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ABSTRACT - Organic nonlinear optical (NLO) crystals of 2aminopyridinium salicylate have been grown by slow 

evaporation growth technique using acetone: water mixed as solvent. The crystal structure, lattice parameters and 

crystalline perfection were confirmed by Single crystal and powder X-ray diffraction analyses. The functional groups and 

chemical composition of grown 2ASA crystal was confirmed by FTIR analysis. UV-Vis spectral study showed that grown 

crystal has high transparency (~82%) in the entire visible region and the cut off wavelength at 360 nm. PL spectral study 

of grown 2ASA showed an intense emission peak at 362 nm for an excitation wavelength at 340nm. The SHG relative 

efficiency of 2ASA crystal has been found 1.19 times higher than that of KDP. Thermal analysis reveals that 2ASA is 

thermally stable up to 150°C. 
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I. INTRODUCTION 

 

In the recent years many kinds of organic nonlinear optical materials with variety of design possibilities, large 

NLO efficiencies, high electro-optic coefficient, low dielectric constant have attracted great interest because of their 

applications in electro optic modulators, optical information processing, optical memory and the generation of THz 

radiation [1-3]. Compared to inorganic materials, organic materials posses high laser damage threshold, large 

hyperpolarizability and fast response to electro optic devices. In particular, π-conjucated systems linking a donor (D) and 

acceptor (A) show a large NLO response and have been intensively investigated [4-8]. In particular the strong 

delocalization of electronic charge distribution and H- bonding leads to a high mobility of the electron density causes the 

large molecular hyperpolarizability and the nonlinear susceptibility in the organic molecules [9]. Organic ionic crystals 

with hetero aromatic electron acceptor such as pyridinium, imidazolium and quinolinium posses a strong electron 

withdrawing characteristics exhibits large second and third order nonlinear responses [10]. Due to excellent 

physicochemical properties of amino acid family crystals they are subjected to extensive investigation by many research 

scientists. Particularly in the view of NLO application organic amino acids are interesting because they contain donor 

carboxylic (COOH) group and the proton acceptor (NH2) group known as zwitterions which creates hydrogen bonds. 

This kind of dipolar nature of amino acids proved as an ideal candidate for NLO applications [11-13]. 2-aminopyridine is 

an organic heterocyclic molecule which is often used as a ligand in a metal complex and also as a model compound for 

understanding nucleic acid bases [14-15].  In the present investigation 2-aminopyridinium salicylate organic nonlinear 

optical single crystal were grown by the slow evaporation technique and its various properties  like structural, spectral, 

optical, thermal and NLO were studied by using suitable characterization techniques and their results were discussed. 

 
II. EXPERIMENTAL SECTION 

A. MATERIAL SYNTHESIS AND CRYSTAL GROWTH 

The title compound of 2-aminopyridine (C5H6N2) and salicylic acid (C7H6O3) regents were used for the 

synthesis of 2-aminopyridinium salicylate (2ASA) compound. 2ASA crystals were grown by the slow evaporation 

solution growth technique at room temperature. Salicylic acid was first dissolved in acetone throughly by continuous 

stirring and then the measured amount of 2-aminopyridine was added and dissolved in distilled water. The solution was 

stirred for about 12 hour to complete the reaction process. The homogeneous solution was filtered using filter paper and 

then it was allowed for slow evaporation solution growth technique. The tiny crystal was formed at the bottom of the 

container due to spontaneous nucleation within 30-35 days. Good optical quality crystals were harvested after a period of 

35-50 days. The synthesized compound was recrystallization at least two times in acetone to improve the purity of the 

compound. The photograph of as grown crystal of 2ASA is shown in fig.2.   
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                           2aminopyridine                     salicylic acid                     2aminopyridinium salicylate 

                                                           

                                                           Figure 1. Reaction scheme and chemical structure 

                            

                                                         Figure 2. Photograph of as grown 2ASA crystal  

III. RESULT AND DISCUSSION 

 

A. Structural Analyses 

Table.1. Structural parameters of 2ASA crystal 

Crystal data 

 

2ASA 

Empirical formula 

 

(C5H7N2)
+
.(C7H5O3)

- 

Formula weight  

 

138.122g/mol 

Crystal system 

 

Tetragonal 

Space group 

 

P 

Unit cell dimension 

 

a=11.88Å, b=11.87 Å 

c=16.02Å 

α=90.24°, , γ =90.20° 

β=90.07° 

Volume 

 

V=2260Å
3 

Temperature(K) 

 

295 

 

Radiation[Å] 

 

MoKα (0.71073) 

 

Single crystal X-ray diffraction is a non-destructive analytical technique which provides the detailed information 

about the internal lattice of crystalline materials, including cell dimensions, bond –lengths, bond angles and site-ordering. 

Directly related single-crystal refinement, where the data generated from the X-ray analysis is interpreted to obtain the 

O H 

O O H 

N N H 2 O H 

O O 

N N H 3 
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crystal structure. X-ray powder diffraction is a powerful tool for the study of crystalline materials. Each crystalline 

material shows a district X-ray diffraction pattern due to the difference in the lattice parameters, atom types and packing 

of molecules. Bruker kappa APEXII single crystal X-ray diffractometer with MoKα radiation was used to measure the 

cell parameters of 2ASA crystal. X-ray powder diffraction pattern of 2ASA crystal was recorded using Expert Pro with 

CuKα radiation. X-ray diffraction study was carried out at 293k. ASA crystal belongs to tetragonal crystal system with 

centrosymmetric. The estimated lattice parameters are a=11.84Å, b=11.87Å, c=16.02Å, α=90.24°, β=90.07°, γ=90.20° 

and volume V=2260Å
3
. The 2ASA crystal was crushed into a uniform fine powder and was subjected to powder X-ray 

diffraction study to reveal the crystalline perfection of compound. The sharp and intense peaks revealed the high 

crystalline of the grown crystal and the corresponding peaks were indexed. The recorded powder X-ray diffraction 

pattern of 2ASA crystal is shown in fig.3. 

 

 
Figure 3. XRD pattern of the 2ASA crystal 

 
B. FTIR SPECTAL ANALYSIS 

The FTIR spectrum was recorded to band position, shape and it provides useful information regarding the 

molecular structure of compound. In phenols the free O-H group absorbed at 2718 cm
-1

. While the associated group has a 

stretching frequency in the range (2500-3000) cm
-1

, this is due to the intermolecular hydrogen atom. The hetero atomic 

compounds showed that the presence of C-H stretching vibration in the region   (3000-3100 cm
-1

) for the ready 

identification C-H stretching vibration. The stretching mode of 2ASA was observed at 3081cm
-1 

in FTIR spectrum. The 

molecule under consideration is a secondary amine and hence N-H stretching vibrations are possible. Hetero aromatics 

containing N-H stretching vibration peak observed at 3289 cm
-1

. The rings C-O and C-C stretching vibration are very 

much important in the spectrum. The ring carbon-oxygen stretching vibrations occurred in the region 1672cm
-1

. The ring 

carbon-carbon stretching vibrations occurred in the region (1150-1250) cm
-1

 in the ASA compound was observed at 1140 

cm
-1 

is due to the aromatic carbon-carbon stretching mode in FTIR spectrum The C-H bending bands occur between 860-

680 cm
-1.

This  peak absorbed at 859 cm
-1

 shows the strong absorption of aromatic C-H bending vibrations. 

 

.  

Figure 4. FTIR spectrum of 2ASA crystal 
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Table 2. FTIR vibrational assignments of 2ASA crystal 

 

Wavenumber (cm
-1

) Assignments 

3289 N-H stretching secondary amine 

3081 C-H stretching 

2718 Strong O-H stretching carboxylic acid  

1555 C=C stretching 

1488 C=C asymmetric stretching vibration 

1272 C-O stretching vibration 

1140 C-C stretching 

859 C-H bending 

 
C. UV-Vis transmission spectral analyses 

Optical transmission and cut-off wavelength of a crystal are important physical parameters for optical 

applications. The optical behaviour of ASA crystal specimen was analysed using UV-Vis spectrophotometer in the 

wavelength range of 190-900 nm is shown in fig.5. The extended transmission window will enable higher harmonic 

generations and wavelength extension by cascaded frequency conversion process. For linear and nonlinear optical 

applications, the material must be transparent in the wavelength region of specific interest. The thickness of 0.3 mm 

crystal was used for this study. The 2ASA crystal transmittance in the visible and IR regions and has good transparency 

of about 82%. From the spectrum the cut off wavelength for the grown crystal was found to be 360 nm. UV-Visible 

study suggests that 2ASA material is a good candidate for second harmonic generation and optoelectronic applications. 

 
Figure 5. UV-Vis transmission spectrum of ASA crystal 

 
D. Optical bandgap studies 

               The optical absorption coefficient with the photon energy helps to study the band structure and types of 

transition of the electrons. From the transmission data, the optical absorption coefficient (α) was calculated using the 

relation, 

                                                     α= (1/d) log (1/T) 

Where d is the thickness of the crystal and T is the transmittance. As a direct bandgap material, an absorption coefficient 

(α) obeying the following relation for high photon energies (hv), 

                                                        hνα= A(hv-Eg)
1/2

 

where Eg is the optical bandgap of the crystal and A is a constant. The bandgap energy were calculated from linear part of 

the Tauc’s plot drawn between (αhν)
2
 and photon energy (hν).The linear portion of the plot at the absorption edge 
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confirms that the crystal has a direct optical band gap. The bandgap energy of the grown crystal 2ASA was plotted in the 

fig.6. The bandgap of the 2ASA crystal is found to be 3.6eV. 

 

 
Fig.6. Bandgap energy of 2ASA crystal 

 

E. Photoluminescence studies 

 
Figure 7. PL spectra of 2ASA crystal 

                   Photoluminescence spectroscopy is one of the effective tools to provide relatively direct information about 

the physical properties of the material at the molecular level, including shallow and deep level defects and gap states. 

Photoluminescence is a process in which a chemical compound absorbs a photon with a wavelength in the range of 

visible electromagnetic radiation , thus transitioning to higher electronic energy state, and then radiates a photon back 

out, returning to a lower energy state. Photoluminescence excitation spectrum of 2ASA was recorded in the wavelength 

range between 320 and 420 nm with an excitation wavelength of 340 nm, it was observed from the PL spectra that ASA 

compound exhibits a stronger UV band peak in the emission. The emission spectrum provides information on both 

qualitative and quantative analyses. A very strong intense blue emission peak was observed at 362 nm, which 

corresponds to near band-edge excitons of grown crystal. 
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The energy bandgap was estimated at this wavelength of 362 nm as 3.6eV using the formula 

                         Eg = hc/ƿ 

                          h, c, ƿ------- constant 

                           ------------ wavelength of flourescence [16]. 

 

3.6 Thermal analyses 

                   Thermogravimetric and differential thermal analyses (TG-DTA) measurements were used to examine the 

thermal stability of the crystalline sample and to define the conditions for the thermal treatment. TG-DTA thermograms 

were traced for 2ASA compound in nitrogen atmosphere with heating rate of 20°C/min. The 2ASA sample weighed 

2.962 mg was used to observed that there is no weight loss before 150°C. TG curve shows that a single stage weight loss 

pattern is seen from 151°C to 250°C in this region all the groups are decomposed. Thus the TGA curve indicates that the 

sample is stable up to 150°C. In the DTA curve, one prominent endothermic peak was observed at 200°C. Hence, the 

recorded thermograms confirmed that the title compound is thermally stable up to 150°C. 

 
Figure 8. TG-DTA spectrum of 2ASA crystal 

 

F. Second Harmonic Generation Studies  

                   The second harmonic generation efficiency of 2ASA crystal was measured by using Kurtz-perry powder 

SHG technique with KDP crystal as reference material [17]. The fundamental Q-switched Nd:YAG laser was used as a 

light source. A laser beam of fundamental wavelength 1064 nm with10ns pulse width, 10Hz pulse rate was focused on 

the sample. The input energy incident on the powdered sample was chosen to be 4.9mJ/pulse. The output voltage of the 

KDP crystal and ASA compound was observed generation value of 8.9mV and 10.6mV respectively. SHG efficiency of 

the 2-aminopyridiniumsalicylate was 1.19 times higher than KDP crystal. 

 

IV. CONCLUSION 

 

The new organic crystal 2ASA was grown in low temperature solution growth by slow evaporation method. 

From the single crystal analysis, it was observed that the grown crystal belongs to tetragonal crystal system with 

noncentrosymmetric space group P. The estimated lattice parameters a=11.88Å, b=11.87Å, c=16.0Å, α=90.24°, 

β=90.07°, γ=90.20° and volume V=2260Å
3
. The presence of functional groups of the grown 2ASA crystal was analyzed 

using FTIR spectral studies. UV-Vis transmittance studies revealed the transparency, cut off wavelength and band gap 

energy of the grown crystal. The extended transmission window will enable higher harmonic generations and wavelength 

extension by cascaded frequency conversion process. From the spectrum the cut off wavelength for the grown crystal 

was found to be 360 nm. The bandgap was determined and the bandgap value is 3.6 eV. The photoluminescence 

behaviour of 2ASA crystal was observed and for the excitation wavelength is 340 nm. The relative SHG efficiency of 

2ASA crystal was found to be 1.19 times that of standard KDP crystal. The recorded thermograms confirmed that the 

title compound is thermally stable up to 150°C. 
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