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Abstract  
Ammonium dihydrogen phosphate (ADP) 
(NH4H2PO4) single crystals were grown by 
slow evaporation method using doped 0.8% 
L-Leucine. The X-ray diffraction analysis of 
the as–grown ADP crystals showed that it 
possess tetragonal structure having lattice 
parameters a = 7.4854 Å and c = 7.5377 Å. 
The Fourier transform infrared spectroscopy 
(FTIR) of as-grown ADP crystal taken 
between wave-number 400 to 4000 cm-1 
showed peaks due to vibration and stretching 
of functional group O-N=P and –ONO2 in 
400 to 912.16 cm-1, P=O and O-H in 1100.50 
to 1446.67 cm-1 and O-H and N-H in 2409.81 
to 3253.71 cm-1 range. The thermal 
properties of the as-grown ADP crystals were 
studied by thermogravimetric analysis 
(TGA). The thermal activation energy 
determined from the TGA curve using 
Broido, Piloyan-Novikova (PN) and Coats 
Redfern (CR) relations were in good 
agreement with each other and Energy 
Dispersive X-Ray Analysis (EDX). The 
obtained results are discussed in details. 
Keywords :FTIR , XRD, TGA ,EDAX, L-
Leucine. 
 

1. Introduction: 
Ammonium Dihydrogen Phosphate (ADP) is a 
representative of hydrogen bonded materials 
that possesses excellent dielectric, piezoelectric, 
anti-ferroelectric, electro-optic and nonlinear 
optical properties. Growth and studies of 
ammonium dihydrogen phosphate is a centre of 

attention to researchers because of its unique 
properties and wide applications. Single crystals 
of ADP are used for frequency doubling and 
frequency tripling of laser systems, optical 
switches in inertial confinement fusion and 
acoustic-optical Devices [1]. ADP crystallizes 
in a body centered tetragonal structure with the 
space group I 4 2d and has tetra molecular unit 
cell [2] with unit cell parameters a = b = 7.4854 
Å and c = 7.5377 Å. ADP has been the subject 
of a wide variety of investigations over the past 
decades. Reasonable studies have been done on 
the growth and properties of pure ADP [3-4]. In 
recent years, efforts have been taken to improve 
the quality, growth rate and properties of ADP, 
by employing new growth techniques, and also 
by the addition of organic, inorganic and semi 
organic impurities [5-6]. Organic nonlinear 
optical materials have large optical 
susceptibilities, inherent ultrafast response 
times, and high optical thresholds for laser 
power as compared with inorganic materials. 
Amino acids are interesting materials for NLO 
applications as they contain a proton donor 
carboxyl acid (-COOH) group and proton 
acceptor amino (-NH2) group in them [7]. 
Amino acids, when added as impurities, have 
improved material properties [8]. Amino acid, 
L-Leucine has formed several complexes, 
which are promising materials for second 
harmonic generation [9-10]. In the light of 
research work being done on ADP crystals, to 
improve the properties, it was thought 
interesting and worthwhile to investigate the 
effect of L-Leucine on ADP. In this work, the 
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structural spectral and nonlinear optical 
behavior of single crystals of L-Leucine added 

ADP against pure ADP has been studied and 
reported. 

 

 
Fig.1:  Pure ADP and 0.8 % L-Leucine doped crystal 

2. Experimental 
Ammonium dihydrogen phosphate and L-
leucine (Merck-Germany) along with de- 
ionised water were used for the growth of single 
crystals. ADP was mixed with L-leucine in the 
ratio 1:0.08 to prepare 200 ml of saturated 
solution at 38°C and 100 ml of saturated 
solution of pure ADP was also prepared with 
de-ionised water at 35°C.  The solution was 
stirred for four hours using magnetic stirrer[29]. 
It was then filtered using Whatmann filter 
paper, transferred to borosil glass beaker, 
porously sealed and kept in a dust free 
atmosphere for slow evaporation . The grown 
Pure and 0.8 mol% L-leucine added ADP  

crystals were harvested after a period of 30 
days. Crystals growth and characterization of 
ADP and doped ADP crystals were grown  from 
an aqueous solution by slow evaporation and 
slow cooling techniques. Good quality crystals 
of reasonable size (40 mm X8 mmX 7 mm) are 
obtained for a particular concentration shown in 
fig 1 . 

3.  Characterization Analysis  
The grown single crystal of ADP was subjected 
to different characterization studies such as 
powder X- ray diffraction, FT-IR and Thermal 
stability of the sample was tested using DTA 
and thermo gravimetric analysis (TGA).  

3.1. X-ray Diffraction Analysis:  

 
Fig. 2:  XRD of Pure ADP Crystal and 0.8% doped ADP with L-Leucine 

 
XRD studies were carried out with the grown 
crystals in powdered form. The powder samples 
were loaded into Bruker AXS D8 Advance X-
ray diffractometer with Cu Kα radiation (λ = 
1.5417) with an applied operating voltage 40 
kV and current 35 mA. Scanning rate was 
maintained at 18 min-1 over a 2Ɵ range of 10–

80°, employing the reflection mode for 
scanning. From this measurement we found the 
lattice dimensions as:a = b = 7.4854 A˚, c = 
7.5377A˚,α =β=γ=90◦ having space group 
I42𝑑𝑑𝑑𝑑 and the lattice parameters are in good 
agreement with the reported values. XRD 
values of ADP crystallites are in good 
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agreement with standard JCPDS card No. 
850815. There are no other phases that were 
observed beside the tetragonal system.. The 
prominent peaks in the XRD pattern have been 
indexed as shown in Fig2. The differences in 
the peak amplitude can be attributed to the 
different sizes and orientation of the powdered 
grains. 
3.2. Fourier Transforms Infrared (FT-IR) 
Analysis:  
The Fourier Transform Infra Red (FTIR) 
investigations were also carried out on the 
powdered samples of ADP. The spectrum was 
observed from Thermo Nicolet, Avatar 370  
sectrophotometer in the region 400 to 4000 cm-

1 using KBr pellet. The prominent peaks in the 
FTIR pattern have been indexed as shown in 
Fig. 2. Many useful observations were 
observed. The group frequency region was 
located between 4000 cm-1 to 1300 cm-1 and 
the fingerprint region 1300 to 630 cm-1. The 
intermediate frequency range 2500 to 1540cm-1 
(unsaturated region) contains triple bond 
frequencies which appear from 2500 to 2000 
cm-1 and double bond frequencies from 2000 to 
1540 cm-1. In the region between 1300 to 650 
cm-1 there are single bond stretching 
frequencies and bending vibration of 
polyatomic systems involving motions of bonds 
linking a substituent group to the molecule. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3: FTIR of 0.8% doped ADP with L-Leucine 
 

In the spectrum of ADP, there is a 
broadband in the higher energy region due to 
O–H stretching vibration of ADP and water. 
Hydrogen bonding within the crystal is 
suggested to be the cause for broadening. 
Presence of water is supported by its bending 
vibrations occurring at the band 1737.05cm-1 
[27]. The bands below1300cm-1 is duetoPO4 
vibrations. It includes the OH stretch of 
hydrogen bonded carboxyl groups, the 

asymmetric stretching mode of NH3+ at 
3253.71 cm-1 and CH2 stretching mode just 
below 3000 cm-1. The absorption at 1737.05 
cm-1 is assigned to C = O stretching of –COOH 
group. The NH 3+ displays its characteristic 
bending modes at 1446.67 cm-1. The strong 
absorption in the range 1100.50 – 912.16 cm-1 is 
evidently due to thephosphate part of the 
molecule. The peaks observed at 547.74cm-1 is 
due to NH3+ oscillation [28]. 
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Table No.1: Bond assignments of various frequencies: 
Sr.no 

 

Frequency  Range 
 

0.8mole%+ADP 
 

Bond Assignments 
 

1 3700-3100 
 

3253.71 O-H Stretching  
 

2 2800-2300 
 

2409.81 Vibration of combination bond  
 

3 2000-1500 
 

1737.05 Bending vibration of NH2  
 

4 1500-1000 
 

1446.67 P-O-H vibration  
 

5 1500-1000 
 

1267.13 P-O-H vibration 
 

6 1500-1000 1100.50 P-O-H vibration 

7 1000-700 912.16 P-O-H vibration 

8 700-500 547.74 PO4 Vibration 

 
 

Crystal a (A◦) b (A◦) c (A◦) Volume 
(A3) α=β=γ System 

Ammonium 
dihydrogen 
Phosphate (ADP)  

 
7.5006  

 
7.5006  

 
7.5490  

 
425.8  

 
90◦  

 
Tetragonal  

 
3.4. Thermo Gravimetric Analysis(TGA) : 

 
 

Fig.4: TGA of 0.8% L-Leucine doped ADP 
 

Thermo gravimetric and differential 
thermal analyses give information regarding 
phase transition, water of crystallization and 
different stages of decomposition of the crystal 
system. The thermo gravimetric analysis of 
MAP single crystal was carried out between 30 
°C and 300 °C in the nitrogen atmosphere at a 
heating rate of 20 °C min−1 using Perkin Elmer, 
Diamond TG/DTA analyzer. The thermo gram 
and the differential thermo gravimetric trace of 

USA are shown in Fig.3. In the first step of the 
TGA curve, there is negligible weight is lost 
within the temperature range from 25°C to 
180°C, which indicates that there is no inclusion 
of water in the crystal lattice, which was used as 
the solvent for crystallization. The second step 
of the TGA curve shows about 8 wt.% loss at 
180°C to 570°C; that is considered as the de-
bonding of bonded H2O and the elimination of 
organic compounds through oxidation.  
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It  seen that the major weight loss starts at 
7000C and it continue up to 1020oC. The nature 
of weight loss indicate the decomposition point 
of the material .However, above this temp no 
temperature, no weight loss has been observed 
.In the DTA the strong endothermic peaks 
located ~199.200C depict the crystallization of 
the phase of decomposed material. 
3.5  EDAX Characterization   

The composition of the synthesized 
samples was determined using the energy 
dispersive X-ray spectroscopy (EDX) analysis. 
The EDX analysis of L-leucine substituted ADP 
samples clearly shows that the stoichiometric C, 
P, N and O content increased. Figure 5 Shows 
few representative EDX spectra of synthesized 
L-leucine doped ADP.EDX of samples record 
all peaks associated to elements of crystal like 

carbon, phosphorus, nitrogen and oxygen 
shown in Fig.5. The chemical composition 
quantification for L-leucine 0.8%,is presented 
in Table. It is noticed that doped samples do not 
generally show any large variations in the 
contents of all the metal ions from spot to spot 
on the sample surface suggesting regular 
surface and intrinsic homogeneity in the 
samples. 

 The energy of the consequent radiation 
emitted from the specimen is related to the 
atomic number of the elements present in the 
sample. The EDAX spectrum is a relation 
between intensity and binding energy of the 
emitted photoelectron. It is interesting to note 
that the peak height and area of the peaks are 
measures of the quantity of the elements 
incorporated in the specimen.  

 

 
          Fig.5.EDAX Characterization of 0.8% L-Leucine doped ADP 
 

4. Conclusion 
Optical quality, colorless and pure and 0.4 
mole%, L- Leucine   doped ADP crystals were 
grown by slow evaporation technique at room 
temperature. The powder X-ray diffraction 
studies of pure and L-Leucine doped ADP 
showed that crystal posses tetragonal structure 
having I42d symmetry space group, with lattice 
parameter in good agreement with JCPDS data 
card no. 850815. Even after doping crystal 
system remains unchanged. Intensity peaks of 
L- Leucine doped ADP crystal resembles with 
diffraction angle of pure ADP crystal with 
negligible small variation, while intensity 
variation observed. The FT-IR spectrum 
confirms the presence of all functional group of  
L-Leucine. TGA analysis reveals the different 
stages of decomposition. The thermal stability 
of doped crystal is found to be improved. 
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