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Adsorbed NO i ions on Ni(OHh particles leave the surface more easily at the predehydration stage on heating. Nickel
nitrate incorporated in Ni(OHh decomposes around 250"C and the liberated NO 3 ions are strongly adsorbed over the surface
of newly formed NiO crystallites. The retention of NO 3 ions is directly related to the a vailablc surface of NiO particles and
their complete removal from the surface takes place above 450C.

Nickel hydroxide, due to high specific surface and the
layered lattice type, has a marked tendency for
adsorption and or inclusion of foreign anions such as
NO 3-' Formation of separate Ni3(OH)iNO 3}z phase
during precipitation
of Ni(OH)2 from metal nitrate
solution
has been reported 1.2. In the case of
commercial preparation
of catalyst samples bearing
Ni(OHh, the inclusion of NO:}' ions is a common
problem ':". In the present paper an attempt has been
made
to assign the nature
of NO 3- species,
incorporated
in Ni(OH)z lattice and the mode of
liberation of NO; ions during the heat treatment of
precipitated mass to obtain metal oxide.

Materials and Methods
Sample-A
To nickel nitrate solution (0.1 M), NH40H solution
(0.1 M) was added at 70° ± 5°C with constant stirring.
The precipitated
Ni(OH)z was thoroughly
washed
several times with water to minimize the amount of
adsorbed nitrate ions. The precipitated mass was ovendried at 110 ± 5°C for 20 hr. The nitrate content was
estimated by chemical analysis which amounted to
1.65%.

Sample-B
The precipitate
obtained
in the preparation
of
sample-A was dissolved in excess NH3 and the
solution added dropwise in water with constant
stirring at 80 ± 5"C. Ammine complex hydrolysed into
Ni(OHh which was filtered off, washed thoroughly
with water and oven-dried as above. In comparison to
sample-A, the nitrate content of sample-B was 0.35~/~.
Aliquots (0.2 g each) of samples A and B were
calcined at 200, 225, 250, 275, 300, 400 and 500')C for
2 hr in an open Pt-crucible. Samples were also heated
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at 250, 275, 300 and 350' C for different time periods,
viz. 4, 6, 8, 12, 16, 20 and 24 hr.
X-ray powder diffraction photographs were obtained
employing a standard
Guinier camera and using
crystal reflected monochromatic
CuK,1 radiation; Xray tube was operated at 50 kV and 30 mA. The phases
were determined by comparing the observed patterns
with standard ASTM data. IR spectra were recorded
on a Perkin-Elmer 225 spectrophotometer
using dried
sample (3 mg) admixed with KBr (300 mg). A separate
experiment was carried out by heating the KBr pellet
admixed with sample-A in situ in the infrared cell.
Results
The results obtained from X-ray diffraction study
indicate the presence of Ni(OHh phase in both the
samples. The XRD pattern of sample calcined upto
225"C, is broad and can be assigned to the formation
of NiO lattice.
The patterns become sharp for the samples calcined
above 300~C. XRD pattern does not indicate the
presence of NiiOH)iN03h
phase in the case of
sample-B. which has been noticed only as minor phase
in case of sample-A. XRD patterns also indicate the
formation of single NiO phase above 250° for the
sample-B.
IR spectrum of sample-A exhibits a sharp band at
3640 em -1 assignable" to vOH vibration of Ni(OH)2
lattice. The intensity of this band remains unaltered in
the spectra of samples calcined upto 200°C. However,
the intensity gradually decreases for samples calcined
> 200e
and disappears
completely
for samples
calcined at 275vC. Concurrently
a new broad band
appears in 3500 em -I region, which can be assigned to
the water molecules, adhering over the newly formed
NiO surface 7. IR spectra for samples calcined upto
250'-C also display bands at 515, 455 and 340 em -I
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which have been assigned to bOH. For samples
calcined above 250°C, these bands disappear and two
new bands appear at 540 and 400cm -1 corresponding
. to the formation of NiO lattice. The band positions
and intensities for the samples A and B are shown in
Figs. I and 2 respectively.
IR spectrum of sample-A also exhibits very strong
bands at 1490, 1380, 1370. 1300 and 990 em -1. These
bands can be assigned to the presence of adsorbed
NOj' ions and formation of basic nickel nitrate phase
during precipitation". These bands also occur in the IR
spectra of samples calcined upto 250°C. For samples
calcined above 250'C, the intensities of the bands
except that of 1380 cm -1 band, decrease and these
bands completely disappeared
in samples calcined
above 27S'C. The intensity of the band at 1380 cm -1
diminishes in sample calcined above 200'C, reaches a
minimum value for sample calcined at 225C and then
becomes intense again in samples calcined at 300:C.
Intensity of this band is reduced for samples calcined
above 300cC and completely disappears in the sample
calcined at 500°C (Fig. 1 a and b).
The IR spectrum of sarnple-B exhibits only a weak
band at 1380 em -1 along with other very weak broad
bands in the region 1500-1200 cm -1 . The intensity of
1380 em - 1 peak gradually decreases upto 250'C. This
band becomes more intense if the sample is calcined at
275° and 300°C and disappears on calcining the sample
at 500'C (Fig. 2).

The effect of duration of calcination of sample-A on
the intensity of the band at 1380 ern -1 has also been
studied (Fig. 3). The results indicate that the intensity
diminishes gradually with increase in duration
of
calcination, the decrease being very slow at 2500 and
275T and rapid at 300~ and 350 C. The peak intensity
decreases very slowly when the sample is calcined for
periods> 8 hr. The nature of change in IR bands in the
region 1500-1200 cm - 1 has also been recorded in situ
by heating sample-A in a high temperature
IR-cell.
These spectra are shown in Fig. 4. Upto 200cC there is
only a small decrease in the band intensity. The
intensities of all the bands in this region are reduced
drastically at 250 C and the spectrum becomes very
broad at 300C. However, it is not possible to identify
the vNO i band at 1380 cm :" at the post dehydration
state above 250 C.
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Discussion
The results indicate that sample-A consists of both
adsorbed NO 3- ions and basic nitrate phase in minor
amount. In the case of sample-B the basic nitrate phase
is present only in trace amount, which is indicated by
the presence of very weak broad band in the I R
spectrum in the region 1500-1200 cm-t.
However
XRD pattern is not able to detect the formation of very
low basic nitrate phase. In the case of sample-B,
contaminated nitrate ions are mostly in adsorbed state,
adsorption being very low compared to that in sampleA. The results further indicate that nitrate ions are
incorporated
in the Ni(OHh lattice either through
adsorption or through the formation of basic nitrate
phase. Adsorbed
nitrate ions remain as loosely
attached species over the surface of Ni(OH}z particles,
whereas the formation of basic nitrate results in the
development of strong interaction between metal and
nitrate ions. The nitrate ions form a mixed anionic
layer along with OH - ions in the hexagonal layer
lattice of Ni(OHh
The mixed layer lattice has been
reported for the Ni3(OH)4 (N03h phase by earlier
workers?'!".
For simple ionic nitrates, N03- has a
planar configuration
with C2, symmetry. It shows a
very strong and sharp band at 1400-1380 cm -I region
in IR spectrum. But the presence of N03- ions in the
midst of hexagonal OH -layer, causes the lowering of
C2• site symmetry of NO; ions. In the present study,
I R spectra indicate the presence of four bands (15001200cm -I region) in both the samples A and B. This
may be due to the presence of both adsorbed NOj" ions
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and basic nitrate phase in the precipitated mass. The
band at 1380 cm':' has been assigned to the adsorbed
N03- ions and basic nitrate phase in the precipitated
mass. The band at 1380 em -I due to the adsorbed
NO; ions persists even at the post dehydration state.
The other neighbouring bands at 1490, 1370 and 1295
ern -I can be due to the contamination
of precipitated
mass by basic nitrate phase; these bands disappear at
the post dehydration
state (above 250cC). All these
bands are very strong in the case of sample-A which is
an indication of the presence of nitrate ions mostly as
basic nitrate. The formation of basic nitrate in higher
amount (sample-A) is also the cause of the original
N03- band at 1380 em --I. IR spectroscopic studies
indicate that the dehydroxylation
of Ni(OH}z lattice is
complete on heating the sample at 250cC.
X-ray diffraction
and IR studies indicate that
dehydration starts above 225°C, which is more rapid
reaching completion above 250JC in both the samples
A and B. The presence of NiO as the major phase at
250cC is shown by the XRD pattern. Formation of
basic nitrate phase has little influence
on the
dehydration
process. The liberation of N03- ions
during dehydration
process occurs in two different
steps as indicated by the change in IR bands intensity
pattern (Figs I and 2). At the predehydration
stage
adsorbed nitrate ions are easily removed on calcining.
The 'removal of adsorbed nitrate ions from the surface
is indicated by the decrease in the intensity of 1380
em -I band. But above 250'C there is an increase in the
intensity of 1380 cm :" band. At the same time the
other neighbouring
bands at 1490 and 1295 cm-I
nearly disappear. The disappearance
of the latter
bands may be due to the decomposition of basic nitrate
phase. The intensity of the band at 1380 cm --I reaches
maximum around 275'C, These results indicate that
both nickel hydroxide
and basic nitrate phase
decompose simultaneously.
It is interesting to note
that the retention of nitrate ions over the surface of
newly formed NiO particles is more favourable if the
calcination is carried out in the temperature range 250300'C (Fig. 5). The maximum retention of nitrate ions
seems to be related to the maximum surface available
in this temperature
range. During dehydration
of
metal hydroxides,
the surface area value reaches
maximum
just at the early stage of complete
dehydration and then decreases very steadily II 1c. But
if the calcination is carried out above 350 C there is no
enhancement of nitrate peak intensity at 1380 em -I
indicating that the retention of NO .' ions at the surface
of NiO has decreased. The decrease in surface area
may be attributed
to the rapid sintering of newly
formed NiO particles 1J I'. The retention of nitrate
ions by the surface also diminishes gradually and
becomes minimum at 450 C and is completely absent
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The nature of liberation of adsorbed nitrate ions
from the surface ofNiO particles has been followed by
annealing the samples isothermally fot different
duration at the post dehydration stage. At the post
dehydration stage, the liberation ofN03~ ions seems to
be related to the rate of sintering of NiO particles. The
intensity of IR band at 1380 em -1 is affected very
nominally with the duration of heating at 250 and
275°C. At these temperatures the rate of sintering of
NiO particles is very slow so that the adsorbed N03~
ions are retained at the surface favourably even after
28 hr of heating at both the temperatures. However,
above 300°C sintering becomes rapid and consequently the intensity of IR band at 1380 cm :'
diminishes rapidly. The results are related to the rapid
removal of NO) ions from the surface of NiO
particles. But it is not possible to remove all the nitrate
ions from the surface even on heating at 350'C.
Complete removal of NO i ions is only feasible on
heating the sample above 450 C.
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Fig.5-Change
in intensity of the IR band at 1380 em ~l on
calcining the sample at different temperatures for 2 hr (0, sample-A
and ~, sample-B)

at 500 C This indicates that the adsorbed nitrate ions
from Ni(OHh lattice leave the surface more easily at
the predehydration stage (below 250 0. But the
liberated nitrate ions as a result of the decomposition
of basic nitrate phase tend to adsorb favourably at the
surface of NiO particles just in the vicinity of the
dehydration temperature range. The strong retention
of NO J ions is indicated by an increase in the intensity
of 1380cm -I band on calcining the sample in the range
of 250 C to 300 C (Figs I and 2). The removal of
adsorbed NO J ions from the surface of NiO particles
is much more difficult as compared to that from
Ni(OH)2 particles.
Attempt has been made to follow the nature of
decomposition of basic nitrate phase and retention of
NOi ions at the surface ofNiO particles in the vicinity
of dehydration process by recording IR spectra at
different temperatures in situ in a high temperature cell
(Fig.4). But, since the 2-3 mg of Ni(OHh are well
dispersed in a KBr pellet, it is not possible to monitor
the N03 bands in the IR spectra in the post
dehydration stage. IR spectra show that dehydration
and decomposition occur simultaneously (Fig. 4). Not
only the intensities of v(OH) and b(OH) diminish but
the N03- bands also disappear at 250°C Above this
temperature the IR spectra do not give any
information regarding the retention of adsorbed
nitrate ions over the surface of NiO particles.
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