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Table 2. Hydrogen-bonding geometry (A °)

D—H---A D—H H---A D --A D—H---A
Ol1—H1...051' 0.850 1.933 2.681(2) 146.2
O1—H2---01W" 0.850 2.005 2.852(2) 174.4
02—Ha4- - -012" 0.850 1.951 2.739(2) 153.8
02—H3.--01W" 0.850 1.824 2.627(2) 156.9
O3—HS5- - -052" 0.850 1.766 2.601(2) 167.2
03—H6- . .02W" 0.850 1.826 2.666 (3) 169.4
04—H7- - -051" 0.850 2.132 2.852(3) 142.2
04—H8- . -02W" 0.850 2.452 2.994 (3) 122.3
O1W—HIW- - .031" 0.850 2.124 2.910(2) 153.6
O1W—H2W- . .052. 0.850 1.829 2.643(3) 159.7
O2W—H3W- . .02™ 0.850 2.118 2.887(3) 150.2
02W—H4W. . .032 0.850 1.848 2.682(3) 166.6
Symmetry codes: (i) x,§ — y,z — 43 (i) 1 — x, 4 + y, 4 — z (i)
L—x3-yi-zivl —x” y%—z:(V)l—x,l—y,l—z;

(vi)x,y — Lz (vil) L —x,y,1 ~

H atoms were found in difference Fourier maps and then
placed in geometrically optimized positions with d(O—H) =
0.85 A and d(C—H) = 0.96 A. They were then allowed to ride
with isotropic displacement parameters 20% greater than those
of the atoms to which they were attached. A final difference
map revealed the largest residual peak of +1. leA™ to be
located ca 0.9 A from O2, the terminal aqua ligand of the Cu
atom. This could be refined using disordered positions for this
atom with an improvement of ca 0.2% in discrepancy indices.
The minor component of 02, labelled O2’, forms a different
hydrogen-bond arrangement. It still occupies a geomemcally
reasonable position about the square-pyramidal Cu"" since it
has different deviations from orthogonality to the other ligands
than does O2. Using common linked displacement parameters,
the occupancy factors of O2 and O2' refined to 92.5 and
7.5%, respectively. These were then fixed and O2 refined
anisotropically and 02’ isotropically without restraints.

Data collection: XSCANS (Siemens, 1994a). Cell refine-
ment: XSCANS. Data reduction: XSCANS. Program(s) used
to solve structure: SHELXS86 (Sheldrick, 1990). Program(s)
used to refine structure: SHELXL93 (Sheldrick, 1993). Molec-
ular graphics: XP (Siemens, 1994b).

The Research Grants Council of Hong Kong is
gratefully acknowledged for support of this work (grants
HKUST205/93E and 6148/97P).

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: SK1164). Services for accessing these
data are described at the back of the journal.
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Abstract

The homoleptic lithium acetonitrile complex tetra(aceto-
nitrile-N)lithium perchlorate, [Li(CH3CN)4]JC104, was
synthesized by the reaction of LiClO4 and acetonitrile.
The structural measurements are more regular than those
of two homoleptic analogues reported previously by
others.

Comment

A large number of homoleptic [M(CH3CN),,] cationic
complexes (m = 2-6) are known for both mono-
valent and divalent metals. Anions for such com-
plexes have included CI7, I7, [MCL]™ (M = B,
Al, Ga, In, Tl, Fe), [MBry]~ (M = Al, Fe, In, TI),
[MF4]~ (M = Sb, Sn), [MF¢]*~ (M = Bi, Sb), ClO4,
[WF7]1~, [Sn(NCS)6]*~, [CuzI3]~, [W4N4CCl14]7, and
[BisClis]*~. Cationic complexes of transition metals
of the form [My(CH3CN)o]** have also been synthe-
sized wherein the counter-ion is [BF4]~ (Brokaar et al.,
1970; Reedijk & Groeneveld, 1968; Zuur & Groen-
eveld, 1967). Among the Li complexes reported to
date, only two have been characterized by X-ray crys-
tal structure analysis, namely, [Li(CH3CN)4]1 (Raston
et al., 1989), which diffracted poorly, was disordered
and gave limited data, and [Li(CH3CN),4][Cu,I3] (Hoyer
& Hartl, 1992). During the course of investigating the
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Fig. 1. The molecular structure of (I), with displacement ellipsoids drawn at the 50% probability level.

synthesis of Li complexes of tridentate ether ligands
(Yokota & Verkade, 1999), we obtained crystals of
[Li(CH3CN)4]ClQO,, (I). Here, we compare our struc-
tural results with those reported for [Li(CH;CN)4]I and
[Li(CH3CN)4][Cuzl;5].

Fig. 1 shows the three different [Li(CH3CN)4]* and
ClO4; ions present in the asymmetric unit of (I). In
the [Li(CH3CN)4]* cation, the metal is tetrahedrally
coordinated by four CH;CN molecules. All Li—N
distances are equal within 30 {2.025(16) A], and this
is also true of the N—Li—N angles [109(2)°]. In
[Li(CH3CN)4]l, one of the four Li—N distances is
rather short [1.73(7) A], and the N—Li—N angles
vary considerably [96(2), 98 (3), 105 (3) and 119 (3)°;
Raston et al., 1989]. These data are suspect, however,
in view of the disorder problems referred to above. In
[Li(CH3CN)4][Cu,l3] (Hoyer & Hartl, 1992), the N—
Li—N angles are also rather unequal [102 (2), 109 (2),
111 (2) and 112 (2)°]. Although the Li—N distances
are very similar in (I), the Li—N—C angles are
slightly bent (average 172.6°), as is also the case in
[Li(CH3CN)4][Cu,15].

Experimental

A solution of LiClOs (1.60g, 15.0 mmol) in acetonitrile
(5 ml), maintained at 278 K for 24 h, provided colorless
crystals of (I) [0.98 g, 24% yield; m.p. 315-316 K; 'H NMR
(acetone-d®): § 2.30 (s, br)]. The crystalline material undergoes
rapid evaporative decomposition at room temperature, which
made it difficult to mount a crystal for data collection. A
specimen with the approximate dimensions of a 0.2 mm sphere
was mounted in a drop of oil on the end of a glass capillary.

Crystal data

[Li{C2H3N)41C10,4
M, = 270.61
Orthorhombic
Pna?, .
a=24.1291(3) A
b=384281(1) A
¢ = 20.6083 (3) A
V = 4190.96 (9) A’
Z=12

D, =1.287 Mgm~®
D,, not measured

Data collection

Siemens SMART CCD
diffractometer

w scans

Absorption correction:
multi-scan (Blessing,
1995)
Tmin = 0.817, Thax = 0.946

35 976 measured reflections

Mo Ko radiatgon

A=071073 A

Cell parameters from 7172
reflections

# = 1.69-27.50°

p=0.283 mm™'

T=1732)K

Spheroid

0.2 x 0.2 x 0.2 mm

Colorless

9513 independent reflections
7196 reflections with
1> 20()
Rin = 0.038
Omax = 27.5°
h=0— 31
k=0—-10
l=-26— 26
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Refinement

Refinement on F?

R[F? > 20(F?)] = 0.057
wR(F?) = 0.116

S =1.053

Apmax = 0 281 € A—

Apmin = —0.265 ¢ A3

Extinction correction:
SHELXTL (Siemens,

9513 reflections 1994a)
501 parameters Extinction coefficient:
Only coordinates of H atoms 0.00164 (14)

refined Scattering factors from
w = U[c*(F2) + (0.0304P) International Tables for
+ 2.7861P] Crystallography (Vol. C)

where P = (F2 + 2F2)/3
(A/0)max = 0.006

Absolute structure:
Flack (1983)
Flack parameter = 0.23 (8)

All H atoms were treated as riding, with relative isotropic
displacement parameters. The less-than-optimum mounting
contributed to an unexpectedly large spread in the transmission
coefficients.

Data collection: SMART (Siemens, 1994b). Cell refinement:
SAINT (Siemens, 1995). Data reduction: SAINT. Program(s)
used to solve structure: SHELXTL (Siemens, 1994a). Pro-
gram(s) used to refine structure: SHELXTL. Molecular graph-
ics: SHELXTL. Software used to prepare material for publica-
tion: SHELXTL.

The authors are grateful to the National Science Foun-
dation for a grant in support of this research. The
structure was originally determined at the Jowa State
Molecular Structure Laboratory. A second data col-
lection was completed on a Siemens SMART CCD
diffractometer, to obtain a better quality structure. Final
refinements were completed at the X-ray Crystallo-
graphic Facility at the University of Minnesota.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: DAI013). Services for accessing these
data are described at the back of the journal.
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Abstract

The coordination around the Sm atom in the title com-
pound, catena-poly|[[tetraaqua-1x?0,2x>O-tetrakis( -
3,5-dinitrobenzoato-0:0")disamarium]-bis(u-3,5-dinitro-
banO&tO-OZO')] dihydrate], [sz(C7H3N206)6(H20)4]'-
2H,0, is eightfold. The irregular square-antiprism coor-
dination of the Sm ion is provided by six O atoms from
six carboxylate groups and two water O atoms. The Sm
ions are bridged alternately by four and two ligands,
resulting in linear polymeric chains with two different
Sm- - -Sm distances of 4.2476 (7) and 5.0831 (8)A and
Sm—O distances in the range 2.355 (4)-2.559 (4) A A
set of hydrogen bonds exists between the nitro groups
and the water molecules.

Comment

Rare earth carboxylates have been reported to show
chelating, bridging and chelating-bridging modes of co-
ordination which can be simultaneous or separate (Ma et
al., 1994; Hiyalov et al., 1981; Bats et al., 1979; Moore
et al., 1971; Tahir et al., 1996). The title compound,
(I), was synthesized in order to study the structure of
Sm-carboxylate and to find out the mode of coordina-
tion around Sm. As can be seen from Fig. 1, the coor-

o C o)
R OH
OH \ 207 Yo T O,N
2 O/C\O ! / \ / o~
- \S Sm R=
O,N

Sm m
e
/ \O\C/O \ ° o /\\\o\
O OHZ | \C/ S

| H, o

~0,

~

D

dination around the Sm ion is eightfold, involving six
carboxylate O atoms [Ol, 03 05, 02, 04! and O6';
symmetry codes: (i) —x, —y, 1 —z; (ii) 1 —x, —y, 1 — 2]
and two water O atoms (O7 and O8). In the coordi-
nation sphere, the shortest bond length [2.355 (4) A] is
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