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In anhydrous pyridine solution at 294 K, U(lll) and Ce(lll) triiodides were found to form both 1:1 (ML) and 1:2
(ML) complexes with bipyridinel(ipy = L) while Nd(lll) triodide formed only a 1:2 complex. The 1:3 (ML
complexes were identified at low temperature with a large excess of L. Conductometry measurements showed
for U(ll) a large increase in the conductivity when increasing the molar ratio L:U. The complexvas found

to be a 1:1 electrolyte and the species™Ulas more reactive toward L in comparison withglUFor Ce(l11) and
Nd(Il1), Ml and Mk present about the same affinity for L. The stability of the complexes is limited, and U(lI1)
possesses a slightly higher affinity foipy than the trivalent lanthanides. Interestingly, a preference for the formation
of ML, complex was shown for all the studied M(lll) ions. The driving force for complex formation was always
the enthalpy, and, surprisingly for a bidendate liganigyf), no favorable entropy contribution to complex formation
was observed. The X-ray crystal structures of jGupy).(py)]a-5py-bipy and Uk(bipy).(py)-2py were determined.
The structures of the molecules ¥bipy).(py) are almost identical for U and Ce. The mean MHN(bipy)

bond distances are equal to 2.67(3) A for Ce(lll) and 2.65(4) A for U(Ill). The slightly smaller M{N{pipy)
distances observed for U(lll) would reflect a slightly more important covalent character of the-IN(B)py)
bonds, in agreement with the slightly better affinity of U(lll) than Ce(lll) or Nd(IIl) towdigy observed in
solution and with the fact that the enthalpy is the driving force for complex formation.

Introduction 20—30 times more abundant than the trivalent actinides. This
An(ll)/Ln(Ill) separation is an old problem which was the
subject of numerous studies, reviewed by Nash in 1993 and
199434 The difficulty of this problem is reinforced owing to
the fact that the aqueous effluents that contain the wastes to be
partitioned are highly acidic (nitric acid concentration8M).

As noted by NasR? it seems that solutions to this problem

The nuclear vitrified wastes from the reprocessing of spent
nuclear fuels contain not only fission products (FPs) but also
long-lived a-emitter radionuclides, i.e., nuclides of the elements
neptunium (Np), americium (Am), and curium (Cm), known
as the minor actinides (MAs). The MAs are responsible for the
long-term radiotoxic inventories of these wastes, which will be ) . ;
disposed of in deep geological repositories in the future. New @1 be found if sqft nitrogen or sulfur "gaf?ds. (extractants or
scenarios for the management of these highly active wastes arédueous complexing agents) are used within the separation
under worldwide study aiming, in particular, to drastically Processes. These were, for example, the choices made during
decrease their long-term radiotoxic inventories. To reach this the development of a recent European research project.
goal it is envisaged to destroy the long-lived radionuclides by The trivalent ions of the f” (Ln(l11)) and 5f (A_n_(III)_) SEries
transmutation by neutron bombardment. This implies the prior are known to be hard acids in the Pearson classification of acids

separation (named partitioning) of the MAs from the complex 2nd base$.As a consequence, these ions prefer to bond hard
mixture of nuclear wastes. This scenario is known as the bases such as, for exfample, oxygen ligands. Conse_quently, these
partitioning and transmutation scenario (P&®)Among the 4f|af‘d ?fa tnvr?lent_lons are stlronglly solvgted dm ak(]qu_eous
different partitioning processes under development, those based©!Utions: ® €ight to nine water molecules are bound to the Inner
on liquid—liquid solvent extraction are the most popular. coordination sphere of these trivalent metal i45To compete
Numerous systems are under stddyput all of them are faced (3) Nash, K. L.Sobent Extr. lon Exch1993 11, 729.

with a very delicate separation problem: how to separate the (4) Nash, K. L. Separation Chemistry for Lanthanides and Trivalent
trivalent actinides (An(lll), with An= Am and Cm) from the Actinide_s. InHandbook_on the F_’hysics an(_i Chemistry of Rare Earths.
trivalent lanthanides (Ln(ll1)), which represent about one-third ta”éu%';'gﬁ/écg"dfgh dgpeg'ﬂrﬁzzh_”ﬁg?ﬁfhgi aﬁa_“"k’m'i{:rrc‘%m
of the total mass of the nuclear wastes and which are about [ gndon, New York, Tokyo, 1994: Vol. 18, p 197. ’
(5) Madic, C.; Hudson, M. J.; Liljenzin, J. O.; Glatz, J. P.; Nannicini, R.;
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and Assessment Report. NEA/OECD Report; NEA/OECD: Paris, (8) Marcus, Y.lon Properties Marcel Dekker: New York, 1997.

1999. (9) Rizkalla, E. N.; Choppin, G. R. Lanthanides and Actinides Hydration
(2) Actinides and Fission Products Partitioning and Transmutation. and Hydrolysis. I'Handbook on the Physics and Chemistry of Rare
Proceedings of the Fifth International Information Exchange Meeting, Earths. Lanthaniddéctinides: ChemistryGschneidner, K. A., Jr.,
Mol, Belgium, 25-27 Nov 1998; NEA/OECD Report; NEA/OECD: Eyring, L., Choppin, G. R., Lander, G. H., Eds.; North-Holland:
Paris, 1999. Amsterdam, London, New York, Tokyo, 1994; Vol. 18, p 529.

10.1021/ic001411j CCC: $20.00 © 2001 American Chemical Society
Published on Web 07/20/2001



Complexation Studies of ', Cé", and Nd' lodides

with the water molecules for bonding 4f and 5f trivalent metal
ions, soft nitrogen and sulfur ligands should preferably be
multidendate. This is why oligopyridines, 2,4,6-tri(pyridin-2-
yh)-1,3,5-triazine (TPTZ), 2-amino-4,6-di(pyridin-2-yl)-1,3,5-
triazine, 2,6-bis(5,6-di-alkyl-1,2,4-triazin-3-yl)pyridine (BTP),
etc.,, and derivatives, are under stddy.is thought that the
better affinity of the soft nitrogen ligands for 5f vs 4f trivalent
ions is due to the fact that the 5f ions are slightly less hard than
the 4f ions, leading to the creation of bonds with partially

covalent character between the N atoms of the ligand molecules

and the 5f ion$:* Nevertheless, little thermodynamic informa-
tion is available in the literature to support such an interpretation.
The aim of the present study is to put some light onto this
important question. As the difference in hardness between the
5f and 4f ions is supposed to be larger at the beginning of the
series of elements, trivalent uranium, cerium, and neodymium
ions were selecteth. These ions possess rather similar ionic radii
for identical coordination numbet3The ligand chosen for the
study was 2,2bipyridine (pipy), which is the simplest molecule
among the oligopyridine family of ligands. Moreover, owing
to the fact that the affinity obipy for trivalent 4f and 5f ions
is supposed to be limited, thermodynamic data, such as stability

constants, enthalpy, and entropy of complexation reactions, were

expected to be attainable. This would not be the case for higher
oligopyridines, such as terpyridine, or TPTZ, etc. In order to
possibly increase the predicted slight differences of affinities
between the 4f and 5f ions Msipy, an alternative solvent to
water, anhydrous pyridingY), with lower solvation properties,
was chosen for the study. Moreover, the binding bipy
molecules to the trivalent metal ions will certainly require the
removal ofpy molecules from the inner sphere of coordination
of the metal ions; this will help to understand the effect of the
preorganization opy moieties within thebipy ligand for M(lll)
complexation. Finally, the iodide ion was chosen as the
counterion for An(lll) and Ln(lll) because its complexing ability
toward these 4f and 5f trivalent ions is known to be low (no
complexation is observed, for example, in aqueous solutions),
and because Ln(lll) and An(lll) iodides are salts that are
commercially available (Ln(lll)) or relatively easy to prepare
(i 13).

NMR spectroscopy, conductometry, and X-ray crystallogra-
phy were the experimental technigues selected in this work to
study the complexation of trivalent uranium, cerium, and
neodymium iodides byipy in anhydrous pyridine solutions.

Experimental Section

General Details.All experiments were carried out under argarb(
ppm oxygen or water) using standard Schlenk-vessel and vacuum-line
techniques or in a glovebox. Solvents were thoroughly dried and
deoxygenated by standard methods and distilled immediately before
use. Pyridineds (Eurisotop) was dried ove3 A molecular sieves.
Bipyridine (Aldrich) was sublimated before use; €ahd Ndk (Aldrich)
were dried under vacuum, and {fly), was prepared by a published
method!®2

(10) David, F.; Fourest, BNew J. Chem1996 21, 167.

(11) David, F.; Fourest, B.; Hubert, S.; Le Du, J. F.; Revel, R.; Den Auwer,
C.; Madic, C.; Morss, L. R.; lonova, G.; Mikhailko, V.; Vokhmin,
V.; Nikonov, M.; Berthet, J. C.; Ephritikhine, M. Aquo lons of Some
Trivalent Actinides: EXAFS Data and Thermodynamic Consequences.
In Speciation, Techniques and Facilities for RadioaetMaterials at
Synchrotron Light Source8Vorkshop Proceedings, Grenoble, France,
4—6 October, 1998; NEA/OECD Report; NEA/OECD: Paris, 1999.

(12) Shannon, R. DActa Crystallogr.1976,A 32 751.

(13) (a) Avens, L. R.; Bott, S. G.; Clark, D. L.; Sattelberger, A. P.; Watkin,
J. G.; Zwick, B. D.Inorg. Chem.1994 33, 2248. (b) Clark, D. L.;
Sattelberger, A. Pinorg. Chem.1989 28, 10.
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Table 1. *H NMR Spectra of theMono-, Bis-, and Tris-Bipy
Species of M(ll) ¢ in Pyridineds)

H33 Ha4 Hs5.5 H6.6
At 294 K
CeL —2.8 6.7 10.0 14.0
Cel, 3.7 7.1 9.0 11.0
NdL, 6.0 8.6 9.7 13.1°
UL 6.8 ¢ 19.4 19.4
UL> 7.5 6.8 17.7 14.3
At 233K
CelL —8.6 6.2 11.2 16.5
Cel, 2.1 8.1 9.6 12.3
Cels c 9.5 10.5 14.8
NdL, 3.3 8.8 10.6 15.8
NdLs c 8.4 11.6 18.2
UL 6.4 c 24.5 23.2
UL, 7.4 6.7 21.0 17.6
UL3 7.7 ¢ 19.0 17.1

aTriplet (J = 6 Hz).? Doublet § = 6 Hz). ¢ Not detected.

Table 2. Selected Bond Lengths (A) and Angles (deg) for
Mlg(bipy)(py) (M = Ce, U)

Cek(bipy)2(py) Uls(bipy)(py)
M—N(1) 2.665(4) 2.622(9)
M—N(2) 2.708(4) 2.694(9)
M—N(3) 2.664(4) 2.662(8)
M—N(4) 2.639(4) 2.611(9)
M—N(5) 2.672(4) 2.679(9)
M—I(1) 3.1991(8) 3.2032(8)
M—I1(2) 3.2273(6) 3.2071(8)
M—I1(3) 3.2588(6) 3.2511(8)
N(1)-M—N(2) 60.74(12) 61.3(3)
N(2)-M—N(3) 66.51(12) 66.5(2)
N(3)—M—N(4) 61.57(12) 62.0(3)
I(1)—M—I(2) 152.115(13) 151.32(2)
1(1)—M—I(3) 79.917(18) 78.65(2)
1(2)—M—I(3) 83.863(19) 84.53(2)

IH NMR spectra were recorded on a Bruker DPX200 spectrometer
with its dedicated temperature control unit, using pyridisolutions
with cyclohexane as internal standard, and were referenced internally
using the residual protio solvent resonances relative to TS Q).
Conductivity measurements were performed at 293 K with a Consort
C-832 conductometer; the cell constant was 0.1 cnElemental
analyses were carried out by Analytische Laboratorien, Gummersbach,
Germany.

Solution NMR Studies.In a typical experiment, an NMR tube was
charged withbipy (3.3 mg, 0.021 mmol) and either Gg[10.9 mg,
0.021 mmol), Nd{ (11.3 mg, 0.021 mmol), or Wpy)s (19.5 mg, 0.021
mmol) in pyridineds (0.8 mL), and cyclohexane (iL) was added via
a microsyringe. After stirring for 5 min at room temperature, the
spectrum was recorded. Successive additionsimf were performed
in the glovebox, and, after each addition, the complexation reactions
were monitored by recording the NMR spectra from 294 to 233 K,
with intervals of 5 K. In order to reduce the errors resulting from
successive weighings bipy, some spectra were recorded after direct
addition of n equiv of bipy to M(lll) triodides. The spectra were
integrated by using the internal standard, cyclohexane, and thus the
stoichiometry of thebipy complexes and their concentrations were
determined. The spectral data of tim@no; bis-, andtris-bipy species
1-3are reported in Table 1; the values of the corresponding formation
constants; andf, and the values of the corresponding thermodynamic
constantsAH; and AS are listed in Tables 3 and 4, respectively.

Conductometry Studies.In a typical experiment, a I8 M solution
of Ce(lll) or U(lll) in pyridine was prepared in the glovebox by
dissolving Cef (52.1 mg) or Uk(py)s (93.5 mg) in pyridine (10 mL).
After 5 min at room temperature, the electrode was immersed into the
solution and the conductivity measured. The conductivity was also
determined after eight successive additions of 1 equibipy (15.6
mg) into the solution; the electrode was washed with pyridine between
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Table 3. Stability Constants for the M(llIBipy Systems in
Anhydrous Pyridine

M Kla Kga ﬁza K3b

Ce 4.0+ 0.5 778 308+ 75 0.8+1

Nd 823+ 125 0.204+ 0.05
U 11+2 128+ 17 1408+ 390 1.6+0.1

aAt 294 K. P At 233 K.

Table 4. Enthalpy (kJ mot') and Entropy (J moft K-1) Values
for the Formation of theéviono-, Bis, andTris-Bipy Species of
M(II1) in Anhydrous Pyridiné

M AH:  AS AH, AS AH;  AS
Ce —20 -55 —10 3 -11  —48
Nd —300  —4

U —21  -52 -9 8 —12  —47

@ The uncertainties are withift10% from the van't Hoff diagrams.
b AH, and AS; values are global values for both the first and second
complexation reactions.

X &"
A\ 4“ l cyclohexane
ppm 19.4 17.7 143
i1 ﬁU‘J( ~A S
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Ppm 20 1I5 10 3 6 -g

Figure 1. *H NMR spectrum of a solution of Wlpy)s (1072 M) and
bipy (1072 M) in anhydrous pyridinads at 294 K (x designates the
signals of pyridine).
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Figure 2. Low-field region of the'H NMR spectrum of a solution of
Uls(py)s (1072 M) and bipy (1072 M) in anhydrous pyridineds at 233
K.
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Figure 3. Conductometric titration of W(py)s and Ce} solutions (102
M) by bipyin anhydrous pyridine at 293 K (the points are experimental
data, and the lines are guides for the eyes).

N, 7.79. The NMR spectrum of this complex in pyridideis identical
to that obtained after addition of 2 equiv bipy to Ndls.

Synthesis of Uk(bipy)2(py).s Bipy (106.9 mg, 0.7 mmol) was added
to a solution of Ui(py)s (61.4 mg, 0.07 mmol) in pyridine (5 mL).
After the resulting mixture was stirredrfd h atroom temperature,
the complex precipitated upon addition of diethyl ether (5 mL) and
the brown powder was filtered off, washed with diethyl ether (10 mL),
and dried under vacuum (44.0 mg). Yield: 60%. The elemental analyses
correspond to the formula k(bipy)(py)is. Anal. Calcd for
Co7H23d3NssU: C, 31.46; H, 2.26; N, 7.34. Found: C, 31.12; H, 2.37;
N, 7.43. The NMR spectrum of this complex in pyridideis identical
to that obtained after addition of 2 equiv bipy to Uls(py)a.

X-ray Crystallography. Crystals of [Cei(bipy).(py)ls5py-bipy
(yellow) and of Uk(bipy)(py)-2py (black) were obtained by slow
diffusion of pentane into a pyridine solution of Gelr Uls(py)s and
bipy in the molar ratio of 1:10. Selected single crystals were introduced
into thin-walled Lindeman glass tubes in the glovebox. Diffraction
collection was carried out on a Nonius diffractometer equipped with a
CCD detector. The lattice parameters were determined from 10 images
recorded with 2 ®-scans and later refined on all data. The data were
recorded at 123 K. A 180d-range was scanned witht 8teps with a
crystal to detector distance fixed at 30 mm. Data were corrected for
Lorentz—polarization effects. The structure was solved by the heavy
atom method and refined by full-matrix least-squares Fénwith
anisotropic thermal parameters for all non-H atoms. H atoms were
introduced at calculated positions as riding atoms with an isotropic
displacement parameter equal to 1.2 (CH) times that of the parent atom.
For Uls(bipy)(py)-2py, one pyridine solvent molecule was found
disordered on two positions with 0.5 occupation factor and the second
pyridine solvent molecule was refined with one fixed thermal parameter.
All calculations were performed on an O2 Silicon Graphics Station
with the SHELXTL packagé? Selected bond distances and angles are

each measurement. The results are presented in Figure 3. Thdisted in Table 2; crystallographic data are given in Table 5.

conductivity of 162 M solutions of Nal or NRI (R = n-butyl and
n-pentyl) in pyridine was equal to 1205 cnt?.

Synthesis of Cei(bipy)2(py). Bipy (1.56 g, 10.0 mmol) was added
to a solution of Cel(520.8 mg, 1.0 mmol) in pyridine (30 mL). After
the resulting mixture was stirred f@ h atroom temperature, the
complex precipitated upon addition of diethyl ether (30 mL) and the
yellow powder was filtered off, washed with diethyl ether (60 mL),
and dried under vacuum (638 mg). Yield: 70%. Anal. Calcd for
CasH21lsNsCe: C, 32.91; H, 2.32; N, 7.68. Found: C, 32.77; H, 2.35;
N, 7.78. The NMR spectrum of this complex in pyridideis identical
to that obtained after addition of 2 equiv bipy to Cek.

Synthesis of Ndk(bipy)2(py). Bipy (179.0 mg, 1.15 mmol) was
added to a solution of Ng(86.0 mg, 0.16 mmol) in pyridine (5 mL).
After the resulting mixture was stirred fd h atroom temperature,
the complex precipitated upon addition of diethyl ether (5 mL) and
the yellow powder was filtered off, washed with diethyl ether (10 mL),
and dried under vacuum (88 mg). Yield: 60%. Anal. Calcd for
CasHa1I3NsNd: C, 32.76; H, 2.31; N, 7.64. Found: C, 32.66; H, 2.42;

Results

Solution IH NMR Studies. (a) The MIs/Bipy Systems (M
= Ce, Nd, U).Addition of variable amounts dfipyto a 102
M solution of Mlx(py)s (M = Ce, Nd, U) in pyridineds leads
to the formation of several complexes, as noted by the
emergence of low-field-shiftedH NMR signals ¢ > 9)
corresponding tdipy ligands coordinated to the paramagnetic
metal center. The relative intensities of these resonances,
measured by comparison with the signal intensity of the internal
standard, cyclohexane, is dependent on the metal M, the number
n of bipy equivalents, and the temperature. At 294 K andnfor
< 9, in addition to the peaks corresponding to fiepy: (i)
two distinct pairs of signals of equal intensities are observed
for M = Ce ato 11.0 and 9.0 and ad 14.0 and 10.0,

(14) Sheldrick, G. M. SHELXTL; Bruker-AXS: Madison, WI, 1999.
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Table 5. X-ray Crystallographic Details for of three species, 2, and3, each one characterized by a pair of
[Cels(bipy)z(py)la-5py-bipy and Uk(bipy)(py)-2py low-field-shifted NMR signals of equal intensity. At 294 K,
[Cels(bipy)(py)]a-5py-bipy  Uls(bipy)x(py)-2py speciesl and 2 are observed fon < 7 while 2 is the only

chem formula  GedHuid 1oNo7Ce CasHaglaN7U species forn > 8. Species3 are detected only at lower
fw 4200.84 1168.4 temperature. It is interesting to note that all these NMR
cryst syst monoclinic monoclinic resonances are broad with half-height widths between 20 and
space group  P2j/c P2./c 30 Hz, except those corresponding to speéie$ Nd(lll) and
é(A) o) 2-;;9173 g-ﬁgn U(lll). At 294 K, the signals ap 13.1 (Nd) and 14.3 (U) are
#c?mngl) 3963 7314 doublets while the resonances®®.7 (Nd) and 17.7 (U) are
a(A) 14.182(3) 13.269(1) triplets; the coupling constants are equal to 6 Hz. Irradiation
b (A) 20.779(4) 20.729(1) experiments showed that, for each of these sp&cige doublet
c(A) 23.992(5) 14.168(1) and triplet signals are coupled to each other but the triplet is
1\3/ EdA%)g) 79:3;2:(”2(? 3151052-9;‘1%1) also coupled with another resonance which is masked by the
7 2 i solvent and fredipy signals. Further information was provided
indep refins 43453 13332 by the two-dimensional homonuclear COSY correlation spectra
obs reflns 9454 2798 which showed that (i) there is no coupling between the sets of

[1 > 20(1)] signals of each specids 2, and3 which are distinct; (ii) the
R 0.032 0.038 signals of each pair of low-field signals corresponding to species
Ru 0.063 0.095 1, 2, and3 are coupled to each other; (iii) for each spede?,

AR =Y (|IFol — IFcll)/3|Fol. ® Ry = [XW(I|Fol — [Fcll)¥ZW(Fol)3*2 and 3, one of the signals of the low-field pair is coupled with

. . . . L a resonance located in the region4® < 6, but the complexity
respectively; the intensity of the two latter signals is inferior to ¢ 4is region did not allow us to determine whether this

that of the two other resonances,_p_assing through a maximumyesonance is further coupled with a nearby signal, except in the
for n = 2 and being almost negligible for = 7, while the — c,q0 511 (Ce) and2 (Ce, Nd, and U). For specigsof Nd(lll),
|Qten3|ty of the other paur of S|gnals.|ncreases regularly W’th the triplet signal at 9.7 is coupled with another resonance at
(i) for M = U, three signals (cf. Figure 1) corresponding 0 5 g g'\yhich is itself coupled with a fourth signal &t6.0;

one pair of equal intensity signals @atl7.7 and 14.3 and one coupling is also observed between the signals 4B3.1 and
signal até 19.4 are observed; the intensity of the small signal g ¢ 24 those at 9.7 and 6.0. Finally, each species2, and
at6.19.4 passes throggh amaximum foe= 2, and this S|gnal 3 can be characterized by two to fotii NMR resonances, at
vamslhels fon =9, Wh'lehth(e ;ntensny of the two other signals 594  or at lower temperature, which are listed in Table 1.
regularly increases with; (iii) complexation of Nd(Ill) with . ' _

bipy at 294 K exhibits some differences since only two signals prézérlzeo:‘vil(l)ii/il(ajlg)i/é tl\zlin?g:geerﬁhfero_rmgteiénNgf’ sgéhg]é

of equal intensities are visible on thd NMR spectra ad 13.1 . " . . -
and 9.7. With a large excess bipy (10 < n < 20), only the 2 obtained by addition of 2 equiv difipy to U(Ill) in pyridine,

pairs of less-shifted resonances are observed for both Ce(lll)aS shown by the qlecreasmg Intensities of the IQW'f'el.d. NMR
and U(Ill); the intensity of each signal is then constant and resonances associated with these species. The intensities of the

represerg 4 H of abipy ligand. Also in the case of Nd(lll), the ~ + nd2 signals are lowered by 17% and 11% in the presence

intensity of each signal increases wittand reaches the value of 0_'5 equiv of Nal, an(_:I_by 42% and 47% in_ the presence of1
of 4 Hforn > 10. equiv. In contrast, addition of Nal has practically no influence

New interesting facts emerged from the spectra recorded ato”" the spectra of the Ce(llT) or Nd(lI1)/(Bipy) systems.
lower temperature: (i) the NMR signals of Ce, Nd, andipy (c) The Uly/MI o/Bipy Systems (M= Ce, Nd). The'H NMR
complexes are shifted to lower field, as expected for paramag- SPectra of pyridine solutions containing U(lll), Ce(lll), abipy
netic compounds; (i) the lowest field single signal observed at in the molar ratio of 1:1:1 exhibit signals at the same chemical
room temperature for U is split into two resonances of equal Shifts as those corresponding to spediesnd2 characterized
intensity, and two distinct pairs of resonances are thus visible before for the isolated Ce or hipy systems. The intensity of
on the spectra whefl is lower than 274 K (cf. Figure 2); at each signal is smaller than that observed when individual M(l11)
233 K, these pairs of signals are notedd@4.5 and 23.2 and IS in the presence of 1 equiv diipy. At 294 K, the ratio of
ato 21.0 and 17.6, respectively; (iii) for M= Ce and U, the specie® (U:Ce) is equal to 4.5. Similar observations were made
intensities of each pair of signals vary with the temperature, as With the U(III)/Nd(1l1)/ bipy system; in that case, speci2sire
well as the ratio of these intensities; for example, this ratio is in the ratio (U:Nd)= 1.7.
equal, for M= U andn = 2, to 2.8 and 8.1 at 294 and 233 K, Conductometry Studies.The conductivity of 102 M solu-
respectively; (iv) most notably, new signals of equal intensity tions of Ml3(py)s (M = Ce, U) in anhydrous pyridine in the
appear ad = 9 for M = Ce, Nd, and U; at 233 K, the chemical presence of increasing quantitieshipy (0 < n < 8) has been
shifts of these peaks aw® 14.8, 10.5, and 9.5 (M= Ce), 6 measured at 293 K. In this solvent, the conductiyitgf Nal
18.2 and 11.6 (M= Nd), andd 19.0 and 17.1 (M= U). These or RyNI (R = Et, n-hexyl) grows in a linear fashion from 10 to
signals are more intense and are visible at higher temperature600 uS cnT! when the concentration of the iodide salt varies
with increasing values af. Forn > 8, the NMR spectra show  from 0 to 101 M; at 102 M, x is equal to 12Q:S cnT!. The
two groups of resonances; one corresponds to the unique pairconductivity of solutions of Mi(py)s (M = Ce, U) in pyridine
observed at room temperature, and the other group (three signalglso increases linearly with the metal concentration, ranging
for Ce and two signals for Nd and U) appears at ca. 283 K; if from 15 to 45uS cnt! for concentrations varying from 18
an intensity 64 H is attributed to each signal of the first pair, to 1072 M. The valuesy are greater after addition dipy, and
the integral of each signal of the second group of resonancesthe variations are more important for # U than for M= Ce
represents 6 H. (cf. Figure 3). For a concentration of M(lll) equal to ZOM

At this stage of the work, it is clear that addition mequiv and forn = 8, y is equal to 75 and 138S cnt! for M = Ce
of bipy to M(lll) in pyridine leads to the successive formation and U, respectively.
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Figure 4. X-ray crystal structure of W(bipy)(py) with thermal
ellipsoids at 30% probability.

Synthesis and Crystal Structure of Ml(bipy)2(py) (M =
Ce, U). Yellow (M = Ce, Nd) and brown (M= U) microc-
rystalline powders of M{bipy)(py) were obtained upon
addition of diethyl ether to solutions of Mpy)s and 10 equiv
of bipyin pyridine. The complexes were characterized by their
elemental analyses (C, H, N); théit NMR spectra in pyridine-
ds are identical to those of the solutions containings(dy)s
and 2 equiv obipy. Crystals of the solvates [C£bipy)2(py)]a
5py-bipy and Uk(bipy)2(py)-2py were obtained by diffusion of
pentane into solutions of Cgbr Uls(py)s and exces®ipy in
anhydrous pyridine. The crystal structure of the moleculg Ul
(bipy)2(py) is shown in Figure 4, and the crystal structure of
Cels(bipy)2(py) is presented in the Supporting Information;
selected bond distances and angles are listed in Table 2. Th
molecular structures are very similar and cannot be distinguished
by any significant feature. In both compounds, the metal center
is eight coordinate, being surrounded by five nitrogen atoms of
one pyridine and two bidentate bipyridine ligands, and by three
iodide ligands. The mean ™N (bipy) bond distances, equal
to 2.67(3) A (M= Ce and for each of the two independent
molecules) and 2.65(4) A (M U), are unexceptional and can
be compared with those of 2.596 and 2.71 A in NdgNO©
(bipy)2™®> and Nd(TTA)(bipy) (TTA = thenoyltrifluoroaceto-
nato)!6 respectively. The M1 bond lengths vary from 3.1991(8)
to 3.2588(6) A with a mean value of 3.23(3) A (¥ Ce and
for each independent molecule) and 3.22(3) A€MJ); these
values are similar to those of 3.13, 3.28, and 3.157(1) A found
in Ul3(THF),,%2 polymeric Uk,17 and Cej(iPrOH),18 respec-
tively. The M—N(py) bond distances, which are identical in
both complexes (2.678(9) A for M Ce and 2.679(9) A for M
= U), can be compared with that of 2.684 A in the tris(indenyl)
complex (indenylCe(py)*® The bipy ligands are not planar;
the angles between the two adjacent pyridyl moieties are’6.30
and 13.48 for M = Ce and 9.94and 11.80 for M = U.

In an attempt to obtain crystals of the neodymium analogue
Ndls(bipy)2(py) from solutions of Ndj(py)s and excesbipyin
pyridine, crystals of thg-hydroxo complex [Nd(bipy)u-OH)].-
[114-3py were deposited, the structure of which has already been
reported® the formation of this unique example tis-bipy

(15) Bower, J. F.; Cotton, S. A.; Fawcett, J.; Russell, DABta Crystallogr.
200Q C56, €8, e9.

(16) Leipoldt, J. G.; Bok, L. D. C.; Basson, S. S.; Laubscher].Hnorg.
Nucl. Chem1976 38, 1477.

(17) Kanellakopulos, B.; Fischer, E. O.; Dornberger, E.; Baumgartner, F.
J. Organomet. Chen197Q 24, 507.

(18) Barnhart, D. M.; Frankcom, T. M.; Gordon, P. L.; Sauer, N. N.;
Thompson, J. A.; Watkin, J. Gnorg. Chem 1995 34, 4862.

(19) Zazzetta, A.; Greco, AActa Crystallogr.1979 B35, 457.
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lanthanide(lll) complex obviously reflects the presence of
adventitious traces of water in the solvent.

Discussion

Characterization of the Equilibrating Complexes. The
three pairs of low-field-shifted signals which are visible in the
IH NMR spectra clearly indicate that complexation of M(III)
with bipy in pyridine produces three distinct equilibrating
species. One of thes®, is always observed, whatever the
temperature and the numheof equivalents obipy; at 294 K,
its concentration increases withto reach a constant value for
n > 8. Irradiation and COSY experiments revealed that species
2 can be characterized by four resonances, two of those being
generally masked by the signals of the solvent and bipy
molecules. These resonances can be attributed to the four protons
of a GH4N fragment of thebipy ligand, by assuming that all
the pyridyl groups of thebipy ligands are magnetically
equivalent, a situation which would result from the symmetrical
structure of the complex or, most probably, from its rapid
fluxionality in solution. Such a dynamic behavior of f element
compounds is not unusual, being related to the facile intramo-
lecular exchange of the ligands. The other spetisd3 should
also be characterized by four signals, but the two resonances
located in thed 6—8 region could not be unambiguously
detected in every case. The resonances have been attributed from
the COSY spectra (cf. Table 1), assuming that the signals of
protons 6 and'6which are the closest to the paramagnetic metal
center, are shifted to low field.

Forn = 8 at room temperature, M(Ill) species are completely
found in the form of2 and integration of the NMR signals
indicates that twdbipy molecules are coordinated to the metal
center; specie can be formulated as M(bipy)in fact Mly-
(bipy)2(py)y). Speciesl, which are observed for lower values
of n and are intermediates in the formation2)fshould be the
1:1 complexes M(bipy) (in fact Mi(bipy)(py),). Species3,
which contain thredipy ligands, as shown by the integration
of the corresponding resonances, are the 1:3 compounds
M(bipy)s (in fact Mly(bipy)s(py)y:), the formation of which is
favored at low temperature with large valuesnof

Therefore, the equilibria which occur in solutions of M(lII)
iodides andipy (noted L in the equations of reactions below)
in pyridine can be described by eqs-3 in which all solutes
are solvated by the pyridine. Concentratiod} [2], and [3]

M+ L= ML 1)
1

ML +L =ML, )
2

ML, +L =ML, ®)

3

have been measured by integration of the corresponding NMR
signals, [M] has been calculated by the difference BM[M] 1

— [ —1[2 —[3], and [L] = [L]+ — [1] — 2[2] — 3[3],
established from mass balance of M daiply species, with [M

and [L}r the total concentrations of M artapy, respectively.
Figures 5 and 6 show, in the case of U(lll), the relative
proportions of free U(lll),1, 2, and3 as a function of, at 298

and 233 K, respectively; similar distributions are observed for
M = Ce and Nd, except that for Nd(lll) specidswas not
observed.

(20) Rivigre, C.; Lance, M.; Ephritikhine, M.; Madic, C.; Nierlich, M.
Kristallogr. NCS200Q 215, 239.
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100 @ —@ in pyridine confirm the occurrence of the equilibria-3. The
cerium and uranium derivatives are rare examples of analogous
80 4f and 5f complexes, the crystal structures of which can be
" ey directly compared. The differenc&é = 0.02 A between the
& 60 _mUL average CeN(bipy) and U-N(bipy) bond lengths is exactly
2 ~e—UL, the same as that found between the-NJ and Ce-N bond
e ¥ distances in (CHCsH4)sM[N(CH2CH,)sCHJ® and can be

considered as not significant considering the experimental errors.
It has been pointed out that with nitrogen and oxygen Lewis

20

0 NS — bases L, which belong to the class of hard donors, thd U
0 5 10 15 20 and Ce-L distances are the same andis between 0.01 and
bipy equivalents 0.02 A. In contrast, the UP bond is significantly shorter, by

Figure 5. Distribution curves of uranium(lll) species during the NMR 0;1_'&, _than the CeP bond in (CH_CSH4)3M(PM83)-23 Th_iS
titration of a 102 M solution of Uk(py)s by bipy in anhydrous pyridine distinctive feature has been explained byréback-bonding
at 294 K (the points are experimental calculated data, and the lines areinteraction between uranium and the soft ligand which is absent

guides for the eyes). in the lanthanide complex; this difference would indicate that
the U-P bond is stronger than the €P bond, in agreement
100 —A—U  -e-UL, with equilibrium studies. However, in the case of the crystal

—a—UL —%—Ul; structures of the M{(bipy)2(py) compounds (M= Ce and U),
which are of the same qualityr(= 0.032 and 0.038 for M=

Ce and U, respectively), we note that (i) the averageN\bipy)

g 60 distances are calculated from four-Nl bond distances and

é_ the values are identical for each of the two independent-Cel

e ¥ (bipy)2(py) molecules and (i) the value is positive while the
2 ionic radius of Ce(lll) is slightly shorter than that of U(lll) (about

0.01 A)12 These slightly smaller BN bond distances than
Ce—N ones in these crystalline compounds could possibly be
correlated with the slight preference loipy to bond U(IIl) vs
Ce(lll) observed in pyridine solutions (vide infra). Sinlipy,

) o ) . . apart from being & donor, is capable of bonding by accepting
Figure 6. Distribution curves of uranium(lll) species during the NMR g0 density from filled metal orbitals into* orbitals of
titration of a 102 M solution of Uk(py)s by bipy in anhydrous pyridine . L . . . .

at 233 K (the points are experimental calculated data, and the lines arethe rng systgm, itis p_035|ble that its bonding mode to Ce”,um'
guides for the eyes). (1 and uranium(lIl) within the complexes presents some slight

. . L . differences owing to the easier access of 5f orbitals of U(lll)
Before trying to give a quantitative interpretation, it is worth compared with the 4f orbitals of Ce(lll). Interestingly, a

noting that, whatever the value of the fraction of complexed difference of 0.03 A has been found between the meanN.a
M(IlT) is greater for M= U than for M= Ce or Nd; thusbipy and U-N bond distances in the complexes M(tpg)y) (M =
has a greater affinity for the 5f element. It is also clear that at | 5 o, - tpa= tris[(2-pyridyl)methylJamine £ while the ionic
room temperature the most abundant complex in solution is the o ;i of’La(III) and U(IIl) differ by ca. 0.0'1 A2 and it was

1:2 species Mbwhich is the major or unique (M- Nd) species g\ gqested that this difference could reveal the presence of some
even for the lowest studied valuesmfThis strong preference degree of covalency in the U(IHtpa interaction. Finally, we

for the formation of the 1:2 complex relative to that of the 1:1 |, ia that in the complexes'M tris[3-(2-pyridyl)pyrazol-1-yl]-
complex remains exceptional in coordination chemistry, and for boratd,* (M = Sm and U), the corresponding M(H)N bond
Ignthanzlfles, it has been observed only with tripodal amine gisiances are almost identi@lwhereas the ionic radius of
ligands:™ To our knowledge, compoundsare the first felement () is ca. 0.08 A larger than that of Sm(IIF% This feature,
compounds with three coordinatbgby ligands which have been \hich was not indicated by the authors, possibly reflects the
observed in solution. In the solid state, the lanthanide nitrate greater affinity of this ligand for An(lll) vs Ln(lll) ions, and

compounds which were formulated as Ln(§}§bipy)s (Ln = we think that it would be interesting to evaluate its potential
Ce, Pr, Nd, Yb) have been shown to be most likely Lng© for An(lll)/Ln(I1l) separation.

(bipy)*bipy.1® With the exception of the anionic complex [Li- The Cerium/Uranium Selectivity. A significant difference
(THF)][YD(bipy)s] in which the bipy groups are in thg form  petween the behavior of Yland Cel; complexes in pyridine

of one bipy*~ dianion and twobipy* radical anions? the is revealed by the conductometry studies. By comparison with
u-hydroxo complex [Nd(bipyu-OH)l[l] 4-3py is the only 1.3 the conductivity of the 1:1 electrolytes Nal and\R (R = Et,
p|py compound of an f element to have been characterized byn-hexyl), it appears that in a 18 M solution, ca. 40% of

its crystal structuré® The 1:2 complexes Miare the only ones o\ ated M(IIl) triiodide (noted here Ms)) is dissociated,
which could be isolated pure in the form of dbipy)(py), according to eq 4; the dissociation constéati.e., mass action
from solutions of M(lll) iodides andipy; their NMR spectra law constant of eq 4) is thus equal to 271073,

T T & T T T TR
4] 5 10 15 20

bipy equivalents

(21) (a) Wietzke, R.; Mazzanti, M.; Latour, J. M.;"¢&it, J.Chem. - 4 -
Commun.1999 209. (b) Wietzke, R.; Mazzanti, M. Latour, J. M.; Ml(s)==Miy(s)" + 1 (s) 4)
Pecaut, J.J. Chem. Soc., Dalton Tran200Q 4167. (c) Caravan, P.;
;‘f;“ﬂ%g"(;-i ('—C;;JvL%;;VSJbﬁrg}f-égrgf\%nC% _Agét%‘eg- JS(_’GC-)%?/% c At room temperature, after addition of 8 equiv lwpy, the
Inorg. Chem.1998 37, 1637. o T "7 only complex in solution is the 1:2 species and, in the case of

(22) Bochkarev, M. N.; Petrov, B. I.; Fedyuskhin, I. L.; Petrovskaya, T.
K.; Nevodshikov, V. |.; Patrikeeva, N. B.; Zakharov, L. N.; Struchkov, (23) Brennan, J. G.; Stults, S. D.; Andersen, R. A.; Zalkin,Gkgano-
V. T. Russ. Chem. Bulll997, 46 (2), 371. metallics1988 7, 1329.
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M = U, the conductivity corresponds to that of a 1:1 electrolyte, = The Thermodynamic Constants.The presence of iodide
indicating that Ulz would be almost completely dissociated into ions in solution resulting from the dissociation of (H) should
Ul,Ly(s)" and I (s). In contrast, the conductivity of the solution be taken into account in the expression of the formation
of the cerium complex increases to a much lesser extent, inconstantK of the various complexes. However, the concentra-
relation with a dissociation of Celequal to 60% (Figure 3).  tion [I7(s)] varies at the most by a factor of 2.5, from G4
These results indicate thhipy exhibits only a slightly greater ~ 1072to 102 M in a 1072 M solution of MIx(s). This variation
affinity for Cely(s)" than for Cej(s) while it coordinates almost  is much smaller than that of the other species, in partitifa;
exclusively to the cationic species AH)". In agreement with the concentration of which varies from 0 t0x81072 M. As a

this fact is the influence of iodide ions which, by disfavoring consequence, the concentration(§)] will have a limited

the dissociation of Wls), impedes the formation dbipy influence on the values of the constants. The “apparent”
complexes. These observations emphasize the major competitivéormation constants for the ML, Mi.and MLs complexes were
role of the counterions in these complexation reactions. The calculated from the respective populations of spetjek and
distinct behavior of the cerium and uranium compounds can be 3 (Figures 5 and 6). These values were obtained according to
tentatively explained by electronic factors, by considering that eqs 5-8, in which all species are solvated. In these equations,
the uranium iodide, in the low oxidation state3, is more [M] = [Mlg] + Ml =[M]t—[1] —[2] —[3]and [L] =
electron rich than its cerium analogue. As a consequence of[L]t — [1] — 2[2] — 3[3].

the greater important electron density on the U(lll) metal center,

coordination of ther donor ligandbipy would be more difficult. K, =[1J/(M][LD = [1/(([MI 4] + [MI 2+])[L]) (5)
It has already been demonstrated that coordinatiom @dnor
Lewis bases to U(IV) and U(lll) complexes is very sensitive to K, = [2/([1][L]) = (Ml 4L,] + [MILL, D/((2][L]) (6)

electronic factors and should not cause the electron richness of
the final adduct to exceed an upper liffitA good illustration _ N
of these electronic effects is provided by the differences in Bo = [2U(IMIL] ) = (M 4Lo] +

reactivity and coordination ability of the isosteric trivalent [MI2L2]+)/(([MI3] + [MI;])[L] A (7
metallocenes (MgSiCsH,)3U and (MeCGCsHy)sU, which are
respectively less and more electron rich thanHgRU; in K, =[3/([2)[L]) = [3J/(([MI4L,] + [MI,L, L)) (8)

particular, the adduct (M&iCsH,4)sU(THF) is readily formed

in benzene while no interaction between the Lewis base and Note that, in eqs 58, speciesl and3 are written as a whole
(MesCCsHa)sU has been observéelif special attention has been  without considering their ionic dissociation.

paid to the distinct behavior of (GsH4)sU and (CHCsHa)s- It is possible to evaluate the influence of (§)] on these
Ce toward soft aner accepting ligands (vide infra), comparative  constants by considering two extreme cases. {is)] does not
studies concerning the coordination of hard Lewis bases like yary upon addition obipy, i.e., bipy coordinates equally to M
THF seem not to have been considered. It is, however, (s) and M(s)", which is the approximate situation for M
interesting that, in contrast to (M@GsH.)sU,?° the cerium  Ce, the apparent formation const#atdefined by eq 7 is equal

analogue (MgCCsH.)sCe*” does form a stable adduct with THF  t the g', constant corresponding to equilibria 9 and 10.
which has been observed by NMR. It is also significant that

the lanthanum compound (MECsH4)sLa(THFY® could be Ml + 2L =MIl,L, (9)
isolated by controlled evaporation of a THF solution (the ionic

radii of La®*, Ce®*, and U™ are very similat?). That THF is . [MIgLy)

more strongly coordinated to Ce(lll) or La(lll) than to U(lII) 2 T T

can be explained by the harder character of the 4f elements. [MIgIL]

The overall observations lead us to envisage, to explain the

selectivity ofbipy in its coordination to U(Ill) and Ce(lll), a MI2+ +2L= MI2L2+ (10)
mechanism which is somewhat different from that usually

considered. It is generally accepted that the efficiency of [MI2L2+]

aromatic nitrogen ligands in lanthanide(lll)/actinide(lll) separa- P —

tions is due to a stronger bonding interaction between the 5f MI57][L]

element and the nitrogen atoms, both classified as soft sites. . . . . . .
This view is not supported by the results reported here since, On the othe: hand, if M(bipy)x(s) is totally dissociated |+nto
on the contrary, it appears that coordinatiorigly to the U(1Il) Miz(bipy)(s)*, i.e., bipy coordinates essentially to Ms)",
center requires access to a harder site which is obtained afteMich is the case for M= U, the apparent formation constant
dissociation of an iodide ion from k() and formation of the ~ A2iS related tg5', by eq 11. Under the experimental conditions,
cationic species Y(s)*. In addition to thise bonding, it is the term 1+ [I7V/Kq varies fro_m 2 to 4 and its contribution to
conceivable that the uraniubipy complexes are also stabilized 109 f2 will not exceed 0.3 unit.

by 7 back-donation of the U 5f orbitals into the orbitals of , _
the aromatic ring. B2=F {1+ VK (11)

(24) Amoroso, A. J.; Jeffery, J. C.; Jones, P. L.; McCleverty, J. A.; Rees, ~ The mean values dfy, K, K3, and, with their correspond-
L.; Rheingold, A. L.; Sun, Y ; Takats, J.; Trofimenko, S.; Ward, M. jng standard deviations, obtained from at least 4 independent

(25) ggu\g?ﬁ' 8 %aAu.jr.yCgemégﬁﬁikﬁzgmMQogmeﬁﬂ1_8'3;\./aza A values, are listed in Table 3. The trends of these values

Nierlich, M.; Vigner, J.J. Organomet. Chenl991, 415, 59. correspond to the gqualitative observatidts> K; > Kz and
(26) Berr]thelth. C.lLe Mcé;]wal,é. F; Lar?ce, M Niggié:h, M3 Vigner,J.;  fBy(U) > Bo(Nd) > S2(Ce). As expected for the equilibria, the
Ephritikhine, M.J. Chem. Soc., Dalton Tran$ 1573.
(27) Stults, S. D.; Andersen, R. A.; Zalkin, Rrganometallics199Q 9, ConStar.]tSKL K, andp; CaICL.IlatEd from the systems Ce(.lll)/
115, U(lIn/ bipy and Nd(lI1)/U(Il)/bipy are equal to those determined

(28) Wayda, A. L.J. Organomet. Chen1989 361, 73. from each separate M(IIBipy system. Similar values df;
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(ca. 10) have been reportédor the complexation of lanthanide-
(1) ions with bipyin 0.5 M aqueous solutions of NaNOThe
value of 2.50(3) for log3,(Ce) can be compared with that of

Inorganic Chemistry, Vol. 40, No. 17, 2004435

formula of the ligand studied (i.e., thmpy), induces a difficulty
for bipy to removepy molecules from the inner coordination
sphere of the metal ions. Moreover, this difficulty loipy to

5.8(2) determined for the formation of the 1:2 species obtained bond metal ions is reinforced owing to the presence of iodide

by the complexation of La(N€s by o-phenanthroline in
acetonitrile; it is usual fobipy complexes to be less stable than
those ofo-phenanthroliné® If the better affinity ofbipy for
Nd(IIl) compared to Ce(lll) can be classically interpreted by
an electrostatic bonding mod&F since the ionic radius of Nd-
(1) is smaller than that of Ce(llI}2 this explanation does not
hold for the better affinity obipy for U(lll) because this ion
has the largest ionic radius among the three M(IIl) ions
considered here.

The linear dependence of lol§; versus 1T allowed the
determination of the thermodynamic paramet&ks and AS
corresponding to the formation of species3. The values of
AH; andAS with their standard deviations, calculated from ca.

counterion in the inner sphere of coordination of M(lll). This
is due to the poor dissociating properties of the pyridine solvent,
which has a dielectric constant equal to 12.3.

Nevertheless, interesting results were obtained, among which
one can cite (i) the unusual higher stabilities of M(bipy$
M(bipy); (ii) the slightly, but significantly, higher affinity of
bipy toward U(lIl) in comparison with Ce(lll) and Nd(lll) ions;

(iii) the better affinity of bipy ligand toward the hard Yt
compared with that observed for the less harg $plecies; (iv)

the driving force of the complexation reactions found to be the
enthalpy; and (v) the nonexistence of a chelate effect, evidenced
by the nonfavorable sign of the entropies of the complexation
reactions.

5—13 independent measurements, are presented in Table 4. It The work was continued with the study of the complexation

is noteworthy that, for M= Ce or U, the values oAH; and
AS are very similar, withAH; andAS being negative and S,
slightly positive. Clearly, the driving force for the formation of

of U(Ill), Ce(lll), and Nd(IIl) in similar conditions with the
following ligands: o-phenanthroline, 2,%',2"'-terpyrine, 2,4,6-
tri(pyridin-2-yl)-1,3,5-triazine (TPTZ), and 2,6-bis(5,6-dialkyl-

the complexes is the enthalpy term only and, surprisingly, the 1 2 4-triazin-3-yl)pyridine (BTP), in order to address the effects
chelate effect Whl_ch is most usually ot_)served in complexation f (i) ligand preorganization, (ii) ligand denticity, and (iii) ligand
of polydentate amines seems not to be in operation here. Becausgasicity on the affinity and selectivity of complexation reactions.

the exact nature of the M(I)bipy complexes in pyridine  This work will be the subject of a forthcoming paper.
solution is uncertain, e.g., we do not know if the coordination
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Conclusions

The main objective of this work was to evaluate the difference
in the affinity of a bidendate nitrogen ligand, tbegy, toward
trivalent 4f and 5f metal ions. The differences in the stability Supporting Information Available: COSY 'H NMR spectrum of

of the U(IIl)—bipy complexes _compared with those of Ce(lll) a solution of Nd§ (10-2 M) andbipy (102 M) in anhydrous pyridine-
a”?' Nd(liT) complgxes were in fact fQU”d to be rather_ small. ds at 294 K. A view of the X-ray crystal structure of one of the two
This results possibly from the choice of the experimental jngependent molecules of G@ipy)a(py). Van't Hoff plots for the
conditions selected for the study, i.e., use of pyridine solvent variation of InKj, In K,, and InKj stability constants for the U(I1t)
and of the iodide counterion, which were perhaps not so ideal. bipy system in anhydrous pyridine. Complete X-ray crystallographic
Indeed, even if pyridine is a poorer solvent of 4f and 5f ions in files in CIF format. This information is available free of charge via
comparison with water, the fact that it corresponds to half the the Internet at http:/pubs.acs.org.

1C001411J

(29) Martell, A. E.; Smith, R. M.Critical Stability ConstantsPlenum
Press: New York, 1989.

(30) Frehette, M.; Butler, I. R.; Hynes, R.; Detellier, @org. Chem1992
31, 1650.

(31) Handbook of Chemistry and Physi&th ed.; CRC Press Inc.: Boca
Raton, FL, 1986-1987.



