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X-Ray absorption fine structure (XAFS) studies were performed for cobalt(Il) bromo complexes prepared for the
ratio Br/Co from 0.0 to 4.0 and for their oxidized complexes with ozone in acetic acid solvent. The multivariate curve
resolution method indicates the existence of two kinds of chemical species both before and after the oxidation. Before
oxidation, the two species are cobalt(Il) acetate and tetrahedral cobalt(II) complex coordinated by Br. The oxidized sample
with ozone consists of cobalt(Il) acetate and trinuclear cobalt(IlT) complex; however, cobalt(Ill) complexes including Br
are not detected. The rate of the change from the cobalt(Il) complex coordinated by Br to the trinuclear cobalt(Ill) complex
is Jower than that from cobalt(Il) acetate complex. This indicates that the tetrahedral cobalt(I) complex coordinated by Br
is more difficult to be oxidized than the octahedral cobalt(IT) acetate complex.

The bromo complex of cobalt(Il) acetate plays an impor-
tant role in a variety of liquid phase oxidation reactions.
Its oxidized form can be used as a homogeneous catalyst
for auto-oxidations of organic materials. These include the
conversion of p-xylene to terephthalic acid, the oxidation of
butane to acetic acid, and the oxidation of cyclohexane to cy-
clohexanone, and even to adipic acid.” These autoxidations
are commonly observed in acetic acid solution. The selec-
tivity or efficiency of a catalyst depends on the ratio of cobalt
to bromine, so it is important to study the cobalt(Il) bromo
complexes and their oxidized complexes in acetic acid solu-
tions in order to improve catalytic performance and develop
a new catalysis. In particular, the structural information of
these complexes is quite useful when we consider the roles
of the complexes in such autoxidations, because these are
not clear yet.

There have been many studies on the cobalt(Il) bromo
complexes in acetic acid solutions with UV-visible spectra.”
UV-visible spectroscopy is an easy and useful method to
investigate the electronic state of the cobalt complexes; the
color of the solution changes from pink to blue as the Br con-
tent increases. Itis difficult, however, to extract structural in-
formation from the spectra although the pink and blue colors
have empirically been related to octahedral and tetrahedral
Co complexes, respectively. Molecular orbital calculations
are necessary to obtain the structural information from UV-
visible spectra. The calculation of the excitation spectra,
however, takes a long time, and the accuracy is not so good
for complicated systems as for the Co complexes.

X-Ray absorption fine structure (XAFS) is a powerful tool
to obtain structural information around an X-ray absorbing
atom even in solution. Several XAFS studies of cobalt(Il)
bromo complexes have been carried out.>® There has been

no report on cobalt(Il) bromo complexes in acetic acid solu-
tions, however. Blake et al. studied some kinds of oxidized
cobalt(Il) acetates with the use of XAFS, but the acetates did
not contain Br.Y They reported that trinuclear oxo-centered
Co complexes were produced by the oxidation of cobalt(Il)
acetate.

We carried out XAFS studies of some cobalt(Il) bromo
complexes prepared in different atomic ratios of Br to Co
(Br/Co) and related complexes oxidized with ozone in acetic
acid. In this paper, we separate out each of the spectra from
the observed X-ray absorption near edge structure (XANES)
spectra by the use of the multivariate curve resolution method
and analyze the results with the XANES fingerprint method.
The result of this technique is also applied to the extended X-
ray absorption fine structure (EXAFS) analyses. The main
purpose of this study is to obtain structural information on the
cobalt(Il) bromo complexes and their oxidized complexes in
acetic acid solutions from XAFS analyses.

Experimental

The inorganic materials used as reagents were analytical grade
Co(CH3C0O0);+4H,0 and NaBr. They were dissolved in reagent-
grade glacial acetic acid without further purification. The oxida-
tion was carried out for two hours with ozone, the concentration of
which was 197 ppm at 10 cm®min ~! flow. Six different samples
with different atomic ratios of Br/Co (0.0, 0.25, 0.5, 1.0, 2.0, 4.0),
in which the concentration of Co was fixed to 0.15 mol%, were pre-
pared. Each of them were oxidized with ozone for two hours. The
oxidation condition used by Blake et al. was considered:” however,
the oxidation condition of this study was finally determined by use
of the results of UV-visible spectra. This was in order to emphasize
the difference among the samples after oxidation. All solution sam-
ples were sealed in poly(tetrafluoroethylene) cells with polyimide
windows. It was confirmed that there was no change in the sam-
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ples before and after the XAFS measurement. We also measured
the X-ray absorption spectrum of pure acetic acid as a background
spectrum to subtract the pre-edge spectrum.

Co K-edge XAFS spectra were measured in the fluorescence
mode at the BL12C of the Photon Factory at the High Energy Ac-
celerator Research Organization (KEK),® running at 2.5 GeV, with
a beam current of 200 to 300 mA. X-Rays were monochromatized
by a Si(111) double-crystal monochromator, and intensity was mea-
sured by a 17 cm long ionization chamber filled with nitrogen. The
fluorescent X-rays were detected by the detector developed by Lytle
etal.,” which was filled with pure argon gas. An iron filter (ut = 3)
was used in order to minimize the scattering X-rays.

We also measured the XAFS spectra of cobalt(Il) acetate tetrahy-
drate (Co(CH3CO0O),-4H,0) and tris(acetylacetonato)cobalt(IIl)
([Co(acac)s]) as reference samples in powder. These solid sam-
ples were mixed with cellulose powders and pressed into disks
for the XAFS measurement. They were measured in transmission
mode at room temperature. The XAFS spectrum of Fe foil was
measured for the energy calibration at the beginning and the end
of the XAFS measurements, and we confirmed that there was no
energy shift during the measurements.

Method of Analysis

1. EXAFS. The pre-edge background of the Co K-edge
XAFS spectrum was subtracted from the raw XAFS spectrum by
use of the measured background spectrum of acetic acid. The cubic
spline method was used to remove the post-edge background. For
edge normalization, extraction of the EXAFS signal y(k), and the
Fourier transform of y(k), where kis the photoelectron wave vector,
we used the conventional technique.® The Fourier transforms were
performed in the k range of 3.15 to 11.35 A~! for before oxidation,
and of 3.32 to 11.52 A~" for after oxidation. The curve fitting
calculations were carried out in the R range of 1.21 to 2.12 A for
one shell, of 1.21 to 2.42 A for two shells, and of 1.00 to 3.16 A for
three shells, where R is the distance without phase correction. The
phase shift and the back-scattering amplitude were derived from the
theoretical program feff5.” The edge shift AEy was estimated by
use of the simulated spectra of some model structures with feff5,
and was fixed in the curve fitting calculations. The Debye—~Waller
factor in the calculations was treated as a variable parameter. The
amplitude reduction factor in feffs, S%, was estimated from the
spectrum of Co(CH3CO0),-4H,0. We estimated that the range of
error of the inter-atomic distance was plus or minus 0.02 A and the
range of error of the coordination number was plus or minus 10%.

2. XANES. The solutions prepared in this work contain two
or more different kinds of complexes whose concentrations follow
the chemical equilibrium condition, so it is important to extract a
spectrum and a concentration of each component from the observed
complicated XANES spectra before analyzing them. Multivariate
curve resolution methods are quite useful for this purpose. The
application of the multivariate curve resolution method called Target
Factor Analysis (TFA) to XANES spectra has been reported in some
studies.!®!” However, the measured spectra which are expected to
be included in data set have to be available beforehand to apply
the TFA method.’” It is sometimes difficult to get these spectra.
We therefore used the multivariate curve resolution method called
Alternating Least Squares (ALS) calculation in which these spectra
are not necessary.">'¥

Prior to this analysis, pre-edge subtraction and normalization of
XANES were performed by use of the same method as that for
EXAFS. The spectral data were arranged in a matrix form, D, with
one spectrum per row. The rows correspond to the spectra, and the
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columns correspond to photon energy values in the spectra.

Data matrix D, consisting of / (the number of spectra) rows and
m (the number of the data points of the XANES spectrum) columns
with [ < m, can be decomposed as follows by the method called
singular value decomposition (SVD):*¥

i
D=> " suw; =USV". (1
i=1
Here u; and v; are orthonormal column eigenvectors, and U and V
are orthonormal matrices.'> The superscript notation, v}, V" means
the transpose of the vector v; and the matrix V, respectively. Sis a
diagonal matrix whose diagonal elements s; are called singular val-
ues. They are equal to the square roots of the eigenvalues associated
with the matrix DD™, D™D. Since the significant singular values are
to be related to the pure chemical species, we estimated the num-
ber of the pure chemical species by evaluating the magnitude of
singular values.
If D contains n pure chemical species (n < I), D is written as

D=D+E, 2)

where R
D= Zsiu,-v;r, 3)

i=1

!
E= Z s,—u,—v,-T. 4

i=n+1
Here, D is reproduced with the matrices related to the n physically
meaningful singular values and E is the residual matrix which is
related to error. We used the reproduced data matrix D in the
calculation of pure component spectra and concentrations because
the raw data matrix D can include experimental error.

The multivariate curve resolution method called ALS was used
to extract pure component spectra.B‘”) A measured XANES spec-
trum d,; is written with the summation of each pure spectrum, ay;,
multiplied by its concentration, c;;, as follows:

dij = Zc,—kakj. (5)
Therefore, data matrix D can be decomposed as
D=CA, 6)

where C and A are respectively the matrices of the concentration
profiles and the pure chemical component spectra. The rows and
columns of C show the number of measured spectra (the number
of samples) and the number of components, respectively. The
rows and columns of A show the number of components and the
number of data points for each spectrum. Our purpose is to obtain
the physically meaningful C and A, but it is generally impossible
to determine C and A without additional information because the
equation

D=CRR 'A=CA' @)

has an infinite number of solutions for any arbitrary transformation
matrix R. There are two kinds of ambiguities in the matrix R; one
is the rotational ambiguity and the other is the intensity ambiguity.
We used the constraint in which both concentrations and intensities
of spectra are non-negative in order to remove the rotational am-
biguity. All XANES spectra had been already normalized before
applying the multivariate curve resolution method, so we removed
the intensity ambiguity by normalizing each calculated spectrum
with its edge jump at the end of calculation.

The initial matrix of C, Cp was estimated by the use of the method
called Evolving Factor Analysis (EFA),'*!” and Co was used for the
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initial values in a constrained ALS calculation.'*'¥ At each iteration
of the calculation, new spectral profiles A and new concentration
profiles C were obtained, as in the following two equations:

A=C'D, ®)

C=DA", ©)
where C* and A" are the pseudoinverses of the matrices C and
A." They are expressed as C* = (C"C)"'C" and A* =AT(44T) ™',
where CT and A™ are the transposes of the matrices C and A. The
matrices C and A were calculated according to Eqs. 8 and 9. The
negative elements of C and A are reset to zero at each iteration.

Results and Discussion

1. XANES Analyses. The Co K-edge XANES spec-
tra before oxidation are shown in Fig. 1. The small pre-edge
peak at 7.706 keV can be assigned to the 1s—3d transition and
the intensity of the shoulder structure around 7.714 keV in-
creases with the ratio Br/Co. Our previous work showed that
such a spectral feature is related to the tetrahedral structure
around Co.'™® This result, therefore, implies that the struc-
ture around Co has tetrahedral symmetry for large values of
the ratio Br/Co. Since these spectra are the superposition
of several kinds of Co complexes, this result indicates that
the concentration of the tetrahedral complexes increases with
Br/Co.

Figure 2 shows the XANES spectra after oxidation. The
K-edge threshold energy shifts toward higher energy with the
decrease of Br/Co. Since a lower energy position of Co K-
edge in a Co complex is related to a lower oxidized state,'®
the complex with a larger ratio Br/Co is in a lower oxidized
state. We consider that the complex with a larger Br/Co ratio
is more difficult to be oxidized.

A series of spectral data before and after oxidation were
sorted in matrix form, Dpefore and Do, respectively. The
number of dimensions of the matrices is 6 (the number of
spectra) times 181 (the number of data points per spectrum).
We also arranged the augmented column-wise matrix Dy,
the number of whose dimensions is 12 (the number of spec-
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Fig. 1. The Co K-edge XANES spectra of the acetic acid

solutions of the cobalt bromo complexes (before oxidation).
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Fig. 2. The Co K-edge XANES spectra of the acetic acid so-
lutions of the cobalt bromo complexes oxidized with ozone
for two hours (after oxidation).

tra) times 181 (the number of data points per spectrum) by
combining the data set before oxidation Dy and after ox-
idation Dafer-

The plots of singular values are shown in Fig. 3. The
two larger singular values seem to be significant in Dypefore
(Fig. 3(a)) and Dyge; (Fig. 3(b)) compared with residual val-
ues which are very small. In the matrix D,y (Fig. 3(c)), the
three values are considered to be significant. These results
show that Dyefore and Dyge; both contain two pure compo-
nents and that Dy, contains three pure components. One
of the components in Dyefore is therefore common to that in
D e

Figure 4 shows the spectra extracted from the two different
matrices Dyefore and Dfie; by the multivariate curve resolution
calculation. The spectral shape of component 1 from Dyefore
is exactly the same as that of component 1 from D, SO
we can say that the common component between Dyegore and
D gy is component 1.

In Fig. 5, the extracted spectrum of component 1 is com-
pared with the spectrum of Co(CH3CO0O),-4H,0 which was
measured as a standard divalent octahedral Co complex. Itis
clear that the spectrum of component 1 is almost the same as
the XANES spectrum of Co(CH;COQ),-4H,0, so we con-
clude that component 1 is a complex with similar structure
around Co to that of Co(CH3C0OQ),-4H,0, which should be
the cobalt(I) acetate complex.

Figure 6 shows the comparison of the spectrum of com-
ponent 2 in Fig. 4(a) with that of K;Co(SCN),, which is a
divalent tetrahedral Co complex. The spectral features of
component 2 are not very similar to those of K;Co(SCN)y.
Since the spectrum of K, Co(SCN)y, reported in our previous
work,'® was measured under different experimental condi-
tions from this work, we can not compare it precisely and
quantitatively with the spectrum of component 2. We find,
however, that the pre-edge peak, which is assigned to the
dipole-forbidden 1s—3d transition,'® and the shoulder struc-
ture around 7.714 keV are common features in these two
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spectra. It has also been reported that the intensity of the
pre-edge peak of Mn compounds is stronger in tetrahedral

symmetry

to occur since the 3d orbitals of transition metal are partially
mixed with the 2p orbitals of oxygen in tetrahedral symmetry.

Therefore

structure around Co.

L
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Energy /keV
Fig. 6. The extracted XANES spectrum of component 2 and
the measured Co K-edge XANES spectrum of K2 Co(SCN)4

which was measured in previous work.'®

]
7.76

than in octahedral symmetry.2 This is considered

, component 2 is supposed to take the tetrahedral
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The spectrum of component 3 shown in Fig. 4(b) is com-
pared with those of Co(acac); and Co(CH;C0OO),-4H,0 in
Fig. 7. The Co(acac); XAFS spectrum was measured as
a standard trivalent Co complex. The energy position of
the K-edge is about 3 eV higher for component 3 than that
for Co(CH3CO0OO0),-4H,0, which is a divalent octahedral Co
complex. The edge position and the pre-edge peak position
are almost the same for component 3 and Co(acac)s, which
shows that component 3 is a trivalent complex of Co. The
shape of the spectrum of component 3 is similar to that of
Co(acac); except for the energy region from 7.72 to 7.74 keV,
which implies that component 3 has an octahedral structure
around Co.

We conclude that the spectra before oxidation consist of
two chemical species: One is the divalent octahedral Co
complex having the same local structure as that of Co-
(CH3CO00),-4H,0 around Co and the other is the divalent
tetrahedral Co complex. In the samples after oxidation, there
are two chemical species: One is the divalent octahedral
Co complex having the same local structure as that of Co-
(CH3COQ0),-4H, 0, and the other is the trivalent Co complex
having the octahedral structure around Co.

The calculated relative concentrations of component 1,
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Fig. 7. The extracted XANES spectrum of component 3

and the measured Co K-edge XANES spectrum of Co-
(CH3COO0);-4H,0 and Co(acac)s.

Table 1.
Curve Resolution Method
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component 2, and component 3 obtained from Dyegore and
D,q.; with multivariate curve resolution calculation are
shown in Table 1. In these calculations, we assumed the
total amount of the relative concentrations of the two com-
ponents to be equal to 1.0 because the absolute concentration
of Co does not change in each sample. The concentration of
component 2 in the sample of the ratio Br/Co = 0.0 before ox-
idation is assumed to be zero because only cobalt(Il) acetate
is included in the sample. The concentration of component 2
increases with Br/Co in the samples before oxidation, which
shows that component 2 is the complex coordinated by Br
atoms. In the samples after oxidation, the concentration of
component 3 decreases with increases of Br/Co. These re-
sults show that the oxidation of component 2 is more difficult
than that of component 1. In other words, the results imply
that the oxidation of the divalent tetrahedral Co complex co-
ordinated by Br atoms is more difficult than that of octahedral
of cobalt(Il) acetate complex.

We think the reaction mechanism is as follows. At the
first step, component 1 is oxidized with ozone and converted
into component 3. Next, the Br ion in component 2 reduces
component 3 to component 1 and at the same time the Br ion
is oxidized by component 3 and removed from component 2.
The oxidized Br does not have the capability of coordinating
to Co complexes any more. As a result, the component 2
which reduces component 3 is changed into component 1
and is not reproduced. Component 2 is therefore not seen
in the sample after oxidation in this oxidation condition.
It is necessary to study the samples prepared in different
conditions of the oxidation and measure Br K-edge XAFS
spectra to elucidate the mechanism.

2. EXAFS Analyses.  The Co K-edge EXAFS spec-
tra k3 y(k) of the data before and after oxidation are shown
in Figs. 8 and 9. The phase and shape of EXAFS oscilla-
tion change clearly with Br/Co. Figures 10 and 11 show
the results of their Fourier transforms. Before oxidation, the
main peak around 1.6 A shifts toward longer distances with
increases of Br/Co. After oxidation, the largest peak shifts
toward longer distances with increases of Br/Co, and the sec-
ond largest peak observed at the ratio Br/Co = 0.0 becomes
smaller with the increase of Br/Co.

In Tables 2 and 3, the structural parameters calculated from

Concentrations of Component 1, Component 2, and Component 3 in Before and After Oxidation Using the Multivariate

Before oxidation

After oxidation

Br/Co Component 1 Component 2 Component 1 Component 3
0.0 1.00 0.00 0.44 0.55
0.25 0.95 0.05 0.55 045
0.5 0.89 0.11 0.65 0.35
1.0 0.83 0.17 0.83 0.17
2.0 0.66 0.34 0.97 0.03
4.0 0.40 0.60 0.98 0.02

In these calculations, we assumed that the total amount of the concentrations of two components
is equal to 1.00 in each sample. The component 2 at Br/Co =0 in the sample before oxidation

is assumed to be zero.
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Fig. 8. The Co K-edge EXAFS spectra k°y (k) of the cobalt

bromo complexes (before oxidation).

Table 2. The Inter-Atomic Distance (R) and Coordination
Numbers (CN) from Curve Fitting Calculations in the
Data Before Oxidation

Co-O Co-Br
Br/Co R (A) CN R(A) CN
0.0 2.06 6.0 — —
0.25 2.05 5.4 — —
0.5 2.05 5.0 — —
1.0 2.05 5.6 (2.40) ©.7)
20 2.04 4.6 2.40 1.0
4.0 2.03 3.0 2.40 1.9

The values of Co-Br at Br/Co =1 are not reliable because the
contribution of Co-Br is quite small and the R factor is not good.

the curve fitting calculation are summarized. Two kinds of
calculations were carried out, except in the case of the Br-
free sample before oxidation. In the first calculation, one
shell is assumed. In the second calculation, two shells be-
fore oxidation or three shells after oxidation are assumed.
As the smaller R factor shows the better curve fitting result,
we only show the best results in Tables 2 and 3. From the
result of XANES, the samples after oxidation are considered
to contain cobalt(Il) acetate whose calculated inter-atomic
distance Co—0 is 2.06 A in this work. We therefore fix the
inter-atomic distance Co—Q; equal to 2.06 A in the calcu-
lation after oxidation in order to reduce the number of free
parameters.

XAFS Studies on Cobalt(Ill) Bromo Complexes
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Fig. 9. The Co K-edge EXAFS spectra k° y (k) of the cobalt
bromo complexes oxidized with ozone for two hours (after
oxidation).

Table 3. The Inter-Atomic Distance (R) and Coordination
Numbers (CN) from Curve Fitting Calculations of the
Data After Oxidation

Co—0, Co—0, Co—Co
Br/Co RA) CN R@A CN R CN

0.0 2.06 1.5 1.85 2.4 2.86 1.2
0.25 2.06 1.8 1.85 1.9 2.86 0.9
0.5 2.06 3.0 1.86 1.6 2.84 0.6
1.0 2.06 44 (185 (08 (2749 (02
2.0 2.06 6.1 — — — —
4.0 2.06 6.1 — — — —

The inter-atomic distances of Co~O are kept fixed to 2.06 A. The
values of Co—O, and Co—Co at Br/Co =1 are not reliable because
the contribution of Co~0, ad Co—Co is small and the R factor is
not good.

For the samples before oxidation with Br/Co ratios from
1.0 to 4.0, we detect Co—Br pairs whose Br coordination
numbers increase with Br/Co. Since the concentration of
component 2 increases with Br/Co as shown in Table 1 and
in component 1 there is no Co—Br pair, we can say that the
Co-Br pair exists only in component 2. The reason why we
cannot find Co-Br pairs in the data of Br/Co =0.25 and 0.5,
is because the concentration of component 2 is too low. On
the other hand, there exist Co—O pairs in both component 1
and component 2.

We estimated the coordination number of Br and O in
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Fig. 10. The Fourier transforms of the EXAFS spectra k° y (k)
of the cobalt bromo complexes (before oxidation).

4 5 6

component 2 by using the results at Br/Co = 2.0 and 4.0
shown in Tables 1 and 2. Since the Co atom in the cobalt(Il)
bromo complexes in acetic acid solutions is considered to
be coordinated by the O atom of CH;COOH, CH3;COO~ or
H,0 and the Br atom in chemical equilibrium,” we assume
that component 2 has a CoO,Br, cluster structure around
Co. The results are shown in Table 4(a), which imply that
component 2 has the Co complexes coordinated by one O
and three Br (CoOBr13), or by two O and two Br (CoO,Br,).

For the samples after oxidation with the ratio Br/Co from
0.0 to 1.0, Co—0O, and Co—Co pairs are observed. The Co
coordination number of a Co—Co pair decreases with the
increase of the Br/Co. We cannot find any Co-Br pair in the
Fourier transformed EXAFS results. We can therefore say
that there exist Co—O and Co—Co pairs, but no Co—Br pair in
component 3.

Table 4. The Estimated Coordination Number of Compo-
nent 2 and Component 3

(a) Component 2 : CoO,Br, (b) Component 3 : CoO,Co,

Br/Co x y Br/Co x y
20 19 29 0.0 44 22
40 1.0 32 025 42 2.0

0.5 4.6 1.7

CoOyxBry in component 2 and CoOxCoy in component 3 are as-
sumed in this estimations.
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of the cobalt bromo complexes oxidized with ozone for two
hours (after oxidation).

We estimated the coordination number of O and Co in
component 3 by using the results for the ratios Br/Co from
0.0 to 1.0 shown in Tables 1 and 3. Since the trinuclear oxo-
centered structure was reported in the oxidation of cobalt(II)
acetate,” and Co—O and Co—Co pairs are found in component
3, we assume that component 3 has a CoO,Co, cluster struc-
ture around Co. The results are shown in Table 4(b), where
the Co coordination number is two. The trinuclear oxo-
centerd complex has three Co atoms which are triangularly
connected with each other by CH;COO™ and an O atom,
where the Co—Co coordination number is two. Component
3 is therefore considered to be a Co trinuclear oxo-centered
complex. It has been reported that the trinuclear oxo-cen-
tered complex was produced by the oxidation of cobalt(Il)
acetate in acetic acid solution with ozone.” On the other
hand, the coordination number of O is about four. This is
contrary to the result obtained from XANES analyses in this
work and to the reported structure, which also has the six O
atoms around Co. The Co—0, distance is not so different
from the Co—O; distance, as shown in Fig. 11. The coordi-
nation numbers of Co~0O, and Co—Q; are therefore difficult
to precisely estimate by the use of curve fitting. This is
the reason why the calculated coordination number of O in
component 3 is smaller than six, which is expected from the
result of XANES and the reported structure. The EXAFS
spectrum of each chemical species could also be extracted
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with the multivariate curve resolution method, as was done
in XANES analyses.

The results obtained here show that the complexes coor-
dinated by Br atoms also change to trinuclear Co complexes
without Br after the ozone oxidation, as observed for cobalt-
() acetate. The rate of the change from the Br-coordinated
complex to the trinuclear Co complex is, however, smaller
than that from the cobalt(Il) acetate complex.

Conclusions

The present study clearly shows that the acetic acid solu-
tion of cobalt(Il) bromo complexes for the ratio Br/Co from
0.25 to 4.0 have two different kinds of complexes in solu-
tion. One is the divalent complex Co(CH3COO),-4H,0, and
the other is the divalent tetrahedral complex; the central Co
atoms are surrounded by two O atoms and two Br atoms, or
one O atom and three Br atoms.

The oxidized sample with ozone consists of the divalent
complex Co(CH3COO0),-4H,0 and the trivalent trinuclear
complex with octahedral structure around Co, which would
be the same complex as reported previously.” In this work,
we have not found any complexes that include Br atoms after
ozone oxidation.

The rate of the change from the Br coordinated complexes
to the trinuclear Co complex is smaller than that from the
cobalt(Il) acetate complex. This indicates that the divalent
tetrahedral cobalt(Il) complex coordinated by Br is more
difficult to be oxidized than the cobalt(Il) acetate complex
with the octahedral structure around Co. Further studies of
the XAFS analyses in the transient region of the oxidation
and Br K-edge XAFS spectra, are necessary to elucidate its
mechanism.

We have successfully extracted each XANES spectrum
from its overlapped spectrum by applying the multivariate
curve resolution method. We find that the multivariate curve
resolution method is very useful with multi-component sys-
tems. The multivariate curve resolution method will enable
us to save time analyzing XAFS spectra because it is enough
to analyze only the small number of pure spectra instead of
each spectrum. Furthermore, since the spectra without the
overlapping of spectra of other chemical components can be
analyzed in XAFS analyses, we can get more reliable curve
fitting results.
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