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i’hree classes of adducts of aqua-nitratolanthanide 
complexes and 4,4’-bipyridyl (4-bipy) have been 
structurally characterised: (1) [Lnz(H2 O),(N03)6] l 

4(4-bipy), Ln = La, Ce(III), Pr; (2) [Ln(H10)3- 
(NO3)3 J l 2(4-bipy), Ln = Y, Ho; (3) fLn(H,0)3- 
(N03)3] l 2(4-bipy), Ln = Y, Nd, Sm, EM, Cd, Tb, Dy, 
Ho. In all cases, nitrate groups are bidentate, and 4- 
bipy molecules are un-protonated and un-coordinated 
and are hydrogen-bonded to ligand water molecules. 
In (I), a doubly-biden tate NO3 group bridges two Ln 
atoms. Crystal data include: (I) (Ln = La). Cmcdl, 
a = 24.52(2), b= 16.673(12), c= 13.245(g) A, Z=4, 
diffractometer data, R = 0.094 for 3241 re.flections; 
(2) (Ln = Ho), Pbca, a = 7.731(7), b = 43.77(g), 
c = 15.67(3) A, Z = 8, film data, R = 0.060 for 2124 
reflections; (3) (Ln = Y), P21/c, a = 7.910(6), b = 
20.81(2), c = 16.56(2) A, p = 104.60(5)“, film data, 
R = 0.058 for 2820 rejlections. 

TABLE I. Crystal Data. 

Introduction 

Numerous compounds of the type Ln(N03)3* 
nHzO*2(4-bipy) have been reported [l, 21 in which 
Ln is a trivalent lanthanide or yttrium, 4-bipy is 4,4’- 
bipyridyl, and n ranges from 2 to 6. It was inferred 
from the infra-red spectra that 4-bipy was 
coordinated to Ln [2]. However, the compounds of 
this type so far subjected to single-crystal X-ray struc- 
tural analysis have proved to have N03:Ln ratios in 
excess of 3:l; in (CbipyH) [Ln(H2 O), (NOs)a- 
(4-bipy)] (Ln = La, Ce, Pr, Nd) [3, 41 only one 
4-bipy is coordinated and the other is protonated, 
while in [Ln(H2 0)4(N03)3] l 2(4-bipyH)(N03) (Ln = 
Nd, Yb) [4] both 4-bipy are protonated and 
uncoordinated. We have now identified three more 
structural types, in all of which the N03:Ln ratio 
is 3:l; the 4-bipy molecules are unprotonated and 

Compound Space-group alA hIA c/A pldeg 2 De/g cmp3 

I.~~CI&C,N,~~~(I)~ Cmc21 24.5 2(2) 16.673(12) 13.245(8) 90 4 1.710 

Ce&oH~N14% Cmc2 l 24.48(2) 16.62(2) 13.21(l) 90 4 1.754 

PrS4oH~N&z Cmc2 1 24.45(2) 16.53(2) 13.20(l) 90 4 1.770 

HoC~H~N~~~~(II)~ Pbca 7.731(7) 43.47(8) 15.67(3) 90 8 1.797 

YGoHnN7% Pbca 7.758(8) 43.65(10) 15.67(3) 90 8 1.605 

YCZ~HZZN~% (III)a P2llC 7.910(6) 20.81(2) 16.555(19) 104.60(5) 4 1.614 

NdCpHzN7% p21/c 8.08(l) 20.85(2) csinfi = 16.02(l) A 4 1.713 

SmG&9W12 p211c 7.979(7) 20.73(2) 16.643(15) 105.7(l) 4 1.760 

EuGoHnN7% p21/c 7.968(7) 20.81(2) 16.63(2) 105.7(l) 4 1.761 

Gd%H zzN 70 12 p21/c 7.951(7) 20.76(2) 16.573(15) 105.2(l) 4 1.784 

TbCzoHzzN7012 p21/c 7.953(7) 20.81(2) 16.58(2) 105.05(10) 4 1.782 

D~CzoHnN7%2 P21 Ic 7.921(7) 20.75(2) 16.57(2) 104.9(l) 4 1.803 

HoCzoHnN7Qz p21/c 7.917(7) 20.79(3) 16.54(2) 104.8(l) 4 1.809 

‘Intensity data were collected. Values of h and ti were 0.71069, 1.5418, 1.5418 A; 16.2, 62.1, 37.6 cm-l, for 1,Ik 111. 
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TABLE IL Selected Molecular Dimensions for I, [Las(HsO),(NOs)e] .4CioHsNs. 

T. J. R. Weaklev 

- 

(i) La Coordination sphere 

La(l)-O(4) 

La(l)-O(5) 
La(l)-O(7) 
La(l)-O(8) 

La(l)-Aq(1) 
La(l)-Aq(2) 
La(l)-Aq(3) 

O(4)-La(l)-O(5) 
O(7)-La(l)-O(8) 
La(l)-O(8)-La(2) 

(ii) Nitrate groups 

2.603(11) A 
2.613(12) 
2.649(16) 
2.815(17) 
2.577(12) 
2.520(15) 
2.578(13) 

48.3(4)’ 
46.4(4) 

169.2(6) 

La(2)-O(1) 
La(2)-O(2) 

La(2)-O(8) 
La(2)-O(9) 
La(2)-O(10) 
La(2)-O(11) 

La(WAq(4) 

La(2)-Aq(5) 

O(l)-La(2)-O(2) 
O(8)-La@-O(9) 
O(lO)-La(2)-O(11) 

2.659(12) A 
2.660(11) 
2.658(16) 
2.743(15) 
2.651(14) 
2.887(16) 
2.458(13) 

2.505(10) 

47.7(3)” 
45.1(5) 
45.1(S) 

N(l)-O(1) 
N(l)-O(2) 
N(l)-O(3) 
N(2)-O(4) 
N(2)-O(5) 
N(2)-O(6) 

(iii) Hydrogen bonds 

1.263(19) A N(3)-O(7) 1.159(23) A 

1.259(18) N(3)-O(8) 1.276(21) 

1.206(20) N(3)-O(9) 1.205(24) 

1.250(18) N(4)-O(10) 1.275(25) 

1.262(18) N(4)-O(11) 1.236(25) 
1.257(18) N(4)-O(12) 1.223(24) 

O(lO)**Aq(li) 2.72(3) A N(6)..Aq(4ni) 

O(ll)..Aq(l). 2.83(3) N(7). * Aq(3iv) 

0(12)..Aq(5u) N(8). eAq(2’) 2.96(3) 
N(S)*.Aq(Sn) 2.66(3) 

Symmetry code: (i) x, 1 - y, -% + z; (ii) x, 1 - y, 4i + z; (iii) % + x, % - y, ‘/z + z; (iv) ‘/ - x, % - y, -% + z 
- 

2.76(3) A 
2.67(3) 
2.72(3) 

uncoordinated, as they also are in [Ln(H20)s]C13- 
2(4-bipy) (Ln = Y, Gd) [5] . 

Results and Discussion 

The compounds whose structures have been deter- 
mined are [Laz(Hz0)7(NOs)6] l 4(4-bipy) (I), space- 
group Cmc2r, which has isomorphs containing Ce 
and Pr; [Ho(H,O)a(NOs)a] *2(4-bipy) (II), space- 
group Pbca, which has an isomorph containing Y; 
and p(H2 O)a(NOa)a] -2(4-bipy) (III), space-group 
P2r/c, which has isomorphs containing Nd, Sm, Eu, 
Gd, Tb, Dy, and Ho. As previously [4], the criteria 
for isomorphism are identity of space-group and close 
similarities in cell dimensions and in the distribution 
of intensities in corresponding Weissenberg photo- 
graphs. Crystal data are given in Table I. When Ln 
was Er, Tm, Yb or Lu the only products obtainable 
were aggregates of small crystals (from 95:5 EtOH: 
HzO). No homogeneous crystals or fragments large 
enough for diffraction photography were found, but 
the crystal symmetry appeared to be low and the 

L.J LJ 

Fig. 1. I, [La2(H20)7(NOs)e] *4CroHaN2: the binuclear 
complex. The viewpoint is close to the crystal mirror plane. 

products were isomorphous with one another 
(powder diffractometry) but not with I, II, or III. 
Analysis of the Yb compound indicated a composi- 
tion close to Yb(N0a)3-3-4H,0*2(4-bipy). 
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TABLE III. Selected Molecular Dimensions for II, [Ho(H~O)~(NO&] .2CloHsN2. 
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(i) Ho coordination sphere 

Ho-O(l) 
HO-O(~) 
HO-O(~) 
Ho-O(S) 
HO-O(~) 

O(l)-HO-O(~) 
O(4)-Ho-O(S) 

(ii) Nitrate groups 

2.391(S) A 
2.475(S) 
2.416(9) 
2.451(9) 
2.434(9) 

52.7(3)” 
51.6(3) 

Ho-O(S) 2.514(10) A 
Ho-Aq(1) 2.333(7) 
Ho-Aq(2) 2.296(7) 
Ho-Aq(3) 2.343(S) 

O(7)-Ho-O(S) 50.4(3)” 

N(l)-O(1) 1.267(13) A N(2)-O(6) 1.228(13) A 
N(l)-O(2) 1.274(13) N(3)-O(7) 1.238(16) 
N(l)-O(3) 1.240(12) N(3)-O(8) 1.231(U) 
N(2)-O(4) 1.248(17) N(3)-O(9) 1.214(18) 
N(2)-O(5) 1.252(16) 

(iii) Hydrogen bonds 

0(9)**Aq(2$ 
. . . 

0(9)**Aq(3) 
2.94(3) A N(5). .Aq(lfu) 2.80(2) A 
2.97(3) N(6). .Aq(ll”) 2.75(2) 

N(4)**Aq(2 ) 2.71(2) N(7)*,Aq(3”) 2.69(2) 

Symmetry code: (i) 1 + x, y, z; (ii) % + x, y, % - z; (iii) -‘14 + x, ‘/ + y, -Z; (iv) x, % - y, % + z; (v) -‘/z - x, ‘/2 +, y, z 

Compound I contains a binuclear neutral complex, 
Laz(Hz0)7(N03)6 (Fig. 1). Dimensions are given 
in Table II. Bond lengths are similar to those in 
[La(NOa)a(HaO), J *Hz0 [7]. The chief feature of 
interest is the doubly-bidentate bridging NOa group. 
This has not, as far as we know, been reported 
previously in lanthanide complexes although it is 
known elsewhere, for instance in AgN03 [6]. This 
group is asymmetrically bidentate towards both La 
atoms, especially La(l), but the asymmetry is not 
necessarily a consequence of the bridging role as it 
is also found for non-bridging bidentate NOa in this 
compound [N(4), O(10, 11, 12)J and in others,e.g. 
[Y(H,0)4(NOs)3] l 2Hz0 [9]. The La atoms, the 
bridging NOa and one non-bridging group, and two 
water ligands lie on a crystal mirror plane; apart from 
this imposed symmetry, the coordination geometry 
is irregular for both La( 1) and La(2) which are respec- 
tively ten- and eleven-coordinate. The NOa groups 
on general positions are virtually planar and the La 
atoms bonded to them are near their mean planes 
[greatest deviation, 0.32 A for La(2) and N(l), 
0( 1,2,3)]. Short interatomic contacts which pro- 
bably indicate hydrogen bonds (Table II) include: 
(i) an intracomplex contact (2.83 A) between O(1 l), 
bonded to La(2), and Aq(l), bonded to La(l); (ii) 
N03**Hz0 contacts between complexes related by 
the operation x, 1 - y, t% t z; and (iii) a contact 

Ad 
08 

Fig. 2. II, [Ho(H~O)~(NO&] l 2CloHaNz: the coordination 
about Ho viewed along the Aq(3)-Ho bond. 

between each 4-bipy N atom and a water molecule 
near the extended N**N axis of that 4-bipy mole- 
cule. The 4-bipy molecules all lie nearly parallel to 
(001); they appear nearly superimposed in the 
c direction but are separated by a minimum of cu. 
6.5 A. 

In II, [H0(H,O)~(NO~)~]*2(4-bipy), the NO3 
ligands are again bidentate so that the Ho atom is 
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TABLE IV. Selected Molecular Dimensions for III, [Y(H20)3(NO,),] l 2CmHaN2. 

T. J. R. Weakley 

(i) Y coordination sphere 

Y-O(l) 
Y-O(2) 
Y-O(4) 
Y-O(5) 
Y-O(7) 

0(1)-Y-O(2) 
0(4)-Y-O(5) 

(ii) Nitrate groups 

2.395(6) A 
2.475(5) 
2.467(6) 
2.432(6) 
2.433(5) 

5 1.9(2)” 
51.7(2) 

Y-O(8) 2.479(6) A> 

Y-Aq(1) 2.304(5) 

Y-Aq(2) 2.312(5) 

Y-Aq(3) 2.333(5) 

0(7)-Y -O(8) 51.8(2)” 

N(l)-O(1) 1.261(8) A N(2)-O(6) 

N(l)-O(2) 1.264(9) N(3)-O(7) 

N(l)-O(3) 1.216(9) N(3)-O(8) 

~(2)-O(4) 1.261(9) N(3)-O(9) 

~(2)-O(5) 1.269(9) 

(iii) Hydrogen bonds 

0(6).*Aq(2f) 2.86(2) A N(5)..Aq(ltii) 

0(9).*Aq(3u) 3.01(3) N(6). *Aq(l) 

N(4). sAq(2) 2.70(2) N(7).aAq(3) 

Symmetry code: (i) -1 + x, y, z; (ii) x, % - y, -% + z; (iii) 1 - X, 1 - Y, 1 - z 

1.197(10) A 
1.280(9) 
1.259(8) 
1.209(8) 

2.74(2) 
2.77(2) 
2.66(2) 

N3 

09 t; 
Fig. 3. III, (Y(H20)3(N03)3 ]*2CloHaNz: the coordination 
about Y. 

9-coordinate (Fig. 2). Average bond lengths are: 
Ho-O(nitrate), 2.447; Ho-OH,, 2.324 8. The 
coordination geometry can be described as follows. 
Atoms O(l), Aq(3), O(4), O(5) and O(8) define a 
puckered pentagon, the maximum deviations from 
the mean plane being to.13 A for o(5) and -0.14 
A for O(4). The Ho atom lies 0.46 A below this 
plane, and a triangle of atoms O(2), Aq(2), O(7) 
are respectively 2.06, 2.43, 1.94 A below the plane. 

The ninth ligand atom, Aq(l), is 1.86 A above the 
plane with the Ho-Aq(1) inclined at 5.3” to the 
normal to the plane. The dihedral angles between 
the planes of the three NO3 groups are 83.9, 86.5, 
86.8”. Bond lengths and angles are given in Table 
III. The shorter Aq.*N(bipy) distances and the 
near-collinearity of the Aq0.N vectors with the 
4-bipy N**N axes strongly imply the presence of 
hydrogen bonds. The resulting three-dimensional 
net is reinforced by NOs**H20 bonds parallel to 
a. 

Compounds II and III both contain neutral, 9- 
coordinate Ln(H2 0)3 (NO,), complexes. However, 
in III the Hz0 ligands all lie on the same side of the 
yttrium atom, and the complex has approximate 
three-fold symmetry (Fig. 3). The three chelate 
NO3 groups are again steeply inclined to one 
another to minimise repulsions between non-bonded 
atoms (dihedral angles 79.4, 84.4, 88.8”). Bond 
lengths are given in Table IV. The average bond 
lengths are 2.316 A for Y-OH2 and 2.447 A for 
Y-O(nitrate), to be compared with the average 
values 2.384 and 2.506 A respectively in the IO- 
coordinate complex in [Y(H, O), (NO,),] l 2Hz0 
[8], and 2.352 and 2.549 8, in [Y(HzO),(N03),] * 
2Hz0 [9] (also lo-coordinate, but with one long 
Y-O(nitrate) bond). In I and II both independent 
4-bipy molecules are on general positions, but in 
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III there are three independent 4-bipy molecules of 
which one lies on a general position and two lie on 
crystal inversion centres (Fig. 4). The mean planes 
of the 4-bipy molecules are slightly inclined to the 
(100) plane; stacks of 4-bipy molecules occur parallel 
to a with separations of 3.38 and 4.53 A for mole- 
cules in general positions and 3.96 A for molecules 
on inversion centres. As in I and II, each 4-bipy mole- 
cule enters into hydrogen bonds with ligand water 
molecules close to the extended N**N axis, and there 
are also intermolecular NOs**HzO bonds. 

The dimensions of the 4-bipy molecules in I, II, 
and III are summarized in Table V. They are in 
general agreement with previous measurements [3, 
41, in particular as regards the decrease in the ring 
angle at N from the ‘hexagonal’ value of 120” and 
the enhanced ring angle at the adjacent carbon 

) I’ 

NS 3 6 

7 

Fig. 4. III, [Y(H~O)J(NO,),] l ZCleHsNz: a-axis projection. 

atom. Here too, the different dihedral angles between 
the pyridyl rings appear merely to reflect the require- 
ments of crystal packing, and are not correlated 
with the central C-C bond length. In compound III 
the dihedral angle is constrained to be zero for the 
4-bipy molecules on inversion centres. However, the 
ring atoms (especially those off the N.-C-C.-N 
axis) have highly anisotropic thermal parameters 
indicating high apparent vibrational amplitudes 
normal to the ring planes, and these may in fact 
represent static disorder of the 4-bipy molecules 
over two conformations each with small but non-zero 
dihedral angles. 

It is not clear which, if any, of the present com- 
pounds are identical with the Ln(N03)a*nHzO*2(4- 
bipy) adducts whose infra-red spectra were regarded 
[2] as showing that the 4-bipy molecules were in 
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TABLE V. Summary of Dimensions of 4,4’-bipyridy1 Molecules. Standard deviations of individual v&es range from 0.014 to 

0.026 A, and from 0.7 to 1.6*. 

b 

Bond or angle Range (mean value in parentheses) 

I 

a 
b 

c 

1.328-1.390(1.347)A 
1.353-1.405(1.392) 
1.361-1.414(1.390) 

116.4-122.0(118.9)” 

119.0-123.9(122.0) 

Y 115.0-122.9(119.3) 
6 116.2-122.3(118.9) 

Bond d 1.530 1.477 1.486 1.488 1.493 
Dihedral angle 5.3 14.6 5.2 28.8 7.2 

II 

1.309-1.359(1.338) A 
1.361-1.405(1.390) 

1.355-l-432(1.396) 

1.272-1.344(1,315) A 
1.383-1.403(1.393) 
1.350-1.426(1.382) 

116.0-119.2(117.7)” 116.2-118.8(117.4)” 

120.9-125.6(123.0) 120.8-125.7(123.3) 

117.1-122.6(119.3) llS.l-122.5(119.6) 

115.3-118.6(117.3) 115.1-118.3(116.4) 

III 

1.444 1.462 A 

0 0” 

the coordination sphere. Although the preparative 
procedure is simple, the yield, rate of crystalliza- 
tion, homogeneity, and identity of the products 
are all sensitive to the solvent (ethanol t water) 
composition and apparently also to the presence 
of traces of acid from the preparation of the lantha- 
nide nitrate. Thus, in addition to the structural 
types represented by I, II, and 111 we have obtained 
the following products: 

(i) Isomorpho~ compounds containing yttrium 
and holmium were deposited from 75% EtOH in poor 
yield on long standing. The space-group was also 
P2r/c but the approximate cell dimensions, for Y, 
were a = 15.80(2), b = 21.45(3), c = 15.65(2) A, 
/3 = 99.8(l)“. The crystals gave streaked or blurred 
diffraction spots, and intensity data were not col- 
lected. 

(ii) The neodymium isomorph of III crystallized 
first as a minor product; the bulk of the material 
obtained was another monoclinic compound, also 
with spacegroup P2r/c but with cell dimensions 
a = 18.70(3), b = 10.72(2), c = 18.02(2) A, fl = 
94.2(l)“. 

(iii) The crystallization of the praseodymium iso- 
morph of I was preceded by the deposition of small 
amounts of another orthorhombic compound, space- 
group Pm2rb, P2mb, or Pmmb. Its cell dimensions 
[a = 24.73(3), b = 16.22(2), c = 7.123(8) A] are 
close to those given [lo] for a neodymium 
compound whose space-group was, however, stated 
to be Pcm2, or Pc2m. 

Experimental 

The compounds were prepared by mixing hot solu- 
tions of Ln(N0&*6H20 (2.0 mmol) and 4-bipy* 
Hz0 (4.0 mmol), total volume 10 cm3, and allow- 
ing the filtered mixtures to stand at room tempera- 
ture. The solvent was 95:5 EtOH:H,O (I, III, and 
their isomorphs) or 75:25 EtOH:H,O (II and its Y 
isomorph). In the latter case the yield of product, 
after several days, was too low to permit satisfactory 
analysis. The analytical data for I suggested that a 
disordered molecule of lattice water, not revealed 
by the structure analysis, might be present (calcu- 
lated for 2La(N0a)3*nHzO*4CroHaNZ, n = 7, La 
19.89, C 34.36, H, 3.32, N 14.03%; for n = 8,19.59, 
33.86,3.39,13.82%; found, 19.3,33.9,3.41, 13.8%). 
Analyses of III and its Ho isomorph agreed with the 
formulae based on structural analysis. 

Crystal data have been given in Table I. Cell 
dimensions for all compounds were obtained from 
NaCl-calibrated Weissenberg photographs. All crystals 
were stable in air. Intensity data for I were collected 
by use of a Stoe STADI-2 diffractometer and MO 
radiation from a crystal mounted on c (layers hkO- 
11); 3250 unique data were obtained with lF1 > 
3u(F). Data for II and III were collected via equi- 
inclination multi-film Weissenberg photographs (Cu 
radiation) which were scanned by the Science and 
Engineering Research Council Microdensitometer 
Service, Daresbury Laboratory, England. The layers 
recorded were O-Sk1 and hkO-3 for II and O-7kl 
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TABLE VI. Atomic Coordinates and Thermal Parameters (all 

X 104) for I, [La2(H20)7(NO&] *4CloHsNz. 
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TABLE VII. Atomic Coordinates and Thermal Parameters 

(all X 104) for II, [Ho(H~O)~(NO~)~]*~CI~H&. 

Atom x Y z U Atom x Y 2 U 

La(l) 
Lat2) 
O(l) 
O(2) 
O(3) 
O(4) 
O(5) 
O(6) 
O(7) 
O(8) 
O(9) 
O(l0) 
O(l1) 
W2) 

Aq(1) 
Aq(2) 
Aq(3) 
Aq(4) 
Aq(5) 
N(1) 
N(2) 
N(3) 
N(4) 
N(5) 
N(6) 
N(7) 
N(8) 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 

C(7) 
C(8) 
C(9) 
C(10) 
C(l1) 
C(12) 
C(13) 
C(14) 
W5) 
C(16) 
C(17) 
CO81 
W9) 
C(20) 

0 
0 

965(S) 
945(4) 

1708(S) 
952(4) 
917(S) 

1696(S) 
0 
0 
0 

0 
0 
0 
0 
0 

566(S) 
0 

575(4) 
1221(7) 
1198(S) 

0 
0 

1582(6) 
4095(6) 
3431(6) 

913(S) 
2058(7) 
2572(6) 
2561(6) 
2079(7) 
1593(7) 
4091(8) 
3590(7) 
3102(6) 
3109(8) 
3627(8) 
3427(7) 
2947(6) 
2442(S) 
2456(7) 
2959(9) 

934(6) 
1423(6) 
1913(S) 
1887(S) 
1394(6) 

2319(l) 
3536(l) 
2831(6) 
4054(6) 
3407(7) 
2774(7) 
1540(7) 
2031(8) 
1530(9) 
2801(8) 

1966(g) 
5107(9) 
4556(10) 
5847(8) 
3862(7) 
1044(9) 
2695(7) 
2595(7) 
4117(7) 
3431(9) 
2123(8) 
2064(10) 
5183(12) 
5335(9) 
3295(9) 
1708(8) 
-369(8) 
5713(10) 
5351(9) 
4521(8) 
4100(10) 
4544(11) 
4094(12) 
4494(10) 
4066(g) 
3254(11) 
2863(12) 

883(10) 
487(8) 
871(7) 

1714(10) 
2094(12) 

432(9) 
847(8) 
449(7) 

-376(8) 
-753(8) 

3818(l) 
0 

227(10) 
740(S) 
681(10) 

3162(10) 
3588(10) 
3086(11) 
2082(13) 
1781(13) 

621(14) 

305(11) 
1761(11) 
1654(12) 
371 l(12) 
4841(13) 
5388(10) 

-1429(10) 
-1381(8) 

567(11) 
3274(10) 
1523(12) 
1263(15) 
3352(10) 
3057(11) 

596(11) 
637(10) ’ 

3447(12) 
3339(12) 
3163(11) 
3054(12) 
3133(13) 
3139(15) 
3178(13) 
3106(11) 
2995(13) 
2967(14) 

744(12) 
806(11) 
740(10) 
625(14) 
534(17) 
746(12) 
841(11) 
745(9) 
612(11) 
586(11) 

231(4)* 
289(S)* 
633(78)* 
516(66)* 
631(77)* 
635(77)* 
680(80)* 
781(92)* 
552(112)* 

470(99)* 
559(110)* 

464(99)* 
561(112)* 
576(103)* 
533(88)* 
540(91)* 
682(79)* 
391(79)* 
585(72)* 
560(91)* 
454(77)* 
264(92)* 
481(134)* 
561(37) 
627(41) 
610(37) 
492(32) 
512(41) 
431(36) 
377(33) 
499(41) 
577(45) 
696(53) 
568(44) 
417(35) 
628(50) 
659(52) 
516(40) 
409(34) 
309(29) 
582(45) 
795(57) 
486(39) 
386(33) 
262(27) 
35 3(30) 
430(35) 

*U is given as U,, = 1/3ZiZ.U~a~a~ai.aj, the thermal factor 

being T = exp[-2n2(Ullh2a” + . . + 2Uz3klb*c*)]. 

and ho-71 for III; there were respectively 2134 and 
2820 unique reflections above background. Data 
for II were corrected for absorption. The heavy-atom 
positions were obtained from Patterson syntheses. 
The Patterson synthesis for I could be interpreted 
for the acentric space-group CmcZ,, with two 

Ho 862(l) 

O(1) 1580(13) 

O(2) 504(12) 

O(3) 1280(13) 

O(4) 1741(14) 

O(5) -860(12) 

O(6) 114(16) 

O(7) 3085(13) 

O(8) 4099(13) 

O(9) 5830(16) 

Aq(1) 1505(11) 

Aq(2) -493(9) 
Aq(3) -1802(10) 

N(1) 1148(14) 

N(2) 327(20) 

N(3) 4365(17) 

N(4) 2717(13) 

N(5) -895(13) 

N(6) 335(13) 

N(7) -2107(14) 

C(1) 2137(19) 

C(2) 1380(17) 

C(3) 1326(15) 

C(4) 1931(17) 

C(5) 2642(16) 

C(6) -116(19) 

C(7) 630(17) 

C(8) 560(14) 

C(9) -137(16) 

C(l0) -914(18) 

C(ll) 314(17) 

CC1 2) -203(15) 

C(13) -576(14) 

C(l4) -510(15) 

C(l5) -45(18) 
C(16) -2379(17) 

C(l7) -1929(16) 

Ctl8) -1099(14) 

C(19) -731(16) 

C(20) -1339(17) 

1239(l) 
716(2) 
804(2) 
338(2) 

1766(2) 
1677(2) 
2141(2) 
1283(2) 
1223(2) 
1302(3) 
1255(2) 
1432(2) 
1038(2) 
613(2) 

1869(2) 
1272(2) 
1952(3) 
3356(2) 

4149(2) 
5487(2) 
2166(3) 
2437(3) 
2616(2) 
2293(3) 

2028(3) 
3170(3) 
2888(3) 
2809(2) 
3026(3) 
3283(3) 
4147(3) 
4402(3) 
4674(2) 

4679(3) 
4413(3) 
5210(3) 
4939(3) 
4955(2) 
5250(3) 
5499(3) 

478(l) 
223(S) 

1471(S) 
1131(6) 

338(6) 

-3(6) 
-73(6) 

1570(S) 
333(6) 

1362(10) 
-976(4) 
1665(S) 

40(S) 
948(6) 

82(6) 
1096(8) 
3031(7) 
1587(7) 
2807(7) 

578(7) 
3593(10) 
3306(g) 
2469(8) 
1902(9) 
2224(8) 
1042(10) 

1304(9) 
2178(7) 
2726(8) 
2422(g) 
1952(8) 
1471(8) 
1890(7) 
2792(8) 
3214(9) 

241(8) 
65 3(7) 

1425(7) 
1774(9) 
1334(9) 

367(4)* 
503(56)* 
515(53)* 
571(57)* 
479(56)* 
479(53)* 
679(61)* 
447(53)* 
565(61)* 
847(93)* 
360(43)* 
309(43)* 
35 3(46)* 
409(61)* 
516(71)* 
439(67) 
473(27) 
472(25) 
403(25) 

452(25) 
574(36) 
490(33) 
321(23) 
452(31) 
420(30) 
564(36) 

502(33) 
324(25) 
337(25) 
443(29) 
430(30) 

370(26) 
31 l(24) 
367(28) 
455(31) 
469(33) 
368(26) 
296(22) 
474(31) 
467(31) 

*u,g = 1/3ZiZZjUijai*afai.aj. 

TABLE VIII. Atomic Coordinates and Thermal Parameters 

(all x 104) for III, [Y(H2O),(NO&] -2CloHsN2. 

Atom x Y z u * ea 

Y 1657(l) 2222(l) 2261(l) 287(3) 

O(l) 2487(7) 1266(2) 1654(3) 465(30) 

O(2) 3410(7) 1307(2) 2980(3) 424(30) 

O(3) 3911(10) 455(3) 2309(4) 720(44) 

O(4) -1185(7) 2355(2) 2602(4) 452(31) 

O(5) -269(7) 1393(3) 2559(S) 641(41) 

O(6) -2789(8) 1564(4) 2805(6) 929(56) 

(continued overleaf) 
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TABLE VIII. (continued) 

Atom x Y z u * eo 

O(7) -564(7) 2132(3) 948(3) 528(33) 

G(8) 1880(6) 2525(3) 844(3) 452(30) 

G(9) -284(g) 2495(4) -250(4) 659(44) 

Aq(1) 1134(7) 3308(3) 2088(3) 471(30) 

Aq(2) 4534(6) 2523(2) 2416(3) 419(30) 

Aq(3) 2295(7) 2438(3) 3689(3) 445 (29) 

N(1) 3286(g) 989(3) 2318(4) 458(38) 

N(2) -1472(8) 1763(4) 2665(5) 520(42) 

N(3) 321(8) 2390(3) 484(4) 430(36) 

N(4) 5788(g) 3346(4) 1449(5) 640(48) 

N(5) 8225(g) 5822(4) -958(5) 566(45) 

N(6) 68(13) 4150(5) 3162(5) 844(60) 

N(7) 4491(11) 3360(4) 4417(5) 650(47) 

C(1) 5937(21) 3230(6) 688(10) 1157(113) 

C(2) 6417(21) 3703(5) 185(8) 1022(95) 

C(3) 6886(g) 4293(3) 502(5) 388(38) 

C(4) 6782(16) 4404(6) 1302(6) 893(75) 

C(5) 6260(18) 3901(7) 1739(6) 965(88) 

C(6) 7692(19) 5250(6) -1289(7) 871(83) 

C(7) 7275(15) 4733(5) -834(6) 756(70) 

C(8) 7387(8) 4822(3) -l(4) 341(35) 

C(9) 7925(16) 5410(5) 343(6) 688(62) 

C(10) 8321(5) 5809(S) -167(7) 794(73) 

C(11) -331(18) 3858(5) 3792(7) 849(76) 

C(12) -442(19) 4166(5) 45 16(7) 892(81) 

C(13) 25(11) 4828(4) 4624(5) 551(49) 

C(14) 385(13) 5132(5) 3926(6) 659(58) 

C(15) 408(17) 4771(6) 3220(7) 891(83) 

C(16) 4569(18) 3546(5) 5 188(8) 923(84) 

C(17) 4743(18) 4186(3) 5435(7) 871(76) 

C(18) 4904(10) 4663(4) 4872(5) 499(46) 

C(l9) 4927(17) 4449(5) 4093(6) 806(69) 

C(20) 4676(16) 3808(5) 3862(6) 769(66) 

in difference Fourier syntheses. In the later stages 
of refinement some reflections judged to be affected 
by extinction or to have been badly measured were 
omitted (9 for I and 10 for II). Block-matrix least- 
squares refinement with anisotropic thermal para- 
meters for atoms of the coordination complexes, 
and for 4-bipy also in the case of III, converged as 
follows: I, R = 0.094, R, = 0.074, 3241 data, 253 
parameters, w = [o’(F) + O.O0052F*]-’ in last 
cycle; II, R = 0.060, R, = 0.067, 2124 data, 231 
parameters, w = [l + O.O0052F*]-r in last cycle; 
III, R = 0.058, R, = 0.061, 2820 data, 351 para- 
meters, w = [l t O.O0499F*]-’ in last cycle. No 
attempt was made to locate H atoms or include 
them in the calculations. The SHELX 76 program 
[l 1 J was used in all calculations. Atomic coordi- 
nates are given in Tables VI, VII and VIII for I, 
II, and III respectively. 
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