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ABSTRACT

In this article, the reports pertaining to growth of single crystals of Adipic acid Cobalt
nitrate by slow evaporation solution growth technique and its characterization. The optical
transmittance of the grown AACON was measured by UV-Vis-NIR analysis. Fluorescence
studies set out the spectral distribution of emitted light with various colors in AACON crystal.
The peaks recorded in the PXRD gives the crystalline nature of AACON. The various functional
groups present in the grown crystal and its purity have been taken apart by FT-IR and FT-
Raman. The non linear optical property of AACON crystal was examined by second harmonic
generation test using Nd:YAG laser of wavelength 1064 nm.

Keywords: Adipic acids, Cobalt nitrate, crystal growth, UV-Vis-NIR spectrum, Fluorescence
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INTRODUCTION
Crystals are mainly harvested for the requirements. Researcher has been
understanding their properties and to utilize encouraged for the past four decades towards

them in this modern word depending upon the NLO. For photonic applications, NLO
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occupies the highest demand. It is frequently
said that crystals are dominated by NLO in
the scientific fields like laser technology,
information

communication, optical

processing and storage. The researchers
come across new NLO materials, it is ought
to think that high polarisable organic material
plugged into inorganic in order to produce
non linear nature of the crystal.  The
frequency conversion is the source from
which combination of optical materials to be
decided. One can think for new non linear
materials, amino acids bestow a best choice.
While concerning amino acids, it showed
high optical parametric amplification and
second harmonic generation so as to cover
the blue and near UV spectral regions [1-5].

Adipic acid is found as a essential
substance in chemical industries with high
solubility. It can be used as an organic
solvent. The adipic acid is recognized as a
promising agent to explore the co-crystal
formation with imidazole-ring containing
molecules [6,7].

Moreover Adipic acid being one type
of amino acids which is subjected to present
work due to its wide applications in scientific
and bio-medical areas. Cobalt nitrate having
the molecular formula of Co (NO3),.XH,O is

being use as pigments in hair dyer. The

search begins to grow new non linear optical
materials such as Adipic acid with Cobalt
nitrate crystals and their crystallization
characters of chiral properties have been
investigated.
MATERIAL SYNTHESIS

The commercially available Adipic
acid were taken and dissolved in deionized
water. The solution was stirred well with
magnetic stirrer till the homogenous solution
appeared. Then the solution was filtered and
poured in pure glass beaker. Similarly clear
solution of Cobalt nitrate was obtained by
using the magnetic stirrer.  Both these
solution namely Adipic acid and Cobalt
nitrate are mixed in equimolar ratio stirred
well again with magnetic stirrer to receive
the clear homogenous mixture and filtered by
Whatmann filter paper. The supersaturated
solution was allowed to pass in dry beaker
and covered tightly with aluminium foil
provided with fine holes. Then the solution
was allowed to evaporate at a controlled rate
without any air disturbance. The nucleation
had started and after 60 days developed
crystals of Adipic acid Cobalt nitrate
(AACON) were taken by forceps. The
photograph of AACON crystal is shown in
figure 1. The following reaction illustrates

the crystal formation.
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(CH2)4(COOH), + Co (NO3); —— Co[(CH,)4(COOH),]NO;

T
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Figure 1: Photograph of Adipic acid with Cobalt nitrate crystals

RESULTS AND DISCUSSION
UV-Vis-NIR Absorption spectral analyses
UV-Vis-NIR analysis enlightens the
structural details of a grown compound. The
recorded absorption spectrum of AACON
was recorded using a Perkin Elmer lambda
35 spectrophotometer in the wavelength
range of 190 nm-1100 nm [8] which has been
shown in figure 2. The spectral range was
chosen in between 200 nm to 1100 nm so as
to cover the entire visible region, near-
infrared region (4000-13000cm™), near UV
it can be wused for

region. Hence

optoelectronic applications [9]. The lower
cut off wavelength was located at 257 nm.
The protuberance was noticed at 300 nm and
498 nm. The band gap of AACON was
calculated as 4.8 eV and acts as a dielectric
material which resulted from large number of
photons AACON were

assured. The cut off wavelength of AACON

absorption by

finds the requirement for frequency doubling
and hence desirable property of non-linear
optical material.
UV-Vis-NIR Transmission spectral
analysis

The transmission spectrum of AACON
crystal is seen in figure 3 which has the
fidelity of providing parameters as a
percentage of transmission and transparency
cut off for use in laser frequency conversion
and optoelectronic devices. The crystal has
with  99%  of

obviously transparent

transmission. Transmission property is
evident from the wider optical band gap
energy [10].
Fluorescence spectral Analysis

The fluorescence is non-destructive
and fast technique. Fluorescence is found to
occur when the interaction takes place

between the incident radiations of any kind

namely UV or laser with the given sample.
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When the sample is exposed to such
radiations of a proper wavelength, atoms or
molecules of the sample are excited by
absorbing these radiations. Fluorescence
finds wide application in the branches of Bio-
chemistry and medicine. It is also used as a
lightning in fluorescent
Emitting Diode (LED), lamps etc [10-11].

AACON

lamps, Light
crystal was triggered by
fluorescence analysis by using Perkin Elmer
LS 45 spectrofluorometer and the obtained
spectrum is shown in figure 4. The spectrum
was measured in the range of 250 nm — 800.5
nm [12].
obtained at 476.98 nm which lies in blue

The intense sharp peak was

color in the visible region. The other less
intense sharp peaks were obtained at 385.53
nm (violet emission), 511.35 nm (green
emission), 614 nm (orange emission), 642
nm & 714 nm (red emission) of AACON.
The optical band gap was computed as 2.6
eV. The excitation wavelength was around
265 nm.
Powder X-ray Diffraction (PXRD)
analysis

The AACON is examined to PXRD
analysis and the data’s of PXRD were
collected. The diffraction pattern is as shown
in Figure 5. The powder diffraction pattern

was analyzed with CuKga radiation at

wavelength of 1.5406 nm. The crystals were
scanned in the

80°C at a

first powdered then

temperature range of 10°C -
scanned rate of 2% per/minute values from
12.983°to 43.044°The well-defined sharp
peak was obtained at 21.5°shows the pure

crystalline nature and homogeneity of the
experimental sample material.
FT-IR AND FT -RAMAN Spectral
Analysis
FT-IR and FT-Raman spectral
analysis of the grown AACON crystal was
taken by using Perkin Elmer lambda 35
Fourier Transform Infrared
Spectrophotometer. The resultant FT-IR and
FT-Raman spectra of AACON were shown
in figure (6) and (7). The various functional
groups existed were identified by the
corresponding peaks in the range of wave
number from 400-4000 cm™ using KBr pellet
technique. Both FT-IR and FT-Raman [13,
14] and their available spectra were
compared and verified with literature
available and found to be in good agreement
which are tabulated and listed in table 1. CH
stretching vibration bands were observed at
2962 cm™ in FT-IR and 2922 c¢m™ in the FT-
Raman. The Peak 2754 was identified in the
FT-IR as C-H stretching. FT-IR band and

FT-Raman band were observed for C=0
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stretching at 1695 cm” and 1647 cm’
respectively. The peak 1463 cm™ in FT-IR
for C-N
remarked. C-C

asymmetric

stretching  [15, 16]

stretching  was

assignment came out at 1428 in FT-IR and
1435 in FT-Raman for the title compound.
FT-IR band for NOj; stretching was at 1358
cm™ The bands at 1280 cm™in FT-IR and
1300 cm'in FT-Raman referred C=0
stretching. The vibration bands of C-C
stretching were observed at 1044 cm™, 927
cm’ in FT-IR and 1047 cm™, 914 cm™ in

FT-Raman. The band at 735 cm™ in FT-IR

[

Absorbance(Al)
[ &

noticed C-H out of plane deformation. The
bands at 689 cm'l, 656 cm in FT-IR and
FT-Raman were attributed to C-O wagging.
C=C out of plane deformation was obtained
corresponding to the bands at 563 cm™ in
FT-IR and 511 cm™ in FT-Raman. From the
data collected, it is found that FT-IR and FT-
Raman vibration bands meet together;
predominantly purity of the AACON was
affirmed. The existence of various functional
groups present in FT-IR and FT-Raman were

derived, indexed and listed in Table 1.
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Figure: 2 UV-Vis-NIR spectral analyses of AACON crystal
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Figure: 3 UV-Vis-NIR spectral analyses of AACON crystal
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Figure: 5 PXRD of AACON crystal
Table 1: Assignments of vibration frequencies of AACON of FT-IR & FT-Raman
Wave Number (cm™) . . . .
AACON(FT-IR) AACON(FT-Raman) Tentative Vibration Assignments
2962 2922 C-H stretching
2754 - C-H stretching
1695 1647 C=0 stretching
1463 - C-N asymmetric stretching
1428 1435 C-C stretching
1358 - NO; stretching
1280 1300 C=0 stretching
1044 1047 C-C stretching
927 914 C-C stretching
735 - C-H out of plane deformation
689 656 C-0 wagging (Cobalt)
563 571 C=C out of plane ring deformation
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Figure 6: FT-IR spectral analysis of AACON crystal
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Figure 7: FT-Raman spectral analysis of AACON crystal

Non linear optical studies (SHG Kurtz and Perry [17] using an Nd:YAG laser

Efficiency)
The non linear optical property of the
grown crystal was determined by the

modified version of powder technique via

beam of fundamental wavelength 1064 nm.
The AACON sample was crushed into fine
particles and packed in a micro capillary

tube. The title compound was irradiated with
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laser beam of 1.2mJ/pulse, at a repetition rate
of 10Hz with a pulse width of 10ns. The
monochromator receive the output beam and
transmits only a second harmonic green light
at 532 nm whose intensity was monitored by
a photomultiplier tube [18, 19] and converted
into an electric signal. This signal was
obtained in the oscilloscope screen. KDP
was takes as a reference material through
which SHG conversion efficiency was
calculated by the ratio of amplitude of the
AACON to that of the KDP signal amplitude
recorded for the same input power. The SHG
efficiency of AACON crystal is found to
1.07 times greater than that of KDP.
CONCLUSION

A new semi-organic material of
Adipic acid doped with Cobalt nitrate crystal
(AACON) has been grown with success by
slow evaporation method from homogeneous
supersaturated solution at room temperature.
The grown title crystals were characterized
by different techniques. UV-Vis-NIR studies
for AACON crystal suggest that the grown
crystal has very good optical absorption and
wide transmission in the entire visible region.

This ensures the suitability and adaptability

blue LED. Moreover the optical band gap
was computed as 2.6 eV which signifies the
excitation of ions from the lower energy to
higher energy by absorption of photons by
atoms or molecules of the title crystal
confirms the absorption and emission.
PXRD peaks confirm the various planes of
reflection, good crystalline nature and
presence of intermingled compound. FT-IR
spectrum reveals the functional groups of
crystals. FT-Raman assures the non linear
property of the crystal by wvarious peaks
corresponding to their various frequency
ranges recorded. The emitted spectral lines
give the purity of nature of the crystal from
FT-Raman studies. SHG efficiency confirms
that the AACON crystal has a non linear
property in nature whose value is 1.07 times
greater than that of KDP.
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