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The title compound, [Tb(NO3)3(C18H15OP)3]�1.5(CH3)2CO,

contains discrete molecules with nine-coordinate Tb atoms, all

nitrate groups being bonded as symmetrical bidentate ligands;

TbÐO(P) = 2.307 (4), 2.309 (4) and 2.295 (4) AÊ , and TbÐ

O(N) = 2.467 (4)-2.539 (4) AÊ ).

Comment

As part of a continuing study into the solution equilibria found

for lanthanide complexes of phosphine oxides, the complex

[Tb(NO3)3(Ph3PO)3]�1.5Me2CO, (I), was isolated (Cousins &

Hart, 1967). The crystal structure reveals a nine-coordinate

terbium bonded to three bidentate nitrate groups and three

phosphine oxides, with 1.5 acetone molecules in the asym-

metric unit, the latter arising from a partial occupancy for one

solvent molecule. The three (P)OÐTbÐO(P) angles (Table 1)

show that this complex may be described as mer-(pseudo)-

octahedral, where the nitrate ligands have been replaced

conceptually by monodentate ligands. The nitrate groups are

symmetrically bonded, with the OcÐNÐOc angle smaller

(average 116�) than the ideal value in the free D3h NO3
ÿ

anion, where Oc is a coordinated O atom. As described

previously (Valle et al., 1986), the NÐOc distances are ca

0.05 AÊ longer than NÐOt, where Ot is the terminal O atom.

The MÐOÐP angles are very variable among phosphine

oxide complexes; in the present compound they are 154.7 (3),

159.6 (3) and 173.8 (3)�.

Five other structurally characterized compounds with the

same stoichiometry are known for Y (Deakin et al., 2000), La

(Huang et al., 1987), Ce (Lin et al., 1994), Sm (Sakamoto &

Miyake, 1993) and Eu (Valle et al., 1986), and all have a similar

structure and are solvated (2Me2CO for Ce, Sm and Eu).

The TbÐO(P) and TbÐO(N) distances are a little longer

than the corresponding values found in [Y(NO3)3(Ph3-

PO)3]�xCH2Cl2 (Deakin et al., 2000), where the Y compound is

again `mer'; this re¯ects the relative ionic radii [M3+ (eight-

coordinate): Y 1.159 AÊ and Tb 1.180 AÊ (Shannon, 1976)].

Experimental

Cooling a boiling acetone solution of Tb(NO3)3�6H2O and Ph3PO

(1:3) gave the title compound. Suitable crystals were isolated from the

reaction product.
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Crystal data

[Tb(NO3)3(C18H15OP)3]�1.5C3H6O
Mr = 1266.88
Monoclinic, P21=n
a = 11.0612 (10) AÊ

b = 19.180 (2) AÊ

c = 27.641 (4) AÊ

� = 94.895 (7)�

V = 5842.7 (12) AÊ 3

Z = 4

Dx = 1.440 Mg mÿ3

Mo K� radiation
Cell parameters from 41 633

re¯ections
� = 2.9±27.5�

� = 1.36 mmÿ1

T = 120 (2) K
Block, colourless
0.16 � 0.16 � 0.10 mm

Data collection

Nonius KappaCCD area-detector
diffractometer

' and ! scans
Absorption correction: multi-scan

(SORTAV; Blessing, 1997)
Tmin = 0.847, Tmax = 0.873

40 261 measured re¯ections

10 247 independent re¯ections
6620 re¯ections with I > 2�(I)
Rint = 0.111
�max = 25.0�

h = ÿ13! 12
k = ÿ22! 22
l = ÿ32! 31

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.054
wR(F 2) = 0.135
S = 1.03
10 247 re¯ections
711 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0194P)2

+ 9.57P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.002
��max = 1.24 e AÊ ÿ3

��min = ÿ0.83 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.00179 (16)

Table 1
Selected geometric parameters (AÊ , �).

Tb1ÐO1 2.307 (4)
Tb1ÐO2 2.309 (4)
Tb1ÐO3 2.295 (4)
Tb1ÐO4 2.467 (4)
Tb1ÐO5 2.492 (5)
Tb1ÐO7 2.476 (4)

Tb1ÐO8 2.505 (4)
Tb1ÐO10 2.459 (4)
Tb1ÐO11 2.539 (4)
P1ÐO1 1.502 (4)
P2ÐO2 1.508 (5)
P3ÐO3 1.504 (5)

O1ÐTb1ÐO2 85.51 (15)
O1ÐTb1ÐO3 84.27 (15)
O3ÐTb1ÐO2 150.09 (14)
O4ÐTb1ÐO5 51.43 (16)
O7ÐTb1ÐO8 51.26 (16)
O10ÐTb1ÐO11 51.23 (13)

P1ÐO1ÐTb1 154.7 (3)
P2ÐO2ÐTb1 159.6 (3)
P3ÐO3ÐTb1 173.8 (3)
O6ÐN1ÐO5 122.4 (6)
O6ÐN1ÐO4 121.5 (6)
O5ÐN1ÐO4 116.1 (5)

The large displacement parameter values of all the atoms of one of

the acetone solvent molecules suggested partial occupancy, and the

site-occupancy factor (sof) was set to 0.5 to bring the values close to

those of the other acetone molecule. The atoms with sof of 0.5 were

re®ned isotropically. H atoms were placed in calculated positions with

a displacement parameter related to that of the bonded C atom;

Uiso(H) = xUeq(C), where x = 1.2 for phenyl H and 1.5 for methyl H

atoms. The maximum electron-density peak is 1.5 AÊ from Tb1.

Data collection: COLLECT (Hooft, 1998) and DENZO (Otwi-

nowski & Minor, 1997); cell re®nement: COLLECT and DENZO;

data reduction: COLLECT and DENZO; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

ORTEPII (Johnson, 1976).
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Figure 1
The molecular structure of [Tb(NO3)3(Ph3PO)3], showing the atom-
labelling scheme. Ellipsoids are drawn at the 50% probability level; H
atoms and the Tb1 label have been omitted for clarity.
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