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Bis(guanidinium) diaquapentakis(nitrato-x*O,0’)-

lanthanum

The title compound, (CH¢N3),[La(NO3)5(H,0),], contains a
network of guanidinium cations and the previously unseen
diaquapentakis(nitrato)lanthanum dianion, in which 12 O
atoms surround La in a distorted icosahedral arrangement. A
network of N—H:--O and O—H- - -O hydrogen bonds helps
to consolidate the crystal packing, resulting in a three-
dimensional network. The La cation, one N atom and one O
atom occupy a twofold axis.

Comment

The title compound, (I) (Fig. 1), contains a new lanthanum/
nitrate/water complex anion. The La** cation, which occupies
a twofold symmetry axis, is surrounded by five O,O’-bidentate
nitrate groups [mean La—O = 2.693 (3) A] and two water
molecules (Table 1). The resulting O;, grouping (Fig. 2)
surrounding the La atom is a distorted icosahedron. As
expected, the icosahedral O- - -O contacts associated with the
nitrate ions [2.149 (2)-2.1627 (19) A] are much shorter than
the other contacts (O---O > 2.8 A) Atoms O1, 04, 07, O3
and O6' [symmetry code: (i) —x, y, 1 — z] are approximately
coplanar (r.m.s. deviation from the mean plane = 0.074 A) and
the symmetry-generated set 03/06/01/04'/07" have the same
r.m.s. deviation. The La cation is displaced by 0.9924 (7) A
from each set of five O atoms. The dihedral angle between the
two sets of O atoms is 0.91 (2)°. The propeller-shaped guani-
dinium species in (I) is unexceptional, with a typical mean C—
N bond length of 1.314 (4) A, indicating that the usual model
of electronic delocalization (Harrison, 2003), leading to a C—
N bond order of 1.33, is applicable here.
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As well as Coulombic and van der Waals forces, the
component species in (I) interact by way of O—H---O and
N—H- - -O hydrogen bonds (Table 2). The O—H---O bonds
link adjacent [La(H,0),(NOs)s]*~ anions into an infinite (001)
sheet (Fig. 3). The guanidinium cations crosslink the (001)
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Figure 1

The component ions of (I) (40% displacement ellipsoids; H atoms are
drawn as small spheres of arbitrary radius). [Symmetry code: (i) —x, y,

;—z]

Figure 2
The LaO, icosahedron in (I), with O- - -O contacts shown as solid lines.
[Symmetry code: (i) —x, y, 1 — z.]

Figure 3
Detail of a hydrogen-bonded (dotted lines) anionic sheet in (I).
[Symmetry codes as in Table 2; in addition, (v) x, 1 +y, z.]

Figure 4
A [010] projection of the unit-cell packing in (I).

anionic sheets into a three-dimensional network (Fig. 4), with
mean H---O, N---O and N—H.--O values of 2.14 A,
2.973 (5) A and 162°, respectively. The guanidinium N4—H3
vertex does not participate in hydrogen bonds.

La/nitrate/water anions related to the [La(H,0),(NO3)s]*~
species seen in (I) include [La(H,O)(NOs;)s]*~ (Evans et al.,
2002) and a number of examples of the hexakis(nitrato)
[La(NO3)¢]*~ species (Cui et al., 1999; Drew et al.,, 2000). The
[La,(H,0)7(NOs3)g] dinuclear cluster contains bridging nitrate
groups (Weakley, 1982).

Experimental

The following solutions were mixed at 293 K in a Petri dish, resulting
in a clear solution: 5ml of 0.1 M guanidinium hydrochloride
([CHgN;]"CI7), 5ml of 0.1 M lanthanum nitrate, and 1 ml of 1 M
HCI. Colourless block-like crystals of (I) grew over the course of a
few days as the water evaporated at 293 K.

Crystal data

(CHgN;),[La(NO;)s(H,0),]
M, = 605.16
Monoclinic, C2/oc

D, =1965Mgm™
Mo Ko radiation
Cell parameters from 3673

a=10.9918 (6) A reflections

b =9.0820 (5) A 0 =2.9-28.5°

¢ =205555(11) A w=219 mm™"
B =94.500 (1)° T=2932)K

V =2045.68 (19) A’ Block, colourless
Z =4 0.17 x 0.14 x 0.08 mm
Data collection

Bruker SMART1000 CCD 3682 independent reflections

diffractometer 3094 reflections with I > 20(I)
w scans R;, = 0.031
Absorption correction: multi-scan Omax = 32.5°

(SADABS; Bruker, 1999) h=-16 > 15

Tnin = 0.707, Tphax = 0.844 k=-13 - 12
9927 measured reflections I=-30— 16
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Refinement

Refinement on F?
R[F? > 25(F?)] = 0.029
WR(F?) = 0.046
S§=091

3682 reflections

142 parameters

H-atom parameters constrained

w = 1/[c*(F,?) + (0.0157P)%
where P = (F,” + 2F.%)/3

(A/0)max = 0.001

APmax = 115 AT

ApPmin = —055¢ A7

Table 1

Selected bond lengths (A).

Lal—09 2.5409 (12) Lal—06 27174 (15)
Lal—0O3 2.6112 (14) Lal—0O4 2.7254 (14)
Lal—O1 2.6603 (14) Lal—O7 27562 (16)
Table 2

Hydrogen-bonding geometry (A, °).

D—H---A D—H H--A D---A D—H---A
09—HI---O4' 0.81 213 2.9157 (18) 163
09—H2---01" 0.80 2.14 2.9060 (18) 161
N4—H4-.-08" 0.86 226 3.069 (3) 156
N5—HS---08 0.86 2.06 2.908 (3) 169
N5—H6---03" 0.86 2.02 2.863 (3) 166
N6—H7---07 0.86 222 3.037 (3) 159
N6—HS. - -06™ 0.86 2.16 2.989 (2) 161

Symmetry codes: (i) 3—x, 34y, 53—z (i) 3—x,y—%3—2z (i) $+xy—1z (v)
—x,1-y,—z

The water H atoms were located in a difference map and refined as
riding on O9 in their as-found relative positions. The N—H H atoms
were placed in idealized locations (N—H = 0.86 A) and refined as
riding. The constraint Uj,(H) = 1.2U.q(catrier atom) was applied in
all cases. The maximum difference peak is at Lal and the largest
difference hole is 0.56 A from Lal.

Data collection: SMART (Bruker, 1999); cell refinement: SAINT-
Plus (Bruker, 1999); data reduction: SAINT-Plus; program(s) used to
solve structure: SHELXS97 (Sheldrick, 1997); program(s) used to
refine structure: SHELXL97; molecular graphics: ORTEP-3
(Farrugia, 1997) and ATOMS (Shape Software, 1999); software used
to prepare material for publication: SHELXL.97.

AF thanks the Carnegie Trust for the Universities of Scot-
land for an undergraduate vacation studentship.
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