green radiation in the crystal confirmed the second 
harmonic  generation by the crystal. The output power (14.5 mJ) of the sample was measured  and compared with 
that of  (8.9mJ) reference material KDP. The SHG efficiency of zinc chloride doped LTHCl crystal  is thus found to 
be 1.63 higher than that of KDP. The values of relative SHG  efficiency of  pure and  zinc chloride doped LTHCl 
crystals  with reference to KDP are tabulated  in the Table 4. It is observed that the incorporation of zinc chloride in 
LTHCl has increased the SHG efficiency. Hence, zinc chloride doped LTHCl crystal is one of the excellent 
materials to find wide applications in optoelectronic and photonic devices.  
 

Table4: SHG efficiency data compared with KDP 
 

Sample 
 

Relative SHG 
efficiency efficiency data 

References 

LTHCl 
L – Alanine  HCl 

0.63 
1.3 

[1,10] 
[11] 

ZnCl2 doped LTHCl 
ZnCl2doped  LTHCl 

1.63 
1.56 

Present work 
Present work 

 
RESULTS AND DISCUSSION 

 
Single crystals of pure and zinc chloride doped  LTHCl  crystals were grown by slow evaporation technique. From 
single crystal XRD analyses it is confirmed that both the crystals belong to orthorhombic crystal system with space 
group P21.  From UV- vis- NIR spectrum, transmission range and lower cut off wavelength were measured. The 
presence of functional groups was identified using FTIR spectral studies. The dielectric property of grown crystals 
was established by dielectric measurements. Mechanical behavior of the grown crystal was studied by Vickers 
microhardness test.  It is found that the zinc chloride doped LTHCl crystals are harder than  LTHCl and  the 
hardness number is found to be increasing with the doping concentration of zinc chloride . The composition of  zinc 
chloride  doped LTHCl was analyzed by FESEM - EDAX and ICP-OES analysis.  Kurtz - Perry   powder technique  
confirmed  that the  SHG efficiency of  zinc chloride doped  LTHCl crystal has  been increased. Hence, the zinc 
chloride doped  LTHCl crystal can be used in photonic and optoelectronic industries due to improved optical 
properties.  
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