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Abstract. Ammonium citrate dibase (ACD) single crystals were synthesized and grown by slow evaporation method. The

structure of the grown crystal was confirmed by single crystal X-ray diffraction (SXRD) and powder X-ray diffraction

(PXRD) techniques. The Fourier transform infrared spectroscopy (FTIR) and proton Nuclear Magnetic Resonance

(*HNMR) studies were used to identify the various functional groups and the position of protons of the grown ACD. The

thermal behaviour of the Ammonium citrate dibase was analyzed by the thermogravimetric analysis (TGA) and

differential thermal analysis (DTA). The grown crystals were subjected to UV-Vis-NIR studies which revealed the

transmission properties of the grown crystal. The nonlinear optical (NLO) property of the crystal was confirmed by

powder second harmonic generation (SHG) test.
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I. INTRODUCTION

Materials with high nonlinear optical retort play a vital role
because of their potential applications in many fields such as
advanced optical communication and data storage systems.
The frequency conversion materials have a significant impact
on laser technology [1],[2],[3]. Of late, the material scientists
are swiftly encouraged with the novel and hopeful materials
which offer larger and closer optical nonlinearities compared
to their inorganic counterparts [4],[5]. Several crystal growth
techniques used by crystal growers for growing organic
single crystals mainly the solution and melt growth
techniques depend mainly on the properties of the materials.
The solution growth can be considered as a superior method
because good optical transparency of crystals and uniform
mixing of dopant in the lattice are achieved in this method.
Crystal growth in the region of high super-saturation is not an
easy task because extraneous materials are inclined to be
formed from the growth solution. This condition typically
leads to the deterioration of the main crystal and the
execution of growth run. This gives the problem of solution
stability which is one of the most important challenges for
rapid growth [6]. Recently, citrate crystals are widely studied
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that includes Trisodium citrate pentahydrate [7], sodium
potassium citrate [8], bismuth citrate crystals and its reaction
with potassium hydroxide [9], lithium dihydrogen citrate,
sodium dihydrogen citrate, zinc citrate, manganese citrate
etc., [10-14]. In the present investigation, the single crystal
Ammonium Citrate Dibase (ACD) was characterized for
NLO applications. The crystalline characteristics were
studied by X-ray diffraction. The fundamental functional
groups were confirmed by FTIR and "HNMR spectroscopy.
Thermal stability was analyzed by TGA-DTA analysis and
the second harmonic generation (SHG) study was also
performed for crystalline powder of ACD crystals.

Il. EXPERIMENTAL

A. Crystal Growth

Single crystals of Ammonium citrate dibase (ACD) were
grown from saturated aqueous solution of commercially
available citric acid and ammonium carbonate in the molar
ratio of 1:2 which were purchased from Sigma-Aldrich (AR
grade). The solution was stirred well for 12 hours to get
homogeneous saturated solution. The prepared solution was
filtered using whattmann filter paper, covered with a
perforated cover and finally was kept in constant temperature
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bath for evaporation process. The purity of the synthesized
compound was increased by the recrystallization process.
Slow evaporation of solvent gave rise to crystallization of
transparent and colourless ACD crystals which were
harvested in 30 to 35 days. As grown ACD crystals are
shown in Figure 1.

I1l. RESULTS AND DISCUSSION
A. X-ray diffraction study

Single crystal X-ray diffraction analysis was carried out
using an ENRAF CAD-4 diffractometer with MoK, (A =
0.7107 A) radiation to identify the crystal system and to
estimate the lattice parameters. From the single crystal XRD
analysis, it has been observed that the grown crystal possess
orthorhombic structure with lattice parameters, a = 10.692 A,
b=6.312 A, ¢ = 14.536 A and V = 981.004 (A). The single
crystal data are found to be in good agreement with reported
values [15]. The powdered ACD sample was scanned over
the range of 10°-70° at the rate of 1° per min. using Rich—
Seifert diffractometer with CuKa (1.5406 A) radiation. From
the powder X-ray data, the various planes of reflections were
indexed using XRDA 3.1 program. The indexed powder X-
ray diffraction pattern for ACD crystal is shown in Figure 2.

B. FTIR Spectral Analysis

To confirm the presence of various functional groups in the
grown ACD crystal, the Fourier Transform Infrared (FTIR)
spectrum was recorded using BRUKER IFS 66 V
spectrometer in the wavelength range 4000400 cm ' by KBr
pellet technique. The FTIR spectrum of ACD is shown in
Figure 3. The OH — strong band appeared at 3399 cm™'. The
strong peaks at 3196 cm ™' and 3076 cm ' are attributed to CH
alkyl stretching. The band at 1727 cm' is due to C=0O
stretching vibration of carboxylic group. The peaks at 1500
cm!' and 1429 cm™' correspond to OH asymmetric
stretching. The bands at 1321 cm ™' and 1101 cm ™' are due to
H-O-C bending respectively as mixed modes. The CN
stretching as mixed modes are assigned to 1283 cm™".

C. 'HNMR spectral analysis

'HNMR spectrum of the ACD sample was recorded using
Jeol: GSX400 instrument. The *HNMR spectrum of ACD is
shown in Figure 4. A peak observed at 13.49 ppm is due to
the presence of proton in carboxylic acid. A sharp singlet at
7.3 ppm can be attributed to ammonium group. The peak
observed at 6.71 ppm is attributed to OH group attached to
the carboxylic group. The doublets at 2.91ppm and 2.5 ppm
can be attributed to methylene in the citrate group.

D. UV-Vis-NIR Spectral Analysis

UV-vis-NIR spectral study is a useful tool to determine the
transparency of the crystal, which is an important
requirement for a material to be optically active [16]. The
UV-Vis-NIR spectrum occurs due to the electronic
transitions in the molecule. This is a characteristic peak of a
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compound. The optical absorption spectrum of ACD crystal
was recorded using CARY 5E  UV-Vis-NIR
spectrophotometer in the region of 200 — 800 nm. The
spectrum is shown in Figure 5. The curve shows a small
absorption in the IR region. The lowest cut off wavelength
was found to be at 206 nm which may be due to n — x*
electronic transition of carboxyl group. As ACD is found to
be transparent in the entire visible region it is suitable for
second harmonic generation [17].

E. Thermal Analysis

The thermogravimetric analysis (TGA) and differential
thermal analysis (DTA) are of immense importance as far as
the fabrication technology of material is concerned. They
provide the information about the thermal stability of the
material for fabrication where a considerable amount of heat
is generated during the cutting process and laser irradiation.
The TG-DTA for the grown crystals were carried out at
nitrogen atmosphere in NETZSCH thermal analyzer to study
the thermal property of the as grown crystal. The thermal
analysis of ACD crystal was carried out between 25°C and
1200°C at a heating rate of 20°C min™. The TG-DTA graphs
of ACD are shown in Figure 6. The powdered sample of
about 2.2 mg of ACD crystal was used for the analysis. In the
TGA curve it is observed that there is a weight loss at 197.27
°C indicating the sublime nature of the crystal. Hence, the
crystal can be used up to 197.27 °C for any application. The
DTA curve shows a sharp endothermic peak at 197.27 °C
which matches with the observed weight loss in TGA.

F. NLO Studies

The NLO efficiency of the grown crystal was found by
Kurtz and Perry powder technique [18]. The fundamental
beam of 1064 nm from Q switched Nd: YAG laser of pulse
energy 405 mJ pulse™ and width 8 ns was used to test the
second harmonic generation (SHG) property of the crystal
in powder form. The emission of green radiation from the
crystal confirmed the second harmonic generation of the
ACD crystal. With the generation of SHG signal in the
sample of ACD, the NLO property has been confirmed.

IV. CONCLUSION

The ACD was successfully synthesized and good quality
crystals were grown by slow evaporation technique. From the
X-ray diffractions studies the crystal parameters and the
space group were identified. The presence of various
function groups and the protons were confirmed by FTIR and
'H NMR analysis respectively. The transparency of ACD
crystal in the entire visible region was confirmed using the
UV-Vis-NMR spectral analysis. The TG-DTA studies
revealed that the grown crystal is stable up to 197.27°C. As
grown crystal, ACD exhibits its strong second harmonic
generation capacity so that it could be used for NLO devices.
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FIGURE 1. AS GROWN CRYSTALS OF

ACD
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FIGURE 2. PXRD DATA OF
ACD
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FIGURE 3. FTIR sPECTRUM OF ACD
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Figure 4. '"H NMR spectrum of ACD
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Figure 5. UV-Vis-NIR spectrum of ACD
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Figure 6. TG/DTA curves for ACD
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