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Abstract. Infrared absorption and Raman study of 3-Ni(OH)2 has been carded out up to 25 GPa
and 33GPa, respectively. The frequency of A2~ internal antisymmetric stretching O-H mode
decreases linearly with pressure at a rate of -0.7 cm-l/GPa. The FWHM of this mode increases
continuously with pressure and reaches a value of ,-, 120cm -1 around 25GPa. There was no
discernible change observed in the frequency and width of the symmetric stretching Alg O-H
Raman mode up to 33 GPa. The constancy of the Raman mode is taken as a signature of the
repulsion produced by H-H contacts in this material under pressure. Lack of any discontinuity in
these modes suggests that there is no phase transition in this material in the measured pressure
range.

Keywords. /5-Ni(OH)2;phase transition; infrared absorption; Raman study; high pressure.
PACS Nos 78.30; 62.50
1. Introduction

High pressure study of mineral dihydroxides M(OH)2 (where M ----Mg, Ca, Co, Ni, etc.,)
is of importance for understanding the nature of hydrous minerals under compression in
the earth's interior. These hydroxides crystallize in trigonal CdI2 structure with space
group P3ml [1]./3-Ni(OH)2 belongs to this family of compounds. It is widely used in
nickel batteries because of the unusually high level of activity of hydrogen atoms in this
material. It is therefore of interest to understand the high pressure behaviour of hydrogen
sublattice in this material. As hydrogen atoms are insensitive to x-ray diffacfion
techniques, neutron diffraction study of hydroxide compounds is an effective tool for
understanding the behaviour of hydrogen sublattice of these compounds under different
thermodynamic conditions. However, a simpler technique is the vibrational spectroscopic
technique. In this method the reduction in the frequency of O-H mode with pressure is
correlated with the enhancement of hydrogen bonding under pressure. This technique
also throws light on the pressure induced phase transitions. High pressure studies reported
in recent years have revealed pressure induced hydrogen disordering of Ca(OH)2,
Mg(OH)2 and Co(OH)2. In polycrystaUine samples of Ca(OH)2 pressure induced
amorphization is reported around 12 GPa [2] whereas the single crystal samples of this
compound exhibit a crystal--crystal transition around 6 GPa followed by amorphization
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Figure 1. The crystal structure of/3-Ni(OH)2. Hydrogen atoms are shown along with
the Ni--O octahedra with the comer positions occupied by oxygen atoms and nickel
atoms in the centre. Nickel and oxygen atoms are not shown for the purpose of clarity.

beyond 20 GPa [3]. Mg(OH)2 is reported to be stable up to 80 GPa with no signature of
amorphization [4]. However, disordering of hydrogen sites involving shift of H positions
away from the three fold axis in the P3ml structure around 1 GPa has been detected by
spectroscopic studies of this compound [5]. This is confirmed by a neutron diffraction
study which gives evidence of a hydrogen disordering around 5-10 GPa [6]. In Co(OH)2
infrared and Raman spectroscopy under pressure document that the hydrogen sublattice
loses long range order between 7 to 11 GPa [7]. However, x-ray diffraction shows that
Co--O sublattice is ordered up to 30GPa. In the P3ml structure, there are two allowed
internal hydroxyl stretching modes, the Raman active Alg symmetric stretching mode
where hydroxyl ions vibrate in phase and the A2u antisymmetfic stretching infrared mode
where the hydroxyl ions vibrate out of phase. The A2u antisymmetric stretching internal
OH mode in /3-Ni(OH)2 is observed at 3645 cm -1 which is higher than the value of
3570 4- 10 cm -1 for an unperturbed OH- ion [8]. The larger value is indiditive of the
repulsive effect of the lattice due to short H-H contact of 1.92 ,~ [ 12] at 0.1 MPa between
layers of Ni-O octahedra (figure 1) and of weak hydrogen bonding in the system. To
understand the high pressure behaviour of this compound we have carried out infrared
absorption and Raman spectroscopic studies.
2. Experimental

High quality pure polycrystalline sample of fl-Ni(OH)2 was obtained from Aldrich. The
cell constants determined at 0.1 MPa are 3.114-0.02 ~, and c = 4.59 ± 0.02 ,~ [9] which
are in good agreement with the values (a = 3.12,~ and c = 4.60 A) reported earlier [10].
High pressure experiments were carried out using Syassen Holzapfel type of diamond
anvil cell with diamonds of culet size 500 ~t. The sample was filled in a 150 ~t-,~ 200 IX
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Pramana - J. Phys., Vol. 50, No. 3, March 1998

Spectroscopic study of/3-Ni(OH)2 under pressure
hole of a steel gasket preindented to a thickness of 80 IX. Ruby fluorescence technique
was used for pressure calibration. CsI was used as a pressure transmitting medium.
IR absorption study was carried out using BOMEM DA3.003 FTIR spectrometer with
a globar source and InSb detector. The resolution setting was 2cm -1 in the spectral
region 3400-3800cm -1 of our study. The IR absorption data were analysed using a
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Figure 2. A2u internal antisymmetric stretching infrared hydroxyl mode of /~Ni(OH)2 at different pressures.
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Figure 4. Variation of FWHM of A~, mode of •-Ni(OHh with pressure.
spectracalc software package. Raman study was carried out using a single stage double
pass 500 nun Chromex scanning monochromator with a holographic supernotch filter
for an Ar-ion excitation line 514.5 nm. The data was recorded using a photomultiplier
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Figure 5. Al8 symmetric stretching internal Raman hydroxyl mode of fl-Ni(OH)2 at
different pressures.
tube and a computer controlled data acquisition system. The Alg Raman mode under
ambient conditions was found to be 3580cm -l which is consistent with the value
reported earlier [ 11].
3. Results and discussion

The IR absorption spectrum of fl-Ni(OH)2 could be followed up in a diamond anvil cell
up to 25 GPa in the region 3400 to 3800 cm -1. The IR absorption spectrum under ambient
conditions was recorded and the frequency of the A2u mode was determined to be
3645 cm -1 which is in good agreement with the values reported earlier [12]. Figure 2
shows this mode at different pressures. The asymmetry on the lower frequency side is due
to particle size effect [12]. The frequency of this mode decreases linearly with pressure
(figure 3) at a rate of -0.7 cm-l/GPa. This is unlike Co(OH)2 which shows a discontinuity around 11 GPa. The FWHM of this mode increases continuously with pressure and
reaches a value of 120 cm -1 around 25 GPa (figure 4). This behaviour is similar to that of
Mg(OH)2. On release this mode retrieves its initial frequency indicating the reversibility
of the high pressure behaviour.
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Figure 7. FWHM of Alg mode of fl-Ni(OH)2 versus pressure.

The Alg Raman mode observed at 3580cm -1 under ambient conditions was recorded
up to a pressure of 33 GPa (figure 5). The frequency as well as FWHM of this mode
was found to remain nearly constant in this pressure range (figures 6 and 7) in contrast to
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Table 1. Comparison of A2, (IR) and Aig (Raman) internal ton modes and their

pressure derivatives for various compounds. The data are compiled from references [2]
and [5] for Mg(OH)2 and Ca(OH)2, ref. [7] for Co(OH)2 and this work for ~-Ni(OH)2.
Material
Mg(OH)2
Ca(OH)2
Co(OH)2
fl-Ni(OH)2

~orf(cm-1)

d~'oa/dp (cm-l/GPa)

IR

Raman

IR

Raman

3688
3633
3631
3645

3652
3620
35"I0
3580

-0.6
-3.5
,,~ -2.3
-0.7

-7.68
-3.68
-,~-4.00
0.00

the reported disappearance of this mode below 10 GPa in Co(OH)2 and Ca(OH)2. Thus
the persistence of this mode suggests lack of any signature of a structural change.
The negligible change in the frequency of this mode is in contrast to the observations
for other hydroxides (table 1). This can be interpreted as a signature of repulsion
produced by decreasing H - H contacts under pressure [13, 14]. This observation is also
supported by x-ray diffraction studies carded out in our laboratory [9]. The c/a value was
found to be almost pressure independent. The material was found to be very less
compressible up to a pressure of 33 GPa. The bulk modulii K0, K0c and K0a of the sample
were determined to be ,,~221GPa, 379GPa and 1391GPa respectively using BirchMurnaghan equation of state [9]. These values are the largest compared to the other
reported dihydroxide compounds [9] and indicate that this compound is very stiff in this
family of compounds.

4. Conclusion

Lack of any discontinuity observed in the frequency and FWHM of IR and Raman
hydroxyl modes in/~-Ni(OH)2 suggests that there is no phase transition in this compound
up to 33 GPa. The increase in the FWHM of the A2u IR mode is indicative of a slow
hydrogen disordering of this compound with pressure. The negligible change in the
values of Al~ Raman mode is a signature of the repulsion produced by decreasing H - H
contacts in this compound under pressure.
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