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We have obtained the first evidence that the UdO bond strength
in uranyl moiety is weakened with the reduction from UVIO2

2+ to
UVO2

+ from the IR spectroelectrochemical study on UVIO2(saloph)-
DMSO and [UVO2(saloph)DMSO]- (saloph ) N,N′-disalicylidene-
o-phenylenediaminate, DMSO ) dimethyl sulfoxide) complexes
with the thin layer electrode cell for IR measurements.

Uranium(V) is unstable in solutions, because of the
disproportionation. Therefore, the properties of U(V) species
have been still uncertain, especially those on the vibrations
in UVO2

+ species, despite a large amount of such data
concerning UVIO2

2+ complexes.1 On the other hand, the
vibrational properties of other actinide -yl type species
(AnO2

n+, An ) Np or Am, n ) 1 or 2) have been reported
by Jones et al.2 According to them, changes in oxidation
states from AnVIO2

2+ to AnVO2
+ cause lower shift of Od

AndO asymmetry stretching (ν3) in AnO2
n+ by more than

100 cm-1; i.e., the reduction from An(VI) to An(V) weakens
AndO bond strength. Hence, it is expected that the similar
phenomenon is observed in the case of An) U.

Best et al. have reported the IR spectroelectrochemical
studies on UVIO2

2+ species in aqueous system.3 However,
in their aqueous system, the electrochemical reduction of
UVIO2

2+ is irreversible, and hence, the electron stoichiometry
and the reduction products have not been determined.

Recently, we have studied the electrochemical and spec-
troelectrochemical properties of the uranyl complex with
N,N′-disalicylidene-o-phenylenediaminate (saloph) and di-
methyl sulfoxide (DMSO) as ligands [UVIO2(saloph)DMSO,

see Figure 1].4 In such studies, we revealed that UVIO2-
(saloph)DMSO in DMSO is quasireversibly reduced to
[UVO2(saloph)DMSO]- and that the formal potential (E°)
of this redox couple is-1.550 V versus ferrocene/ferro-
cenium ion redox couple (Fc/Fc+). Furthermore, we found
out that [UVO2(saloph)DMSO]- can stably exist in DMSO
and has characteristic absorption bands at around 750 and
900 nm in the UV-visible abs spectrum. In the present study,
to reveal the properties on the vibrations in the UVO2

+

complex, we tried to observe the IR spectrum of [UVO2-
(saloph)DMSO]- complex in DMSO by using the IR
spectroelectrochemical method with the thin layer electrode
cell for IR measurements (IRTLE, see Figure 2). All
potentials reported here are versus Fc/Fc+.

The IR spectra of UVIO2(saloph)DMSO in DMSO were
measured with the standard liquid cell (SL) and IRTLE. We
carried out data accumulation 40 and 500 times for IR
measurements with SL and IRTLE, respectively. The result-
ing IR spectra are shown in Figure 3. In the IR spectrum
measured with SL (black line in Figure 3), the characteristic
peaks for azomethine stretching (νCdN) and ν3 of UVIO2-
(saloph)DMSO are observed at 1605 and 895 cm-1, respec-
tively. These assignments are supported by the results of
Cattalini et al.5 These peaks are also observed in the IR
spectrum measured with IRTLE (red line in Figure 3).
Therefore, it was confirmed that IRTLE can function as well
as SL. Since the ratio of signal-to-noise for the IR spectra
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Figure 1. Schematic structures of saloph and UVIO2(saloph)DMSO.
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with IRTLE is not good, theν3 peak at 895 cm-1 is split by
noise.

In order to examine the vibrational changes with the
reduction of UVIO2(saloph)DMSO, the IR spectra were
measured at various applied potentials in the range from 0
to -1.73 V with IRTLE. The resulting IR spectra are shown
in Figure 4. The clear isosbestic points are observed at 1577
and 1531 cm-1 in Figure 4a. This indicates that only one
equilibrium exists in this system, i.e., a redox equilibrium.
In Figure 4b, theν3 peak due to UVIO2(saloph)DMSO at 895
cm-1 disappears, and a new peak appears at 770 cm-1 with
an increase in negative potential. These results suggest that
the changes of IR spectra in Figure 4 correspond to eq 1.

In order to examine the validity of this approach, the
Nernstian plot was performed by using the absorbancies at
770 cm-1. As a result, the electron stoichiometry andE°
values were evaluated as 0.9 and-1.52 V, respectively.
These values are consistent with those in our recent study.4

Furthermore, after the reduction at-1.73 V, the IR spectrum
was measured at-1.33 V. The resulting IR spectrum was
consistent with that of UVIO2(saloph)DMSO. Thus, it is

concluded that the IR spectral changes in Figure 4 correspond
to eq 1 and that the IR spectrum measured at-1.73 V is
assigned to [UVO2(saloph)DMSO]-. This is first observation
of the IR spectrum of the pure U(V) complex.

The uranium in UVIO2
2+ has no 5f electron, while that in

UVO2
+ has one 5f electron. Since the electron density on

UV atom is larger than that on UVI atom, the electric repulsion
between the uranium atom and the oxygen atom in UVO2

+

should be stronger than that in UVIO2
2+. Thus, it is expected

that the UdO bond strength in UVO2
+ is weaker than that

in UVIO2
2+; i.e., theν3 peak is shifted to a lower wavenumber

with the reduction from UVIO2
2+ to UVO2

+. Hence, the peak
at 770 cm-1 in the IR spectrum of [UVO2(saloph)DMSO]-

can be assigned to theν3 peak of this U(V) complex.

The vibrational properties of the AnO2n+ (n ) 1 or 2) ion
are collected in Table 1. The∆ν3 value for An) U and the
FUO values for UVIO2(saloph)DMSO and [UVO2(saloph)-
DMSO]- are very similar to those of the other AnVIO2

2+

and AnVO2
+ species, respectively. Moreover, Docrat et al.

reported that the UdO distance of uranyl moiety in
[UVO2(CO3)3]5- is 0.10 Å longer than that in [UVIO2(CO3)3]4-

from the X-ray absorption spectroscopic study.6 Their results
were supported by the theoretical studies by Gagliardi et al.7

Figure 2. Scheme of IRTLE: (a) Pt working electrode, (b) Ag/Ag+

reference electrode, (c) Pt counter electrode, (d) Ar gas inlet, (e) NaCl
window, (f) PTFE rubber packing, (g) glass cell, (h) PTFE frames, (i) PTFE
screws, (j) HeNe laser from FTIR, and (k) sample solution.

Figure 3. IR spectra of UVIO2(saloph)DMSO in DMSO measured with
SL (black) and IRTLE (red). Hatched parts: absorption regions of DMSO
as solvent.

UVIO2(saloph)DMSO+ e- ) [UVO2(saloph)DMSO]- (1)

Figure 4. IR spectra measured at various applied potentials for UVIO2-
(saloph)DMSO (8 mM) in DMSO. Wavenumber range: (a) 1700-1420
cm-1, (b) 950-700 cm-1. Peak at 895 cm-1 is split by noise.
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Therefore, our assignment of peak at 770 cm-1 to theν3 of
[UVO2(saloph)DMSO]- should be reasonable.

On the other hand, the peaks due to saloph ligand at 1605,
1577, 1537, 1465, 1190, and 1149 cm-1 have no changes or
slightly shift in the range of less than 10 cm-1, despite the
drastic changes of theν3 peak in uranyl moiety. This suggests
that the redox reaction of the uranyl complex has little
influence on the coordination structures of saloph. The
vibrational behaviors of coordinated DMSO with this redox
reaction cannot be observed, because of the overlapping with
the absorption region of DMSO as solvent.

In this study, we first observed the IR spectrum of the
pure U(V) complex and revealed that theν3 peak of UVO2

+

appears at a lower wavenumber than that of UVIO2
2+; i.e.,

the UdO bond strength is weakened with the reduction from
UVIO2

2+ to UVO2
+.
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Table 1. Vibrational Properties of AnO2n+ (n ) 1 or 2) Complexes

An(V), (VI) ν3/cm-1 ∆ν3/cm-1 a FAnO/mdyne‚Å-1 b

[UVO2(saloph)DMSO]- 770 125 5.31
UVIO2(saloph)DMSO 895 7.17
NpVO2

+ 824( 4c 145( 5 5.65( 0.06c

NpVIO2
2+ 969( 1c 7.81( 0.02c

AmVO2
+ 832( 2c 107( 3 5.77( 0.03c

AmVIO2
2+ 939( 1c 7.35( 0.02c

a Differences between theν3 of AnVO2
+ and AnVIO2

2+ complexes.
b Force constants of AndO bond.c Data from ref 2.
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