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ABSTRACT
Molecular structure optimization have been carried out for 2-nitrophenyl acidic acid. The computed
vibrational spectrum were analyzed and the significance of vibrational band has been investigated. With the help of
UV-Vis spectrum electronic properties and transmittance excitations was studied. Further, the first order
hyperpolarizability and dipole moment were calculated to analyse the optical properties of title compound.
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1. INTRODUCTION

Phenyl acetic acid is most popular biomolecule and reported that it has been used as a precursor for most of
the drugs and antibiotics manufacturing process (Ambrish Srivatsava, 2014; Kumar, 2013). Phenyl acetic acid is
used for aromatizer, pesticide, biomedical applications, Eco friendly Corrosion Inhibitor and so on (Zumin Qiu,
2005; Abdul Hameed, 2014). Compounds with phenolic ring has strong free radical scavenging properties, and are
biologically active. Phenyl acetate compound is act as a inducing agent of cell differentiation and relevant studies
undergo on potential anticancer envoy (Gold and Grieb, 2005).

Nitroaromatic compounds is an organic materials used in implacable environmental pollution. These
compounds are consist of least one nitro group in the aromatic ring. Nitro group is an electronegative group consist
of two electron deficient oxygen atom which makes bond with nitrogen atom which carries positive charge.
Delocalization of charge occurs in the aromatic ring due to presence of nitro group. In owing of this, nitro based
compounds are generally used in chemical syntheses. When the aromatic compounds with more number of nitro
groups react with electrophiles, stable Meisenheimer complexes can be formed. This leads to the stability of the
compound and recalcitrance to degradation of this class of chemicals (Kou-San Ju, 2012).

Incorporation of nitro group in phenyl acetic acid reveals special features and increase the bioactivity. With
this idea we have performed comparative study of nitro substituted phenyl acetic acid. The present paper reports with
detailed study of 2-nitrophenyl acetic acid have been executed at B3LYP level using 6-31G** (d, p) as a basic set.
Computational details: Molecular structure optimization process have been executed in B3LYP/6-31G** (d, p)
level using Gaussian 09w and Gauss view 5 software and the optimized structure were used for further calculations.
Hyper polarizability calculations were also carried out in HF/ 6-31G** (d, p).

Vibrational studies: Vibrational studies explores the forcible behaviour of molecular system. The wave number
have been obtained using Gaussian 09w and Gauss view 5 software in a personal computer. The discovered IR and
Raman wave numbers and corresponding assignments is given in Table.1.

Table.1. Observed IR and Raman wave numbers and assignments for 2-nitrophenyl acetic acid

Wave Number Assignments
JIr (cm’l) JRaman (cm'l)
3753 3753 O-H
3213 O-H
3133 9C-H
3071 9C-H
1821
1672 9C=0
1661 9C=0
1627 9Ph
1623 9C-C
1596 9Ph+3NO,
1381 1381 9Ph+ 3sNO»
1370 9sNO»+3CN
1225 3CO+30H+ 3CN
1177 m-NO-2Ph
1159 m-NO-2Ph
1068 9CO
828 9CH+8NO,
675 Ring breath or SNCH
601 3C-C

Symbols: 9-Stretching, 5-Scissoring, 3s-Symmetric stretching, Ph-Phenyl
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The NO, asymmetric vibrations are identified in the region 1596 cm™ and symmetric vibrations are located
near to 1370 cm™ (Ushakumari, 2008). The position of 3NO- is reported at 828cm™ in nitrobenzene but for the title
compound the deformation of NO- have been located at 828cm™. The wave numbers 1177cm™ (IR) and 1159¢cm?
(Raman) has been attributed to m-NO2Ph mode.
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Figure.l. IR spectrum of 2-nitro acetic acid Figure.2. Raman Spectrum of 2-nitrophenyl
acetic acid
Indeed, the band at 3753cm™ and 3213cm™ have been assigned as OH stretching vibration (Edyta
Proniewicz, 2013). In the region 1382cm™-1266cm™, C-N stretching has been identified by Silverstein (2003). In
the present investigation, the band vibration traced at 1370 cm™ could be attributed to C-N stretching mode (Parlak
and Alver, 2016). The strong C-H stretching vibrations has been identified at 3133cm™ (Raman) and 3071cm*
(Raman). The Benzene ring stretching vibrations have been identified at 1627 (IR), 1623 (Raman) and 595 (Guru
Prasad, 2013; Mathammal, 2015). The wave number connected with the C=0 vibrations have been as strong peak at
1661 cm™ (IR) and 1672 cm™ (Raman) (Ushakumari, 2008). It seems reasonable as this wave number falls in the
region 1633cm-1 has been attributed to the C-C mode of vibration (Jyothi Prashanth, 2015).
Hyperpolarizability: In the recent years, a massive research paper published in the field of nonlinear optical
materials is of great interest due to their potential applications in optical signal processing, modern communication
technology, and telecommunications and data storage. However the understanding of hyper polarizability of the
molecular system is the key factor to design an efficient nonlinear optical materials. Generally charge transporting
compounds shown high value of hyper polarizability (Sundaraganesan, 2009). The components of the dipole
moments (Debye), static polarizability components (Abdullah Mohamed Asiria, 2011).

Ho = (g + a5 + 1)
B = Boos+ By + P
By =By + Byo+ B
B. = By + Boo + Buy

By =B+ By +B)"
Table.2. The dipole moment (p) and first-order hyperpolarizability (B) of 2 - nitrophenyl acetic acid derived
from DFT calculations. (Dipole moment (p) in Debye, hyper polarizability B (-2, ®, ®) in 10 esu?)

Buo | 1.7299399x10%° B2z | -0.349450689 x10*°
Bxy | 0.018791726x10°%° | B, | 0.00185280065x10%°
Bxy | -1.0974428x103° Bt | 0.96078885 x10 esu?
Byyy | 0.64637407x10%° px | 1.638035
Bxe | 0.0277023989x10°%° | ny | -1.92444
By | -0.00126784x10%° | n, | 0.238859
Byy: | -0.151058156x10% | wet | 2.5384383 Debye
Bx:: | 0.26721614x10%°

For the title compound, total hyperpolarizability and dipole moment have been obtained as 0.96078885 x
100 esu and 2.5384383 debye. The comparison of the predicted values from this observation it has implied that
2-nitrophenyl acetic acid can be reported as a good non-linear materials (Kosar, 2011).
UV studies: Band absorbed in the UV spectrum has been produced due to the modification in the electronic energy
of the molecule. In most of the molecules, the lowest-energy filled molecular orbital are correspond to ¢ bonds. The
7 orbital stretched out at higher energy levels than ¢ orbital and the n - orbital that hold unpaired electrons lie higher
than the © orbital. UV absorption peak occurred at 176 nm has been induced due to n—z* transition with highest
absorb radiation and at 224 nm due to same t—mn*transition with lowest absorb radiation. Transition of c— ¢* has
occured in the 2-nitrophenyl acetic acid and corresponding absorption peak identified at 142 nm and 113 nm.
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Figure.3. UV-VIS spectrum of 2-nitrophenyl acetic acid
Table.3. Computed absorption wavelength (Ang), energy (Eng), oscillator strength (fn) and
its major contribution
No. | Energy (cm™) | Wavelength (nm) | Oscillator. Strength | Major contributions
HOMO-3->LUMO

1 |51678.71 193 0.1049 oMaa MO
HOMO-1->LUMO

2 | 55697.00 179 0.6233 Vv
HOMO-1->LUMO+7

3 | 58890.97 169 0.5518 Vv

4 16674929 149 0.0951 HOMO-1->LUMO+11
HOMO->LUMO+4

5 | 69109.28 144 0.0968 HOMO->LUMO+5

HOMO->LUMO+10
HOMO->LUMO+11
HOMO->LUMO+4
6 69648.87 143 0.1406 HOMO->LUMO+9
HOMO->LUMO+11
Energy of LUMO = 0.77 eV, Energy of HOMO =-10.04 eV, Energy gap E; = LUMO - HOMO = 0.77-
(-10.04) =9.27 eV, HOMO-LUMO gap value reveals the appropriateness of title compound for the nonlinear optical
applictions.
DOS Spectrum analysis: Using the Gauss sum 2.2 program the density of states (DOS) spectrum of 2-nitrophenyl
acetic acid has been obtained and shown in Fig.4. The DOS spectrum is used to analyse occupied and unoccupied
molecular orbital at certain energy states. The lines in the DOS spectrum from -19.9 eV to -9.81 eV has been called
filled orbital or donor orbital and from 0.63 eV to 19.34 eV has been called virtual orbital or acceptor orbital. The
observer high intensity at a specific orbital has indicated that there are many states available for occupation. The
deviations in the peak height has been observed due to the movement of electrons between the C-C and C=C in the
phenyl ring (Shakila, 2017).

DOS

05

00

20 10 °
Energy (eV)

Figure.4. DOS spectrum of 2-nitrophenyl acetic acid
2. CONCLUSION
Aromatic compound 2 - nitropheny! acetic acid was investigated theoretically using Gaussian 09w and Gauss
View 5 software. The presence of nitro group, phenyl group, carboxylic and other functional groups were analysed.
The stability and electron transfer nature were employed with UV-Vis spectrum. The theoretical hyperpolarizability
value was calculated. Further DOS spectrum was obtained and from the graph the availability of various orbital was
studied and the band gap value was also calculated.
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