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Abstract: P-CaP (p-chloroanilinepthalic acid) single
crystal was grown by slow evaporation technique. A single
Crystal XRD study reveals that the grown crystal belongs
to orthorhombic system. Decomposition mechanism and
melting point of the sample were deliberated in TGA/
DSC analysis. Transmission ability of the crystal in the
visible was tested by recording UV-VIS-NIR spectrum
also Mechanical strength of the material is determined by
Vickers hardness test. The FTIR Spectrum was recorded
in the range of 400 cm™ and 4000 cm™ which is confirmed
the formation of p-CaP crystal.
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1. INTRODUCTION

Recently, organic nonlinear optical (NLO) materials receive
much importance from the researchers because of its frequency
conversion property. NLO materials with high frequency
conversion in visible and infrared range are requisite for
the fabrication of tunable laser [1-3]. Compare to inorganic
materials, these shows good laser damage resistance and has
faster response time which attained in the result of the structural
flexibility of the materials [1]. Among the available organic
materials, Aniline, as bases which are found to be a potential
candidate to develop supramolecular structures. Aniline and
its organic and inorganic salts can develop supramolecular
structures which consists complementary arrays of hydrogen
bonding sites. The structure of the nitro groups in aromatic
compounds containing NO2 and NH2 group has been the
subject of a special interest in materials science. In particular,
nitroaniline series forms a special interest, because of its ability
to form intermolecular hydrogen bonds between amino and
nitro groups [5]. Hence, in the present investigation we have
chosen p-chloroanilinepthalic acid (p-CaP) for crystal growth.
The structural, vibrational and optical properties of p-CaP were
investigated and results are discussed in this manuscript.

II. EXPERIMENTAL

P-Chloroaniline is available commercially from Loba Chemie
in extra pure form. Recrystallization of the material was done
several times to attain the purity of the material using acetone
solutions. Pthalic acid was acquired from Merck. Calculated
quantity of p-chloroaniline and pthalic acid was taken and
dissolve in acetone and ethanol respectively. The two clear
solutions were added and the mixture solution was reflux for
two hours. The solution was filtered and the clear solution was
kept undisturbed. After few days yellow colour crystals were
obtained from the solution.

A. P-Chloro Aniline

Structure of the p-chloro aniline along its physical properties is
presented below:

Molecular Formula C6H6 CIN

Molecular Weight 127.57 g/mol

Melting Point 69-71 °C

Solvent Acetone, Chloroform, Ethanol

Structure of p-chloro aniline

B. Phthalic Acid

Chemical structure of phthalic acid and the other physical
properties are given below:
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Molecular Formula C6H4 (CO2H)2
Molecular Weight 166.13 g/mol
Melting Point 205-215°C
Solvent Ethanol
Structure of Phthalic acid
COOH
COOH

From the melting point value the purity of the grown crystal
was ascertained. The structural conformation was done with the
aid of FTIR studies.

C. Product Confirmation

Thin layer chromatography (TLC) is inexpensive and simple
which is performed to identify the purity of the products [13].
The purity of the product was checked on TLC (silicagel, ethyl
acetate: Hexane, 4:1) by comparison with the starting materials

(pthalic acid and p-chloro aniline). The Rf value of 0.6 was
observed for the product which proved that the product is a
single compound.

D. Melting Point

The melting point of p-CaP was determined using visual
observation method and TEMPO make melting point apparatus
was employed for this purpose. p-CaP was grinded well using
mortar and pestle into fine powder. The powder was filled into
the capillary tube. Then the capillary tube was inserted into the
melting point apparatus. On slowly raising the temperature, the
melting point of p-CaP was observed at 176 °C.

E. Solubility

Synthesized material of p-CaP was purified by the process of
re-crystallization in acetone. The re-crystallized powdered
salt was added in small quantity to a beaker containing 100
ml of acetone at 30 °C by stirring the solution continuously.
The saturation level of p-CaP at 30 °C was estimated. This
experiment was repeated and the solubility of p-CaP was
estimated for, 30, 35, 40 and 45 °C shown in Fig. 1.
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Fig. 1: Solubility Diagram of p-CaP

F. Choice of the Solvent

Solvents play a vital role for the growth of organic crystals
having well developed good optical quality crystals. Solvents
offering moderate solubility-temperature gradient for a material
and yielding prismatic growth habit will be considered as
suitable solvents for growing crystal of that material. Another

important factor that influences the habit of growing crystal
is the polarity of the solvents [14, 15]. Hence, in this study a
few organic solvents were employed to identify the reasonable
solvent. From this test acetone and methanol were found to
yield prismatic growth. Since the crystals obtained from acetone
were found to be relatively transparent, acetone was selected as
the suitable solvent to grow p-chloro aniline pthalic acid.
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G. Crystal Growth

Recrystallized salt of p-CaP was used to prepare saturated
solution of acetone at room temperature. Controlled slow
evaporation of the solvent yielded transparent seed crystals.

One of the selected good quality crystals was used as a seed to
grow single crystal at room temperature. Single crystal of size
14x10x2 mm was obtained in a period of 12 days by employing
slow evaporation method and is shown in Fig. 2(a) and
Fig. 2(b)

(a) Harvested Seed Crystal

(b) Harvested Crystal

Fig. 2

H. Structural Studies

i) FTIR Spectral Analysis

Infrared spectrum is an important record, which provides
more information about the formation and the structure of a
compound. In this technique almost all functional groups in a
molecule absorb characteristically within a definite range of
frequency [16]. FTIR spectrum was recorded for the purified
sample using Perkin Elmer- paragon - 500, FTIR spectrometer.
The spectra were recorded by KBr pellet technique between the

range 400 cm™ and 4000 cm™', which confirmed the formation
of p-CaP.

P-CaP display their C-N stretching as a band at 1289 cm
C=C stretching absorption is confirmed from the band at
1525 cm™ (Aromatic). Para di substituted benzenes show
C-H deformation vibrations in the region 840-800 cm™. From
the C-H deformation frequency at 829 cm™ the formation of
C-H bond was confirmed [17]. FTIR spectrum was shown in
Fig. 3. Tentative frequency assignment of p-CaP is given in
Table I.
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Fig. 3: FTIR Spectrum of p-CaP
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TABLE I: VIBRATION FREQUENCY ASSIGNMENT OF P-CaP

S. No Frequency Assessment

1. 3475.9 NH group
3416.4

2. 2928.3 C-H Stretch (Aromatic)
2600.8

3. 1289 C-N Stretch

4. 1525 C=C Stretch (Aromatic)

5. 829 C-Cl

ii) Single Crystal X-Ray Analysis

Single crystal X-ray diffraction study was carried out on the
as grown single crystal. The present study shows that p-CaP
crystallizes in orthorombic system. The unit cell parameters
calculated are a=6.261 A, b=8.890 A, ¢ =12.727 A with V =
708 A®. The present values compare well with the corresponding
values of the parent components shown in Table II.

TaBLE II: ComPARISON OF CELL PARAMETERS WITH PARENT

COMPOUNDS
Cell Parameter p-Ca PA p-CaP
a(A) 8.66 5.0 6.261
b (A) 7.397 14.2 8.890
c(A) 9.281 9.6 12.727
vV (A)? 594 681.6 708
B - 93.5 -

1. Optical Studies

UV-Vis-NIR Spectral Analysis

The optical transparency spectrum of p-CaP was recorded using
Shimadzu model 1601 spectrometer. The spectrum recorded in
the range of 300-1100 nm is shown in Fig. 4. There is good
transmittance between 550 and 1000 nm. The short wavelength
cutoff at 369 nm and transparency in the range of 550-1000
nm, illustrate that the crystal has good optical quality. The UV-
Vis-NIR transparency range shows that the p-CaP may be a
potential candidate for NLO applications evident for that it may
use as NLO applications.
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Fig. 4: UV-Vis-NIR Spectrum of p-CaP

J. Thermal Analysis

Thermogravimetry complemented with differential thermal
and differential scanning studies provides valuable information
about decomposition patterns of materials and weight loss
[18]. Thermogram and differential thermogram analyses on
p-CaP were recorded using NETZSCH- Geratebau GmbH
Thermal analysis (STA 409PC) at a heating rate of 20.0 K/min
in nitrogen atmosphere. From the figure it is observed that the
material is stable upto 178 °C, it is agree with the melting point
of the p-CaP is 176 °C shown in Fig. 5.

Thermogravimetric (TG) and differential thermal analysis
(DTA) of p-CaP recorded at heating rate of 10 °C/min under
nitrogen atmosphere is shown in Fig. 5. The final residue weight
0.01% after 600 °C. The peak at 220 °C for p-CaP is due to the
release of the water molecule from the crystal structure [19].
The melting point of the substance measured using ‘GUNA
make’ melting point apparatus was 176 °C. TGA curve shows
that there is a sharp weight loss at 178 °C and sample undergoes
gradual weight loss till 600 °C.
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Fig. 5: TGA-DTA Spectrum of p-CaP
K. Hardness fairly-soluble compound, it is expected to be a soft material and
is evident from the microhardness test.
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Good quality crystals of p-CaP were grown by slow evaporation
= f solution growth technique at room temperature. Single crystal
1 251 f’/ XRD confirms that grown crystal belongs to the triclinic system
- functional groups present in the system were identified using
20 _.f'f FTIR technique. Optical transmission study shows above 90%
transparency. Thermal stability of the grown material is upto
24 178 °C. Microhardness testing evidenced the grown material
e is soft. All above results indicate that p-CaP can be used as
10 0 30 % » potential candidate for optoelectronic applications.
(g

Fig. 6: Vicker Hardness of p-CaP

Microhardness testing is one of the best methods of
understanding the mechanical properties of materials. The
mechanical strength of the p-CaP crystal was measured using
a Leitz hardness tester fitted with a diamond indenter attached
to Leitz incident light microscope. Indentations were made
for various loads from 5 g to 50 g. The Vickers hardness
number (Hv) of the crystal was calculated using the relation
HV = 1.8544 P/d* where P is the applied load in kg and d is
the average diagonal length of impression in mm. Fig. 6 shows
the variation of Vickers hardness number with load for p-CaP.
Cracks were observed for loads more than 50 g since p-CaP is a
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