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Abstract: Growth aspects of pure and Calcium doped Zinc hydrogen phosphate single crystals from silica
gel by the process of single diffusion technique are discussed. Crystals with different morphologies and
effect on various parameters like gel pH, and gel ageing, gel density and concentration of reactants on the
growth of pure and Calcium doped ZnHPO, crystals were studied. Laser Raman spectra of the pure and
Calcium doped ZnHPO, crystals are recorded and the vibrational assignments have been made with
possible explanations. Thermo gravimetrical analysis is undertaken to study the thermal stability of the
grown crystals. The photoluminescence measurement shows that the material is suitable for photonic
devices. The crystals grown were characterized by Laser Raman spectrum, TG/DTA, EDAX and

Photoluminescence.

1. INTRODUCTION

Single crystals are the backbone of the modern technological
revolution. The art of growing crystals in silica gel medium is
not new for researchers because of its simplicity, low cost
and crystals can be grown at room temperature. But the
challenges and opportunities in understanding the growth
structure and features of grown crystal remain there. Crystals
of great interest from both solid state sciences as well as
technological point of view has been reported by many
researchers using gel method. The principle relies on the
slow migration of crystal constituents (ions) through silica gel
so that a very slow reaction occurs with the formation of a
sparingly soluble compound. When the concentration of this
compound exceeds the solubility limits, crystals will be
formed, the main function of the silica gel being to control the
flow of reacting ions [1-5]. Doped crystals growth has
scarcely been studied by employing the gel technique [6-7]
and the field is in an early stage of development with many
opportunities to create new species. Most of the phosphate
compounds are in soluble in water and decompose before
melting. Hence single crystals of such type of compounds
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cannot be grown by either slow evaporation or melt
technique. In this situation single diffusion technique is the
appropriate one for their growth. In conventional growth, pure
ZnHPOy crystals were accomplished at 40°C in a constant
temperature bath have been already reported [8]. In this
present work, we have attempted to grow pure and calcium
doped ZnHPO4 crystals by single diffusion technique at room
temperature [9-13]. The purpose of the present article is to
report for the first time the growth of pure and calcium doped
single crystals in silica gel medium by using single diffusion
technique at room temperature. These crystals have
identified and characterized by TG/DTA, EDAX, LASER
RAMAN, and PL. The results of these observations are
described and discussed.

2. EXPERIMENTAL

2.1. Materials

All reagents used were of analytical grade purity and were
produced from Merck Chemical Reagent Co. Ltd. India.

2.2. Preparation Technique

Pure and Calcium doped Zinc Hydrogen Phosphate in the
form of a single crystal is accomplished by using single
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Table 1: ZnHPO, Crystal Growth Procedure
Silica Gel H:PO, Acid Gel Supernatant Nucleation Growth Nature of Crystal observed and
Density concentration in pH agein concentration Started Period Harvested crystal size
gmlce Normality geing (Zn(NO,),.6H.0 in M ry
5 144 hrs 12 hrs pH =5 — very tiny X shape
1.04 1N 6 36 hrs 1™ 24 hrs 244 days pH =6 — few X shape & platelet
7 4 hrs 38 hrs pH =7 — 3x4mm Xshape single
Table 2: Calcium Doped ZnHPO, Crystal Growth Procedure
Silica Gel H;PO, Acid Supernatant concentration .
Density concentration in pH a (i?rlr (Zn(NO3)2.6H,0 + Ng:;e:xn %:;’;21 NatuLeacrc‘e(;gzt(a:l ost;satlers\gzg and
gmicc Normality geing Ca(NO5),.4H,0) in M ry
H =5 - pol tal
5 144 hrs 8 hrs P poly crystas
. pH =6 — good needle & platelet
1.04 1N 6 36 hrs 1: 1 ratio 12 hrs 244 days .
pH =7 — 2x3mm single
7 4 hrs 24 hrs i i
Lissegang rings form

diffusion technique at room temperature. The silica gel was
prepared by adding 284.20 g of Sodium Meta Silicate
(Na2Si03.9H20) to 1 liter of double de-mineralized water, so
as to have a gel concentration of 1M. The density of the
solution was determined by the specific gravity bottle method.
The gel density values of 1.03 g/cc, 1.04 g/cc & 1.05 g/cc
measurement was done very accurately since it has
considerable influence on the gelation process and quality of
the crystal. The pH of the silica gel was adjusted between the
values of 5-7 by mixing the orthophosphoric acid (H3PO4) and
stock solutions in various proportions. Continuous stirring is
needed to avoid excessive local ion concentration, which may
cause premature local gelling and make a final solution
inhomogeneous. The desired value of the pH of the solution
was transferred to several single glass test tubes of length 20
cm and diameter 2.5 cm. After the gel ageing, the
supernatant solutions of Zn (NO3) 2.6H>0 (Zinc Nitrate — AR
Grade) and Ca(NO3) 2.4H>0 (Calcium Nitrate — AR Grade) at
a required mole solution was slowly added along the walls of
the test tubes over the set goals and tightly closed to prevent
evaporation. The following expected reaction takes place in
the growth columns and growth procedure is listed in the
Tables 1 & 2.

Zn (NO3)2.6H20 + HsPO4 — ZnHPO,4 + 2HNOs + 6H,0 (1)

Zn (NO3)2.6H20 + Ca (NO3)2.4H,0 + HzPO4 — CaZnHPO4+
2(HNO3)2+10H20 (2)

Figure 1a & b shows the photograph of Pure and Calcium
doped ZnHPO4 crystals grown in the silica gel medium.
Calcium ions diffuse through the gel and a thin white film in
the form of a ring appeared known as Liesegang ring [14].
Figure 2 shows a different type of morphology of Pure and
Calcium doped ZnHPO4 grown crystals.

2.3. Characterization

Surface Enhanced Raman spectra were recorded using
Laser Raman spectrometer (Renishaw Invia) with laser
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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 EImer STA 6000 thermal analyzer.
A platinum crucible was used for heating the sample 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 the present investigation, the
photoluminescence spectra of samples were recorded with
Cary Eclise WinFLR photoluminescence devices.

3. RESULTS AND DISCUSSION

3.1. Laser Raman Spectral Analysis

The recorded Raman spectrum of pure and calcium doped
zinc hydrogen phosphate is shown in Figure 3. Laser Raman
analyses created a big impact in scientific technique which is
widely used to identify the functional units, internal structure
of molecules and chemical bonds of a compound. Raman
spectroscopy is widely used for receiving information about
different modes in crystals. Figure 3 shows the Raman
spectrum for the pure ZnHPO4 and Ca doped ZnHPO4
crystals. The Raman spectra exhibits good band splits with
clearly resolved bands. The intensity was very low compared
to the other lines obtained for both samples at 176 cm™
where there is metal-metal stretching mode. The absorption
bands at 312 cm™' were attributed to P-O bending vibration,
respectively. The intensity of the band is observed in the
Raman spectrum at 941 cm ™ and is assigned to the vs (POs)
symmetric stretching mode. Other Raman bands are
obtained at 1150, 1059, 1000 and 995 cm™' and are assigned
to the vas (PO4) antisymmetric stretching modes [15].
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Figure 1: (a) Pure ZnHPO, crystals grown in gel medium, (b) Liesegang ring observed for 6.0 pH value and supernatant concentration of 1 N

calcium doped ZnHPO, crystals.
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Figure 2: (a) & (b) Different morphology of Pure and calcium doped ZnHPO, crystals.

3.2. TG/DTA Studies of ZnHPO, and Ca Doped ZnHPO,
Crystals

Thermal gravimetric analysis (TG) sets the task of providing a
quantitative measurement of any weight changes connected
with thermally induced transitions and in the differential
thermal analysis (DTA), the difference in the temperature
between the levels and the thermally inert reference material
is measured as a function of temperature. The samples (pure
ZnHPO4 and Ca doped ZnHPOQO,) was scanned at the rate of
20°C/minute in nitrogen atmosphere in the temperature range

Growth, Laser Raman, Thermal, Edax and Photoluminescence Studies

30°C to 700°C. The thermal behavior of pure ZnHPO4 and Ca
doped ZnHPO4 are shown in Figure 4a & b. From the TG
curve of pure ZnHPO4 and Ca doped ZnHPO,4 are thermally
stable upto 71°C and 88°C respectively. The first stage of
decomposition in the case of pure ZnHPO,4 start from 71°C
and continues upto 123°C resulting in weight loss of about
11.4% which indicates endothermic dehydration and
decomposition of the material by liberation of three water
molecules. The second stage of decomposition starts from
123°C to 246°C resulting in weight loss of about 9%. This
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weight loss in the second stage of decomposition
corresponds to the elimination of three water molecules. The
third stage of decomposition starts from 246°C and goes upto
310°C leading to weight loss of 10% and form anhydrous
pure ZnHPO4 to ZnO. However it is decomposed in the
temperature interval 310-512°C, and forms a residue. Table
3a gives the compiled summary of the decomposition
process of ZnHPO4-6H20. It can be seen that the calculated
weight loss is in close proximity with the observed values.

312
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Figure 3: Laser Raman spectrum of ZnHPO, and Ca doped ZnHPO,
crystals.

From the thermogram of Ca doped ZnHPO4 (Figure 4b), it is
clear that the doped material is thermally stable up to
temperature of 88°C, which means that doped material is
more stable than pure one. Similarly, in the case of Ca doped
ZnHPO4 the first stage of decomposition starts from 88°C and
continues upto 153°C resulting in weight loss of about
19.11%. This indicates that the removal of four water
molecules attached to the doped system gets decomposed.
The second stage of decomposition starts from 123°C and
goes upto 306°C leading to weight loss of 18%. The weight
loss in the second stage of decomposition corresponds to the

conversion of anhydrous CaZnHPO4 to CaZnO. Table 3b
gives detailled summary of the decomposition of
CaZnHPO4.4H,0 along with calculated weight losses. It is
worth mentioning here that the temperature for the formation
of stable product after decomposition in case of pure one is
312°C, whereas in case of doped one the stable product is
formed at a temperature of 307°C. This means that the
temperature for the formation of end product decreases with
calcium substitution.

As seen from DTA curve in case of pure ZnHPO4 (Figure 4a)
and Ca ZnHPO, (Figure 4b) there is well marked
endothermic peak and exothermic decomposition. Since
peaks in DTA curve correspond to weight loss in TG curve
thereby suggesting some structural changes taking place in
the material apart from weight loss in the material. The
availability 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
4 gives the compiled summary of the data of DTA of pure
ZnHPO4. The DTA plot exhibits a smooth endotherm at 123,
158 and 296°C. These values correspond to the thermal
decomposition process in the ranges 71-123, 190-240 and
246-310 °C, respectively. The sharpness of endothermic
peaks shows a good degree of crystallinity and purity of the
sample. The decomposition process agrees fairly well with
pure ZnHPO4. Table 5 also gives detailed summary of the
data of DTA of Ca doped ZnHPO4 DTA plot exhibits a
smooth endotherm at 122, 220 and 294°C. These values
correspond to the thermal decomposition process in the
ranges 88-123, 123-224 and 224-306°C, respectively. It
agrees with Ca doped ZnHPO,.

From the thermal analysis of the system confirmed that
product formed in the pure form, that is, ZnHPO, is
associated with six water molecules having composition
ZnHPO4.6H20, whereas the doped one that is, Ca doped
ZnHPOy, is associated with four water molecules having

Table 3: (a) Results of Thermal Decomposition for Different Temperature Ranges with Calculated Weight Loss in Case of Pure
ZnHPO,
Stage Temperature (°C) Decomposition Steps Weight loss (%)
First 71-123 ZnHPO,.6H,0 — ZnHPO,.3H,0+3H,0 11.4
Second 123-246 ZnHPO4.3H,0 — ZnHPO,+3H,0 19
Third 246-310 2ZnHPO, — 2Zn0O+ P,05+H,0 10
Table 3: (b) Results of Thermal Decomposition for Different Temperature Ranges with Calculated Weight Loss in Case of Ca Doped
ZnHPO,
Stage Temperature (°C) Decomposition Steps Weight loss (%)
First 88-123 CazZnHPO,.4H,0 — CaZnHPO4+4H,0 19.1
Second 123-306 2CazZnHPO, — 2CaZnO + P,0s+ H,0 (g 18
48 Jayaprakash et al.
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Figure 4: (a) Thermogram of TGA and DTA curves for pure ZnHPO,. (b) Thermogram of TGA and DTA curves for Calcium doped ZnHPO,.

Table 4: DTA Data of Pure ZnHPO, Crystal
Peak recorded Peak height Nature On set temperature
123°C -4.5 Endothermic 124°C
158°C 0.5 Endothermic 157°C
296°C 3.3 Exothermic 295°C
Table 5: DTA Data of Ca Doped ZnHPO, Crystal
Peak recorded Peak height Nature On set temperature
122°C -1.9 Endothermic 123°C
292°C -3.0 Exothermic 290°C

composition Ca doped ZnHPO4.4H,O. These compositions
were further supported by other analysis like energy
dispersive X-ray analysis (EDAX).

3.3. Energy Dispersive Analysis of ZnHPO; and Ca
Doped ZnHPO,4 Crystals

To study the elemental composition of pure ZnHPO4 and Ca
doped ZnHPO., qualitative and quantitative analysis were
performed by energy dispersive X-ray analysis. The spectrum
observed from EDAX analysis is shown in Figure 5a and 5b.
EDAX pattern shows peaks related to all the major elements
present in the developed crystals as should be expected from
pure ZnHPOQO4 system. The spectra corresponding to Calcium
doped ZnHPO4 shows peaks corresponding to all the major
elements, that is, zinc, phosphorous and oxygen along with
calcium by suggesting that Ca®* has entered into the lattice of
ZnHPO4 system. Anyhow, in addition to this no impurities of
elements were identified. In pure ZnHPO4, the zinc to
phosphorus (Zn/P) ratio was found to be 1.94. In calcium
doped ZnHPO4, (Ca+Zn)/P ratio was estimated to be 1.90.
The experimental calculated atomic and weight percentages
of the individual elements are shown in Table 6a and 6b. It
can be noticed that the presence of zinc leads to the ‘Ca’
reduction when compared to pure system. However, it is
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important to mention here that EDAX analysis does not give
experimental values of atomic and weight percentage for
lighter elements like hydrogen. The presence of H>O
molecules in ZnHPO, and Ca doped ZnHPO4 was further
confirmed by thermo analytical analysis.

3.4. Photoluminescence Analysis

The Photoluminescence spectroscopy is a contactless,
nondestructive method of exploring the electronic structure of
materials. Also the Photoluminescence (PL) measurements
can be used as a effective and sensitive tool to observe the
effects of purification and contamination during crystal growth
process [16]. The room-temperature photoluminescence
excitation and emission spectra of pure and calcium doped
zinc hydrogen phosphate are presented in Figure 6a & b
respectively. It exhibits the characteristic excitation and
emission peaks of the samples and the electronic transitions
for all of the observed emission peaks. The emission
spectrum displays the four important peaks for pure ZHP is
mainly at 305, 376, 403 and 467 nm when excited with 270
nm. Of these, the ultra violet emission at 305nm is the most
intense of all emissions. For Calcium doped ZHP emission
spectrum signifies the peaks at 306, 376, 405 and 468 nm
when excited with 270 nm. Apart from these emissions, the
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Figure 5: (a) Energy dispersive X-ray analysis (EDAX) spectrum revealing the presence of major elements for pure ZnHPO, crystal. (b) Energy
dispersive X-ray analysis (EDAX) spectrum revealing the presence of major elements for calcium doped ZnHPO;,.

o

Tables 6: (a) Experimental Calculated Compositions Obtained from Energy Dispersive X-Ray Analysis (EDAX) of Various Constituent
Elements Present in Case of Pure ZnHPO, Crystal

Element Weight % Atomic %
Zn 53.33 24.42
P 13.01 12.58
33.66 63

Tables 6: (b) Experimental Calculated Compositions Obtained from Energy Dispersive X-Ray Analysis (EDAX) of Various Constituent
Elements Present in Case of Calcium Doped ZnHPO,

Element Weight % Atomic %
Zn 50.62 22.36
P 12.72 11.86
Ca 0.37 0.27
(e} 36.29 65.51
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Figure 6: (a) Photoluminescence spectrum of pure ZHP crystal. (b) Photoluminescence spectrum of Calcium doped ZHP crystal.

ultra violet emission at 306nm is the most intense of all
emissions. The little different PL intensities of the samples
show a slight variation of sample thickness. The variation of
sample thickness is quiet random and it has no direct
correlation with Calcium doping. The photoluminescence
spectra of the sample pure and calcium doped ZHP is
received with the excitation wavelength and broad band
centered at 305 nm and 306 nm respectively. The sample
exhibits an emission within the ultraviolet region. Peaks are
observed to shift towards blue region as the particle size
decreases. Using the photoluminescence spectrum band gap
will be calculated using the formula.

Eg = hv
Where,
Eg = band gap energy
h = Planks constant (6.625x10*Js)
v=C/\
C = velocity of light (3x1 0° m/s)

The curve can be observed for pure and calcium doped zinc
hydrogen phosphate crystal at 305nm and 306nm implying
the band gap Egis 4.072 eV and 4.059 eV respectively.

4. CONCLUSION

Synthesis of pure zinc hydrogen phosphate (ZnHPO4) and
calcium doped ZnHPO4 crystals in the form of single crystal
were achieved by single diffusion technique at room
temperature. The impact of various gel parameters such as
the density, pH and age of the gel, concentration of the
reactants, etc. were changed to minimize the nucleation
density. The variations of the nucleation density with all these
parameters are extensive. The presence of various functional
groups or chemical bonds in molecules was confirmed by the
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Laser Raman spectroscopy. The thermal studies suggest that
pure ZnHPO4 is stable up to temperature of 71°C whereas
calcium doped ZnHPOy is stable up to a temperature of 88°C.
In this process, the doping of Calcium increases their thermal
stability. Also, temperature for the formation of end product
decreases with calcium substitution. The chemical
composition of pure and Calcium doped Zinc hydrogen
phosphate crystal was determined by EDAX analyses.
Photoluminescence emission peaks can be observed for pure
and calcium doped zinc hydrogen phosphate crystals at
305nm and 306nm implying the band gap Egis 4.072 eV and
4.059 eV respectively.
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