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ABSTRACT 

         Crystal growth and density functional calculations on 3-Nitrophthalic acid were analyzed. The crystals were 

grown by slow evaporation technique at room temperature and density functional theory calculations were carried 

out by B3LYP/6-31+G(d,p) level. The crystal structural parameters of the sample were studied. The fundamental 

vibrational analysis were addressed by the experimental FT-IR(4000-400cm-1) , FT-Raman(4000-50cm-1), then 

these analyses compared with  density functional calculations at B3LYP/6-31+G(d,p) level . UV-VISIBLE spectral 

analysis was carried out. The nonlinear optical property was studied by the Kurtz –Perry technique. 
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1. INTRODUCTION 

       In recent years, there has been considerable interest on organic materials due to their potential applications 

such as frequency conversion, optical signal processing, light modulation, optical switching and logic gates. 

Organic crystals are especially interesting because they can offer a highly aligned and stable orientation of NLO 

chromophores in the crystal lattice. 3-Nitrophthalic acid is derivative of phthalic acid which is an aromatic 

dicarboxylic acid. Dicarboxylic acids are interesting for crystal engineering due to their ability of hydrogen bond 

formation.3-Nitrophthalic acid is mainly used as sensitive materials and pharmaceutical intermediates. It is 

available for the preparation of medicines, dyes, crop protection agents in organic synthesis.  The aim of this work 

was in crystal growth and DFT calculations with different characterization studies for understanding the properties 

of the title compound.  

 

2. MATERIALS AND METHODS 

       Analytical grade 3-Nitrophthalic acid was received from Alfa aesar and the same was used for crystal growth 

without further purification. The saturated solution was prepared using mixed solvent of ethanol and water .Then 

the solution was filtered to remove the covering impurities and enclosed with polythene sheet. After the solution 

was allowed to evaporate at room temperature.  After the growth period of ten days, the crystal size of 10x3x3 mm 

was harvested. The photograph of grown crystal was shown in the Figure 1. 

      Density functional theoretical computations of the title compound  was performed by using Gaussian 09 

program package at the Becke–Lee–Yang–Parr hybrid exchange-correlation three parameter functional  (B3LYP) 

level with standard 6-31+G (d,p) basis set to derive the complete geometry optimization.  X-ray powder pattern of 

the NPA crystalline powder was recorded on a SIEFERT X-ray diffractometer using CuKa (1.5406 A ˚) radiation. 

The sample was scanned for a 2θ range 10–700 at a scan rate 10 min-1.The FT-Raman spectrum of 3NPA has been 

recorded using 1064 nm line of Nd:YAG laser as excitation wave length in the region 50–3500 cm−1 on a Brucker 

model IFS 66V spectrophotometer equipped with FRA 106 FT Raman module accessory. The FT-IR spectrum of 

this compound was recorded in the range of 400–4000 cm−1 on IFS 66V spectrophotometer using KBr pellet 

technique. The UV–Visible transmittance spectrum of the grown crystals was recorded using a Perkin–Elmer 

lambda 35 spectrophotometer in the range 200–1100 nm. The NLO property of the NPA crystalline powder was 

analyzed by Kurtz-Perry technique. A Q-switched Nd-YAG laser beam of wavelength 1064 nm with an input power 

of 1.0 mJ and pulse width about 10 ns with a repetition rate of 10Hz was used. 

 

3. RESULTS 

3.1. Powder XRD analysis: The powder XRD spectrum was shown in the Figure 2. The sharp peaks indicate the 

crystalline nature of the title compound which belongs to the monoclinic system with P21/n space group and the 

cell parameter values a=9.4972 A0, b=6.9014 A0, c=12.3077 A0 were also obtained. 

3.2. Vibrational Analysis: The experimental values of C-C stretching vibrations were observed at 1545, 1474, 

1407 cm-1 in IR and 1267,1150 cm-1in Raman. The experimental C-H stretching vibration was observed at 3115 

cm-1 in IR and 3089 cm-1 in Raman. For this molecule there was no absorption in the IR region but one absorption 

band i.e. 1364 cm-1 was present in Raman for C-N stretching mode vibration. N-O stretching frequency of FT-IR 

band was observed at 1538 cm−1 and the Raman band was at 1574 cm−1. The FT-IR frequency of C=O observed at 
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1736, 1718 cm−1.All the experimental vibrations of FT-IR and FT-Raman frequencies were very good agreement 

with the calculated frequencies. 

3.3. UV-Vis spectral analysis: Transmittance spectrum of NPA crystal was shown in the Figure 3, which revealed 

that the crystal having the lower cut off region at 320 nm and it shows 100% transparency in the entire visible 

region. The wavelength at 320nm indicates n→ 𝜋 * transition. The calculation of energy band gap (Eg) of the 

crystalline material is the important decisive factor for the linear and nonlinear applications. The energy band gap 

of the material was calculated by using the following relation 

Eg= 
ℎ𝑐

𝜆𝑚𝑎𝑥
 

Where h is the Planck’s constant, c is the velocity of light and λmax is the lower cutoff region of the given material. 

From the relation the band gap energy was found to be 3.88 eV.  

3.4. Second harmonic generation (SHG): The NLO property of the title compound was identified by the emission 

of green light from the SHG test. The KDP sample was taken as a reference material. The output power intensity 

of NPA was 0.96 times greater than the KDP sample. 

Table.1.Vibrational analysis of 3-nitrophthalic acid by experimental and B3LYP/ 6-31G+ (d,p) 

Observed Frequencies (cm-1) Calculated Frequencies (cm-1) 

IR Raman Unscaled Frequencies Scaled Frequencies 

1407(νC-C)  1476 1411 

1474( νC-C)  1498 1433 

1538( νN-O)  1610 1539 

 1545( νC-C) 1618 1547 

 1574(νN-O) 1661 1588 

1718( νC=O)  1809 1730 

1736( νC=O)  1823 1743 

  3213 3072 

 3089( νC-H) 3240 3098 

3115( vC-H)  3246 3103 

  3753 3588 

  3765 3600 

 

 

                                         
Figure.1.Photo view of as grown crystal                     Figure.2.PXRD spectrum of as grown crystal  

3-Nitro phthalic acid                                                                    3-Nitro phthalic acid 

 
Figure.3.Uv-Vis transmission Spectrum of 3-Nitro phthalic acid 
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4. CONCLUSION 

The transparent 3-nitrophthalic acid crystal was grown by slow evaporation technique.XRD study confirms 

crystalline nature and the cell parameters were evaluated. Functional groups were identified by FT-IR and FT-

Raman analysis and the results were compared with Density functional calculation using B3LYP/6-31+G(d,p)  

level .The band gap energy was found to be 3.88 eV in UV-Visible spectral analysis.SHG efficiency for the grown 

crystal  was 0.96 times greater than the reference KDP. 
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