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Synthesis and Characterization of Cobalt and Nickel Orthophosphate Octahydtates
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ABSTRACT

M,(PO,),-8H,0 (M = Co and Ni), successfully were synthesized. The structure of the synthesized
M,(PO,),-8H,0 and the calcined products were characterized by X-ray diffraction (XRD) and Fourier transform
infrared spectroscopy (FT-IR). The thermal property of synthesized samples were carried out by thermogravimetry/
differential thermogravimetric analysis/ differential thermal analysis (TG/DTG/DTA). The nickel and cobalt content
of M,(PO,),-8H,0 were confirmed by atomic absorption spectrophotometry (AAS). The results from all techniques
confirm the formula of the title compounds. The synthesized Co,(PO,),-8H,0 and Ni,(PO,),-8H,0 crystallize in the
monoclinic crystal system. The thermal transformation product of Co,(PO,),-8H,0 in air at 700 °C was found to be

Co,(PO,),, while the calcined product at 900 °C of Ni,(PO,),-8H,0 was found to be Ni,(PO,),.
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Introduction

Orthophosphate of the type M,(PO,), have
various potential applications. They are used as
selective fertilizers, active

catalysts, pigments,

substances  of  corrosion-protecting  materials,
components of medicinal formulations, and materials
for phosphorous (Prokopchuk, Kopilevich, &
Voitenko, 2007) such as Co,(PO,), and Mg,(PO,),
have been used as catalysts for various organic
processes (Aramendia et al., 1999; Aaddane et al.,
2001) and Zn,(PO,), either orthorhombic hopeite or
triclinic parahopeite polymorphs was used in coating
on steel for corrosive protection (Pawlig & Trettin,
1998).

Additional, cobalt and nickel phosphate are of
considerable interest in a number of technological
fields. They are the catalysts for organic synthesis
reaction. For example, mesoporous nickel and cobalt
phosphates are used as catalysts for styrene oxidation
and a number of cobalt and nickel phosphates are
used as pigments because of their properties such as
color of pigment, insoluble in water and chemical
stability (Meseguer et al., 2007)

Recently, Viter and Nagornyi (2009) reported
the synthesis of M,(PO,),-8H,0 (M =Ni and Co) and
(Co,Ni),(PO,),8H,0 by reacting a mixture of
CoSO0, and NiSO, solution with a Na,HPO, solution,
at a P/(Co+Ni) molar ratio in the starting reagents of
0.67 (stoichiometric), at a temperature of 90 °C, and
reaction duration 1-5 days (Viter & Nagornyi, 2009).
In this work, M,(PO,),-8H,0 (M = Co and Ni) were
synthesized by wet chemical reaction between
Na,PO,' 12H,0 and CoSO,7H,0 or NiSO,6H,0,
respectively, at lower temperature (70 °C) and shorter

time duration (24 h) compared to the literature.
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Materials and methods
Materials
All chemicals and reagents used in this study are

analytical grade and used without further purification.

Preparations

The cobalt and nickel phosphate octahydrate
were synthesized by the simple wet chemical reaction
between 0.5 M Na,PO,12H,0 (Carlo Erba) and
0.5 M CoSO,-7H,0 (Sigma-Aldrich) or NiSO,-6H,0
(Univar), respectively, at Co/P or Ni/P ratio of 3:2.
The mixture solution was heated for 24 hours at
70 °C. The particular precipitates were obtained and
isolated by filtration, washed with DI water several

times and dried in a desiccator.

Characterizations

The nickel and cobalt contents of
M,(PO,),-8H,0 compounds were determined by
dissolving in 3% HNO, (70%, Carlo Erba) using
atomic  absorption  spectrophotometry  (AAS,
Perki — Elmer Analyst 100). Thermal properties of the
synthesized samples were investigated on
a TG/DTG/DTA Pyris Diamond Perkin — Elmer
Instrument. The experiment was performed at
a heating rate of 10 °C min" over the temperature
range from 50 to 1000 °C and N, atmosphere flow
rate of 100 ml min'. The sample mass of about
5.9 mg (accurate) for Ni(PO,),8H,0 and about
5.2 mg (accurate) for Co,(PO,),-8H,0 were filled into
an alumina pan. The thermograms of samples were
recorded in an alumina pan using a-ALO, as the
reference material. The synthesized M,(PO,),-8H,0
samples were calcined in a furnace (Lindberg/Blue) at

700 °C and 900 °C in air for 4 h and the thermal
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transformation products were further characterized.
The structure of the prepared samples and the
calcined products were studied by X-ray powder
diffraction (Phillips 3710) with Cu K, radiation
(A =0.15406 A). The FTIR spectra of the synthesized
compounds and the calcined products were recorded
using KBr pellets on a Perkin—Elmer spectrum GX
FTIR /FTRaman spectrophotometer with 32 scans in
the range of 4000-370 cm’ and the resolution of

4em’

Results and Discussion

X-ray powder diffraction

The XRD patterns of the prepared
Co,(PO,),8H,0 and its calcined product at 700 °C in
air and Ni,(PO,),-8H,0 and its calcined product at
900 °C in air are shown in Fig.l and Fig. 2,
respectively. All detectable peaks of the synthesized
M,(PO,),-8H,0 and the calcined products are indexed
as Co,(PO,),-8H,0, Ni,(PO,),'8H,0, Co,(PO,), and
Ni(PO,),, which are identified using the standard
data of PDF # 33-0432, PDF # 33-0951, PDF # 77-
0225 and PDF # 38-1473, respectively. These results
indicate that all crystal structures are in monoclinic
system with space group P2 /a, 12/m, P2 /n and P2 /a,
respectively. The average crystallite sizes and the
lattice parameters of these compounds were
calculated from XRD patterns (Noisong et al., 2008)
and are tabulated in Table 1. The synthesized
Co,(PO,),8H,0 and Ni,(PO,),-8H,0 and the calcined
products of these are isostructure. The lattice
parameters of Co,(PO,),8H,0, Ni,(PO,),-8H,0,
Co,(PO,), and Ni,(PO,), are comparable to those
reported in the standard data as demonstrated in

Table 1.
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Fig.1  The XRD patterns of the synthesized
Co,(PO,),'8H,0 (a) and its calcined

product at 700 °C in air (b).
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Fig.2  The XRD patterns of the synthesized
Ni,(PO,),-8H,0 (a) and its calcined product
at 700 °C in air (b).

TG/DTG/DTA results

The TG/DTG/DTA curves of cobalt and nickel
orthophosphate octahydrate in N, at the heating rate
10 °C min" are shown in Fig. 3 and 4, respectively.
The TG curve of Co,(PO,),"8H,0 shows the weight
losses between 50-1000 °C (Fig. 3), which
demonstrate 3 decomposition steps in the temperature
range of 120-550 °C. The corresponding observed
total weight loss in this temperature range is 26.43 %

(7.5 moles of water of crystallization) confirms
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Table 1 Average particle sizes and lattice parameters of M,(PO,),-8H,0 (M = Co and Ni) and the calcined products

in air calculated from XRD data.

Compound Method a(A) b(A) c(A) B(®) Average particle sizes (nm)
Co,(PO,),-8H,0 PDF # 33-0432 9.926 1333 4678 10231 -
This work 9.916 13.33 4.679 102.30 78.5+1
DIF.PDF-This work ~ 0.010 0.00 -0.001 0.01
Ni,(PO,),"8H,0 PDF # 33-0951 9.846 13.20 4.634 102.27 -
This work 9.845 13.16 4.634 102.31 63.2+8
DIF.PDF-This work ~ 0.001 0.004 0.000 -0.04
Co,(PO,), (Co,(PO,),8H,0 calcined 700 °C)  PDF # 77-0225 7556 8371 5064 94050 -
This work 7.559 8.369 5.067 94.074 40.5+4
DIF.PDF-This work ~ -0.003 0.002 -0.003 -0.024
Niy(PO,), (Ni,(PO,),-8H,0 calcined 900 °C) PDF # 38-1473 10.10 4696 5827  91.138 -
This work 1011 4699 5828  90.870 59.2+13
DIF.PDF-This work ~ -0.01 -0.003  -0.001  0.268
205.2°C Exo
the formula Co,(PO,),-8H,0, which agrees well with e sIC
: E4
the theoretical weight loss of 28.18%. The DTA curve \521°C DTA 252°%C
of the synthetic Co,(PO,),-8H,0 at the heating rate of TE % bTA
213 = Z
10 °C min"' shows three maximum peaks at 152.1 °C, 2 | 3| 1s0. <
[a) 1}
=z ~°
205.2 °C and 213.5 °C, with agree well with the DTG 17
DTG
peaks at 150.1 °C, 203.6 °C and 211.7 °C, 2036°C
2(‘)0 4[‘)0 6(‘)0 BlI]O 1000
respectively. One additional peak at 589.1 °C of DTA Temperature/C
curve was observed, which is suggested to be due to
Fig. 3 The TG/DTG/DTA curve of the synthesized
the phase transition from low crystallinity of
Co,(PO,),8H,0 in N, at the heating rate
Co,(PO,), to higher crystallinity one. In the case of .
10 °C min .
Ni,(PO,),-8H,0, the observed weight loss of 28.53%
Exo
in TG curve (Fig. 4), corresponds to 8.1 moles of
water in the crystalline hydrate (theoretical weight
. < 199.1°C
loss of 28.22%). The DTA curve of Ni,(PO,),-8H,0 =S
E 2
. . . o | 3 5
illustrates one maximum peak at 202.0 °C, which 5|z TG =
5|2 202.0°C g
agrees with the DTG peak at 199.1 °C. One more
exothemic peak at 776.1 °C is also suggested to be DTG
due to the phase transition from low crystallinity of 200 400 600 800 1000
. . . . Temperature/’C
Ni,(PO,), to higher crystallinity one as in the case of
Co,(PO,),. Fig. 4 The TG/DTG/DTA curve of the synthesized
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Ni,(PO,),8H,0 in N, at the heating rate

10 °C min".
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FTIR results

The FTIR spectra of the synthesized
Co,(PO,),8H,0, Ni,(PO,),-8H,0 show in Fig. 5 and
the FTIR spectra of the calcined products at 700 °C of
Co,(PO,),8H,0 and 900 °C of Ni,(PO,),-8H,0 in air
are illustrated in Fig. 6. The FTIR spectra of the
synthesized Co,(PO,),-8H,0 and Ni,(PO,),-8H,O are
similar to those reported in the literature (Viter &
Nagornyi, 2009). The vibrational bands in the region
of 3200-3000 cm’ are assigned to v,(A)H,0,
whereas the bands at about 3400 cm ' is attributed to
v,(B,)H,0. The bending mode of water, v,(A )H,0
was observed in the region of 1700-1600 cm .
The vibrational bands of water in Co,(PO,),-8H,0
occurred at higher wavenumber than Ni,(PO,),-8H,0.
This can be interpreted to be due to the larger radius
of Co’" than Ni’". Therefore, the interaction between
Ni-O in Ni-O-H-O should be stronger than Co-O in
Co-O-H-O with the consequence of weakening of
H-bond strength. The vibrational bands of PO 43_ anion

-1

can be observed around 1080-1010 cm  as

v,(F,)PO,”, 990-840 cm ' as v,(A )PO,” and 600-540
cm’ as V4(F2)PO43>. Additional, the librational modes
of water can be observed around 750 cm'l, which
disappear in the spectra of the calcined products. The
bands in region of 1090-1010 cm and 980-880 cm’'

of the calcined products are assigned to be v,(F,)PO 43-

3-

., » respectively. Moreover, V4(F2)PO43>

and v,(A PO
and vz(E)POf can be observed in the region of 640-
530 cm and around 450 cm”. The splitting of the
v4(F2)PO43- and VZ(E)PO;- bands indicate that the T,

symmetry of phosphate group has been lowered.

305

PMO11-5

%Transmittance
[
o

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

B
v/em

Fig. 5 The FTIR spectra of Co,(PO,),-8H,0 (a) and
Ni,(PO,),8H,0 (b).
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Fig. 6 The FTIR spectra of calcined product of

Co,(PO)),8H,O at 700 °C (a) and
Ni,(PO,),-8H,0 at 900 °C (b).

AAS Results
The metal contents of the synthetic

M,(PO,), H,0 were found to be 3.06 mole of Co for
Co,(PO,),8H,0 and 2.75 mole of Ni in the case of
Ni,(PO,),8H,0, which agree well with theoretical

value of 3 mole.
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Conclusion

The M,(PO,),-8H,0 (M = Ni and Co) were
successfully synthesized by using the rapid and the
energy saving method compared with those reported
in the literatures. The results from AAS,
TG/DTG/DTA, FTIR, and XRD can confirm the
formula of the synthesized compounds to be
Co,(PO,),:8H,0 and Ni,(PO,),-8H,0 as well as the
calcined products Co,(PO,), (at 700 °C) and Ni,(PO,),

(at 900 °C), respectively.

Acknowledgement

We thank the Department of Chemistry and the
Department of Physics (for XRD), Faculty of
Science, Khon Kaen University for providing
research facilities. The financial support from the
Center of Excellence for Innovation in Chemistry

(PERCH-CIC), Commission on Higher Education,

Ministry of Education, is gratefully acknowledged.

References

Aaddane, A., Kacimi, M., Ziyad, M. 2001. “Oxidative
dehydration of ethane and propane Over
Magnesium—cobalt Phosphates Co Mg, (PO,),.”
Catalysis Letters. 73: 47-53.

Aramendia, M. A., Borau, V., Jiménez, C., Marinas,
J. M., Romero, F. J. 1999. “Synthesis and
Characterization of Magnesium Phosphates and
Their Cattalytic Properties in the Conversion of
2-Hexanol.” Journal of Colloid and Interface

Science. 217: 288-298.

306

PMO11-6

Meseguer, S., Tena, M. A., Gargori, C., Badenes, J.

A., Llusar, M., Monroés, G. 2007. “Structure and

Colur of Cobalt Ceramic Pigments from
Phosphates.”  Ceramics International.  33:
843-849.

Noisong, P., Danvirutai, C., Srithanratana, T.,

Boonchom, B. 2008.“Synthesis, Characterization
and Non-isothermal Decomposition Kinetics of
Manganese Hypophosphite Monohydrate.” Solid
State Sciences. 10: 1598-1604.

Pawlig, O. and Trettin, R. 1998. “Synthesis and
Characterization of a-Hopeite, Zn,(PO,),-4H,0.”
Materials Research Bulletin. 34: 1959-1966.

Prokopchuk, N. N., Kopilevich, V. A., Voitenko, L.
V. 2007. “Preparation of Double Nickel(II)
Cobalt(IT) Phosphates with Controlled Cationic
Composition.” Zhurnal Prikladnoi Khimii. 81:
399-404.

Viter, V. N. and Nagornyi, P. G. “Synthesis and
Study of Solid Solutions between Cobalt and
Nickel Phosphates with Varied Degree of Anion

Zhurnal Prikladnoi Khimii.

Protonation.” 82:

881-885.





