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By using silica gel as a medium, the inorganic crystals of Cadmium doped Zinc Hydrogen Phosphate was successfully grown on single 
diffusion technique. The crystals were grown for different gel densities and various concentrations of orthoposphoric acid. Nonlinear optics 
has been focused in recent times due to their new phenomena, new theoretical insights, new materials and devices. Mostly nonlinear 
optics researches are mainly focused on energy materials exhibiting second and third order harmonics generations. The effect of various 
growth parameters on the nucleation rate of these crystals was studied. TG/DTA analysis, Energy dispersive X-ray analysis (EDAX), Laser 
Raman spectroscopy, Photoluminescence and Non Linear Optical studies (NLO) have been made to find the stoichiometric composition 
of the crystals and its structure. The presence of various functional groups was confirmed from Laser Raman spectra and the effect of 
composition of the crystals on the spectra was identified. Photoluminescence spectrophotometric experiments were carried out to study 
the optical properties of the grown crystals. Thermal analysis is undertaken to study the thermal stability of the grown crystals. The chemical 
composition of Cadmium doped zinc hydrogen phosphate crystal was determined by EDAX analyses. The NLO studies discloses that they 
are capable of realizing green light and their second harmonic efficiency is 1.2 times greater than that of KDP. The optical damage studies 
have also been carried out on the grown crystals

Introduction
In the modern technological world crystal growth in silica gel medium 
has made remarkable progress[1,2]. Compared with all other techniques 
gel growth research has made rapid strides in the field of crystal 
growth in general, and the growth of materials in gel in particular. 
Large number of researcheres have started their research in silica 
gel growth and identified the importance of this method to develop 
technologically potential crystals[3–8]. By using this technique various 
kinds of ionic, organic and even metallic single crystals. Growth kinetics 
which is so vital in understanding the growth mechanisms and it has 
also been dealt with extensively[1,9–16]. Most of the phosphate crystals 
are insoluble in water and also they are easily decomposal before the 
melting point. Due to this single crystals of such materials cannot be 
grown by either slow evaporation or melt growth technique, but it can 
be grown by using silica gel method. This paper deals with the best 
possible conditions for Cadmium doped  ZnHPO4 single crystals in silica 
gel using zinc nitrate, Cadmium nitrate and H3PO4. Colorless crystals of 
Cadmium doped  ZnHPO4 (CDZHP) with the size of 3 x 4 mm have been 
obtained. There is no change in the color of the crystal after recovery 
from the gel. To study the spectral, optical and morphology properties 
of the gel-grown crystals, various characterizations have been carried 
out. The harvested crystals were characterized by TG/DTA and EDAX 
analysis, Laser Raman spectrum, NLO and Photoluminescence studies.
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Experimental 
Preparation Technique
The silica gel, also known as water glass was used in the present 
work as an intermediate growth medium. The chemicals used for 
growth of CdZnHPO4 crystals were, Zn (NO3)2.6H2O, Cd (NO3)2.4H2O, 
H3PO4 and Na2SiO3.9H2O all chemicals were of AR grade. Water glass 
was prepared by dissolving 284.20 g of sodium meta silicate (SMS) 
in 1 litre of the mineralized water so as to obtain the gel solution of 
1M concentration. The SMS solution was kept undisturbed for five 
days and a clear solution was obtained on sedimentation. The clear 
solution was filtered by using Whatman Grade No. 1 Filter Paper 
and it is stored in a glass container and this solution is called stock 
solution. The gel density used in this work ranges from 1.03 g/cc to 
1.05 g/cc, and it is accurately measured by using the specific gravity 
bottle method. The gel was prepared by mixing stock solution with 
a particular concentration of ortho phosphoric acid (1N & 2 N) which 

is acting as a lower reactant. The solution was constantly stirring in 
a beaker by magnetic stirrer. Stirring is done to avoid the excessive 
local ion concentration, which may otherwise cause premature local 
gelling and make the final medium inhomogeneous and turbid. The pH 
of the gel was medium adjusted between values 5 to 7. The solution 
was transferred to several single glass test tubes of length 20 cm and 
diameter 2.5 cm. The silica gel of the desired pH was then allowed to 
set and ageing for a specific time of 4 h to 48 h & 6 days, which depends 
upon the pH and environmental temperature. After the gel set, the 
supernatant solutions of Zinc nitrate and Cadmium nitrate (1:1 Molar 
concentration) were added slowly along the walls of the test tubes 
by using a pipette. The supernatant solution diffuses through the set 
gel, which reacts with phosphoric acid present in the gel leading to 
the growth of Cadmium doped ZnHPO4 single crystals. The experiment 
was conducted at room temperature. The following expected reaction 
takes place in the growth columns and growth procedure is listed in 
the table 1.

Zn (NO3)2.6H2O + Cd (NO3)2.4H2O + H3PO4         ›        CdZnHPO4+ 2(HNO3)2+10H2O   (1)

Silica Gel 
Density  
gm/cc

H3PO4 Acid 
concentration 
in Normality

pH Gel 
ageing

Supernatant 
concentration 
(Zn(NO3)2.6H2O 
            + 
Cd(NO3)2.4H2O)     
in M

Nucleation 
Started

Growth 
Period

Nature of Crystal  observed 
and Harvested crystal size

1.04 1N 5
6
7

144 hrs
36 hrs
4 hrs

1 : 1 ratio 8 hrs
12 hrs
24 hrs

244 
days

pH = 5 – sugar like crystals
pH = 6 – good X shape & few 
platelet crystals
pH = 7 – 3x4mm X shape
crystals

Table 1: Cadmium doped ZnHPO4 Crystal Growth Procedure

Fig. 1: (a) cadmium doped ZnHPO4 crystals grown in gel medium & (b) Morphology of cadmium doped ZnHPO4 crystals
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Characterization 
Raman spectra were recorded using Laser Raman spectrometer 
(Renishaw Invia) with laser excitation lines of 488 and 514 nm 
respectively at room temperature with power of 15mW and acquisition 
of 6 seconds applied for the individual samples. The thermal behavior 
of the crystal was characterized using thermo gravimetric analysis 
(TGA) and differential thermo gravimetric (DTA) analysis by Perkin 
Elmer STA 6000 thermal analyzer. A platinum crucible was used for 
heating the sample of weight 4.091 mg and analyses were carried out in 
nitrogen atmosphere at a heating rate of 20°C/min in the temperature 
range 30°C to 700°C. EDAX (FEI-Quanta 250) was used for the analysis 
of determine the chemical composition of the elements present in 
the material. In this work, the photoluminescence spectra of samples 
were recorded with Cary Eclise WinFLR photoluminescence devices. 
The second harmonic generation conversion efficiency test has been 
carried out using modified setup of Kurtz and Perry at the Indian 
Institute of Science, Bangalore

Results and discussion
Laser Raman analysis of cadmium doped ZnHPO4 crystal
The grown single crystals were confirmed by using Laser Raman 
studies. Raman spectroscopy can measure inelastic scatterings of 
light which have different wavelengths from the incident light. The 
differences in the wavelength are about the vibrational modes of 
the molecules. Fig. 2 shows the Raman spectrum of the prepared 
Cadmium doped ZnHPO4 single crystals. Raman spectrum shows the 
band splits with clearly resolved bands. The intensity was very low 
compared to the other lines observed at 176 cm–1 where there is metal-
metal stretching mode. The peak observed at 232 cm–1 is assigned 
to ν (Cd-O) vibration mode. The absorption bands at 312 cm–1 were 
attributed to P-O bending vibration, respectively. The band observed 
at 586 cm–1 was assigned to νs (Cd-O) symmetric stretching mode. 
The most strong band in the Raman spectrum is observed at 941 cm–1 
and is assigned to the νs (PO4) symmetric stretching mode. Other 
Raman bands are observed at 1150, 1059, 1000 and 995 cm–1 and are 
assigned to the νas (PO4) anti symmetric stretching modes [17]. 

Fig. 2: Raman spectrum of Cd doped ZnHPO4

TG/DTA analysis of CdZnHPO4 crystals
Thermogravimetric analysis is a technique used to assess the stability 
of various substances. Cd doped ZnHPO4 sample (36.01 mg) was 
taken for the TG process. The sample was scanned at the rate of 20°C/
minute in nitrogen atmosphere in the temperature range of 30°C to 
700°C. Fig. 3 shows the simultaneously recorded thermogravimetric 
analysis (TG) and differential thermogravimetric analysis (DTA) of Cd 
doped ZnHPO4 sample. Thermograms were first analyzed to obtain 
information about the percentage mass loss at different temperatures 
and kinetics of dissociation of samples. From the thermograms, it is 
clear that the doped material is thermally stable up to temperature 
of 93°C, which means that doped material is more stable than pure 
one. In case of Cd doped ZnHPO4, the whole process of decomposition 
carried out in two steps. Table 2 gives the detailed summary of the 
decomposition of CdZnHPO4.4H2O and the calculated weight losses. 
It is worth mentioning here that the temperature for the formation of 
stable product after decomposition in case of pure is 312°C, whereas in 
the case of doped one the stable product is formed at a temperature 
of 332°C. This means that the temperature for the formation of end 

product increases with cadmium substitution. Above result suggest 
that the calculation of percentage of weight loss for Cd doped ZnHPO4 
sample contain water, which they lose at different temperature 
ranges.
As seen from DTA curve in the case of Cd doped ZnHPO4 (Fig. 3) there 
is well marked endothermic and exothermic peak corresponding to 
each stage of dehydration and decomposition. Since peaks in DTA 
curve correspond to weight loss in TG curve thereby suggesting 
some structural changes taking place in the material beside weight 
loss in the material. The existence of these peaks can be explained 
in terms of energy requirements. The energy of peaks does not 
necessarily depend only on the amount of water loss on dehydration 
but also depends on the structural factors. Table 3 gives the compiled 
summary of the data of DTA of Cd doped ZnHPO4. DTA plot exhibits a 
smooth endotherm at 173 and 323°C. These values correspond to the 
thermal decomposition process in the ranges 93-231 and 231–332°C, 
respectively. The sharpness of exothermic peaks shows a good degree 
of crystallinity and purity of the sample. The decomposition process 
agrees fairly well with Cd doped ZnHPO4 crystal.
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Fig 3: Thermogram showing simultaneous recording of TGA and DTA curves for Cd doped ZnHPO4

Stage Temperature (°C) Decomposition Steps Weight loss (%)

First 93-231 Cd:ZnHPO4.4H2O        › CdZnHPO4+4H2O 35

First 231-332 2CdZnHPO4         ›2CdZnO + P2O5+  H2O(g) 16

Table 2: Results of thermal decomposition for different temperature ranges with calculated weight loss in 
case of Cd doped ZnHPO4.

Peak recorded Peak height Nature On  set temperature

173°C -1.0 Endothermic 170°C

323°C -1.5 Exothermic 320°C

Table 3: DTA data of Cd doped ZnHPO4 crystal

Energy Dispersive Analysis of Cadmium doped ZnHPO4 crystals
To study the elemental composition of cadmium doped ZnHPO4 
crystals, qualitative and quantitative analysis were performed by 
energy dispersive X-ray analysis (EDAX). The spectrum obtained from 
EDAX analysis of Cadmium doped ZnHPO4 is shown in Fig. 4. The 
spectrum corresponding to Cadmium doped ZnHPO4 shows peaks 

related to all major elements along with cadmium there by suggesting 
that Cd2+ ion has entered into the lattice of the ZnHPO4 crystals. In 
cadmium doped ZnHPO4, (Cd+Zn)/P ratio was assessed to be 1.60. The 
experimental calculated atomic and weight percentage of elements in 
Cadmium doped ZnHPO4 crystals are shown in Table 4. The presence 
of water molecules in Cadmium doped ZnHPO4 was further assured by 
FTIR and thermo analytical observation.
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Fig 4: EDAX spectra showing the presence of major elements for cadmium doped ZnHPO4.

Element Weight % Atomic %

Zn 43.01 18.64

P 13.59 12.44

Cd 5.23 1.32

O 38.17 67.60

Table 4: Experimental calculated composition obtained from energy dispersive X-ray analysis (EDAX) of various 
constituent elements present in case of cadmium doped ZnHPO4.

Photoluminescence studies of Cd doped  ZnHPO4 crystals
Photoluminescence analysis is an effective tool in the characterization 
of surfaces and interfaces. This investigation can be employed to 
characterize a different type of material parameters. The spectroscopy 
studies of cadmium doped zinc hydrogen phosphate are examined 
from photoluminescence spectra and is shown in Fig 5. The luminescent 

emission of the CDZHP crystal is confirmed at room temperature. For 
the unirradiated CDZHP crystal, the intensity pattern displays high 
intensity band around violet region at 307nm. The emission spectrum 
shows the peaks particularly at 307nm, 376nm, 433nm and 467 nm 
when excited with 270 nm. Of these, the ultra violet emission at 307nm 
is the most intense of all emissions
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Fig 5: Photoluminescence spectrum of Cadmium doped ZHP crystal

Non Linear Optical Studies of CdZnHPO4 crystals
To study the second order nonlinearity of the prepared crystals, 
Kurtz and Perry proposed a powder SHG technique. Nonlinear optical 
component of the grown single crystal is examined by using the 
Nd:YAG laser through the crystalline powder sample. Figure 6 shows 
the experimental setup used for SHG studies. A Q-switched, mode 
locked Nd: YAG laser was used to generate about 4.5 mJ/pulse at 1064 
nm fundamental radiation. This laser can be operated in two modes, in 
the single shot mode, the laser emits a single 8 ns pulse whereas in the 
multi shot mode, the laser generates a constant train of 8 ns pulses at 

a repetition rate of 10 Hz. In the present study, a single shot mode of 
8 ns laser pulse with a spot radius of 1mm was used. This experimental 
setup consist of a mirror and a 50/50 beam splitter to generate a beam 
with pulse energies about 4.5 mJ. The input laser beam sent through 
an IR reflector and then guided on the microcrystalline powdered 
sample packed in a capillary tube with a diameter of 1.5 mm. The 
photodiode detector and oscilloscope unit measure the light radiated 
by the sample. Microcrystalline powder of urea or KDP is taken in a 
same capillary tube sealed at one end for comparison. The intensity of 
the second harmonic output from the sample is compared with KDP. 
Thus, the figure of merit of SHG of the sample is assessed.

Fig. 6: Powder experimental SHG setup
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To make suitable comparisons with known SHG materials, KDP was 
also converted into a pellet. The powdered samples were filled air-
tight in separate micro-capillary tubes of uniform bore of about 1.5 
mm diameter. The emitted SHG output (532 nm) was collected by a 
photomultiplier tube. The optical signal incident on the photomultiplier 
(PMT) was converted into voltage output at the CRO. The SHG output 
in each case was measured as the average of a few pulses to eliminate 

slight variations of input power. The input laser energy incident on 
the capillary tube was chosen to be 4.5mJ, an energy level which is 
optimized not to cause any chemical decomposition of the sample. 
The second harmonic generation efficiency of Cadmium doped 
ZnHPO4 crystal was found to be nearly 1.2 times greater than pure 
KDP crystal. These crystals have power and prospects for frequency 
conversion applications. The comparative study of SHG efficiency of all 
the samples with respect to KDP is shown in the Table 5.

Sample SHG Signal Efficiency with respect to KDP

Cadmium doped ZnHPO4 42 mV 1.2

Table 5: SHG efficiency of Cadmium doped ZnHPO4 crystals

Conclusion
Growth of Cadmium doped ZnHPO4 single crystals has been achieved 
by silica gel medium using single diffusion technique at room 
temperature. The presence of various functional groups or chemical 
bonds in molecules was confirmed by the Laser Raman spectroscopy. 
The TG–DTA analyses reveal that they possess high thermal stability. 
The thermal analysis reveals that there is 35% weight loss and crystal 
observed to decompose without melting. The chemical composition 
of Cadmium doped Zinc hydrogen phosphate crystal was determined 
by EDAX analyses. The qualitative and quantitative elemental analysis 
employing the EDAX technique, confirms the presence of major 
elements (Zn, Cd, P & O) present in the crystal. Photoluminescence 
spectrum curve can be observed for cadmium doped zinc hydrogen 
phosphate crystal at 307nm implying the band gap Eg is 4.046 eV. The 
NLO studies discloses that they are capable of realizing green light and 
their second harmonic efficiency is 1.2 times greater than that of KDP. 
Due to their excellent optical, thermal and nonlinear properties, these 
crystals can be used for NLO applications.
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