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Abstract - Potassium dihydrogen phosphate (KDP) crystal has 

been doped with picric acid to alter its physical and chemical 

properties. Picric acid doped KDP salt was synthesized by 

adding 2 mole% of picric acid into the aqueous solution of 

KDP. Using the synthesized salt of picric acid doped KDP and 

double distilled water, single crystals were grown by solution 

method with slow evaporation technique. The grown single 

crystal was subjected to XRD method to find the crystal 

structure. The functional groups of the sample were found by 

FTIR method. The elements   in the picric acid doped KDP 

crystal were identified by EDAX and CHN analyses. SHG 

studies of the sample were done to check the second order 

NLO property. Dielectric studies for picric acid doped KDP 

crystal were carried out using a multi-frequency LCR meter. 

Thermal stability of the sample was found by TG/DTA studies. 

The microhardness of the sample was also measured at 

different applied low loads and the results obtained from the 

various studies are discussed. 
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I. INTRODUCTION

Potassium dihydrogen phosphate (KDP) crystals possess 

high optical and structural perfection and it can be used for 

doubling and tripling of laser radiation frequency.  It can be 

used in harmonic generators, electro-optic switches, 

modulators, in laser fusion facilities and it is distinguished 

by high efficiency of nonlinear conversion and a wide 

optical transparency range which extends upto the short 

wavelength region of the spectrum. [1,2]. KDP crystal  is a 

negative uniaxial crystal that has a refractive index for 

extraordinary ray (ne) along the optic axis and refractive 

index for ordinary ray (no) along the other two axes [3,4]. It 

is reported that KDP crystals can absorb a large number of 

organic substances like dyes, urea, EDTA, ethyl alcohol and 

these organic substances are incorporated as the dopants [5-

10].   

The study of the kinetics of KDP crystal growth in the 

presence of some organic molecules shows that the addition 

of urea to the mother liquor practically does not influence 

the growth rate for the faces, whereas ethanol and propanol 

essentially decrease the growth rate of the faces and lead to 

their tapering. By studying the influence of urea on the 

optical, nonlinear and other characteristics of KDP crystals, 

it is showed that urea doped KDP crystals have a higher 

mechanical strength and thermal stability in comparison 

with the undoped KDP crystals [11-13]. Picric acid is a 

highly oxidative, yellow crystalline solid, soluble in water, 

alcohol, chloroform, most organic solvents, and ether and 

the presence of three electron withdrawing nitro groups in 

the picric acid makes it as a good acceptor for neutral carrier 

donor molecule [14, 15]. Picric acid has been combined 

with other amino acids to form various complexes and 

various studies on picrate-type crystals have been reported 

by many researchers [16-20].  Picric acid is an interesting 

inorganic matrix modifier due to its large dipole moment 

and its ability to form an extensive network of hydrogen 

bonds. The reason for choosing picric acid as the dopant is 

due to its good optical nonlinearity. Hence, the aim of the 

work is to grow and study the various properties of KDP 

crystals doped with picric acid to improve NLO and other 

properties of KDP crystal 

II. EXPERIMENTAL METHODOLOGY

A. Synthesis and Crystal Growth

To synthesize the picric acid doped KDP salt, 2 mole% of 

picric acid was added into the aqueous solution of KDP 

and the solution was stirred well using a hot plate magnetic 

stirrer. Then the solution was heated at 60
o
C till the salt of 

picric acid doped KDP was obtained. Re-crystallization 

was carried out to improve the quality of the salt. Using the 

synthesized salt of picric acid doped KDP and double 

distilled water, saturated aqueous solution was prepared 

and this solution was stirred for 2 hours and filtered using 

the good quality Whatman filter papers.  

The filtered solution was taken a growth vessel covered 

with a perforated polythene sheet for slow evaporation. To 

maintain temperature of the solution constant (29
o
C), the 

growth vessel was loaded in a constant temperature bath 

(accuracy: +0.01
o
C). Due to slow evaporation, initially 

some speck of crystal nuclei are formed after 3 days. Then, 

the speck of nuclei grew into big-sized crystals as the 

solvent evaporated from the solution after a growth period 

of 20 days.  The harvested crystals of picric acid doped 

KDP are kept in a graph sheet and photographed and it is 

shown in the figure 1.  The grown crystals are found to be 

slightly yellow coloured, transparent and non-hygroscopic.  
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Fig. 1 Harvested Crystal of Picric Acid Doped KDP 

 

B. Measurement of Solubility 

 

Solubility of a sample in a particular solvent was 

determined by gravimetrical method at various temperatures 

in the range 30-50
o
C. A constant temperature bath with an 

accuracy of  +0.01
o
C was used to keep the temperature of 

the solution constant and an immersible stirrer was used for 

stirring the solution to achieve the stabilization. After 

stirring the solution, 10 ml of saturated aqueous solution of 

was taken in a petri dish and it was warmed to remove the 

solvent. Then by weighing the petri dish with the deposited 

solute and empty petri dish separately, the solubility was 

determined. The variations of solubility of the undoped and 

picric acid doped KDP with temperature are presented in the 

figure 2.  The results show that the solubility increases with 

increases of temperature for both the samples and the 

solubility is observed to be decreased when KDP crystal is 

doped with picric acid.  
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Fig.2 Solubility Curves for Undoped and Picric Acid  

Doped KDP Crystals 

 

III.RESULTS AND DISCUSSION 

 

A. FTIR Characterization   

 

Fourier transform infrared (FTIR) spectroscopy is used to 

identify the functional groups of the samples. FTIR studies 

involve the examination of stretching, bending, twisting and 

rotating vibrational modes of atoms in a molecule and hence 

to identify the functional groups of samples. The FTIR 

spectrum of picric acid doped KDP crystal was recorded 

using a Perkin-Elmer FTIR spectrometer in the wave 

number range 400-4000 cm
-1

 using a KBr pellet technique 

and it is shown in the figure 3. The small peaks above 3500 

cm
-1

 are corresponding to the OH stretching vibrations in 

the free water molecules and the broad peak at 3439 cm
-1

 is 

attributed to OH stretching mode of the sample.  The 

absorption peaks at 2923 and 2355 cm
-1

 are due to P-O-H 

stretching vibration and the strong  peak at 1631 cm
-1

 is 

corresponding to O=P-OH stretching and OH bending 

vibration. The vibration peak at 1080 cm
-1

 is due to P=O 

stretching vibration. The peak at 544 cm
-1

 is due to HO-P-

OH bending vibration and the peak at 466 cm
-1

 is due to 

PO4 stretching vibration. The other vibrational peaks in the 

spectrum are attributed to the presence of dopant in the host 

KDP crystal. The assignments to the FTIR vibrational peaks 

are given in accordance with the data reported in the 

literature [21, 1].  

 

 
 

Fig. 3 FTIR Spectrum of Picric Acid Doped KDP Crystal 

 

B. Thermal Studies  

 

Thermal studies was carried out for   picric acid doped KDP 

crystal by recording the TG/DTA thermal curves in the 

temperature range 30-800
o
C in the nitrogen atmosphere. 

The recorded TG/DTA curves for picric acid doped KDP 

crystal are shown in the figure 4. From TG thermal curve, 

there is a slight weight loss observed in the temperature 

range 30-50
o
C and this is due to removal of moisture in the 

sample. The more moisture is adsorbed with the sample due 

to doping of picric acid. After that TG shows constant 

weight of the sample is observed in the temperature range 

50-250
o
C and there as a weight loss of about 25% is noticed 

in the temperature range 250-470
o
C. After that the weight of 

the sample almost remains constant upto 800
o
C.  

 

DTA curves show a broad endothermic peak at 220
o
C and a 

sharp exothermic peak at 400
o
C. The initial decomposition 

of the sample was started at 220
o
C and ends at 400

o
C and in 

this decomposition stage, potassium orthophosphate is 

changed to potassium metaphosphate. The average 

decomposition point of picric acid doped KDP sample is 

found to be 300
o
C. But the average decomposition point of 

undoped KDP crystal is observed to be 277
o
C as reported in 

the literature [22, 23]. Thus, the thermal stability of picric 

acid doped KDP crystal is found to be more than that of 

undoped KDP crystal. The exothermic peak at 400
o
C is 

indicated by removal of gaseous particles at the 
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decomposition of the sample. This increase of thermal 

stability of the host KDP crystal is due to presence of picric 

acid in the form of ions in the interstitial positions of the 

sample.  
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Fig. 4 TG/DTA Thermal Curves for Picric Acid Doped KDP Crystal 

 

C. Finding Elements in the Sample  

 

Energy dispersive spectroscopy (EDS) or EDAX is an 

analytical technique used for the elemental analysis a 

sample. It relies on the investigation of a sample through 

interaction between electromagnetic radiation and matter, 

analyzing X-rays emitted by the matter in response to being 

hit with charged particles. The EDAX detector measures the 

relative abundance of emitted X-rays versus their energy. 

EDAX is   combined with an electron microscope and the 

recorded EDAX spectrum of picric acid doped KDP crystal 

is shown in the figure 5. The spectrum indicates that the 

sample has the elements like P, N, C, Oand K.  The 

hydrogen cannot be detected from the sample using EDAX 

and hence CHN analysis was carried out to find the weight 

percentage of hydrogen in the sample. The weight 

percentage of the elements present in picric acid doped KDP 

crystal is provided in the Table I. 

 

 
 

Fig. 5 EDAX Spectrum of Picric Acid Doped KDP Crystal 

 

TABLE I WEIGHT PERCENTAGE OF ELEMENTS IN PICRIC ACID 

DOPED KDP CRYSTAL 

 

S.No. Element Weight (%) 

1 Carbon 0.583 

2 Nitrogen 0.682 

3 Oxygen 47.031 

4 Phosphorus 22.140 

5 Potassium 28.702 

6 Hydrogen 1.476 

 

D. Finding Crystal Structure and Density of Crystal  

 

X-ray diffraction (XRD) is a rapid analytical technique 

primarily used for phase identification of a crystalline 

material and can provide information on unit cell 

dimensions. For a given set of lattice planes with an 

interplanar distance of d, the condition for a diffraction  to 

occur can be  written as 2 d sin θ = n λ where l is the wavelength 

of X-rays, n is an integer and θ is the Bragg’s diffraction angle. 

This condition is used in X-ray diffractometers. Single 

crystal X-ray diffraction analysis for picric acid doped KDP 

crystal was carried out using a Bruker Kappa Apex II  X- 

ray diffractrometer  with MoKα radiation (λ= 0.71069 Ǻ). 

The obtained lattice parameters for the sample are a = b = 

7.504 (6) Ǻ, c = 6.943(3) Ǻ, α = 90
o
, β = 90

o
, = 90

o
,V = 

390.95(2) (Ǻ)
3
. From the data, it is ascertained that the 

sample crystallizes in tetragonal structure. The lattice 

parameters obtained here for the picric acid doped KDP 

crystal are almost the same as given in the JCPDS card No. 

35-0807[23].  

 

Hence, the crystal structure of picric acid doped KDP 

crystal is found to be the same as the undoped KDP crystal. 

Since the dopant picric acid is residing in the interstitial 

position of the host KDP crystal, the crystal structure of the 

undoped and picric acid doped KDP is observed to be the 

tetragonal structure. Using XRD data, the density of the 

grown crystal was determined. The relation used to  

determine the density of a crystal is  ρ = (M.Z) / (N.V) 

where M is the molecular weight of the material used, Z is 

the number of molecular units per unit cell, N is Avogadro’s 

number and V is the volume of the unit cell. It is reported 

that the unit cell of KDP crystal contains four molecular 

units (Z) as shown in the diagram 6.  In the unit cell diagram 

of KDP structure, fundamental PO4units are bonded 

together through the H atoms in the hydroxy groups of the 

O’s of PO4 as reported by West [24].  

 

Using the crystallographic data, the density of picric acid 

doped KDP crystal was found to be 2.311 g/cc.  Also the 

floatation method was adopted for the determination of 

density of crystals.  In this method, a high density liquid like 

bromoform and a low density liquid like carbon tetra 

chloride or xylene are used. After mixing the liquids in a 

suitable proportion in a specific gravity bottle, a small piece 

of a crystal was immersed in the mixture of the liquids. 
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When the sample is neither sinks nor floats in the liquids, 

the density of the crystal would be equal to the density of 

mixture of liquids. The density was calculated using the 

relation ρ = (w3–w2) / (w2-w1)    where w1is the weight of 

the empty specific gravity bottle, w2 is the weight of the 

specific gravity bottle with full of water and w3is the weight 

of the specific gravity bottle full of the mixture of the 

solution. By floatation method, the density of picric acid 

doped KDP crystal was found to be 2.309 g/cc. It is reported 

that the density of undoped KDP crystal is 2.345 g/cc.  The 

slight decrease of density of host KDP crystal due to doping 

of organic dopant like picric acid is due to slight increase of 

volume of the unit cell. The picric acid in the form of ions 

may be in the interstitial positions of lattice of KDP crystal 

and hence it is possible that the volume of unit cell may be 

slightly increased [25]. 

 

 
 

Fig. 6 Unit Cell Diagram of KDP Crystal 

 

E. Hardness Test 

 

Hardness testing is the simplest and the least expensive 

method for mechanical characterization of   NLO crystals. 

Hardness testing also provides information regarding other 

mechanical properties like tensile strength, yield strength 

and work hardening coefficient. A grown and polished 

crystal of picric acid doped KDP was selected for 

microhardness measurement. Microhardness analysis was 

carried out using Shimadzu Vickers microhardness tester 

fitted with a diamond indenter attached to an incident light 

microscope. The well-polished crystal was placed on the 

platform of the Vickers microhardness tester and the loads 

of different magnitude were applied over a fixed interval of 

time. The microhardness number was determined using the 

relation Hv = 1.8544 P/d
2
 where P is applied load and d is 

the average diagonal indentation length [26]. The variation 

of hardness number with the applied load for the sample is 

shown in the figure 7. The results show that hardness 

number increases as the applied load increases. The 

increasing trend of the curve is due to the reverse 

indentation size effect. Initially, when low load is applied 

the sample is hardened and it can withstand more loads. 

This is the reason the hardness is more when applied load 

on the sample is more. Comparing the hardness values of 

undoped KDP crystal in the literature, the hardness of picric 

acid KDP crystal is more than that of undoped KDP crystal 

[27].  

 
Fig.7 Plot of Hardness Number versus Load for Picric Acid  

Doped KDP crystal 

 

F. Dielectric Characterization 

 

Every dielectric material has a unique set of electrical 

characteristics that are dependent on its dielectric or 

insulation properties. Accurate measurements of these 

properties can provide valuable information for a proper 

manufacturing process. The most commonly measured 

small signal electrical property is the relative permittivity 

(εr) or the dielectric constant. The dielectric constant is 

defined as the ratio of the capacitance of the material to the 

capacitance of air. The capacitance of the capacitor without 

dielectric is given by Co= εoA/d  where A is the area of the 

plates of the capacitor, εois the permittivity of free space or 

vacuum  and d is the distance of separation between them. If 

a dielectric material is inserted between the plates, the 

charge on the plates increases due to polarization in the 

material and the capacitance is now given by C =εoεrA / d.  

Using these relations, the dielectric constant (εr) is 

calculated.  When AC voltage is applied to the dielectric 

material, the electrical energy is absorbed by the dielectric 

and certain quantity of electrical energy is dissipated in the 

form of heat energy [28,29].  This dissipation of electrical 

energy is known as dielectric loss and it is directly 

measured using the LCR meter.  

 

In this work, dielectric constant and dielectric loss of the 

grown crystal of picric acid doped KDP were measured 

using the Agilent (4284A) precision LCR meter at different 

frequencies ranging from 10
2
 to 10

6
Hz and at different 

temperatures. The plots of frequency dependence of 

dielectric constant and dielectric loss of picric acid doped 

KDP crystal at different temperatures are shown in the 

figures 8 and 9. The results show that both dielectric 

constant and loss factor decrease with increase of frequency 

and these dielectric parameters are observed to be 

increasing with increase of temperature. At low frequency 

region (10
2
 – 10

3
Hz), the space charge polarization is pre-

dominant and hence dielectric constant is more in the low 

frequency region. The orientational polarization is observed 

in the frequency region (10
3
 – 10

5
Hz) and ionic 
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polarizationand electronic polarization are noticed in 

frequencies more than 10
5
 Hz [30]. The variations of 

dielectric constant with frequency and temperature indicate 

the types of polarization present in them. The low value of 

dielectric loss of picric acid doped KDP crystal indicates 

that the sample is a good quality dielectric material. 

Comparing the dielectric parameters of undoped KDP 

crystal as reported in the literature [23], the dielectric 

parameters like dielectric constant and dielectric loss of 

picric acid doped KDP crystal are observed to be more and 

this variation is due to the organic dopant like picric acid 

incorporated into the host KDP crystal. 

2 3 4 5 6

4

6

8

10

12

14

16

18

20

22

24

26

D
ie

le
c
tr

ic
 c

o
n

s
ta

n
t 

Log frequency

 at 31 
o
C

 at 50 
o
C

 at 70 
o
C

 at 90 
o
C

 
Fig.8 Variation of Dielectric Constant with Frequency for Picric Acid 

Doped KDP Crystal at Different Temperatures 

 

 

 
 

Fig. 9 Variation of Dielectric Loss with Frequency for Picric Acid  

Doped KDP Crystal at Different Temperatures 

 

G. Second Harmonic Generation 

 

Second harmonic generation (SHG) is a second NLO 

phenomenon and it is also called as the frequency doubling. 

The SHG emission from the sample was checked by Kurtz- 

Perry powder technique and here a pulsed Nd:YAG laser 

with the input wavelength of 1064 nm was used [31]. The 

grown crystal was ground to powder of grain size 400-500 

µm and subjected to measurement of SHG.  From this 

technique, it is noticed that there is an emission of green 

radiation with a wavelength of 532 nm from the sample.  

The second harmonic generation signal of 11.68 mJ was 

observed for picric acid doped KDP crystalline sample for 

an input energy of 0.70 J. But the standard KDP sample 

gave an SHG signal of 8.91 mJ for the same input energy. 

 Hence, relative SHG efficiency of picric acid doped KDP 

crystal is 1.31 times that of the undoped KDP sample. All 

the data in connection with SHG studies of the samples are 

given in the table II. Hence, the picric acid doped KDP 

crystal is the better candidate for SHG applications. 

 
TABLE II RELEVANT SHG DATA FOR PICRIC ACID DOPED 

KDP CRYSTAL 
 

S. 

No. 

Sample Code / 

Name 

of  the Sample 

Output 

Energy 

(milli 

joule) 

Input 

Energy 

(joule) 

Relative 

SHG 

efficiency 

1 
Picric acid 

doped KDP 
11.68 0.70 1.31 

2 
KDP 

(Reference) 
8.91 0.70 1 

 

IV. CONCLUSION 

 

Picric acid doped KDP salt was synthesized and single 

crystals of the synthesized salt were grown by solution 

method. It found that the sample has positive temperature 

coefficient of solubility. The crystal structure of picric acid 

doped KDP crystal was found to be tetragonal.  SHG 

efficiency of the powdered sample was observed to be 1.31 

times that of undoped KDP. The decomposition point of  

picric acid KDP crystal is noticed to be more than that of 

undoped KDP crystal. The functional groups of the sample 

were identified by FTIR analysis. The hardness of the 

sample is found to be increasing with increase of the applied 

load. The various elements present in picric acid doped 

KDP crystal were identified by EDAX and CHN analyses. 

The density of the sample was found by floatation method 

and XRD method. Dielectric constant and dielectric loss of 

the sample were determined at different frequencies and 

temperatures. 
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