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Summary:The formation of complexes of Co

ion with HZO molecules in the

framework of synthetic molecular sieve A, at different stages of redhydration

have been investigated by diffuse reflectance spectroscopy. The results
showed that ColA, Col.7A, Co2 8A and Co3 4A regained their initial structures
after complete rehydration. The spectrum of fully rehydrated Co4 9A was

nearly similar as of its fully hydrated sample [l}, except a

17300 ke

: . 2+
observed to decrease on increasing the Co

Introduction

By using combined results of gravi-
metric and optical spectroscopic tech-
niques, the structures of five samples
of hydrated, partially and fully dehy-
drated Co Na A-zeolites have been
described previously [2]. As far as
the authors are aware no systematic
study by using reflectance spectros-
copy of a series of varying concentra-
tion of partially and fully rehydrated
cobalt (II) A-zeolites has been repor-
ted yet. The present paper illustrates
the measurement of the diffuse reflec-
tance spectra of five samples of syn-
thetic Na A-zeolites in which the
charge balancing sodium ions have
been replaced by 1,1.7, 2.8, 3.4, and

4.9 Co2+ ions per unit cell. The aim
of this work was to investigate the

formation of the complexes of Co2+
ion in the framework of A-type zeolite
during its different degrees of rehy-
dration and finally to examine whether

weak band at

instead of weakly emerged shoulder. The rate of rehydration was

ion loadings in the zeolite.

Co A-zeolites regain their initial struc-
tures after complete rehydration.

Experimental

The parent zeolite was Na A (lot
no 4941040757) kindly supplied by the
Union Carbide Co. (United States).
The preparation of Co Na A samples
and their chemical analysis carried out
as previously described [3]. X-ray
diffraction and low temperature adsor-
ption of krypton indicated the stability
of crystalline aluminosilicate framework
of all samples except Co, 9A which

showed partial collapse of structure
during dehydration in vacuo.

The diffuse reflectance spectroscopy
was carried out at room temeprature
(298K) on a Pye Unicam SP-800 spect-
rophotometer using a SP-890 diffuse
reflectance accessory. The spectra
were recorded in the visible UV range

Present Address: *Department of Chemistry, University of Baluchistan, Quetta, Pakistan.
**8 P, Research Centr2, Chertsay Road,Sunbury-on-Thames, Middiesex TW16

7NL, England.



408

(11,500 to 32,500 cm 1). For taking
reflectance spectra of the samples after
different degree of rehydration at room

temperature first a vacuum upto 1078

CAP
d
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Fig.1: Vaccum cell for reflectance spectrum
measurement.

torr was produced in the Pyrex glass
standard high vacuum system by using
both the rotary oil pump and mercury
diffusion pump. The vacuum cell (Fig.
1) containing a fully hydrated disc
of sample was connected to the main
vacuum apparatus. The sample was
outgassed at 620K for several hours
till complete dehydration occurred [4].
The cell was disconnected from the
vacuum apparatus. After taking the
spectra of partially redhydrated
samples, at different degree of rehy-
dration, finally they were kept in a
desiccator over saturated calcium
nitrate solution for complete rehydra-
tion, In case of Co4 9A( 82% exchan-

ged), the partially rehydrated samples
was ground and mixed with deionized
water and left in the water for diffe-
rent periods. It was filtered and dried
at room temperature for recording the
spectrum.

S. AKBER AND R.W. JOYNER

Table-1: Composition per unit cell of dehydra-
ted Co A-zolites.

Zeolites Exchange Co2+ Na+
(%)

COIA 16.6 1 10

Cole 28.3 1.7 8.6
C02.8A 46.6 2.8 6.4
Co3-4A 56.6 3.4 5.2
C04,9A 81.6 4.9 242
where A is abbreviation for configruation

. «12
[(A10,),, (5i0,);,]

Results

The results of the chemical analyses
of all samples are given in Table 1.
The spectra recorded after different
degrees of rehydration were similar
for all samples except that of Coy gA.

All dehydrated dics of the samples
changed their colours from pale blue
to bright blue immediately on exposure
to atmospheric water vapours. The
reflectance spectra of Co2 8A, after

exposing the dehydrated disc to air
for 4 (5 or 7), 36,60 mins and 10
weeks are shown in Fig. 2 by curves
1,2,3 and 4 respectively. Curves 1,2,3
and 4 of Fig. 2, show band maxima

at 17200, 17300, 17300 and 19800 cm_1
respectively. The spectra of Co4 9A

after exposing the dehydrated disc of
the sample to air for 5, 30 (or 60)
mins are shown in Fig. 3, by curves
1 and 2 respectively.

The diffuse reflectance spectra of
fully rehydrated samples (Pink in
colour) of Co, A, Coy 7A, Co, gA, and
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Fig. 3: Reflectance spectra of the redhydrated Co

exposed to water vapours for 5 mins; (2) for 30 mins;

Co3'4A except Co4.9A were the same

as their hydrated spectra [1]. Curve
4 (Fig.2) shows the spectrum of fully
rehydrated Co2 SA sample. The par-

tially rehydrated disc of Coy 9A was

stored over saturated calcium nitrate
solution in a desiccator for 8 weeks
and its vreflectance spectrum was

s gA: (1) the dehydrated sample was
{3) for 3 months.

recorded as shown by curve 3 in Fig.
3. The band maxima of curves 1,2
and 3 of Fig.3 are lying at 17150,

17150 and 19300 cm™' respectively.
Then the partially redhydrated disc
of Co4 9A was ground and mixed with

deionized water and left in the water
for 24 hours. It was filtered and dried
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Fig.4: The rehydrated specta of C04 9A

: (1) the partially rehydrated sample was mixed

with deionised water, filtered and after drying at room temperature, recorded the spectrum;
(2) the above sample was kept in water for four weeks, then filtered after drying at room

temperature, recorded the spectrum.

at room temperature, the spectrum was
taken and is shown in Fig. 4 by curve
1. The above sample of Co4 9A was

then kept in water for an additional
4 weeks and its reflectance spectrum
was measured, which is shown by
curve 2 in Fig.4. The band maximu
of curve 2 of Fig. 4 is at 19500 cm
whereas its hydrated spectrum shows

at 19300 cm™! [1]. The other differe-
nces lie in that the: hydrated spectrum
shows the weakly emerged shoulders

at ca. 15700, 17300 and 21700 cm_l,
whereas the spectrum 2 of Fig. 4

shows weakly emerged shoulders at

ca. 15500 cm_l, 21500 em™! and also
1

a weakly emerged band at 17400 cm .
Discussion

The curve 1 of Fig. 2 matches the
spectrum of partially dehydrated

Co2 8A at 298K in wvacuo [2]. The

colour of the sample was bright blue.
Thus for spectrum 1 (Fig. 2), tetra-

hedral [Co(H,0),1%" complex is
suggested. The curves 2 and 3 of
Fig. 2 probably show the formation

of mixed complexes like [Co(H20)5]2+
and [Co(H20)6]2+. The number of

hexa-aquo complexes of Co:2+ ions

increases with increasing the time of
exposure of partially rehydrated
samples to air. Curve 4 is similar in
features like the spectrum of fully
hydrated Co2 8A f{1]1. The redhydyra-

ted sample of Co, SA was pink. Simi-

larly the spectra of fully rehydrated

ColA, Col'7A, and Co3'4A resembled

the spectra of their hydrated samples
[1]1. The fully rehydrated samples of
Co,A, Co, ,A and Co3 4A were pink

1 1.7
colours like their fully hydrated
samples. Therefore the above eviden-

ces suggest the ColA, Co1 7A, 002 8A

and Coq 4Av, zeolites regained their

initial structures and reformed the
hexaquo complexes upon complete
rehydration.

The curves of Fig. 3 show that
the process of rehydration was very
slow. The spectra of Fig. 4 show that
the process of rehydration can be made
fast by mixing the partially rehydrated
sample of Co4.9A (Bluish pink) with

deionised water. Spectrum 2 (Fig. 4)
indicates that the dehydrated Coy gA-

zeolite could not be fully rehydrated
as it did not resemble the spectrum
of fully hydrated Co4 9A {l1}. The

colour of the fully rehydrated sample
was pinkish. It seems likely that some
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of the tetraedrally coordinated Coz+ion
i.e., [Co(H20)4]2+ entered the soda-

lite cages during rehydration. Due to
the small size (6.6 A° in diameter)
of the sodalite cage (beta-cavity), it
may not accomodate more than one

[Co(Hy0),1%* complex, which was

indicated by Amaro et al [5] and Riley
and Seff [6] by X-ray diffraction
techniques. Moreover, Dyakonov et al

[7] indicated that {CO(H20)6]2+ FAS

a diameter of 4.78 A° obviously
excludes the penetration of hexa-aquo
complex through the 6-rings (2.8A°
diameter) of the sodalite unit to beta-
cavity. Moreover, the surface area

measurement of Co4 9A indicated [3]

the partial collapse of the structure
after outgassing in vacuo. fgkeerefore,
it is suggested that all Co” ions of
dehydrated Co4 gA could not regain

their initial hex-aquo complexes. As
the extinction coefficient of tetra-
hedral cobalt (II) complex is 50 times
greater than octahedral (II) complex
[8], therefore the features of the
spectrum 2 of Fig.4 indizgate the
presence of 98% [CO(HZO)G] and 2%

[Co(H20)4]2+ complexes. In general,

the colours change of the rehydrated
samples from pale blue to pink and
their diffuse reflectance spectra
showed that the speed of rehydration

of Co?" A-zeolites was in the following
order:

ColA_> Col‘7A > COZ.SA> Co A >

3.4
Co4.9A.
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