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Abstract
Single crystals of N-(3-nitrophenyl)acetamide (BN were successfully grown by slow evaporation

method at a constant temperature 32°C from acedodemethanol mixed solvent. The suitability of #edected
mixed solvent was justified by the growth of lagiee, transparent single crystal of 3-NPA. The Isitity studies
for 3-NPA were estimated. The cell dimensions wa&ained by powder crystal X-ray diffraction (XRBjudy.
The functional groups have been confirmed usingrieouransform infrared (FTIR) analysis. UV-visibknd
fluorescence spectral analyses were carried ouh®grown crystals. Thermo gravimetric analysid differential
thermal investigation were carried out to find dké thermal properties of the as grown crystal. Begond
Harmonic Generation (SHG) efficiency of 3-NPA wésoadetermined using Kurtz-Perry method.
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Introduction

Nonlinear optical materials (NLO) have
established to be an attractive candidate for abeurof
applications such as second harmonic generation,
frequency mixing, electro-optic modulation, etc.piRlh
development in the field of opto-electronics have
necessitated the search for new and efficient mwat
optical (NLO) materials, which can be used for oas
applications like optical computing, optical datarage,
optical communications and electro-optic shutters.
Recently a variety of organic NLO materials withnno

localizedTrelectron systems with a large dipole moment
have been synthesized with non-linear suscepidslit
higher than the inorganic NLO materials [1-5]. The
advantages of organic materials over inorganic rizdse

are the scope for altering the properties by fometi
substitutions, high degree of nonlinearity and Higger
damage threshold. Organic crystals with the reduire
conjugatedr-electrons are attractive candidates, because
of the large nonlinear optical coefficients [6-18}nitro
acetanilide (3-NPA) is a potential material amohg t
many organic compounds reported for second harmonic
generation (SHG) applications. These crystals can b
grown into bulk form with good applied optical
transparency in blue-green region, which are
mechanically hard and chemically stable for second
harmonic generation (SHG). To possess NLO property
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organic materials should contain highly conjugated
electron system affected by electron donor andHoce
groups. Hence, in this class one such acetanilide
derivatives, 3-NPA was taken under study that slibwe
efficient NLO property. Some of the acetanilide
derivatives such as Acetoacetanilide [7,8] and p-
aminoacetanilide [9] were found to exhibit NLO
properties. 3-NPA is a meta substituted aromatic
compound with molecular formula g8sN,Os. The
molecular structure of 3-NPA, given in Figure 1ljsth
compound crystallizes in the monoclinic system hie t
chiral space group P21 with four independent madéscu
in the asymmetric unit. In this paper, we reporé th
material solubility, crystal growth, powder crysdéray
diffraction (powder-XRD), Fourier Transform Infrate
Spectroscopy (FTIR), optical, Fluorescence, harsines
and NLO studies of 3-NPA.
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Figure 1. Molecular structure of 3-NPA.

Experimental
Synthesis of 3-NPA

The label compound was synthesized from
analytical re-agent (AR) 3-nitroaniline and acetic
anhydride. Required quantity of 3-nitroaniline was
dissolved in acetic anhydride at room temperattlite
direct reaction between them as shown in the format
immediately yielded yellow colour compound. The
precipitated product was clean and dehydrated using
vacuum filtration. Recrystallization processes réjad

the material.

COCH,
HH, |

NH
+ CH3-CO-0-CO-CHy ———» CH:COOH +
HO
HO

2
]

Format 1. Synthesis of 3-NPA

Solubility Curve

The solubility of 3-NPA was determined by
means of acetone and methanol as mixed solvemg sin
this is found to be a suitable solvent to grow aerable
size crystals. Recrystallized salt was dissolvednired
solvents and the solution was maintained at 32°@ in
constant temperature bath and stirred continuotsly
ensure homogenization of the solution. On reaclhiey
saturation, the amount of the salt in the solutees
analyzed gravimetrically. The same procedure was
repetitive for the temperatures 35°C, 40°C, 45°@ an
50°C and upto 60°C results are showrFigure 2. The
3-NPA exhibits good solubility and encouraging
solubility-temperature gradient in acetone and wabh
mixed solvent.
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Figure 2. Solubility diagram of 3-NPA
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Crystal Growth

The saturated solution of 3-NPA was prepared
by dissolving the source material in the mixed sotvat
32°C. The homogeneity of the solution was realizedhwit
continuous stirring of the solution using a magneti
stirrer at temperature (32) by using constant
temperature bath. On reaching saturation, the Ibeake
containing the growth solution was optimally cloded
controlled evaporation. Transparent single crystak
obtained from the growth solution after 10 dayseTh
grown crystal is shown in thEigure 3. Based on the
experimental observation during this investigatiwhjch
revealed the difficulty involved in the crystallt&an,
high optical quality 3-NPA single crystal of size
measuring 7 x 5 x 3 mhhas been successfully grown by
slow evaporation technique from acetone and methano
mixed solvent. The suitability of the selected ndixe
solvent was justified by the growth of large size,
transparent single crystal of 3-NPA.

Figure 3. Photograph of asgrown crystals of 3-NPA

Results and Discussions
Powder X-ray Diffraction Studies

Grown 3-NPA crystal was finely crushed with
the aid of mortar and the crushed powder was stdgec
to powder X-ray diffraction analysis. The sampleswa
scanned by X-ray diffractometer witbuKo radiation (|
= 1.54178 A) radiation over the range 10 to 60& stan
rate of 2 %min. The recorded X-ray diffraction sjpem
of 3-NPA is shown inFigure 4. Powder crystal XRD
reveals that 3-NPA belongs to monoclinic systeme Th
unit cell parameters obtained are a = 9.762 A13.287
A, c=13.226 A, andp = 102.99.
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Figure 4. Powder XRD Spectrum of 3-NPA crystals

FTIR Spectral Analysis

The FTIR spectrum was recorded on the grown
3-NPA crystal at room temperature in the range of
400cm' — 4000 crit as shown in theFigure 5. The
spectrum shows the symmetric and asymmetric
stretching modes of free NHyroup, which are observed
at 3303crit and 3263 c. The absorptions at 1673 ¢m
are due to ketone stretching vibration. The aramati
skeletal ring is observed at 1600 tnA well-resolved
peak at 604 chrepresents the CN-O stretching vibration.
Peak at 1260 cthis due to N-H bending and C-N
stretching vibrations [11]. The vibration observed
between 886 and 670 cnare usually associated with the
presence of benzene rings in the NA molecule. Tdakp
between 741 and 805 &nshows the meta position of the
substituted. The peaks at 1531 and 135bame due to
the vibration of NQ stretching modes. As either the N-H
stretching modes or NGstretching modes are not much
broad, their interaction with the neighboring mallecis
recognized to be weak bonds.
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Figure5. FTIR Spectrum of 3-NPA crystal

UV-Vis Studies

In order to determine the optical transmission
characteristics of the grown crystal UV-Vis spentru
was recorded on the cut and polished grown saripie.
grown crystals of 3-NPA are pale yellowish orange
colour and transparent indicating the absermle
absorption in the visible region. UV-Vis trariseion
spectrum presented iRigure 6 shows that the crystal
has good transparency in the range 380 nm - 1100 nm
which indicates that this crystal can be employedhie
NLO applications in the entire visible and IR ragidhe
absence of the absorption in the visible regiorthis
necessity for this compound as it is to be expibiier
NLO applications in the room temperature.
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Figure 6. UV-Vis Spectrum of 3-NPA crystal

Photoconductivity Studies

Photoconductivity of the 3-NPA crystal was
studied using Keithley 485 picoammeter. The expenim
was performed at room temperature. Electrical atata
were made at a spacing of about 0.126 cm on thpleam
using silver paint. The DC input was increased fr2@n
to 400 volts in steps and the corresponding darkeats
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were noted from the electrometer. The sample was
illuminated with a halogen lamp (100 W) and the
corresponding photocurrent was recorded for thdiegp
voltage as in the previous case. The variations of
photocurrent (Ip) and dark current (Id) with apgligeld
are shown in Fig. 7. Both the photo and dark cusref
3-NPA crystal increase linearly with applied field.is
observed from the plot that the dark current is lg&n
photocurrent, thus suggesting that 3-NPA exhibits
positive  photoconductivity. In general, positive
photoconductivity is recognized to generation ofbite
charge carriers caused by the absorption of photons
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Figure 7. Photocurrent versus applied electric field

Microhardness study of 3-NPA Crystals

Microhardness studies have been carried out on
the 3-NPA single crystal using a Leitz microhardnes
tester fitted with a Vickers diamond pyramidal intt.
Vicker’'s microhardness values have been calculated
using Hv= (1.8544* p) / d kg.mm? where p is the
applied load and d is the mean diagonal lengthhef t
indentor impression. Hardness values have beem take
for various applied loads.

A graph has been plotted between hardness
number (Hv) and applied load as shown in the figute
is observed from the graph that the hardness value
increases and then attains almost saturation vhieh t
increase of the applied load [14].
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Figure 8. Hardness Vs. Load p (gm)

Non linear optical studies

This is sufficient for SHG laser radiation of
1064 nm or other applications in the blue regionrtk
powder SHG test confirmed the nonlinear property of
crystal. In this technique, the sample was packed a
polycrystalline powder into cell sandwiched betwéga
glass slides and exposed to a Q-switched Nd:YAE@rlas
emitting 1064 nm, 10ns laser. The SHG output power
was absorbed with respect to a standard KDP crystal
which gave greenish colour[12].

Conclusions

Single crystalof 3-NPA was grown by slow
evaporation method. Bulk crystals were grown loyvsl
evaporation technique. Lattice parameter values hav
been evaluated by powder X-ray diffraction studies.
Various functional groups present in the grown damp
were identified by FTIR analysis. Hardness stsidie
confirmed that 3-NPA is a relatively soft material.
Photoconductivity studies showed that 3-NPA exhibit
positive photoconductivity. SHG test confirmed tBat
NPA is an NLO material. Optical absorption studies
reveal the suitability of the material for nonlinea
optical applications.

References

[1] Hann, R.A., Bloor D. (Eds.), Organic materials
for nonlinear optics. The Royal Society of
Chemistry, Special publications No. 69 (1989).

[2] Badan, J., et al Willams (Ed.), American
Chemical Symposium Series 233, American
Chemical Society, Washington, DC, (1993).

[3] Chemla, D.S., Zyss J. (Eds.), Nonlinear Optical
Properties of Organic Molecules and Crystals,
Academic Press, New York, (1987).

(C) International Journal of Engineering Sciences & Research Technology

[2743-2747]



[Kumar, 2(10): October, 2013] ISSN: 2277-9655
Impact Factor: 1.852

[4] Crasta,V., et al J. Crystal Growth 267 129
(2004).

[5] Lakshmana Perumal, C.K., et al J. Crystal
Growth 240 212 (2002).

[6] Pochikyan, A. Kh. and Vinni-K, M.I., Russian
Chemical Bulletin, 21, 34 (1972).

[7] Balarew C. and Duhlew R., J. Solid state
Chemistry, 55, pp.1-6, (1984).

[8] Kashino, S., et al Acta Cryst. C42, 457- 462
(1986).

[9] Silverstein, R.M., Glayton Bassiler, G. and
Mozill, T.C., Spectroscopic Identification of
Organic compounds, Fourth edition, John Wiley
and sons, New York (1981).

[10]Dyer, J.R., Applications of Absorption
Spectroscopy of organic compounds, Prentice-
Hall of India, New Delhi (1994).

[11]Biemann, K., Tables of Spectral Data for
structure determination of organic compound,
Springer-Uelag, Berlin Heidelberg (1989).

[12]Kurtz, S.K. and Perry, T.T., J. Appl. Phy., 39
3798 (1968).

[13]Joshi V.N. (1990), ‘Photoconductivity’, Marcel
Dekker, New York

[14]loffe, A.F., Phys. Stat. Sol. 116 457 (1989).15.
Onitsch E.M., ‘The present status of testing the
hardness of materials’, Mikroskopie, 95, pp.
12-14, (1956).

http: // www.ijesrt.com  (C) International Journal of Engineering Sciences & Research Technology
[2743-2747]



