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A rare, and synthetically versatile, nonaqueous plutonium complex,
Pu[N(SiMe3)2]3 (1), has been structurally characterized by single-
crystal X-ray diffraction for the first time and reveals significantly
shorter agostic interactions compared to the cerium(III) analogue,
indicating possible covalency differences.

Plutonium is a fascinating element with five accessible
oxidation states (III-VII) in aqueous solutions, offering rich
coordination possibilities and unique chemistry.1 However,
largely as a result of the high-specific radioactivity of
available isotopes of plutonium, there is a paucity of
structural and bonding information for molecular plutonium
complexes. Interest in transuranic coordination chemistry is
driven not only by scientific curiosity to understand the
fundamentals of all of the accessible elements in the periodic
table but also through a recognition that a comprehensive
grasp of the basic electronic structure, bonding, and reactivity
of the early to middle actinides (Th-Cm) is vital to support
the development of advanced nuclear fuel cycles, and novel
separation and waste remediation processes that are crucial
to allow nuclear power to continue to play a significant role
in meeting global energy demands.2

Specifically, the syntheses and characterization of molec-
ular transuranic complexes in nonaqueous solvents are very
limited. In the Cambridge Structural Database,3 there are only
a handful of entries of complexes that were prepared in the
absence of water and oxygen. In contrast, the area of
nonaqueous uranium coordination chemistry has flourished

in the last few decades, yielding many surprising results that
challenged contemporary views of the bonding, electronic
structure, and reactivity possibilities in uranium molecular
chemistry.4 A similar evolution has not yet happened for the
transuranic ions, and our current understanding of the
electronic structure and bonding interactions of these ele-
ments stems almost entirely from aqueous systems for which
the choice of ligands are limited to water-stable “hard”
donors that will compete effectively to displace water/
hydroxy ligands and coordinate to the metal center.1,5 As a
result, the bonding in those systems is predominately ionic.
The extent to which covalency is important and the ability
of the 5f and 6d valence electrons to participate in bonding
have not been established beyond uranium (i.e., the question
“How does the actinide contraction impact the electronic and
bonding interactions of the metal ions across the 5f series?”
has received scant experimental examination). Moving into
nonaqueous solvents under inert atmospheric conditions
allows access to a wider variety of ligands and donor atoms
to probe and “tune” covalent interactions. The only fully
structurally characterized molecular plutonium complexes
with “soft” donors that we are aware of are Pu(9-aneS3)I3(CH3-
CN)2 (9-aneS3 ) 1,4,7-trithiacyclononane),6 Pu(tpza)I3(CH3-
CN) (tpza) tris[(2-pyrazinyl)methyl]amine),6 Pu(CH3CN)9-
[PF6]3,7 and Pu(Et2NCS2)4.8 We are attempting to explore
this immature field by preparing nonaqueous plutonium
complexes with ligand sets chosen to invoke some degree
of covalency in the bonding. To be able to achieve this aim,
a set of suitable and well-characterized precursors that are
soluble in organic solvents are required. For plutonium(III),
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been reported are PuI3(THF)4, PuI3(py)4, and Pu[N(SiMe3)2]3

(1), none of which were characterized by single-crystal X-ray
diffraction.9 In that report, plutonium metal was oxidized
by iodine in THF to isolate PuI3(THF)4 followed by treatment
with Na[N(SiMe3)2] to synthesize1. In our preliminary
experiments, we found that careful control of iodine addition
was required to avoid the undesired formation of [PuI2-
(THF)5][I 3] during the synthesis of PuI3(THF)4. This led us
to consider other routes to the silylamide without isolating
PuI3(THF)4 first. In this manuscript, we present a modified
synthesis and single-crystal structural determination of1.10,11

R-phase plutonium metal pieces were oxidized by iodine
in diethyl ether. The resulting product was metathesized with
Na[N(SiMe3)2], and 1 was isolated from hexanes in 87%
yield (Scheme 1). X-ray diffraction analysis was performed
on a single-crystal obtained from ann-pentane solution of1
stored at-30 °C.12

The X-ray crystal structure of1 reveals it to be comprised
of a Pu atom coordinated to the three N atoms of the
silylamide groups in a pyramidal geometry (Figure 1). The
compound is isostructural with U[N(SiMe3)2]3.13 The Pu-N
distance is 2.315(10) Å and is comparable with the reported
U-N distance of 2.320(4) Å. The N-Pu-N angle is 113.97-
(5)° compared to the reported N-U-N angle of 116.24-
(7)°. The Pu atom lies 0.579 Å above the plane defined by
the three N atoms of the silylamide groups, compared with
0.456(1) Å in the uranium complex. In the structure of1,
there are agostic interactions between one of the methyl
groups of each of the three silylamide anions and the Pu
atom with a Pu(1)-C(1) distance of 2.968(9) Å. The N(1)-
Si(1)-C(1) angle is 108.3(4)° and the Pu(1)-N(1)-Si(1)
angle is 105.9(2)°, consistent with the direction of C(1)
toward the Pu atom. All of the other C atoms are at distances
of over 3.7 Å away from the Pu atom.

An interesting comparison to1 is with the isostructural
cerium(III) analogue.14 Cerium(III) and plutonium(III) have
very similar ionic radii (1.01 Å for cerium and 1.00 Å for
plutonium, for a coordination number of 6),15 and therefore
any differences in M-N bond distances might be inferred
as an indication of covalency differences between the
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Scheme 1. Synthetic Route to1

Figure 1. Thermal ellipsoid plot (50% probability level) of the structure
of 1‚n-pentane (see also Table 1). The H atoms and lattice solvent have
been omitted for clarity. The dashed lines represent the agostic interactions
between the Pu atom and the methyl groups of the silylamide anions.
Selected bond distance (Å) and angle (deg): Pu(1)-N(1) 2.315(10), N(1)-
Pu(1)-N(1A) 113.97(5).

Table 1. Selected Crystallographic Data for1‚n-Pentane

empirical formula C23H66N3PuSi6
fw 792.31
space group P3h1c
a (Å) 16.404(5)
b (Å) 16.404(5)
c (Å) 8.306(5)
R (deg) 90.00
â (deg) 90.00
γ (deg) 120.00
V (Å3) 1935.7(13)
Z 2
Dcalc (g cm-3) 1.365
µ (mm-1) 1.904
R1 0.0705
wR2 0.1628
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bonding in analogous Ln(III) and An(III) complexes. In Ce-
[N(SiMe3)2]3, the Ce atom lies 0.310 Å above the plane
defined by the three N atoms and the Ce-N distance is
2.320(3) Å, not statistically different from the Pu-N distance
of 2.315(10) Å in1. However, the agostic interactions in
Ce[N(SiMe3)2]3 have a Ce-C distance of 3.106 Å, which is
longer by 0.138 Å than the corresponding Pu-C distance in
1. A recent report by Roger et al. noted a stronger agostic
interaction in uranium arylthiolate complexes relative to the
lanthanide analogues, evidenced by shorter U-C distances
compared to Ln-C distances.16 These results can be inter-
preted as an indication of the An(III) ions displaying a
modest enhancement in covalency over the Ln(III) ions of
similar ionic radii. Establishing the nature of these bonding
differences with “soft” donors has implications of particular
importance in the understanding and development of indus-
trial trivalent An/Ln separations.

U[N(SiMe3)2]3 has found great utility in advancing our
understanding of uranium(III) chemistry, and we fully expect
1 to serve the same purpose for plutonium chemistry. We
are currently using1 as a precursor to explore a wide variety

of nonaqueous and organometallic plutonium(III) complexes.
Reactions with protonated imidodiphosphinochalcogenide
ligands17 suggest that1 provides an effective entry route into
unchartered areas of plutonium molecular chemistry.
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