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1. Introduction
L-cysteine [C3H7NO2S] is the simplest amino acid and 

it has centre of chirality and is optically active. L-cysteine 
can exist as neutral molecule in the gas phase; it exists as a 
Zwitterion in solution as well as in solid state. L-cysteine 
crystallizes in non-centrosymmetric space group making it a 
potential candidate for piezoelectric and non-linear applications. 
L-cysteine exist as a dipolar ion in solid state in which carboxyl 
group is present as a carboxylate ion and amino group is 
present as ammonium ion. In addition, thiol group is present 
in aqueous solution of L-cysteine. Due to this dipolar nature, 
L-cysteine has a high melting point. Another added advantage 
of L-cysteine is the presence of chromophores namely amino 
group and carboxyl group which makes it transparent in the 
UV-Vis region1,2. Thus more emphasis has been given by the 
scientists to develop non-linear optical crystals in L-cysteine 
and its analogs. Experiments conducted by Martin et al.3, 
Loganayaki et al.4, Bhagavannarayana et al.5, Selvaraju et al.6 
and Anbuchezhiyan et al.7 reveal the suitability of L-cysteine 
family crystals for their non-linear optical properties and 
applications. The non-linear optical properties of L-cysteine 
analogs make them strong candidates to replace KDP for 
frequency conversion of infrared lasers. All compounds of 
this class contain optically active carbon atoms and therefore 
all of them form acentric crystals8. The present study deals 
with L-cystine dihydrobromide (LCHB), one of the non-linear 
optical crystals belonging to L-cysteine family. The growth 
of the crystal has been achieved by slow solvent evaporation 
technique. The grown crystals were characterized by single 

crystal XRD analysis, powder XRD, FTIR, thermal analysis, 
DSC, UV analysis, dielectric and SHG studies.

2. Experimental Procedure
2.1. Crystal growth

L-cystine dihydrobromide (C6H14Br2N2O4S2) crystals are 
grown from aqueous solution by slow solvent evaporation 
technique. The starting materials are L-cysteine and hydrobromic 
acid. The solution is prepared by dissolving equimolar 
amount of 2:2 of L-cysteine and hydrobromic acid in double 
distilled water and the solution is stirred using a magnetic 
stirrer having hot plate attachment. The mixed solution 
was slowly heated up to 60 °C and a saturated solution was 
obtained. This solution is filtered using micro filter paper of 
10 μm. The filtered saturated solution is transferred into a 
petri dish. The prepared solution is allowed to evaporate at 
room temperature and kept in undisturbed condition. Large 
size single crystals were obtained due to the collection of 
monomers at the seed crystal sites from the mother solution, 
after the nucleation and growth processes were completed. 
LCHB crystal of dimension about 10 × 10 × 6 mm3 was 
harvested in a growth period of twenty four days by slow 
evaporation of the solvent. The photograph of the grown 
LCHB crystal is shown in Figure 1. During the growth of 
LCHB, the formation of several funguses like organism in 
the solution is observed. These organisms start growing on 
the surface, exposed to atmosphere and subsequently sink 
into the solution, thereby, contaminate it. Due to this reason, 
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bigger size crystals could not be grown. A similar problem 
is also reported during the growth of LAP9 and GSN10. 
Therefore attempt is made to inhibit the growth of these 
microbes by using H2O2. A good quality crystal is obtained 
by repeated recrystallization.

2.2. Solubility
The size of the crystal depends on the amount of the 

material available in the solution which decides the solubility 
of the material in that solvent for solution growth technique11. 
The solubility of synthesized material in water is performed 
by maintaining the water at constant temperature and adding 
the known quantity of the material till it dissolves completely. 
Then the solution is stirred continuously for 8hrs and a small 
quantity of the solution is pipetted out and its decomposition 
is determined gravimetrically. The variation of solubility 
with temperature of LCHB is shown in Figure 2. LCHB has 
a positive temperature coefficient of the solubility. Hence 
slow cooling as well as slow evaporation techniques can be 
employed for the growth of bigger sized crystals.

3. Results and Discussion
3.1. Single crystal X-ray diffraction

The grown crystals are subjected to single crystal X-ray 
diffraction studies using MESSRS ENRAF NONIUS, the 
Netherlands diffractometer. It is observed that LCHB crystal 
belongs to orthorhombic system with a non-centrosymmetric 
space group of P212121. The cell parameters are a = 7.42 Å, 
b = 17.69 Å, c = 5.35 Å, α = β = γ = 90° and V = 707.68 Å3, 
which agree well with the available reported literature values [7]. 

3.2. Powder XRD analysis
The powdered sample of LCHB is subjected to powder 

X-ray diffraction studies. The X-ray diffraction analysis for 
LCHB is performed with a high resolution automatic X-ray 
diffractometer. Finely ground powder of the crystals was 
subjected to intense X-rays of wavelength λ = 1.5406 Å 
with a scan speed of 0.001° per min. Intensities for the 
diffraction peaks were recorded over the range of (2θ) 
20 – 80° and indexed using computer programs. Figure 3 
represents the powder X-ray diffractogram for the grown 
LCHB. The lattice parameters are evaluated as: a = 7.48 Å, 
b = 17.85 Å, c = 5.35 Å and α = β = γ = 90° and the results 
are found to be in good agreement with the results of single 
crystal XRD.

3.3. FTIR analysis
In order to qualitatively analyze the presence of 

functional groups in LCHB, Fourier Transform Infrared 
(FTIR) spectrum is recorded in the range 4000-500 cm-1 
using the BRUKER IFS 66V infrared spectrophotometer. 
The characteristic absorption peaks are shown in Figure 4. 
L-cysteine exists in zwitterions in which the absorption 
due to carboxyl group is observed at 892.8 and 1614 cm–1, 
respectively. In LCHB, these peaks are shifted to 866 and 
1625cm–1, respectively. Similarly, the absorption peaks due 
to amino (NH3

+) group of L-cystine are observed at 1111, 
1195 and 1631 cm–1, respectively. These are shifted to 1134, 
1187 and 1625 cm–1, respectively. The sharp and strong 
band at 1734 cm–1 indicates the C=O stretching of COOH 
group. Nevertheless, from the presence of carboxylate ion 

Figure 1. Photograph of as-grown LCHB crystal.

Figure 2. Solubility curve of LCHB crystal.

Figure 3. Powder XRD pattern of LCHB crystal.

and ammonium ion it may be concluded that L-cystine 
molecule exist in zwitterionic form in LCHB. The S-S 
stretching vibrations of LCHB are observed at 745 cm–1. 
The S-S vibration shows the presence of disulphide bond 
in LCHB crystal. The absorption peaks due to thiol S-H 
group of L-cysteine lies in 2546 or 2540 cm–1and this S-H 
stretching mode is shifted to 2521 or 2562 cm–1in case of 
LCHB. Additional evidences for the zwitterionic monolayer 
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is the in-plane bending and asymmetric stretching assigned to 
the 1215 – 866 cm–1 region12,13. The sulfur containing amino 
acid cystine vibrations, in particular S-S and S-H stretching 
vibrations, are comparable with pure and complexes of 
L-cystine. The protonation of cystine with hydrogen bromide 
is also confirmed by the above discussion.

3.4. UV-Vis transmittance spectrum
The UV-Visible transmittance spectrum was recorded 

using a Varian Cary 5E model UV-Vis-NIR spectrometers 
in the range 200-1400 nm are displayed in Figure 5. It is 
observed that the crystal is transparent in the entire visible 
region and the absorption takes place in the UV range 
between 259-320 nm. The maximum absorption takes place 
at a wavelength of 265 nm. This maximum absorbance at 
265 nm is assigned to π – π* electron transition and may 
be attributed to the excitation in the resonance hybrid of 
C = O group. This is a further indication of the presence of 
unionized COOH group of the cystine in the grown LCHB 
crystal. The absence of absorption in the visible region is 
the intrinsic property of all amino acids and its substituted 
crystals. The absorption with in UV range is again the property 
of amino acids and its substituted crystals. This property is 
the key requirement for the NLO materials and other related 
optoelectronic applications14.

3.5. TG-DTA analysis
The thermogravimetry (TGA) and Differential Thermal 

Analysis (DTA) are employed to identify the phase transition, 
different stages of decomposition and melting point of the grown 

crystal15. The TGA and DTA analysis of LCHB are carried 
out between 20°C and 1000°C in the nitrogen atmosphere 
with a heating rate of 10°C/min using a SDTQ600 V8 
analyzer. The TGA and DTA curve is shown in Figure 6. 
In TGA there is a small peak at 65°C which may be due to 
loss of water molecule. There is a sharp exothermic peak 
with a maximum at 203°C which corresponds to the major 
weight loss of about 28.36%. Hence this exothermic peak is 
assigned to melting point of the compound. The sharpness of 
this exothermic peak shows the good degree of crystallinity 
of the grown crystal. The subsequent exothermic peaks that 
follow this melting correspond to the decomposition of the 
compound in four stages. First stage occurs in the region 
of 231–254°C. Weight loss observed in this region is about 
16% and this is assigned to loss of NH3 and carbon dioxide 
molecules. Second stage of decomposition occurs in the 
region 465–538°C, the residue loses its 11% of weight which 
corresponds to loss of thiol group. Third stage of decomposition 
starts at 745°C, in this stage further decomposition of residue 
occurs. The DTA analysis of LCHB confirms that there is an 
endothermic peak below 200°C which is due to loss of water. 
Thus isomorphic transitions within the crystals are ruled out 
below its decomposition temperature. Hence LCHB crystal 
is expected to have more lattice force in the crystal lattice.

3.6. DSC analysis
The DSC analysis of LCHB powder of the grown 

crystal is carried out between 20°C and 1000°C in the 
nitrogen atmosphere with a heating rate of 10°C/min using 
a SDTQ600 V8 analyzer. The resulting spectrum is shown 
in Figure 7. An endothermic peak is observed at 75.94°C, 
which is assigned to the loss of weakly absorbed water. 
It is also coinciding with the weight loss in the DTA trace. 
As the crystal is hygroscopic this may be due to the adsorbed 
water of the grown crystals. The intense endotherm above 
194.89°C also agrees with the first intense weight loss 
in the TGA trace, it is assigned to be the decomposition 
temperature. The melting point of the material is determined 
to be 200°C. The decomposition process continues up to 
500°C with the removal of almost all the compound as 
gaseous products. Hence, from this study, it can be said 
that the crystal can retain texture up to 200°C. However, the 
compound undergoes isomorphic transformation at 200°C; 
its application is restricted up to 200°C only.Figure 4. FTIR spectrum of LCHB crystal.

Figure 5. UV-Vis-NIR spectrum of LCHB crystal. Figure 6. TG-DTA curve of LCHB crystal.
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3.7. Dielectric studies
The dielectric study on LCHB single crystal is carried out 

using HIOKI 3532 LCR HITESTER. A sample of dimension 
3.27 × 2.78 × 0.98 mm3 having silver coating on opposite 
faces is placed between the two copper electrodes and thus 
a parallel plate capacitor is formed. The capacitance of 
the sample was measured by varying the frequency from 
50 Hz to 5MHz for various temperatures (313K, 333K, 353K 
and 373K). Figure 8 shows the plot of dielectric constant versus 
frequency for various temperatures. The very high value of 
dielectric constant at low frequency may be attributed to space 
charge polarization. At lower range of frequencies dielectric 
constant decreases drastically with frequency, becoming a 
constant at larger frequencies. The polarization occurs due 
to the local displacement of electrons, which is the effect of 
the electronic exchange of the number of ions in the crystal. 
As frequency increases the electron exchange cannot follow 
the electric field and polarization becomes less dependent of 
frequency. Variation of dielectric constant with temperature 
is generally attributed to the orientation polarization, crystal 
expansion, the presence of impurities and crystal defects. 
When temperature increases the dielectric constant decreases, 
as evident from the Figure 8. The thermal energy disrupts the 
ion dipole interaction which is responsible for polarization at 
higher temperatures, causing the relaxation of polarization. 
Also the dielectric loss is plotted against frequency and is 
shown in Figure 9. These curves suggest that the dielectric 
loss is strongly dependent on the frequency of the applied 
field, similar to that of dielectric constant. This behavior is 
common in the case of ionic systems16,17.

3.8. SHG studies
The second harmonic generation efficiency is evaluated 

by Kurtz and Perry powder technique18 and microcrystalline 
powder of KDP is taken as reference material. The crystal of 
LCHB is illuminated using Q-switched, mode locked Nd:YAG 
laser of wavelength λ = 1064 nm of pulse width 10 ns and 
the corresponding second harmonic output power has been 
recorded. The output from the crystal was monochromated to 
collect the intensity of 532 nm component and to eliminate 
the fundamental wavelength. The second harmonic radiation 
generated by the randomly oriented micro crystals was 

focused by a lens and detected and a photo multiplier tube. 
The generation of the second harmonic was confirmed by a 
strong bright green emission emerging from the powdered 
crystal. A potassium dihydrogen phosphate (KDP) crystal 
was used as a reference material in the SHG measurement. 
The relative conversion efficiency was calculated from 
the output power of LCHB crystals with reference to KDP 
crystals. It is observed that the conversion efficiency of 
LCHB is 0.42 times that of KDP crystal.

4. Conclusion
Bulk sized LCHB single crystals were grown by slow 

evaporation technique. Single crystal XRD and powder XRD 
confirmed the lattice parameters. The functional groups 
were confirmed from FTIR analysis. The optical property 
of the grown material is studied by UV-Vis spectroscopy 
which shows the UV cut off wavelength to be 265 nm. 
The TG‑DTA and DSC analysis depicted that the crystal is 
thermally stable up to 200°C. The dielectric constant and 
dielectric loss measurements are carried out at different 
temperatures and frequencies. The NLO property of the 
LCHB crystal was examined by performing Kurtz powder 
test using Nd: YAG laser.

Figure 9. Dielectric loss versus log frequency of LCHB crystal.

Figure 7. DSC curve of LCHB crystal.
Figure 8. Dielectric constant versus log frequency of LCHB crystal.
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