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Single Crystal and Solution Complex Structure of Nd(CQ),>~. The First Characterization of a

Mononuclear Lanthanide(lll) Carbonato Complex
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Carbonate is a strong complexing ligand for f-elements and is
expected to play an important role in the environmental fate of
lanthanides and actinidé8. Depending on the Cg partial
pressure, pH, and ionic strength, MOHEB Mo(COs)3:nH,0 35
and NaM(CQ),+nH,0 %7 where M= lanthanide or actinide, can
be precipitated from carbonate-containing solutions under normal
conditions. The few single-crystal structures determined for
trivalent lanthanide carbonates consist of extended arrays
(Laz(CO3)3'8H208 and (La/CeQ(CQ)g-SHgO;g CSPF(CQ)le).
Most of the solid carbonates have been studied using powder
X-ray diffractiony**"*2 however, many Ln(lll) carbonates are
amorphous and have not been characterized structurally.
Lanthanide(lll) or actinide(lll) solution complexes with carbonate
of general formula M(Cg),>2" with n = 1-3 have been
identified spectroscopicalk*While M(COs)s~ has been proven
to be the limiting complex for tetravalent f-eleme#fts® the
identity of the limiting M(lll) carbonate complex remains unclear.
Spectroscopic investigations of solution species carried out to
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Figure 1. ORTEP diagram (50% probability) of the Nd(@@H-0)>~
anion. Nd-O distances are between 2.452(3) and 2.544(3) A; the Nd
O1W bond distance is 2.649(4) A.

same compound was also obtained from a reaction of Nd(lll)
with guanidinium carbonate in aqueous solution at pH 10. A full
single-crystal X-ray structure determination was carried out on
one of these crystaf8.The Nd(CQ)4(H,O)>~ anion (Figure 1)

delineate the speciation of M(Ill) in the presence of carbonate contains nine-coordinate Nd in a distorted monocapped antiprism
have provided overall metal and carbonate stoichiometries andwith a twist angle of 23.2 The central Nd atom is bound to
formation constants for individual species. Both M 4 and nine O atoms from four bidentate bonded carbonato ligands and
M(COs)4>~ 171° have been proposed as the limiting carbonate one coordinated water molecule. The eight oxygen atoms of the
complex, but no definite structural details are available on either. bidentate carbonate ligands define the corners of the square
The scarcity of structurally characterized M(lll) carbonates has antiprism with the water molecule capping the top. The-dd
prompted us to obtain single crystals of discrete M(Ill) carbonate bond distances for the bidentate carbonates range between
species. Herein, we report the crystallographic characterization2.452(3) and 2.544(3) A; the longest distance, 2.649(4) A, is to

of the first mononuclear lanthanide(lll) carbonate.

By employing the guanidinium cation, pink crystals of
[C(NH,)3]s[Nd(COs5)4(H,0)]-2H,O were deposited in a matrix of
colorless guanidinium carbonate crystals after slow evaporation
of millimolar Nd(Il) in a saturated [C(NkK)3](COs) solution. The
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the coordinated water oxygen (O1W). These Nd carbonate
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The anions are linked together in the unit cell via hydrogen
bonding with the guanidinium cations N, and lattice waters
(O2W and O3W) (Figure 2). The hydrogen bonding is quite
strong, as indicated by the following short distances: 2.954 A
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146.

(10) Lossin, A.; Meyer, GZ. Anorg. Allg. Chem1993 619, 2031-2037.

(11) Nagashima, K.; Wakita, H.; Mochizuki, Bull. Chem. Soc. Jpri973
46, 152—-156.

(12) Dexpert, H.; Caro, PMater. Res. Bull1974 9, 1577-1586.

(13) Christensen, A. NActa Chem. Scand.973 27, 2973-2982.

(14) Kim, J. I.; Klenze, R.; Wimmer, H.; Runde, W.; Hauser, W Alloys
Compd.1994 213 333-340.

(15) Dervin, J.; Faucherre, Bull. Soc. Chim. Fr1973 2930-2933.

(16) Clark, D. L.; Conradson, S. D.; Keogh, D. W.; Palmer, P. D.; Scott, B.
L.; Tait, C. D.Inorg. Chem.1998 37, 2893-2899.

(17) Rao, R. R.; Chatt, ARadiochim. Actal991, 54, 181—-188.

(18) Sinha, S. PFresenius’ Z. Anal. Chenl982 313 238-239.

(19) Dumonceau, J.; Bigot, S.; Treuil, M.; Faucherre, J.; Fromag&ef..
Chim. Min.1979 16, 583-592.

(20) Single-crystal X-ray analysis on the title compound was performed on
a Bruker P4/CCD/PC system. A hemisphere of data was collected using
a combination ofp andw scans, with 0.3frame widths. The data were
corrected for absorption using an analytical technique. Crystal data:
orthorhombic, space groupna2y, a = 21.472(1) Ab = 6.8615(3) A,
c=18.8797(9) A, z= 4, V = 2781.5(2) R, T = 203 K, p(calc) =
1.764 glcr, u = 19.57 cm, A = 0.71073 A, B = 52.8, total data
12266, unique data 290Rf = 0.0274),R/IR, [ > 20(l)] = 0.0192/
0.0498. All non-hydrogen atoms refined anisotropically. Hydrogen atom
positions on water molecules were not considered in the structural model.
The amine hydrogen atom positions were idealized and refined using a
riding model. SHELXTL version 5.1 was used for structure solution,
refinement based oR?, graphics, and publication materials.

(21) Mercier, N.; Leblanc, M.; Antic-Fidancev, E.; Lemaitre-Blaise, M.
Solid State Chenl997, 132 33—40.

10.1021/ic991087w CCC: $19.00 © 2000 American Chemical Society
Published on Web 02/25/2000



Communications

Figure 2. Ball-and-stick drawing of [C(Nk)3]s[Nd(COs)4(H20)]-2H.0
illustrating the packing and hydrogen bonding of ions and lattice waters.

3.267 A between Manand carbonate oxygen atoms, and 2.470
A between O2W and O3W. One water molecule (O3W) does
not interact with the central Nd(Ill) carbonate anion, but hydrogen
bonds to NuanWith distances ranging between 2.854 and 3.605
A. The anions are linked via hydrogen bonding of O1W and one
carbonate oxygen (2.997 A for O1MD11).

This single-crystal X-ray diffraction study verifies that the
Nd(C0s)4(H,0)> ion exists in the solid state. We used conven-
tional UV—vis—near-IR absorbance spectroscopy for identifica-
tion of the limiting complex in saturated,RO; and [C(NH)3]»-

CO; solutions. The electronic absorption spectrum ofNshows

a manifold of Laporte-forbiddenf transition bands in the visible
region 400-800 nm?2 The dominant absorbance of theNaquo
ion at 574.1 nm is shifted with complexation to 583.6 nm in
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[C(NH,)3]s[Nd(CO3)4(H20)]-2H,0 crystals ground into a powder
showed the most intense peak at 582.3 nm. The peak-to-peak
correlation of peak maxima in the diffuse reflectance spectrum
of the solid and the absorbance spectra of the Nd(lIl) solution
suggests similar mononuclear chromophores in both states.
However, the spectra are not identical and the solution clearly
contains other lower carbonate to metal species in addition to
Nd(COy)4".

The nature of the limiting M(lll) (M= Ln, An) complex in
solution at high carbonate concentrations has been debated for
years. This work is the first elucidation of the molecular structure
of a mononuclear M(ll) carbonate compound. The coordination
environment around the Nd atom is consistent with the coordina-
tion number of 9 in NdAOHC@? and NaEu(CG;)s.2* However,
in the few Ln(lll) carbonate structures reported, carbonates are
both monodentate and bidentate and are bridging to form extended
chains, sheets, or three-dimensional arrays. The information
presented on the mononuclear Nd(lll) tetracarbonate provides a
better understanding of carbonate interaction with trivalent
f-elements in aqueous solution and may enable more accurate
modeling of interfacial processes on mineral surfaces. Comparing
with M(COs)st~ (known for An(1V)), where all coordination sites
are occupied by five bidentately bonded carbonates, opens
speculation about the potential replacement of the bonded water
molecular with a monodentately bonded carbonate ligand.
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