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ABSTRACT 

   New nonlinear optical crystals of Adipic acid doped Calcium Nitrate (AACN) was grown 

by slow evaporation solution growth technique.  The UV-Vis-NIR spectrum of AACN showed a 

very good transparency in the visible region of 300nm to 1100nm.  Fluorescence studies exhibited 

the spectral distribution of the emitted light from AACN crystal.  The Peaks obtained in the PXRD 

gives the crystalline structure of AACN. The presence of various functional groups and purity of 

the grown crystals were confirmed by FT-IR and FT-Raman.  The existence of nonlinear optical 

(NLO) property of AACN was confirmed by second harmonic generation test using Nd:YAG laser 

of fundamental wavelength of 1064 nm.   
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INTRODUCTION 

Non linear optics plays a major role in optical 

information, telecommunication, electronic 

optic switches, photonics etc.  NLO acts as a 

polarizer so that it is made to get the quality 

control of beam for eye-protection.  After the 

invention of fiber optics, there were limit in 

carrying information, for example input signal 

of light wave passing through the fibre optics, 

the output is set out without any frequency 

variation.  In spite of using these but found the 

drawbacks in installing wide range on account 

of high cost and low flexibility.  An alternative 

human search is to adopt diversified NLO 

materials where light conversion of different 

wavelengths or frequencies is made to 

progress. Modern NLOs imperative 

demand is to impart high-fidelity imaging 

signals, communication to be established over 

greater distance as using equipments, remote 

sensor in monitoring stealing, abduction and 

material movements by using spectroscopic of 

surfaces.  Hence applicability of NLO in 

RADAR, Holography, military area 

particularly laser beam steering and diagnostic 

traces in medical field is being expected.  It is 

ought to bestow the attention on generating 

semi organic crystals due to their much 

flexibility of ions, high non linearity and good 

transmittance in the visible region [1]. The non 

linear nature of the crystals is examined by 

laser source.  The commercial machines 

require ultra short pulses of the order of 

femtosecond which has been fulfilled by 

femtosecond lasers [2]. 

 In order to manipulate multi 

disciplinary fields particularly in amplifying, 

modulating, polarizing and transforming 

signals, crucial demand is the blossom of NLO 

materials.  Adipic acids has good optical and 

mechanical properties in most of the 

challenges in facing electronic 

telecommunication networks and integrated 

circuits and agricultural industries [3].  Adipic 

acid based crystals show the excellent 

nonlinear and electro optical properties and 

were grown by slow evaporation solution 

growth method [4]. The Re-search for 

generating newer types of NLO materials 

essentially satisfies the condition demanded 

for simple, compactness, adaptability in new 

trend of technology [5] based on its spectrum.  

In this paper, the effect of Adipic acid doped 

with Calcium nitrate on the structural, optical, 

spectral, purity and NLO properties were 

reported. 

EXPERIMENTAL PROCEDURE 

 Single crystals of Adipic acid Calcium 

nitrate (AACN) were grown at room 

temperature by solution growth using slow 

evaporation method.  The solution was 
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prepared by dissolving Adipic acid and 

Calcium nitrate in the stoichiometric ratio of 

1:1 in deionized water.  The solution is 

blended well with magnetic stirrer to have the 

homogeneous mixture and filtered, transferred 

in a glass vessel which has covered with small 

pin holes made in the tissue paper.  Then the 

solution was allowed to evaporate in a clean 

place. The following reaction illustrates the 

compound. 

 (CH2)4(COOH)2 + Ca(NO3)2  

Ca[(CH2)4(COOH)2]NO3 

Optically good quality of the crystals of the 

title compound was harvested in span of 45 

days.  The photograph of the AACN crystal is 

shown in Figure 1. 

 

 

 

 

 

 

 
 
 

Figure 1: Photograph of Adipic acid with Calcium nitrate Crystals 

 

RESULTS AND DISCUSSION 

UV-Vis-NIR Absorption spectral analyses 

 The absorption spectrum of AACN 

was recorded using Perkin Elmer lambda 35 

spectrophotometer in the wavelength range of 

190 nm-1100 nm [6]. The absorption spectrum 

recorded is shown in Figure 2.  The lower cut 

off wavelength occurs at 271nm and it is due 

to  – * transition [7].  A little protuberance 

was recorded around 315 nm.  It was due to 

optical plane transmission window of 

materials which are dielectric in nature.  In the 

UV-Vis-NIR region the photons interact with 

materials start the transmitting from the cut off 

wavelength of 271 nm to 1100 nm [8] by this 

time photons have been absorbed the title 

material.  The optical band gap was measured 

as 4.58 eV.  The large transmission in the 

entire visible region of optical compound will 
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enable the production second and third 

harmonic generation. 

UV-Vis-NIR Transmission spectral analysis 

 The UV transmittance spectrum for 

AACN crystal is indicated in Figure 3.  The 

crystal was observed to be transparent with 

99% of transmission. 

Fluorescence spectral Analysis 

AACN crystal was under investigation 

of fluorescence analysis by using Perkin Elmer 

LS 45 spectrofluorometer and the spectrum 

obtained is shown in Figure 4.  The spectrum 

was measured in the range of 240 nm – 800 

nm. Emission bands are due to interaction of 

radiation of compound between metal donor 

and acceptor [9]. A well defined peak of 

wavelength 455.37 nm represents the blue 

color along with four lesser peaks of 

wavelengths 394 nm(UV emission), 491 

nm(cyan color emission) and 683 nm (Red 

color emission) were found.  The highest peak 

refers indirectly the title compound can be 

used as a blue color light emitting diode lamps 

and optoelectronic laser device.  The band gap 

is 2.7eV for the sharp peak of wavelength 

455.37 nm. 

Powder X-Ray Diffraction Analysis 

 The powder XRD analysis of AACN 

crystal was done by XPERT/PRO 

diffractometer with CuK  radiation at a 

wavelength of 1.5406 nm.  The Bragg’s 

diffraction obtained is shown in Figure 5.  The 

powdered sample was scanned at the range of 

10  to 80  with scan speed of 1 /min for 2  

values from 10.133 to 57.123 are shown in 

Figure 6. [10-12]. A well defined sharp peak 

corresponding to an angle of θ=21.6 represents 

that the crystal has a good crystalline nature. 

FT-IR AND FT -RAMAN Spectral Analysis 

 FT-IR and FT-Raman spectral analysis 

probed the information regarding the presence 

of fusion of amino acids with alkaline group in 

the grown material. The different vibrating 

segments obtained for both FT-IR [13-14] and 

FT-Raman were noted and verified with 

literature available and found to be in good 

agreement which are tabulated in Table 1. The 

spectral analysis of FT-IR and FT-Raman for 

AACN have been recorded in the range of 

400-4000cm-1 using a Perkin Elmer 

spectrometer and recorded spectrum for FT-IR 

is evinced in figure-6 and  FT-Raman is seen 

in figure-7.  The bands at 2920 in FT-IR cm-1 

2936 cm-1 in FT-Raman corresponds to C-H 

stretching and 2755 cm-1 and 2428 cm-1 in FT-

IR spectrum revealed the CH2 asymmetric 

stretching [15] and C-H stretching.  The bands 

at 1695 cm-1 in FT-IR and 1642 cm-1 in FT-

Raman noticed C=O stretching.  The peaks at 

1463 cm-1 in FT-IR and 1444 cm-1, 1410 cm-1 

in the FT-Raman were identified by C-H 

deformation. The peak at 1368 cm-1 in FT-IR 
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specified the NO3 stretching so that nitrate is 

confirmed. The peaks at 1279 cm-1, 1193 cm-1 

obtained only in FT-IR spectrum encountered 

the C=O stretching and CH2 bending 

respectively.  CH2 bending is found to occur at 

the peaks at 1044 cm-1 in FT-IR and 1047 cm-1
 

in FT-Raman. The bands at 927 cm-1 in FT-IR 

and 908 cm-1 in FT-Raman confirmed the O-H 

out of plane bending.  C-C stretching [16-17] 

only observed at the lowest wave number 735 

cm-1 in FT-IR spectrum.  C-O bending is 

found at 689 cm-1 in FT-IR and 658 cm-1 in 

FT-Raman spectra.  Torsional oscillation of 

compound molecules noticed at 562 cm-1, 514 

cm-1 in FT-IR and 566 cm-1 in FT-Raman 

spectra which means vibration takes place 

between the molecules similar to oscillation of 

pendulum. 

FT-IR AND FT -RAMAN Spectral Analysis 

 FT-IR and FT-Raman spectral analysis 

probed the information regarding the presence 

of fusion of amino acids with alkaline group in 

the grown material. The different vibrating 

segments obtained for both FT-IR [13-14] and 

FT-Raman were noted and verified with 

literature available and found to be in good 

agreement which are tabulated in Table 1. The 

spectral analysis of FT-IR and FT-Raman for 

AACN have been recorded in the range of 

400-4000cm-1 using a Perkin Elmer 

spectrometer and recorded spectrum for FT-IR 

is evinced in Figure 6 and  FT-Raman is seen 

in Figure 7.  The bands at 2920 in FT-IR cm-1 

2936 cm-1 in FT-Raman corresponds to C-H 

stretching and 2755 cm-1 and 2428 cm-1 in FT-

IR spectrum revealed the CH2 asymmetric 

stretching [15] and C-H stretching.  The bands 

at 1695 cm-1 in FT-IR and 1642 cm-1 in FT-

Raman noticed C=O stretching.  The peaks at 

1463 cm-1 in FT-IR and 1444 cm-1, 1410 cm-1 

in the FT-Raman were identified by C-H 

deformation. The peak at 1368 cm-1 in FT-IR 

specified the NO3 stretching so that nitrate is 

confirmed. The peaks at 1279 cm-1, 1193 cm-1 

obtained only in FT-IR spectrum encountered 

the C=O stretching and CH2 bending 

respectively.  CH2 bending is found to occur at 

the peaks at 1044 cm-1 in FT-IR and 1047 cm-1
 

in FT-Raman. The bands at 927 cm-1 in FT-IR 

and 908 cm-1 in FT-Raman confirmed the O-H 

out of plane bending.  C-C stretching [16-17] 

only observed at the lowest wave number 735 

cm-1 in FT-IR spectrum.  C-O bending is 

found at 689 cm-1 in FT-IR and 658 cm-1 in 

FT-Raman spectra.  Torsional oscillation of 

compound molecules noticed at 562 cm-1, 514 

cm-1 in FT-IR and 566 cm-1 in FT-Raman 

spectra which means vibration takes place 

between the molecules similar to oscillation of 

pendulum. 
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Figure 2: UV-Vis-NIR Absorption spectrum of AACN crystal 

 

 
Figure 3: UV-Vis-NIR Transmission spectrum of AACN crystal 

 

 
Figure 4: Fluorescence spectral Analysis of AACN crystal 
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Figure 5: PXRD spectrum of AACN crystal 

 
 
 

 
Figure 6: FT-IR spectum of AACN crystal 
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Figure 7: FT-Raman spectrum of AACN crystal 

 
Table 1: FT-IR and FT-Raman analysis of AACN 

Wave number cm-1 
AAZN(FT-IR) 

Wave number cm-1 
AAZN (FT-Raman) 

Vibrating 
Assignment 

2920 2936 C-H stretching 
2755 - CH2 stretching 
2428 - C-H stretching 
1695 1642 C=O stretching 
1463 1444, 1410 C-H deformation 
1384 - NO3 stretching 
1368 - N=O asymmetrical stretching 
1279 - C=O stretching 
1193 - CH2 bending 
1044 1047 CH2 bending 
927 908 O-H out of plane bending 
735 - C-C stretching 
689 658 C-O bending 

562, 514 566 Torsion oscillation 

 

SHG Efficiency 

 The NLO property of adipic acid 

doped with Cobalt nitrate was performed by 

Kurtz Perry powder technique [18]. The given 

crystal was grained into powder and densely 

packed in the microcapillary tube of uniform 

diameter. Quanta-Ray Spectra physics 

ND:YAG laser producing pulses with a width 

of 8ns and a repetition rate of 10Hz was used. 

The laser was focused on falling on the 

powder sample. SHG was confirmed by the 

emission of green radiation (532nm) when it 

was subjected to a wavelength of 6064nm and 

the optical signal was controlled by a 

photomultiplier tube (PMT) and converted into 

voltage output in CRO.  
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CONCLUSION 

 A new semi organic material of Adipic 

acid mixed with Calcium nitrate has been 

grown by slow evaporation technique from an 

aqueous solution.  From the UV-Vis-NIR 

studies explore that transmittance of the 

AACN compound is about 99% in the entire 

visible region.  Hence the grown crystal has a 

very good optical absorption and transmission 

in the entire visible region.  FL studies 

suggested that the band gap of AACN crystal 

was estimated to 2.7 eV so it has a wide 

optical window and sharp peak obtained in the 

blue color of visible region which enables to 

use it as a blue light emitting diode.  The 

powder XRD pattern reveals the purity and 

conformity of existence of expected atoms of 

the compound and various planes of reflection 

and good crystalline nature were noted.   FT-

IR analysis exhibits the characteristic of 

different functional groups.  From the FT-

Raman spectrum, the various intensity peaks 

corresponding to various frequencies obtained 

revealed the fact that the crystal has a good 

non linear in nature.  FT-IR and FT-Raman 

comparative studies inferred that the grown 

crystal has pure in nature.  SHG efficiency 

showed the NLO property of AACN crystal.  
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