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Luminescence from Neptunyl(VI) Species in Solution
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Of all the actinyl systemg,AnO,}27/{ AnOz} * (where An= U,
Np, Pu, and Am), the chemistry of tH&JO,}?* cation has been
studied in the most detail, due to a combination of high chemical
stability and low radiological hazard¢dowever, uranyl(VI) is the
only f0 actinyl cation and in that key respect is not representative
of the series. The absorption and emission spectroscopic properties ...,. -
of {UO,} 2" have been studied in great detailjth far less known it
about the comparal?le Spe.‘CtrOSCOpIC prqpertle?ﬁl c{ﬂ\lpO%} i Figure 1. Time-resolved luminescence spectrum for (a) the neptunyl(VI)
Nevertheless, a detailed solid-state analysis of the absorption spectr%quo ion; (b) [Na(Np"'0,)2(GeWs0s4)2]14~. Both spectra were recorded
of NpO,Cl2~ and NpQ(NOs);~ has been undertakérHowever, in solution in DO following excitation at 337 nm.
our understanding of the solution-state spectra is not well devel-
oped? despite recent advances in computational anabysistil
very recently no luminescence properties of neptunyl(VI) had been
reported.

resolved profile of the decay was found to be indistinguishable from
that obtained using a scatterer, implying that the luminescence
lifetime of the neptunyl(VI) ion in deuterated aqueous solution is

In the past few years, Wilkerson et al. have reported the solid- less than 10 ns. This short lifetime implies that all the processes
state emission spectrur;l Np(VI) doped into a\@®,Cl, phasé involved in generating and quenching the excited state are short
The main near-infrared (nIR) observation is ascribed to an irftra-5 lived. Absorption at 337 nm results in formatlor_1 ,Of a ligand-to-
transition giving rise to fluorescence with a lifetime of around 20 Metal charge state (LMCT) in the Np© core, and it is reasonable
4s at room temperature. This spectrum exhibits two bands to assume that rapid energy transfer then occurs from this state to
corresponding to transitions arising from a single emissive state the_emlsswe state via the mr_;mlfold of the neptunium-centered
with an energy of 6881 cni. In solution this low-energy emissive excneq state. The same experlmenta}l procedure was followed for
state would be susceptible to efficient nonradiative quenching & Selution of neptunyl(Vi) perchlorate in3, but no luminescence
through the X-H vibrational manifold (X= O, C, or N) of the was observed. This is unsurprising and is almost certainly a
solvent. Over the past 10 years a range of studies on the nIR consequence of much more effective nonradiative quenching by

luminescent lanthanides have been undertaken, for which similar ©~H oscillators, since overlap occurs with a lower harmonic of
difficulties with nonradiative quenching are encountered, and the ©-H vibration. _

techniques have been developed by which the photophysical The ‘?ffec“"?”ess _Of q“e”‘?h'“g by® was probed further by .
properties of such systems can be studied in d&tle resolved measuring the intensity of the luminescence at 1490 nm for a series
to apply the lessons learned with lanthanides to the case of neptunyl-2f 15 MM solutions in which the solvent contained varying ratios
(VI) and to study the luminescence properties of the free ion in °f H20 t0 D:0. Increasing the mole fraction of8 in DO resulted
deuterated solution and in a series of complexes which exclude " a_ rapid decrease in th_e intensity of the Iumlr_lescence, an_d_no
solvent and which have no close diffusing-M oscillators in the luminescence could be discerned for solvent mixtures containing

ligand structure. Both these approaches should reduce nonradiative” 1>7° HO. To probe the effect of complexation on the lumines-
ence properties of the neptunyl(VI) moiety we turned to A-type

guenching of the emissive state. We now report the preliminary ce A
results of this study. trivacant lacunary heteropolyanion&;o-[PWy034°~ and A-o-

. . . . . 10~
Initial studies were carried out in solution in deuterated perchlo- [GeWsOs4 ™. It has been shpwn t.hat 0X0 clustgrs such a.s.these
rate solution in BO. We initially studied the photophysical form 2:2 cluster complexes with actinyl cations, with two additional

properties of a 21 mM solution of neptunyl(V1) perchlorate isCD monovalerllgications e\?closed in the fztfugture (€.9-2(NAO,),-
following excitation using a pulsed light source at 337 nm. The (PW5O34)2] 2, [N8x(NP*O2)2(PWeOsq)2] 7).% In these systems, the

time-resolved emission spectrum in Figure 1a clearly shows two €duatorial coordination sphere around each actinyl cation is
bands at 1490 nm and 1580 nm. This is in close agreement with COMPIetely filled by oxo bonds from the ligands, excluding water
the observations of Wilkerson et@h the solid state and represents from the inner coordl_natlon sphere without |ntrodl,_|cmg th? large
the first observation of emission by neptunyl(VI) in solution. Even numbers of &H oscillators that would be associated with an

in D,0, the lifetime of the luminescence is very short, and the time- organic ligand. It was hoped that this would reduce nonradiative
quenching and increase the intensity of emission. Furthermore, these

polyoxoanions have strong © W charge-transfer bands in the
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§Cardiff University. UV region which are potentially useful as antennae.
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Figure 2. Vis/nIR spectrum of NpOZ}2™ (~10 mmol L1) in 0.5 mol

L~1 HNO; (red) and then after addition of 2 equiv of [Ge®44'°~ and
raising the pH to 8.5 (blue). (Insert) Polyhedral representation of the structure
of [Nay(N pVI 02)2(GeWyO3z4)2] 14

pale pink to olive green. The solution vis/nIR spectrum (Figure 2)
revealed distinct fine structure features (592, 615, 642, 672, 710,
and 748 nm) at the tail of a high-energy charge-transfer band. In
addition, the major{NpQO.}2" transition centered at 1223 nm

decreases in intensity and shifts to higher energy, 1130 nm. Similar

spectra were obtained when [GeW4s]*~ was replaced by
[PWg034]°. Crystallization of the “GeWcomplex from a pH 7.2
solution yielded diffraction-quality crystals of NgNax(Np¥'O5),-
(GeWyO34),]-36H,0.5 The anion, [Na(NpY'O,)x(GeWyOsq),] 14~
(NpV'GeW), is isostructural to the previously characterif&hO,)*
and{UO,} 2+ A-type trilacunary complexes with incorporatedNa
cationst=2 NpV'GeW, contains two seven coordinate, distorted
pentagonal bipyramidal neptunyl cations; each ion is coordinated
to four terminal unsaturated oxygen and one bridging oxygen atom
in the equatorial plane and linked to two internal sodium cations
encapsulated into the sandwich complex (Figure 2 inset).

Bond lengths and angles around the central Np cations for the
NpY'GeWy complex are consistent with the presencépO,} 2™,
but the structural data alone cannot eliminate the possibility of
reduction to{ NpVO,} *. However, diffuse reflectance spectrum of
the bulk crystalline product reveals a broad band betweer-500
750 nm with partially resolved intense fine structure, in agreement
with the solution spectrum and the literatdre.

The nIR emission spectrum of both the Ggsid PW { NpO,} 2+
complexes in RO were very similar, and more intense than [NpO
(D20)s]?*. In addition, the relative intensities of the two bands in
the spectrum were significantly altered on polyoxometalate com-

plexation, as can be seen from the time-resolved emission spectrum

in Figure 1b). This change reflects the change in local symmetry
at the metal center upon complexation. The increase in intensity is
accompanied by a considerable increase in luminescence lifetime,
and the time-resolved profile of the emission was fitted to a lifetime
of 62 ns. Furthermore, luminescence can be detected in mixtures
of H,O and DO with relatively high mole fractions of 40 (up to
around 40%). In a 9:1 mixture of ® and HO, the luminescence
lifetime decreased to 36 ns. If we consider that rate constants are
additive in proportion to the number of local oscillators and assume
that only the nature of the solvent changes when changing the ratio
of H,O to D,O, then we can calculate that the lifetime in water
would be less than 8 ns. The inner sphere effect of even a single
bound water molecule in lanthanide containing systems is very
much greater than the whole outer sphere effdttis therefore
reasonable to assume that there is little hope of measuring the
solution-state emission from a neptunyl complex watiy coor-
dinated water molecules using currently available technology.
Ligands which exclude inner sphere solvent and which have few

high-frequency vibrational modes, such as polyoxometallates, are
likely to offer the best option if neptunyl(VI) emission is to be
detected in aqueous systems.

In summary, we have studied the luminescence properties of the
neptunyl aquo ion and one of its complexes in solution for the first
time, and have demonstrated that the nIR luminescence from the
metal center can be sensitized through both the LMCT bands of
the ion itself and through the absorption bands of a coordinated
ligand. We are currently studying a wide range of polyoxometallates
with a view to optimizing the ease with which the emission can be
detected.

Warning! 28’Np is a radionuclide with high specific activity that
should only be manipulated in a specifically designated facility in
accordance with appropriate safety controls. All spectroscopic and
X-ray measurements were undertaken either in controlled facilities
and/or using multiple containment procedures.
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Supporting Information Available: Experimental details for
synthetic and spectroscopic procedures; energy level diagram for the
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(CIF) for NawNax(NpY'O;)2(GeWsOs4)2]-36H,0. This material is
available free of charge via the Internet at http://pubs.acs.org.
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