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The Fe K-edge spectra were measured on FeCls aqueous solutions by use of synchrotron radiation to

reveal the solute structure from the analysis of Fe K-edge EXAFS and XANES.

It is concluded that the

solute exists mainly as [Fe(Hz20)e]**+ but partially as [FeCl(H20)s]2+ at FeCls concentration of 0.1 —1 mol dm-3,
and it exsits mainly as [FeClz(H20)4]* at the concentration of 3—4 mol dm=3. In the diliquescent product of
FeCls, about a half of the solute is in the state of [FeCls]~ and the remaining half is likely to be in

the state of [FeCla(H20)4]*.
quescent product.

The structures of the iron(III) chloro complexes
which are formed in the aqueous solution of FeCls,
have been extensively investigated by means of X-
ray diffraction.’=1® But the conclusions given by dif-
ferent authors are still mutually conflicting in several
respects. Recently, Magini et al. concluded that the
dominant solute species existing in an aqueous solu-
tion of FeCls at the concentration of about 4 mol
dm~3 was octahedral chloro complexes.5:1® On the
other hand, Wertz et al. reported that the octahedral
aqua complex [Fe(H20)¢]** was dominant in the
solution of the same concentration, which was fresh-
ly prepared from FeCls-6H20, but octahedral chloro
complexes [FeCl,(H20)s—x] were gradually formed
to have an average composition [FeCli4H20)4s]
after aging the solution for 14 months, whereas the
tetrahedral chloro complexes were dominant when
the solution was prepared from anhydrous FeCls.”+®
From the examination of the X-ray diffraction pat-
tern of the melt of FeCls.6H20, Magini et al.
claimed that the dimer of FeCls was partially formed
in this melt.® Wertz et al. also assumed without
any direct experimental evidence, that the dimeric
species FezsClg should exist also in a concentrated
aqueous solution of about 4 mol dm~2 prepared from
anhydrous FeCl3.?

There could be several different kinds of the chloro
complex coexisting in the FeCls solution and the
dominant species should vary depending on the
solute concentration, but little is known about their
equilibrium.® It is desirable to study over a wide
range of the solute concentration from this point of
view. But the X-ray diffraction studies hitherto
reported were done only on the FeCls solutions of a
relatively high concentration, mostly above 1 mol dm3,
because X-ray diffraction data inevitably contain a
large contribution of the diffraction by the solvent.

T Present address: Photon Factory, Natinal Laboratory
for High Energy Physics, Oho-machi, Tsukuba-gun, Ibaraki
305.

No indication was found for the dimer formation of FeCls even in the deli-

In this respect, it is of great interest to use extended
X-ray absorption fine structure (EXAFS) and X-ray
absorption near edge structure (XANES), since one
can obtain from the analysis of EXAFS and XANES
of Fe K-edge spectrum the information on the local
structure surrounding Fe atom without being greatly
disturbed by the presence of solvent even in the case
of a considerably dilute solution.!¥? We have already
used this technique successfully in the structural
studies on the systems involving Fe-Cl bond such as
anhydrous FeCls!? and FeCls-doped polyacetylene.1®

In the present study, we measured Fe K-edge
EXAFS and XANES in the X-ray absorption spectra
of FeCls aqueous solutions to derive the structural
information on the solute.

Experimental

Preliminary experiments of X-ray absorption spectra
(XAS) were carried out by use of the in-laboratory EXAFS
spectrometer which was described elsewhere,¥ but final
XAS data were obtained by use of synchrotron radiation
employing the EXAFS facilities at BL-10B of the Photon
Factory in the National Laboratory for High-Energy
Physics (KEK-PF). The details of this experimental setup
have been described elsewhere.’® In the present study, a
Si(311) channel-cut crystal was used to monochromatize X-
rays from 2.5 GeV electron storage ring. The sample cell
used in the XAS measurement of a liquid sample had two
hard polypropylene windows to pass X-rays. The
separation between the two windows was variable by
changing the spacer between the windows. We set the
sample thickness so as to keep the absolute absorbance at
Fe K-edge below 3.0 in all cases. All XAS measurements
were carried out at room temperature.

The sample solutions investigated in the present study
are listed in Table 1, together with their abbreviated
symbols, where the number stands for the concentration in
mol dm~2 and the characters N and A stand for the neutral
and acidified cases, respectively. Each solution was pre-
pared by dissolving an appropriate amount of FeCls.6H20
(reagent grade) into distilled water. We wused nitric
acid to acidify the solution except in the sample which is
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TABLE 1. COMPOSITIONS OF THE SOLUTIONS
Symbols of Feit [HNO;] [HCI]
Samples mol dm~3 [Fe?+] [Fe3+]
4N 4.3
3N 3.0
0.7N 0.74
0.1N 0.14
3A 3.0 1
0.5A 0.50 1
CI3A 3.1 1
Dp Deliquescent product of anhydrous
FeCl,
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denoted as Cl13A where HCl was used to see the effect
of Cl- ion, the ratio [acid]/[FeClsl] being unity in all
acidified samples. The deliquescent product of anhy-
drous FeCls(DP in Table 1) was taken up as the most con-
centrated non-acidified solution of FeCla.

We also measured the UV-visible absorption spectra of
the sample solutions in order to characterize the solute state
by comparing them with the reported data.'6-1® In the
measurement of UV-visible absorption spectrum, per-
chloric acid was used to acidify the solutions instead of
nitric acid, because NOs~ has a strong absorption band at
220 nm.

Results

UV-visible absorption spectrum is known to be
useful to characterize the coordination state of
iron(III) complex. The absorption spectrum of a
nitromethane solution of [N(CeHs)4] [FeCls] and that
of an aqueous solution of Fe(ClOy)s-6H20 are shown
in Fig. 1. The former is a typical case where the
solute exists exclusively in the form of [FeCl4]~.
The strong peaks at 317 and 365 nm and the weak
peaks at 446, 532, 606, 685, and 728 nm in its absorp-
tion spectrum are the ones characteristic of [FeCl4]~.19
In the aqueous solution of Fe(ClO4)s-6H20, the peaks
at 240 and 330 nm and the shoulder at 440 nm are
the structure characteristic of [Fe(H20)e]** and its

€cl /arb. units
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Fig. 1. UV-visible absorption spectra of the nitro-
methane solution of [N(C,H;),][FeCl,] (solid line) and
the aqueous solution of Fe(ClO,);-6H,O (broken line).
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hydrolysis products.2? We denote the species existing
in this case as [Fe(H20)sP* for convenience, al-
though it could be partially in the state of the hydro-
lysis product. The UV-visible absorption spectra of
non-acidified aqueous solutions of FeCls are shown
in Fig. 2. According to the general features of
the observed spectra, we can classify the solutions
into the following three groups; the solutions
where FeCls concentration is less than 1mol dm™3
(Group 1), the solutions with the concentration
of 3—4 mol dm—3 (Group 2) and the very concentrated
solutions such as DP (Group 3). The absorption spec-
tra of the solutions of Group 1 exhibit strong
peaks at 220 and 335nm, and resemble the spec-
trum of [Fe(H20)s]3* except for a small difference
as regards the positions and relative intensities of
absorption maxima. This type of spectrum has been
attributed to the octahedral chloro complexes
such as [FeCl(Hz0)s]2* and/or [FeCla(Hz0)4]*.16-18
On the other hand, the absorption spectrum of
DP (a solution of Group 3) exhibits the features
characteristic of [FeCl4]~, suggesting that [FeCl4]~ is
the dominant species in this case. The spectra of

Ecl/arb. units
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Fig. 2. UV-visible absorption spectra of non-acidified
aqueous solutions of FeCl,, —-—: DP, —: 4N,
— —:IN, 2 0.2N.
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Fig. 3. UV-visible absorption spectra of acidified aq-
ueous solutions of FeCl,, —-—:3A, —: 1A, — —:
0.5A.
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the solutions of Group 2 show the features in-between
the above-mentioned two cases. This seems to be
due to the co-existence of the octahedral and tetra-
hedral complexes. Figure 3 shows the spectra of the
solutions acidified with perchloric acid. No remark-
able change can be found in the spectrum on acidify-
ing the solution.

Figure 4 shows the Fe K-edge region of the X-ray
absorption spectra of the crystalline powders of Fe-
(NOgs)s-9H20, FeCls-6Hz20, and [N(CzHs)4] [FeCl4]. In
these compounds, the local structure around Fe atom
can be described as [Fe(Hz20)g]?+, trans- [FeCla(H20)4]*,
and [FeCli]~, respectively. Since XANES is deter-
mined by the local structure surrounding the X-ray
absorbing atom, the spectra shown here can be
taken respectively as those characteristic of the
above-mentioned three kinds of iron(III) complex.
All three spectra show a pre-edge structure which
is attributable to the 1s-3d transition, but its
shape and intensity are different between octahedral
complexes and a tetrahedral one. In the cases of [Fe
(H20)6B* and [FeClg(Hz20)4}*, both of which are oc-
tahedral complexes, the 1s-3d transition splits into
two weak peaks, whereas it gives a relatively strong
sharp peak in the case of the tetrahedral complex
[FeCly]-. Difference can be found also in the
region above the absorption edge. The spectrum of
[Fe(HzO)g]*+ exhibits a considerably sharp peak just
above the absorption edge, which is accompanied by
a weak shoulder structure, the spectrum of [FeCls-
(H20)4]* shows two broad absorption maxima around
the absorption edge, and the spectrum of [FeCl4]~ ex-
hibits three relatively sharp peaks followed by a
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Fig. 4. Fe K-edge XANES spectra of reference com-
pounds. (a): Fe(NO,),-9H,O, (b): FeCly-6H,0,
(c): [N(C,Hj),][FeCl,]. The pre-edge region is
shown in the inset with an expanded scale.
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broad structure.

XANES regions of the X-ray absorption spectra of
the non-acidified solutions are shown in Fig. 5. The
spectra shown here can be classified into three types.
The first is the case observed for relatively dilute solu-
tions where FeCls concentration is less than 1 mol
dm=3. In this case, the spectrum exhibits weak ls-
3d double peaks in the pre-edge region and a rela-
tively sharp peak just above the absorption edge.
The second is the case observed for the solutions of
the concentration range of 3—4 mol dm=3, where the
spectra again show weak double pre-edge peaks like
in the first case, but the maximum just above the
absorption edge splits into two peaks. The third is
the case observed for a very concentrated solution like
DP. In this case, the spectrum shows a sharp pre-
edge 1s-3d peak and a shoulder structure and two
peaks around the absorption edge. This classifica-
tion of non-acidified solutions from XANES corres-
ponds to the one which we have done from UV-visible
absorption spectroscopy. The appearance of weak
double pre-edge peaks associated with 1s-3d transi-
tion is characteristic of iron(III) octahedral complex
as we have mentioned. The spectrum of the first
type,observed for the relatively dilute solutions (the
solutions of Group 1), resembles the spectrum of
[Fe(Hz20)g)3+, but the spectral shape above the absorp-
tion edge is a little different from the latter. Seem-
ingly the difference is due to the coexistence of the
octahedral chloro complex. The general shape of the
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Fig. 5. Fe K-edge XANES spectra of non-acidified
solutions of FeCl,. (a): 0.IN, (b): 0.7N, (c): 3N,
(d): 4N, (e): DP. The pre-edge region is shown in
the inset with an expanded scale.
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spectrum of the second type, observed for the 3—
4 mol dm~3 solutions (the solutions of Group 2), cor-
responds to the spectrum of [FeClo(H20)4]*, indicating
that the solute exists predominantly in the state of
the octahedral chloro complex, but there are rela-
tively sharp structrures above the absorption edge,
which look like the structures due to [FeCl4]~ coexist-
ing in the solution. The spectrum of DP exhibits a
sharp single pre-edge 1s-3d peak and relatively sharp
structures above the absorption edge, both of which
are characteristic of the tetrahedral complex [FeCl4]-.
However, the intensity of the pre-edge peak relative
to the Fe K-edge jump is significantly smaller as
compared with the spectrum of [N(Cz2Hs)s] [FeClq).
This fact indicates that the solution contains not
only [FeCl4]~, but also octahedral complexes. The
above-mentioned conclusions derived from XANES
are consistent with those from UV-visible absorption
spectroscopy. From the intensity of the pre-edge
peak relative to the edge-jump, we approximately
estimate the fraction of [FeCl4]~ ion among the total
amount of the solute to be about 50%.2v

Figure 6 shows the XANES spectra of the acidified
solutions. Their spectral shapes are almost the same
as those of the non-acidified solutions. Wertz et al.
suggested that [FeCl4]~ comes to be the prominent
species when the solution is acidified with hydro-
chloric acid.? However, little difference was observed
among the spectra of C13A, 3A, and 3N. This means
that the main species are not significantly dif-
ferent among these solutions and that [FeClg]~ is
not predominant in C13A.

The EXAFS oscillation x(k) was extracted from an
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1

7.14

ANERAD
E/KeV

Fig. 6. Fe K-edge XANES spectra of acidified solutions
of FeCl,. (a): 0.5A, (b): 3A, (c): C13A. The pre-
edge region is shown in the inset with an expanded
scale.
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observed XAS spectrum by the following way. The
smoothly varying component us(4) was estimated by
fitting the observed spectrum using the cubic spline
technique.l? We estimated the absorbance for the
free atom, po(4), in the region of 50—60eV from the
edge by subtracting the background us from us. The
background w, was determined by a smooth extrapo-
lation from the pre-edge region by use of Victoreen’s
equation.

sis(%) = C&® + Dat (1)

The u, value in other region was estimated by assum-
ing that its wavelength dependence was describable
with the Victreen’s equation, the parameters of which
were taken from the literature.22 The photon energy
E was converted to the photoelectron wave number &
by Eq. 2.

k= VIm(E—Ey)/hk (2)

where E, is the ionization threshold. Then the
EXAFS oscillation x(k) was calculated by using Eq. 3.

x (k) = (u—us)/tho (3)

The Fourier transforms of k3.x(k) over the region
of k=4.0—12.0 A-! are shown in Figs. 7—9. Both
for non-acidified and acidified cases, the main peak
of Fourier transform is at 1.60—1.61 A when the
solute concentration is less than 1 moldm=3 (the
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Fourier transfeorms of k3- x (k) for non-acidified

Fig. 7.
(a): 0.IN, (b): 0.7N,

aqueous solutions of FeCl,.
(c): 3N, (d): 4N.



May, 1985]

10

r/A

Fig. 8.
ueous solutions of FeCl,.
CI3A.

Fourier transforms of k3- y (k) for acidified aq-
(a): 0.5A, (b): 3A, (c):
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Fig. 9. Fourier transform of k3.y (k) for DP.

solutions of Group 1), but the corresponding peak
shifts to 1.76 A in the case of DP. The solutions of
the Group 2 show the corresponding peak at a posi-
tion in-between these two cases. The above-men-
tioned main peak of Fourier transform is attri-
butable to Fe-Cl and/or Fe-O(H20). Since Fe-Cl
distance is longer than Fe-O distance, the shift of
the main peak is associated with the increase of
the number of Cl atoms coordinating to Fe atom.
The peak amplitude should be also dependent
on the Cl/0O ratio surrounding Fe atom. In Fig.10,
we plotted the amplitude of the main peak of Fourier
transform against the peak position. The position
of the point in this plot could be a good criterion
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Fig. 10. Plots of the amplitude of the main peak of
Fourier transform against the peak position.
(a): Fe(NO,);-9H,0, (b): FeCly-6H,0, (c):
[N(C,H;),][FeCl,]. Refer to Table 1 for abbreviated
symbols of the solutions.

of the average state of the solute.?? Note that the
points for the solutions 0.1N, 0.7N, and 0.5A (Group
1) are nearly at the same position, whereas the points
for much concentrated solutions fall in a quite dif-
ferent area. We have also shown the points obtained
for the reference materials in which the local struc-
tures surrounding Fe atom are [Fe(Hz20)¢]3+, [FeClz-
(H20)4]* and [FeCl4]-, respectively. We can see that
the point for [Fe(H20)6]** is located at the position
shifted a little to the left from the points for
the FeCls solutions of Group 1, and the point for
[FeCl2(H20)4]* is in the area where the points for
much concentrated FeCls solutions are located. This
fact again indicates that the solute is in the state of
[Fe(H20)6]3* along with chloro complexes in the solu-
tions of Group 1, while it is mainly in the states
of [FeClz(H20)4]* and other chloro complexes in
much concentrated solutions. Note that the point
for DP is significantly separated from the point
for [FeCls]-~. This fact again indicates that the
solute is not entirely in the state of [FeCls}~ in DP
as we have concluded from XANES.

Performing the inverse Fourier transformation
over the region of the main peak (r=1.0—2.2 A) of
each Fourier transform, we carried out further anal-
ysis of EXAFS oscillation by means of the nonlinear
least square curve-fitting method, using the Eq.4.

kB (k) = ‘JZ k2S5 (k) (N /r;2)F4(k)

X exp (—20 K% sin (2kr,+ $,(k)) 4)
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TABLE 2. RESULTS OF THE CURVE-FITTING ANALYSIS OF THE EXAFS DATA OF THE REFERENCE COMPOUNDS

Coordination number

Distance (r/A)*

Sample S
cl (o) Fe-Cl Fe-O

Fe(NO,);-9H,0 0 6 1.90 (2) [1.99]» 0.43

FeCl,-6H,0O 2 4 2.30 (3) [2.30]®  2.06 (3) [2.07]» 0.40

[N(C,Hs),]1[FeCl,] 4 0 2.19 (2) [2.19]® 0.53

(NH,),[FeCl5(H,0)] 5 1 2.34 (3) [2.38]Y  2.05 (3) [2.08]® 0.43

[Co(NH,),][FeCly] 6 0 2.37 (2) [2.39] 0.50

* The interatomic distances determined by crystal structure analysis are given in brackets; (a) from Ref. 30,

(b) from Ref. 31, (c) from Ref. 32, (d) from Ref. 33, (e) from Ref. 34.

was found to be 20—30%.

where Nj is the coordination number of the j-th shell
at the distance 7; from the X-ray absorbing atom, Fj(k)
the back-scattering amplitude for the photoelectron
wave number k, ¢y(k) the phase shift, o; the Debye-
Waller factor of the atoms in the j-th shell. Sik) is
the amplitude reduction factor, which was assumed
to be independent of k in the present study.2

The theoretical functions given in the literature
were used for Fj(k) and ¢;(k) in Eq. 4.29 The validity
of the assumed back-scattering amplitude and phase
shift founctions were checked by carrying out the
analysis of the EXAFS of the reference samples. As
shown in Table 2, the results from EXAFS showed a
satisfactory agreement with the crystallographic data.

In general, the amplitude reduction factor S;
should be different for different kinds of atom. But
we assumed it to be the same value for the nearest
neighbor Cl and O atoms.?® We took this approxi-
mation in order to avoid the nonlinear least square
analysis converging to the odd minimum points.

In the final refinement stage, we assumed the sum
of the coordination numbers of Cl and O to be 6 for
all solutions except for DP, where the best fit between
the observed and calculated EXAFS oscillations was
attained when the coordination numbers of Cl and O
were assumed to be 3 and 2, respectively. The above-
mentioned assumption is based on the conclusions
derived from XANES and UV-visible absorption
spectra, which show that the main species are
octahedral complexes in all solutions except DP.
The final results of curve-fitting analysis are sum-
marized in Table 3. The average Fe-O distance
obtained in the present study was 2.0 A, which is
close to the value reported by Magini et al.® The
Fe-Cl distances were found to be 2.26—2.35 A for the
solutions of Group 1 and Group 2. This value cor-
responds to the distance which is usually found for
the octahedral chloro complexes in the crystals of
iron(III) compounds: The distance is known to be
2.30 A in FeCls-6H20,2? 2.36 A in FeSbCls-8H20%
and 2.368 A in FeOCL.2? In the solutions of Group 1,
the best result in the curve-fitting analysis was
attained only when the contribution of Cl atoms was

** The inaccuracy of these § values

TABLE 3. RESULTS OF THE CURVE-FITTING ANALYSIS
or THE EXAFS pata oF FeCl; soLUTIONS

ination .
Solution Co«;r:mt? or Distance (r/A) -
Cl (0] Fe-Cl Fe-O
0.IN 0.8 5.2 235 (4 1.99 (2) 0.50
0.7N 0.8 5.2 2.28 (3) 2.00 (2) 0.40
3N 2.0 4.0 2.30 (3) 2.02 (2) 0.42
4N 1.8 4.2 2.30 (3) 2.02 (2) 0.60
0.5A 0.8 5.2 2.26 (3) 1.98 (2)  0.52
3A 2.0 4.0 2.30 (3) 2.01 (2) 0.60
CI3A 2.0 4.0 2.30 (3) 2.04 (2) 0.50
DP 3.0 2.0 2.22 (2) 1.93 (4) 0.40

* The inaccuracy of these § values was found to be
20—30%.

taken into account. Probably this means that a frac-
tion of the solute is in the form of octahedral chloro
complexes even in the relatively dilute solutions.
The coordination numbers obtained for the solutions
of Group 2, well correspond to [FeClz(Hz0)4]*. Pos-
sibly this is the main solute species in these solutions.
The Fe-Cl distance found for DP is 2.22 A, which is
shorter than the Fe-Cl distances found for more di-
lute solutions. This Fe-Cl distance is close to the
value expected for the tetrahedral complex [FeCl4]-,
but the best fit was not attainable between the calcu-
lated and observed EXAFS oscillations when the con-
tribution of O atoms was neglected. As we have
already mentioned, the coordination numbers for the
best fit are 3 and 2 for Cl and O, respectively. These
average coordination numbers imply that the oc-
tahedral chloro complexes of the type [FeCl,(H20)e—x]
are coexisting with [FeCls]~ in DP. Another point
that we noted in the analysis of the Fe K-edge
EXAFS of DP, is that no peak attributable to Fe-Fe
could be found in the Fourier transform (see Fig.
9). Thus the dimeric species FezClg is unlikely to
exist, at least as one of the main solute species, in
DP and in a concentrated solution of FeCls.
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Discussion

Summarizing the experimental results concerned
with Fe K-edge EXAFS and XANES together with
those of UV-visible absorption spectroscopy, we
can derive the following conclusion for the solute
state in the FeCls aqueous solution. In the solutions
of FeCls concentration of 0.1—1 moldm™3, the
solute is mainly in the state of [Fe(Hz20)e]**+ but par-
tially in the state of other complexes, such as
[FeC1(H20)s12*. The average Cl coordination
number increases with the increase of FeCls concen-
tration, and [FeClz(H20)4]* becomes the main solute
species in the solutions of the concentration of 3—4
moldm=3. Although the coexistence of [FeCls]~ is
expected from the results of UV-visible absorption
spectroscopy, its amount is likely to be very small as
far as we judge from the results of X-ray absorption
spectroscopy. In the discussion given in the present
paper, we have not explicitly taken up the hydro-
lysis products of the type [FeCli(H20)s—x—y(OH)y]
derivable from [FeCl{(H20)s—x]), which are reported
to be formed in a non-acidified solution. Unfor-
tunately, it is hard to distinguish the formers from
the latters in the analysis of the EXAFS data. There-
fore, whenever we say [FeCl,(H20)e-x], it should
be taken to include also the corresponding hydro-
lysis products.

Magini and Radnai considered that the main species
in the solution of FeCls concentration of about 4
mol dm3 is [FeCls(H20)3].? But this kind of octa-
hedral chloro complex has never been found among
the crystals of iron(III) compounds, and the results
of the present study have shown that the solute
mainly exists in the state of [FeClz(H20)4]* in the
solution of the FeCls concentration of 3—4
mol dm™3, in disagreement with the conclusion by
Magini and Radnai. There seems to be no indication
for the existence of [FeCl3(HzO)s]. Seemingly in an
aqueous solution of FeCls, an octahedral complex
becomes less stable than a tetrahedral complex as the
Cl coordination number exceeds 2 probably because
of the increase of the repulsive cis-cis interaction
between CI- ions.

In the case of DP, the EXAFS data indicate that the
solute is partly in the state of [FeCl4]- and partly in
the state of the octahedral chloro complexes. We
estimated the fraction of [FeCls]~ to be about 50%
from the height of the pre-edge peak associated with
1s-3d transition. The remaining part is most likely
to be in the state of [FeCly(H20)4]*. The Cl/Fe ratio
derived from the analysis of the EXAFS data can be
satisfactorily understood with this model. From the
present study of XANES and UV-visible absorption
spectra we can conclude that [FeClq]~ starts to be
formed at the FeCls concentration of about 4 mol
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dm~3, though the amount may not be so large at this
concentration. Inoue et al. reported that the physical
properties of the FeCls aqueous solution abruptly
change at the FeCls concentration of about 4 mol
dm=3, and attributed this behavior to the for-
mation of [FeCl4]~.3® This is consistent with our
conclusions.

It has been often assumed that the FeCls dimer,
FeoClg, 1s formed in a concentrated FeCls solu-
tion.5.6.8 However, no peak corresponding to Fe-Fe
distance of Fe2Cls, which is reported to be 2.75—
2.80 A by Magini,® can be found in the Fourier trans-
form of the EXAFS data of DP. Thus we conclude
that Fe2Clg is unlikely to exist, at least as one of the
dominant species, in a concentrated FeCls solution.

The authours are grateful to Dr. T. Matsushita and
Dr. H. Oyanagi for their helpful advice for the XAS
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