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Abstract

Heteroligand compounds AnO,(bipy)OOCC¢Hs (An = Np Pu; bipy = o o bipyridine C;,HgN>)

were synthesized and studied It follows from powder X ray patterns that these compounds are isostructural
Their unit cell parameters determined by indexing of the powder X ray patterns are as follows: ¢ =
92162 (7) b=102339(8) ¢ =17 4083(17) A and p = 96 48(1)° for Np and a = 9 1983(18) b =10 2052(18)
¢=17370(3) A and B = 96 51(1)° for Pu The compounds crystallize in the monoclinic system space group
P2/n Z = 4 The clectronic absorption spectra of crystalline compounds suggest pentagonal bipyramidal
surrounding of the central atom and the presence of cation cation bonds with AnO;r ions acting as mono
dentate ligands with respect to each other The IR spectra of the compounds were recorded and their ther

mal behavior in air was studied

PACS numbers: 61 10 Nz 78 30 Hv 78 40 Ha
DOI: 10 1134/S1066362208020021

The bipy complexes of Np(V) nitrate [1] thiocya
nate [2] formate [3] acetate [3] and propionate [4]
and similar complexes of Pu(V) formate [3] and pro
pionate [4] have been reported All of them are char
acterized by bidentate coordination of one bipy
molecule in the equatorial plane of the AnOEr ion
The principal difference is that in the structure of
AnOEr nitrate thiocyanate and propionate com
plexes there are no cation cation (CC) bonds where
as in formate and acetate complexes according to
spectrophotometric data these bonds exist Hence
the kind of the anion in AnOEr bipy complexes essen
tially affects the structure In this study we addition
ally examined this phenomenon using as example
the bipy complexes of An(V) benzoates which con
tain phenyl substituents

EXPERIMENTAL

The experiments were performed with 01 02 M
solutions of Np(V) nitrate and Pu(V) perchlorate
which were prepared by the method described in [5]
05 10 M solutions of lithium sodium and ammoni
um benzoates were prepared by dissolving benzoic
acid samples in equimolar amounts of the corre
sponding alkali or ammonia solutions Preliminarily
pure grade benzoic acid was purified by dissolution in
aqueous ammonia filtration and precipitation with
a small excess of HC1 The precipitate was separated
on a glass frit and dried at 90°C The 0 5 M working
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solutions of pure grade bipy were prepared by dis
solving its analytical samples in ethanol To reduce
Pu(VI) freshly prepared 05 10 N,H, solutions
whose concentration was determined iodometrically
were used The apparatus and methods were the
same as in [9]

RESULTS AND DISCUSSION

Preliminary experiments showed that Np(V) and
Pu(V) benzoate complexes with bipy are fairly com
pletely precipitated in well crystallized form at room
temperature from dilute (0 01 0002 M) actinide(V)
solutions The following procedure was used to syn
thesize the neptunyl(V) compound

An aliquot of a neutral 0 145 M NpO,NOj solu
tion was diluted with water by a factor of ~30 and a
0 5 M solution of sodium or potassium nitrate and
a 05 M solution of bipy were added to obtain 0 02
and 001 M concentrations respectively Within a
few minutes after mixing a crystalline precipitate
started to separate and within 2 4 h the process was
complete The precipitate was filtered off in a vacu
um on a glass frit thoroughly washed with water
and dried by passing air through the frit for 3 4 h
Qualitative tests showed that the compound syn
thesized contained no alkali metal ions Hence its
composition can be described by the general formula
NpO,O00CC¢Hs(bipy),, mH,O For more precise
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Unit cell parameters of Np(V) and Pu(V) benzoate complexes with bipyridine AnO,(bipy)OOCC¢H; An = Np Pu

Compound a A
NpO,(bipy)OOCC¢Hs (I) powder (295 K) 9 2162(7)
PuO,(bipy)OOCC¢H;s (I) powder (295 K) 9 1983(18)

determination of the composition the compound
was analyzed gravimetrically (calcination to NpO,)
The results of the analysis correspond to the formula
NpO,(bipy) OOCCH5 (I) Samples of I mg: 3 764;
12412 Found NpO, %: 498; 484 NpO,(bipy)
OOCC(Hj5 Calculated NpO, %o: 49 27

Hence as in the case of compounds described in
[1 3 5] each Np02 ion in I coordinates one bipy
molecule and the compound contains no water
of crystallization The X ray powder pattern of I
(Fig 1a) was indexed in the monoclinic system with
the unit cell parameters listed in the table

The procedure for the synthesis of the Pu(V) ben
zoate complex with bipy consisted of the following
stages The measured volume of freshly prepared
0 15 M PuO,(ClO,), solutlon with pH ~4 was diluted
with water to (5 8) x 10 > M and a 3 4 fold excess
of 0 5 M lithium benzoate and an equimolar amount
of N,H, with respect to plutonyl(V) were added
The initially formed precipitate of Pu(VI) benzoate
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Fig 1 X ray powder patterns (a) NpO,(bipy)OOCCsHj5
(I) and (b) PuO,(bipy)OOCC¢H; (II)
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Fig 2 Electronic absorption spectrum of NpO,(bipy)
OOCCgH;5 (I) [1 945 mg/163 mg KBr (melted)]

b A c A B deg VA3
10 2339(8) 17 4083(17) | 96 48(1) 1631 4(2)
10 2052(18) | 17 370(3) 96 51(1) 1620 0(5)

dissolved in 1 2 min under stirring due to its trans
formation into Pu(V) and then a 0 5 M bipy solu
tion was added to a concentration of ~0 01 M With
in a few minutes a finely crystalline gray precipitate
started to form Its formation was completein1 2 h
Then the precipitate was worked up as described
above for Np The powder pattern of the crystalline
product obtained showed (Fig 1b; see table) that
it was isostructural to I Thus its composition is
described by the formula PuO,(bipy)OOCCH 5 (II)
This conclusion was confirmed by the analysis of the
compound for plutonium by calcination at 800°C to
PuO, Samples of I mg: 2394; 15668 Found
PuO, %: 50 17; 49 34 PuO,(bipy)OOCC,H; Cal
culated PuO, %: 49 45

Both I and II are very poorly soluble in water In
the mother liquor over the precipitate of I the spec
trophotometrically determlned content of Np(V) was
no more than 5x 10 > M At the same time precipi
tation of I and II from solutions proceeds very slow
ly especially from dilute solutions

As seen from Fig 2 the eclectronic absorption
spectrum (EAS) of crystalline I contains a stron%
band with a maximum at 1001 nm typical for NpO,
compounds with five O atoms in the equatorlal
plane Hence pentagonal bipyramids are the coor
dination polyhedra of I and Il The above band in
the spectrum of I is substantially shifted to the long
wave region as compared to hydrated neptunyl(V)
ion This shift can be only partially (to 4 6 nm) at
tributed to coordination of bipy and benzoate ions
This was confirmed by EAS of aqueous Np(V) solu
tions containing excess of the above ligands The
major fraction of the shift (14 16 nm) is undoubted
ly caused by CC interaction In accordance with the
previously found relationships [6 8] in this case
NpOEr ions behave with respect to each other as
monodentate ligands As compounds I and II are
isostructural the plutonyl(V) compound should have
the same structure

In the number of bands and their intensity EAS
of Il (Fig 3) is very similar to the spectra of hydrated
PuOEr ions and crystalline Pu(V) compounds with
pentagonal bipyramidal oxygen surrounding of the
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Fig 3 CElectronic absorption spectrum of PuO,(bipy)
OOCCgH;5 (II) [5932 mg/135 mg KBr (melted)]
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Fig 4 Fragments of IR spectra (melted KBr) (a) NpO,
(bipy)OOCC¢H5 (I) and (b) PuO,(bipy)OOCC¢Hj5 (II)

central atom [9] This fact confirms the above con
clusion that the equatorial plane of AnOEr ions con
sists of five oxygen atoms

Along with similarity of X ray powder patterns
the practical identity of the IR spectra also confirms
the structural similarity of I and Il The bands at
816 812 740 and 724 cm ! should be probably as
signed to antisymmetric stretching vibrations of nep
tunyl(V) and plutonyl(V) ions Noticeable broaden
ing and splitting of the antisymmetric stretchlng vib
rations were repeatedly mentioned for AnO com
pounds with CC interaction [8] Thus the data of IR
spectrophotometry confirm CC interaction in the
compounds studied Absorption at 676 672 cm !
can belong to symmetrical stretching vibrations of
An02 ions In turn from this assignment follows
pronounced nonequivalence of An O bonds in nep
tunyl(V) and plutonyl(V) dioxocations In other
words monodentate CC interaction in the com
pounds is realized so that the lengths of An O bonds
in An02 noticeably differ which makes IR active
the symmetric vibrations Manifestation of v (N pOz)
at 688 cm ! was observed in the spectrum of
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Fig 5 Thermal behavior in air (a) NpO,(bipy)OOCCHj5
(I) sample 12412 mg Am 51 6%; (b) PuO,(bipy)
O0OCC¢H5 (II) sample 15668 mg Am 50 66%

NH,NpO,C,0,4 267H,0O [10 11] whose structure
is built of cyclic trimers composed of An02 ions co
ordinated to each other in the monodentate fashion
with noticeably differing lengths of terminal and
bridging Np O bonds Similar coordination of
actinyl(V) ions can be expected in I and I How
ever the final conclusion can be derived after X ray
structural analysis of these compounds

Derivatograms of 1 and II (Fig 5) confirm the
absence of water molecules and demonstrate high
thermal stability of these compounds Compound I is
stable to ~300°C and then decomposes with an exo
thermic effect and formation of NpO, at a tempera
ture higher than 400°C Decomposition of II starts
at 190°C and occurs in two stages In the first stage
Pu(V) probably transforms into Pu(IV) and then
above 325°C the compound completely decomposes
with exothermic combustion of the organic products
At 450°C decomposition is complete with the for
mation of PuO,

Thus in contrast to Np(V) nitrate [1] thiocyanate
[2] and propionate [4] neptunyl(V) and plutonyl(V)
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benzoates form bipy complexes whose structure con
tains CC bonds with monodentate mutual coordina
tion of AnOEr ions More detailed data on the char
acter of CC interactions in I and II can be obtained
by X ray structural analysis of these compounds
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