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ABSTRACT. L -Histinium 5 Sulfo Salicylate , an organic NLO crystal was grown for the first time by slow evaporation 
solution technique. Single crystal X ray diffraction analysis reveals that H5S belongs to monoclinic crystal system with 
non-centro symmetricspace group P21. The determined parameters are a=9.5707(17)A0, b= 19.038(4)A0, c= 8.315(2)A 

0,β= 90.711(14) and V= 1514.8(6)A3. FT-IR and FT Raman studies were carried out to identify the functional groups 
prevent in H5S. Optical absorption study showed a UV cut off wavelength of 304 nm. The mechanical properties of the 
grown crystal has been analyzed by Vicker micro hardness method. The second harmonic generation was confirmed for 
LH5SS. 

 
Introduction. Great efforts have been devoted to the research and design of highly efficient nonlinear 
optical (NLO) materials due to their widespread applications such as high-speed information 
processing, optical communications, and optical data storage [1) Amino acid is an organic compound 
that contains both amine and carboxyl functional groups and one can produce outstanding materials 
with the help of organic and inorganic counterparts. Amino acids are identified as potential candidates 
for the growth of single crystals combining with some organic acids which exhibits the most essential 
nonlinear optical (NLO)property for frequency conversion applications [2,3].Among the twenty 
amino acids, the most basic amino acid is l-histidine. Due to its basic nature, it forms a number of 
salts with different organic and inorganic acids which possess NLO properties. Some of the l-histidine 
compounds exhibit high second harmonic generation (SHG) conversion efficiency compared to the 
standard material KDP [4-10]. According to coordination chemistry, the ligand 5-sulfosalicylic acid 
(H3SSA) has three potential coordination groups: –COOH, –SO3H and –OH. Both –COOH and –
SO3H are versatile coordinating groups and can coordinate with metal ions in a variety of modes 
[11], and there is a high possibility of proton transfer in organic salts, mainly N-heterocyclic, leading 
to tunable optical properties.The present investigation is on the growth of L-Histidinium 5 Sulfo 
Salicylate grown from slow evaporation method and on characterization of the grown crystal that is 
done using various techniques. 

Materials and methods. L-Histidinium 5 Sulfo Salicylate crystals were grown from an aqueous 
solution by slow evaporation technique. l-Histidine (99% pure) and 5 sulfosalicylic acid were taken 
in the stoichiometric ratio 1:1 and dissolved in double distilled water. The reaction is as follows, 
 

C6H9N3O2 + C7H6O6S    C13 H15 N3 O8 S                (1) 
 

                                                
© 2017 The Authors. Published by Magnolithe GmbH. This is an open access article under the CC BY-NC-ND license 
http://creativecommons.org/licenses/by-nc-nd/4.0/ 
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The solution was filtered using whatmann filter paper and left undisturbed in a covered beaker. The 
growth condition was optimized and the grown crystals were further purified by successive 
recrystallization. Seed crystals of LH5SS were harvested after a span of 10 days. The photograph of 
the as grown crystal is shown in Fig. 1. 
 

 
Fig. 1. Photograph of L-Histidinium 5 Sulfo Salicylate crystal. 

 

Results and discussion 
Single-crystal X-ray diffraction. The single-crystal XRD analysis of L Histidinium 5-Sulfo 
Salicylate (LH5SS) crystal was carried out using Bruker kappa APEX II single-crystal X-ray 
diffractometer with graphite monochromated MoKa radiation (k = 0.71073 A° ) at 293 K. A single 
crystal was selected for crystal structure determination. LH5SS crystallized in the monoclinic system 
within the non-centrosymmetric space group P21, its lattice parameters are: a = 9.5707(17) A ° , b = 
19.038(4) A ° and c =8.315 (2) A ° and volume = 1514.8(6) Å3 

FT-IR analysis. Infra red spectroscopy has been used to identify the functional groups and to 
determine the molecular structure of the synthesized compound. The FTIR analysis od LH5S was 
carried out between 4000 and 450 cm-1 using Perkin Elmer model spectrometer is shown in the fig.(1) 
The band observed at 3157cm_1 in spectra is due to the symmetric stretching of NH3+ group of L-
histidinium ion [12]. Most of the aromatic compound has some peaks in the region 3110 – 3000cm-
1 and they are being due to the stretching vibrations of the ring CH bonds. The peak observed at 
3019cm-1 is assigned to the CH stretching vibrations. The -CH2- group of histidine produce peak at 
2862.2 cm-1 due to its asymmetric stretching mode. The stretching vibrations of the C-C bond is 
identified in the peak 1619cm-1. [13]. The peaks at 1,477 and 925 cm-1 are due to S=O asymmetric 
stretching [14] and S–O as stretching of para-substituted sulfonic group (SO3H) in aromatic ring, 
respectively. The aromatic C–H in-plane bending vibration is observed at 1,161 cm-1. The peak at 
836 cm-1 is due to C–H out-of-plane bending [15]. All these observations clearly demonstrate the 
formation of L Histidinium 5-sulfosalicylate single crystal. Frequency assignment of the absorption 
peaks are presented in Table 1. 

 
Table 1. FT-IR of the LH5SS crystal. 

Wavenumbers cm-1 Assignments 
3157 NH3 asymmetric stretching 
3030 C-H stretching 
2862 CH2 asymmetric stretching 
1475 SO3 asymmetric stretching 
1084 CO stretching of COO group 
925 S-O asymmetric stretching 
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Fig. 2. FTIR spectrum of LH5SS. 

 
UV-Vis Spectral studies. The optical absorption plays an important role in identifying the potential 
of the NLO material. Materials having wide absorption window with reduced absorption around the 
fundamental and second harmonic NLO application. Optical absorption data were taken on this 
polished crystal sample of about 3mm thickness using Perkin elmer lamda 35 model spectrometer 
between 200 – 800nm. The spectrum indicates that the UV cut-off wavelength of LHPT occurs at 
304 nm. The band gap is found to be 4.09eV. It is well known that the efficient NLO crystal has an 
optical transparency at lower cut-off wavelength between 200 and 400 nm [16]. Also, it is observed 
that there is no significant absorption in the entire visible region which reveals that it suitable for the 
optoelectronic devices 

 
Fig. 3. UV-Vis absorption spectrum of LH5SS.  

 
Photoluminescence studies. Photoluminescence (PL) measurement is a prominent tool for 
determining the crystalline quality of a system as well as its exciton fine structure [17]. 
Photoluminescence in solids is the phenomenon in which electronic states of solids are excited by 
light of particular energy and the excitation energy is released as light. The photon energies reflect 
the variety of energy states that are present in the material. The emission spectrum was recorded for 
the LH5SS crystal in the range of 304–800 nm and the sample was excited at 304 nm. The emission 
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spectrum (PL spectrum) and excitation spectrum are presented in the Fig 4. The PL spectrum of the 
LH5SS sample consists of two emission bands: strong UV peak at 613 nm shows the emission of red 
color and a broad band at 419 nm shows the emission of violet color. The additional peak at 419 nm 
may represents the defect level existed due to the presence of low angle grain boundaries. 

 
Fig. 4. Photoluminescence Spectrum. 

 
NLO property.The nonlinear optical property of the grown crystal was tested using Kurtz-Perry 
powder technique by passing a Q switched , mode locked Nd:YAG laser of 1064 nm and pulse width 
of 8 ns(spot radius of 1mm) on the powder sample of LH5SS. The input laser beam was passed 
through an IR reflector and then directed on micro crystalline powdered sample. Photodiode detector 
and oscilloscope assembly detected the green light emitted by the sample. The SHG efficiency was 
evaluated by taking the micro crystalline powder of KDP as the reference material. Input laser energy 
incident on the sample was 0.68J. The SHG efficiency LH5SS is 1.5 times greater than the 
KDP.Microhardness Measurement. Hardness is an important mechanical property required for the 
fabrication of electronic and optical devices. The LH5SS crystal placed on the platform of the 
microhardness tester and loads of different magnituges(10,25,50g) were applied over a fixed interval 
of time (10s). The hardness was calculated using the relation: 

 
Hv = (1.8544 P/d2) kg/mm2       (2) 

 
where P is the applied load in kg and d is the average diagonal length of the indentation in mm. 

It is observed from the graph that the hardness value increases with the load increases. 
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Fig. 5. Microhardness graph. 

 
Summary. Single crystals of LH5SS, an organic nonlinear optical material, were grown by slow 
evaporation method at room temperature. The single crystal XRD analysis confirms the grown crystal 
belongs to monoclinic system. The functional groups of the grown crystal were identified using FTIR 
spectrum. The optical transmittance study shows the crystal has good transmittance in the entire 
visible region and wide band gap. The Kurtz and Perry powder SHG method confirm the SHG 
efficiency of LH5SS is 1.5 times that of KDP and phase- matching property. The mechanical property 
of the material was studied by Vicker’s hardness measurement. 
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