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Electron spin resonance spectroscopy
(ESR) has seldom been used to study
hydroxide compounds. It has been
shown that ESR can be applied to ob-
tain information about the structure of
ferric solids [1]. However, ESR data of
Fe(III) and Cr(III) hydroxides have not
been considered thus far. Many
structural data of Fe(IIl) and Cr(III)
hydroxides can be derived from X-ray
and calorimetric experiments [2]. The
existence of mixed phases was assumed
based on solubility data of copreci-
pitated amorphous Fe(III)-Cr(III) hy-
droxides [3]. This note presents ESR
data of Fe(IIl) and Cr(III) hydroxides
and a mixed phase for temperatures be-
tween room temperature and 150 °C.
The solid phases were prepared by
rapid titration of 0.05M iron nitrate,
chromium nitrate and a 1:1 mixture of
the two solutions with 1M NaOH to a
pH of about 10. The precipitates were
subsequently stored at room tempera-
ture for 20 days, then washed from
electrolytes and dried at 40°C. A
Fe(111)/Cr(111) ratio of about 1 in the
mixed phase was determined by atomic
absorption spectrometry (AAS) after
acid dissolution. The structural analysis
of the solids was performed by X-ray
diffractometry (XRD; Guinier-IV
camera with CuK, and/or FeK, radia-
tion) and by differential scanning calo-
rimetry (DSC) prior to the ESR mea-
surement.

a-FeOOH (goethite) and Cr(OH), were
the two crystallized pure phases iden-
tified by XRD, whereas the mixed
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phase is amorphous. Calorimetry in the
temperature range between 0 and
200 °C shows different| thermal behav-
ior for the three solids (Fig. 1). No sig-
nificant enthalpy changes up to 200°C
were detected with a-FeOOH and the
mixed phase. The broad peak between
0 and 80°C of the amorphous mixed
phase can be explained by loss of
sorbed moisture. DSC|of Cr(OH); on
the other hand reveals an endotherm
peak at about 110°C, This enthalpy
change indicates a structural conver-
sion of the Cr(OH);. XRD reveals that
the slightly broadened diffraction lines
of Cr(OH); disappeared after the
thermal treatment. Tﬁis suggests the
formation of a new Xiray amorphous
phase. ‘

ESR spectra of the solids at room tem-
perature consist of isotropic lines with
g-values of about 2 (Fig. 2A-C, a). -
FeOOH shows a linewi ‘th of 300 Gauss
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Fig. 1. Differential scanning calorimetry of
the solid phases; 15-mg sample, heating rate
10°Cmin~!

1401

(Fig. 2A). Upon heating within the
spectrometer cavity, the ESR amplitude
of the Fe(III) in the goethite shows a
slight decrease as expected from Boltz-
mann statistics. During cooling to
room temperature, the intensity reaches
almost the initial value.

At room temperature, the ESR of
Cr(OH); shows a relatively narrow sig-
nal with a linewidth of 150 Gauss (Fig.
2B, a). No significant change of the sig-
nal is found up to 70°C (Fig. 2B, b).
Above this temperature a spectral
change is observed. At 150°C a new
lineshape forms, with a drastic
widening of the linewidth to 450 Gauss
(Fig. 2B, ¢). This indicates a structural
conversion of the ligand sphere of
Cr3+. The shape of the spectra is irre-
versible when cooling down to room
temperature (Fig. 2B, d). Therefore,
the different signals of the room tem-
perature measurements before and
after thermal treatment (Fig. 2B, a,d)
can be explained by the formation of a
new phase. These ESR results are in
good agreement with DSC and XRD.
Furthermore, it is shown that ESR can
be used as an analytical tool to study
structural conversions in Cr(III) hy-
droxide systems.

In contrast to the «a-FeOOH and
Cr(OH),, the mixed phase reveals a
broadened ESR signal of 1330 Gauss at
room temperature (Fig. 2C, a). Based
on AAS, this phase can be described as
Fe, sCry s(OH),. Upon heating the ESR
signal shows only a decrease of the
peak intensity similar to that found for
a-FeOOH. At high temperature, no
change of the linewidth is observed, in
contrast to Cr(OH),. Furthermore, the
signal of the mixed phase is restored
when cooling down to room tempera-
ture. The ESR spectra of the mixed
phase show different behavior during
thermal treatment as compared to the
pure Cr(III) hydroxide. Therefore, it
can be concluded that the copreci-
pitated Fe(III) and Cr(III) form a single
solid phase.

Naturwissenschaften 76 (1989) © Springer-Verlag 1989



2
= b

a

2

=

o

o

13

2 c

=

a

3

o

3

a

<

@

w d

500 Gauss
A Magnetic Field

[
>
=
o
>
=
o
o
3
o
=
a
3
°
0
o
<
©
7]
]
d
500 Gauss
B Magnetic Field

o

ESR Absorption Derivative
?

—

500 Gauss

C Magnetic Field

Fig. 2. ESR spectra of A) a-FeOOH, B) Cr(OH),, C) the mixed phase at room temperature (a), 70 °C (b), 150°C (c), and at room tem-

perature after thermal treatment (d)

In summary, ESR provides strong
evidence for the occurrence of a
Fe(III)-Cr(I1I) hydroxide, and clearly
shows that this phase is different from
the Fe(III) oxyhydroxide and the
Cr(111) hydroxide.
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