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ABSTRACT 

 Hydrazonium L-tartrate (HLT) has been grown as single crystal by isothermal solvent evaporation 

technique using aqueous methanol as a solvent in normal ambient conditions. Fourier Transform Raman (FT-

Raman) spectrum of HLT shows Raman wave numbers ranging from 2950–164 cm–1 due the characteristics 

vibrations of functional groups present in HLT. The solid state Fourier Transform Infrared (FTIR) spectrum of 

HLT shows a broad absorption extending from 3278 down to 484 cm–1, due to H-bond vibrations and other 

characteristic vibrations. 
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1. INTRODUCTION  

Organic nonlinear optical (NLO) materials possess superior NLO properties such as large electro-optic 

(EO) coefficient, high molecular hyperpolarizability, small dielectric constant, short-response time as compared to 

those of their inorganic counterparts. The overwhelming success of molecular engineering in controlling NLO 

properties in the recent decade has prompted better initiatives in crystal engineering. Acentricity of the crystal 

structure is mandatory for developing such NLO materials. Hydrazonium L-tartrate is one such organic crystal 

consists of infinite chains of tartrate anions linked head-to-tail by O-H..O hydrogen bonds results in non centro 

symmetric space group P212121, a prerequisite to be an NLO material. HLT grown from aqueous methanol solutions 

exhibited higher SHG efficiency, transparency and it was also found to be non-hygroscopic when explored to air 

atmosphere for longer duration. The improved SHG efficiency and optical transparency could be attributed to the 

purity of the starting material obtained by several recrystallization processes. However, to the best of our 

knowledge, the literature on FT-Raman vibrational spectrum analysis on HLT is not available.  Vibrational 

spectroscopy is an important tool for the study of structural properties and the electronic response of organic NLO 

materials. In the present study, we report our results on the growth, FT-Raman and FT-IR studies of HLT.  

 

2. EXPERIMENTAL TECHNIQUE  

The Hydrazonium L-tartrate, C4H10N2O6, was obtained from aqueous methanol solution containing 

stoichiometric amounts (1:1) of L-tartaric acid (99% Merck) and hydrazine hydrate (99% Merck). A saturated 

solution of HLT was prepared from the purified material, using water: methanol (5:1) mixer as solvent, and the 

filtered solution was slowly evaporated at room temperature (32 oC) under normal ambient atmosphere. Optically 

good quality, colourless single crystal (Fig. 1) having the dimension of 1.4 cm x 0.6 cm x 0.2 cm was harvested in 

about 10 days. Single crystal X-ray diffraction was performed using an Enraf-Nonius CAD-4 Diffractometer with 

MoKα (0.71073 Å) radiation at room temperature. The HLT crystallizes in orthorhombic crystal system with non 

centro symmetric space group P212121, unit cell dimensions a=7.033 (2) Å, b=7.639 (2) Å, c=13.449 (2) Å, Z=4 

and agreed well with the reported data. The FTIR and FT-Raman spectra were recorded using BRUKER OptiK 

GmbH spectrometer and computer interfaced BRUKER RFS 27 standalone FT-Raman spectrometer respectively.  

 

3. RESULTS AND DISCUSSION 

The assignment of bands observed in the vibrational spectra is an essential step for solving the structural 

and chemical problems of any molecule. The recorded FTIR and FT-Raman spectra for HLT are shown in the   

Figure 2 and Figure 3 respectively. The tentative vibrational assignments of fundamental modes of vibrations of 

HLT are depicted in the Table 1. In HLT crystal the infinite chains of tartrate anions are linked head-to-tail by O–

H···O hydrogen bonds. The asymmetric stretching vibrations of NH3
+ and stretching vibrations of O–H are 

observed at 3278 cm–1 in IR. The band observed at 1209, 1127 cm–1 in IR frequencies could be attributed to NH3
+ 

rocking vibrations. The band observed at 1263, 1209, 1127 cm–1 in IR, 1284,  1122 cm–1 in Raman frequencies are 

due to O–H in plane bending vibrations of tartrate anion. The peaks observed at 1874 cm–1 in IR, 1361 cm–1 in 

Raman could be attributed to C–H stretching and C–H bending vibrations respectively.  
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Fig.1.FTIR spectrum of HLT Fig.2.FT–Raman spectrum of HLT 

 

Table.1.IR and Raman bands of HLT and their assignments 

Wave Number (cm–1) Assignments 

FTIR Raman FTIR 

3278 b   O–H, as NH3
+ 

1874 b 2950 vs 2900 s asC–H, C–H 

1730 s  1710 s C=O 

 1696 w 1675 s C–C, as COO– 

1406 s 1422 w  ipb C–Hs COO– 
1263 m 1284 m  s COO–,  Cipb O–H 

1209 m 

1127 m 

  NH3
+ , ipb O–H 

vs–very strong; s–strong; m–medium; ms–medium strong; b–broad; w–weak; : stretching s:symmetric 

stretching,as: asymmetric stretching, deformation, ipb: in plane bending, opb: out–of–plane bending. 
The positions of the C=O stretching vibrations is very sensitive to factors such as the physical state, 

electronic and mass effects by substituent. The strong bands observed at 1730 cm–1 in IR , 1623 cm–1 in Raman are 

attributed to C=O stretching vibrations of tartrate anion. A strong band observed at 615 cm–1 in IR is assigned to 

COO– wagging vibrations. The C–C stretching vibrations of L-tartrate anion are consigned at 1696, 1623, 892 cm–

1 in Raman, 1300, 902, 683 cm–1 in IR.  

 

4. CONCLUSION   
The HLT was synthesized in the laboratory and the crystal obtained by solvent evaporation method using 

water: methanol (5:1) under normal ambient conditions was confirmed to crystallize with noncentrosymmetric 

space group of P212121. The functional groups, chemical structure and the significance of intermolecular hydrogen 

bonding of HLT were analysed by IR and FT-Raman spectra. These results confirmed the formation of title 

compound and HLT could be grown from normal ambient conditions.  
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