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Sio* Anions in Solution — Structures of the Solvates Rb,Siy'4.75NH; and
[Rb(18-crown-6)|]Rb;Siy'4NH3, and Chemical Bonding in Sig*
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Dissolving the ternary material K¢RbgSi;; together with che-
lating ligands such as 18-crown-6 (1,4,7,10,13,16-hexaoxa-
cyclooctadecane), dibenzo-18-crown-6 (2,3,11,12-dibenzo-
1,4,7,10,13,16-hexaoxacyclooctadecane) and [2.2.2]cryptand
(4,7,13,16,21,24-hexaoxa-1,10-diazabicyclo[8.8.8]hexacosane)
in liquid ammonia yields the solvates Rb,Sig-4.75NH;3; and
[Rb(18-crown-6)]|Rb3Sig-4NH;. Single-crystal X-ray diffrac-
tion analysis reveals the presence of Sig*~ anions, the exis-
tence of which in solution has been a matter of discussion
until now. In both compounds, the Sig*~ cages display slightly

distorted monocapped square-antiprismatic shapes. Ad-
ditionally, quantum chemical calculations, NBO analysis and
ELF (electron localisation function) considerations have been
made to gain a deeper insight into the chemical bonding of
this Zintl anion. The ELF analysis shows that, whereas the
Wade-Mingos-Williams rules obviously apply for the predic-
tion of the molecular shape of the anions, no evidence for
three-centre two-electron bonding can be found.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

Introduction

Homoatomic Zintl anions of group 14 elements are a
versatile and fascinating class of polyanions, the chemistry
of which has experienced a renaissance in recent years.[!]
They are especially interesting when they can be handled
in solution where they undergo a variety of reactions with
different kinds of reagents.”) By far the most important
homoatomic polyanions of group 14 elements are the nine-
atom clusters. The highest reduced Eq* anions (E = Si to
Pb) are known for all the heavier homologues of group 14
in the solid state phases A4Eq and A,E;7 (A = Na to Cs).F*!
The lower charged nonatetrelide anions Eo>~ are found in
solvate structures of the same elements!* whereas the high-
est oxidised E¢> anions have only been described for E =
Si and Ge.[P! Solvate structures of the highest charged spe-
cies Eo* have been reported for E = Ge, Sn and Pb.[®] A
very versatile solvent for the extraction or generation of
Zintl anions is liquid ammonia. Due to this fact, a multi-
tude of ammoniate structures of Zintl anions have been de-
scribed in the past.l”! Liquid ammonia was also crucial in
preparing the first nonasilicide solvates a few years ago.[*!
If one compares the nonasilicide anions in compounds from
solid-state reactions with the ones found in solution experi-
ments, a discrepancy becomes evident. In the few solvate
structures reported up to now, only Sig>” or Siy>~ anions
have been found (Table 1). No Sis*" cluster has so far been
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described outside of binary or ternary solids prepared by
high-temperature routes. Therefore, it seems as if an extrac-
tion into solution implicates oxidation of the nonasilicide
clusters Sig* to yield the lower charged Sig> and Siyg*~
anions.

Table 1. Hitherto known compounds prepared from solution,
which contain bare nine-atom clusters of silicon.[*&-34]

Si927 Si937

[K(18-crown-6)],Siy*py [K(crypt)]5Sig:8NHj3
[Rb(Crypt)]GSigsi9'6, 3NH3
[K(cryp)]3Sis:2,5py

© 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

It was suggested by Sevov et al. that the highly charged
Sig* ion loses an electron during dissolution in liquid am-
monia and that these species therefore form either in very
small concentrations or not at all under such conditions.[4?]
The chemical bonding situation in and the shape of Eo¢"
clusters has been described by using the Wade-Mingos—
Williams rules!® due to the electron-deficient character of
the bonds. In this context, it is interesting if quantum chem-
ical calculations on Siy"" cages could reveal the existence of
delocalised interactions, e.g. 2e3c bonds.

Here we report the successful extraction, without oxi-
dation, of nonasilicide anions in liquid ammonia and two
ammoniate crystal structures containing the as yet missing
Sig* anion, which completes the group 14 series of solvates
of nonatetrelide tetraanions. Additionally, we carried out
quantum chemical calculations, an NBO analysis, and ELF
examinations to elucidate the bonding situation in Sig*
anions.
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Results and Discussion

It has been known for a long time that the compounds
K;,Si;; and Rb;,Si;; contain both Sig* and Sis*
anions.”"131 For our extraction experiments, we used a
mixed cation material of the nominal composition
KeRDbeSij7. Only the Rb cations appear in the crystalline
products characterised by X-ray crystallography.

Crystal Structure of Rb,Siy*4.75NH;

The asymmetric unit of the crystal structure of
RDb,4Sig4.75NH; (1) contains four crystallographically inde-
pendent nonasilicide clusters, 16 rubidium cations and 19
ammonia molecules. The rubidium cations occupy 20 posi-
tions of which 14 positions have a site symmetry of one. Six
rubidium cations occupy the special Wykoff positions 2a
and 2b and thus, according to the site symmetry of 3, each
contributes a positive charge of 1/3. Altogether there are 16
positive charges, which have to be compensated for in the
structure by four Siy cage molecules of which all silicon
atoms are situated on general positions possessing a site
symmetry of 1. As there is no indication that any of the
ammonia molecules are deprotonated and in fact exist as
amide anions, the nonasilicide clusters are assigned a four-
fold negative charge, one of them is shown in Figure 1. All
distances within the clusters of 1 are given in Table 2. The
occurrence of four crystallographically independent clusters
with similar dimensions is also known for the solid-state
phase Rb;,Si,;.131

Figure 1. One of the four crystallographically independent Siy*
anions in 1. The numbering scheme refers to the assignment in
Table 2.

Each silicide cluster in 1 is coordinated by 10 to 13 rubid-
jum cations at distances between 3.480 and 3.990 A which
span edges or reside on triangular or quadrangular faces.
The nonasilicide anions are connected by means of com-
mon rubidium cations to form a rubidium-Siy network.
Each rubidium cation is additionally coordinated by 3 to 4
ammonia molecules within a distance between 2.980 and
3.380 A. A differentiation due to the Wykoff positions oc-
cupied by the rubidium cations can be made: along the
threefold rotation axis, a strand consisting of ammonia
molecules, rubidium cations and Sis*~ anions is built from
rubidium cations occupying the Wykoff position 2b. A sec-
ond kind of strand of the same manner can be found along
the 65 screw axis with rubidium ions on position 2« acting
as bridging cations (Figure 2). According to the special po-
sitions of the rubidium cations the strand along the 65 screw
axis is found only once, whereas the strand along the three-
fold rotation axis is observed twice per unit cell. The re-
maining ammonia molecules and rubidium cations on gene-
ral positions 6¢ generate aggregates (Figure 3) and are situ-
ated between these strands. Overall a dense 3D rubidium-—
Sig—ammonia network is generated.

Table 2. Atom distances in the Siy*" anions of 1 and 2. For numbering scheme see Figure 1.

Cluster 1 in 1 [A] Cluster 2 in 1 [A]

Cluster 3 in 1 [A] Cluster 4 in 1 [A] Cluster in 2 [A]

Sil-Si2 2.451(4) 2.464(3) 2.444(3) 2.459(3) 2.473(3)
Si3 2.455(3) 2.442(3) 2.451(4) 2.445(3) 2.468(3)
Si4 2.423(4) 2.439(3) 2.443(4) 2.452(3) 2.451(3)
Si5 2.446(4) 2.455(3) 2.470(4) 2.436(3) 2.450(3)
Si2-Si3 2.541(3) 2.587(3) 2.557(3) 2.615(3) 2.660(3)
Si5 2.881(4) 2.729(3) 2.798(3) 2.761(4) 2.650(4)
Si6 2.444(4) 2.481(3) 2.437(3) 2.446(3) 2.439(3)
Si9 2.465(5) 2.457(3) 2.441(3) 2.467(4) 2.462(3)
Si3-Si4 2.748(3) 2.781(3) 2.757(4) 2.679(3) 2.646(3)
Si6 2.519(3) 2.438(4) 2.444(3) 2.471(3) 2.475(3)
Si7 2.479(3) 2.444(4) 2.470(3) 2.467(4) 2.453(3)
Si4-Si5 2.633(4) 2.619(3) 2.586(4) 2.650(4) 2.710(3)
Si7 2.441(4) 2.449(4) 2.466(4) 2.464(4) 2.456(3)
Si8 2.481(4) 2.450(3) 2.462(3) 2.468(3) 2.458(3)
Si5-Si8 2.460(4) 2.478(3) 2.435(3) 2.418(4) 2.467(3)
Si9 2.416(4) 2.454(3) 2.462(4) 2.444(4) 2.460(3)
Si6-Si7 2.429(4) 2.480(4) 2.433(4) 2.454(4) 2.451(3)
Si9 2.429(4) 2.482(4) 2.452(3) 2.471(3) 2.454(3)
Si7-Si8 2.448(4) 2.464(4) 2.453(3) 2.477(4) 2.496(3)
Si8-Si9 2.431(5) 2.471(3) 2.476(3) 2.469(4) 2.451(3)
Si6-Si8 = d1 3.105(5) 3.304(3) 3.303(3) 3.435(4) 3.504(3)
Si7-Si9 = d2 3.732(4) 3.676(3) 3.623(3) 3.544(4) 3.473(3)
d2/d1 1.20 1.11 1.10 1.03 1.01
4642 www.eurjic.org © 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Inorg. Chem. 2009, 4641-4647
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Figure 2. Rb-NH3-Siy strands along the ¢ axis in 1. (a) Strand along the 65 screw axis. (b) Strand along the threefold rotation axis.
Symmetry operations to generate equivalent atoms: #1: 1 —p, 1 + x -y, z; #2: x+ p, 1 —x, z; #3: 1 + x -y, x, 0.5+ z; #4: 1 —x + y,
2-x, ;#8521 +x—yz#6:y, 1 —x+y 2z #7:2—-x,2 -y, 0.5+ z. H atoms of the ammonia molecules are omitted for clarity.
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Figure 3. Rb-NH; aggregates which are situated between the
strands.

Crystal Structure of [Rb(18-crown-6)]Rb;Siy:4NHj3

The asymmetric unit of [Rb(18-crown-6)]RbsSig"4NH;
(2) contains one Sig*™ anion, four crystallographically inde-
pendent rubidium cations and four ammonia molecules as
well as the crown ether molecule. One of the four ammonia
molecules shows disorder, which could be resolved during
the refinement by applying a split model (ratio 0.5:0.5). The
anion is coordinated by seven rubidium cations with dis-
tances between 3.460 and 3.980 A. Six of these cations are
additionally coordinated by ammonia molecules at dis-
tances of 2.920 and 3.240 A. One of the rubidium cations
lies in the cavity of an 18-crown-6 molecule and is not fur-
ther coordinated by ammonia. In contrast to the 3D net-

Eur. J. Inorg. Chem. 2009, 4641-4647
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work of RbySig*4.75NH;, 2D extended double layers are
formed in the current system due to the network-breaking
character of 18-crown-6 (Figure 4).

a @Rb
Osi
c @o
@

Figure 4. Rb*-Sis* double layers in 2, which are separated by 18-
crown-6 molecules.

The dimensions of the anion are also given in Table 2.
Taking a closer look at the double layer along the ¢ axis,
tubes inside the structure generated by the ionic interactions
between rubidium cations and Si*” anions can be observed.
The diameter of the tubes is 6.9 A (Figure 5). Inside these
tubes, disordered molecules of ammonia are situated. The
nonasilicide anions in 1 and 2 are both distorted from the
ideal monocapped square-antiprismatic shape, which one
would expect for a fourfold negatively charged nine-atom
cluster of a group 14 element. A good first indication of
4643
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Table 3. Two average values and standard deviations of the two distance groups found for the cluster in 2.

Bond lengths of the capped square of the cluster in 2

Remaining bond lengths of the cluster in 2

d(Si-Si)verane [A] 2.667
o(Si-Si) [A]P! 0.029
o(Si-Si) [%] 1.1

2.460
0.013
0.6

1S5

e -1 -
(] d(Si—Si) e = * :;Z:x,~ [b] &(Si-Si)= 2
this distortion is the ratio of the diagonals of the uncapped
quadrangular face, which is ideally one for a monocapped
square antiprism. For a more detailed consideration, the tilt
angles of the triangular faces can be taken into account.
For an ideal cluster with Cy4, symmetry the tilt angles al to
a4 should have the same value, whereas a5 ought to be 0 °
(Table 4). It can be easily seen from Tables 2 and 4 that the
nonasilicide cages in 1 are considerably more distorted than
the cages observed in 2, which probably results from the
much closer packing in 1. Due to the rather symmetric ap-
pearance of the cage in 2, an error analysis was carried out,
which considered all the bond lengths and the angles of the
cage. For a monocapped tetragonal antiprism one expects
two significantly differing bond lengths: on the one hand
the distances of the capped square (Si2-Si5) and on the
other hand the remaining distances.'3! Table 3 shows the
average values and the corresponding standard deviations
of these two groups of distances.
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Figure 5. Tubes inside the double layers built from Rb* cations and
Siy* anions. Ammonia molecules inside the tubes and 18-crown-6
molecules are omitted for clarity.

It can be easily seen that they only differ within small
tolerances. A larger deviation can be observed for the tilt
angles according to Table 4, which altogether leads approxi-
mately to a point group Cy, within a tolerance of 3.7%. The
crystallographic point group of the cage in 2 is of course
C;. The fact that all silicon atoms are situated on general
positions results in all the clusters having unique shapes.
These are not enforced by crystallographic symmetry but,
4644
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rather, reflect the real nature of the clusters. For nonastan-
nide clusters Sny*, fluxional behaviour not only in solution
but also in the solid state was detected by NMR spec-
troscopy.l'”! For nonasilicide clusters no such observations
have been made so far, and it can be safely assumed that
they are much more rigid than the heavier homologues.

Table 4. Tilt angels of the Siy* anions in 1 and 2.

Angle  Tilted triangular faces Value [°]
Cluster 1 in1 « Si(1)-Si(2)-Si(3) ~ Si(2)-Si(3)-Si(6)  37.0(3)
a Si(1)-Si(4)-Si(5) ~ Si(4)-Si(5)-Si(8)  40.6(4)
a3 Si(3)-Si(4)-Si(7)  Si(1)-Si(3)-Si(4)  25.6(7)
ay Si(1)-Si(2)-Si(5) ~ Si(2)-Si(5)-Si(9)  21.9(2)
as Si(6)-Si(7)-Si(8)  Si(6)-Si(8)-Si(9)  11.2(4)
Cluster 2in1 Si(1)-Si(2)-Si(3) ~ Si(2)-Si(3)-Si(6)  33.9(3)
a Si(1)-Si(4)-Si(5) ~ Si(4)-Si(5)-Si(8)  34.1(2)
a3 Si(3)-Si(4)-Si(7)  Si(1)-Si(3)-Si(4)  23.1(4)
ay Si(1)-Si(2)-Si(5) ~ Si(2)-Si(5)-Si(9)  26.1(6)
as Si(6)-Si(7)-Si(8)  Si(6)-Si(8)-Si(9)  7.1(7)
Cluster 3in 1 a; Si(1)-Si(2)-Si(3) ~ Si(2)-Si(3)-Si(6)  34.4(7)
a Si(1)-Si(4)-Si(5) ~ Si(4)-Si(5)-Si(8)  34.3(0)
a3 Si(3)-Si(4)-Si(7) ~ Si(1)-Si(3)-Si(4)  25.4(5)
ay Si(1)-Si(2)-Si(5) ~ Si(2)-Si(5)-Si(9)  23.(5)
as Si(6)-Si(7)-Si(8)  Si(6)-Si(8)-Si(9)  6.3(1)
Cluster 4in1 « Si(1)-Si(2)-Si(3) ~ Si(2)-Si(3)-Si(6)  32.1(7)
s Si(1)-Si(4)-Si(5) ~ Si(4)-Si(5)-Si(8)  30.3(8)
a3 Si(3)-Si(4)-Si(7) ~ Si(1)-Si(3)-Si(4)  29.0(0)
ay Si(1)-Si(2)-Si(5) ~ Si(2)-Si(5)-Si(9)  25.9(5)
as Si(6)-Si(7)-Si(8)  Si(6)-Si(8)-Si(9)  2.4(0)
Clusterin2 o Si(1)-Si(2)-Si(3) ~ Si(2)-Si(3)-Si(6)  28.3(1)
s Si(1)-Si(4)-Si(5) ~ Si(4)-Si(5)-Si(8)  27.1(1)
a3 Si(3)-Si(4)-Si(7)  Si(1)-Si(3)-Si(4)  29.12(8)
ay Si(1)-Si(2)-Si(5) ~ Si(2)-Si(5)-Si(9)  29.6(1)
as Si(6)-Si(7)-Si(8)  Si(6)-Si(8)-Si(9)  1.1(2)

© 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Chemical Bonding in Sio*

Despite the distortions of the nonasilicide cages in 1 and
2, all of them are much closer to the shape of a mono-
capped square antiprism than to the competing nine-atom
cage structure, i.e. the threefold capped trigonal prism. This
is in accordance with the Wade—-Mingos—Williams rules,®!
which predict monocapped square-antiprismatic geometries
for a fourfold negatively charged nine-atom species with 22
cluster-bonding electrons. With the aid of the electron local-
isation function (ELF)!''l and the NBO analysis, we have
tried to gain deeper insights into the chemical bonding of
Sig*". Since one can apply the Wade-Mingos—Williams rules
and the 3c—2e bond to silicides like Sig*-, we were especially
interested in the comparison of the ELF of Siy* with that

Eur. J. Inorg. Chem. 2009, 4641-4647
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of boranes, i.e. are there three-centre bonds in Sig*", or can
it be described by a classical Lewis formula? We have car-
ried out ab initio calculations on the Siy* anion with
Gaussian03['? at the HF/6-311+G(3df) level of theory in
D5, and Cy4, symmetry and performed single-point calcula-
tions using the crystallographic structures of Siy* and
Rb;,Sie8". Since all calculations with various methods on
the D5, symmetric structure of Sig* led to transition states
of the second order they will not be discussed further. Fig-
ure 6 shows the ELF of the structure-optimised Sig* anion
in C4, symmetry which is found to be a ground state in the
calculations in accordance with results of earlier calcula-
tions.['3] From the ELF calculations it is evident that in the
basal four-membered plane of Siy* only four disynaptic
valence basins are found connecting the Si atoms. There is
no tetrasynaptic valence basin. The connection of the basal
square to the upper square is also only made by disynaptic
valence basins, no trisynaptic valence basins were found.
The same holds true for the connection of the upper square
of silicon atoms to the apical silicon atom. It is interesting
to note that no disynaptic valence basins were found be-
tween the silicon atoms of the upper square. The same re-
sult was obtained from the NBO analysis — no three- or
four-centre bonds were found (Figure 06).

. .

ES A

‘\'I% ) é[’/\

Figure 6. ELF of Sig* in C,, symmetry with 5(r) = 0.76. Core
basins are colour-coded blue, monosynaptic valence basins V(Si)
are red and disynaptic valence basins V(Si, Si) are green.

A population analysis of the ELF basins shows all Si-
core basins C(Si) to be populated with 10.01 e with a low
variance of 0.37. Such values are regularly obtained for
third-row elements.['¥ The population of the four monosyn-
aptic valence basins V(Si) of the silicon atoms of the basal
plane is 2.29 e with a variance of 1.03, the apical Si atom
has a population of 2.24 e with a variance of 0.98. The four
formally negatively charged Si atoms show a population of
2.16 e with a variance of 0.99. The disynaptic valence basins
V(Si, Si) (Si-Si bonds) of the basal plane are occupied by
1.43 e with a variance 0.93, and the disynaptic valence ba-
sins between the Si atoms of the basal plane and the for-
mally negatively charged Si atoms show a population of
1.08 e with a variance 0.80, and the disynaptic valence ba-
sins between the latter and the apical Si atoms are popu-
lated with 1.36e¢ with a variance 0.92. The population
analysis for Sig*” and Rb;,Sio®*, with shapes obtained from
the X-ray structure analysis, essentially show the same re-
sults. It is easily understood that in Rb;>Sio®*, the V(Si) are
a little less populated and the V(Si, Si) a little more, but the
values are close to those of the naked Siy* anion. Summing
up, these results are in stark contrast to those obtained
from calculations on hydro-closo-borates like BgHg”,

Eur. J. Inorg. Chem. 2009, 4641-4647
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BoHy>", BjgH o> and B;,H;»>" where trisynaptic valence
basins, i.e. 3c—2e-like bonds are found.['>) Thus, the Wade—
Williams—-Mingos rules can be applied to such silicides and
predict the correct type of cluster, here a nido cluster. How-
ever, the applicability of the Wade—Williams—Mingos rules
seems not to be a conditio sine qua non for three-center
two-electron bonding in these silicide cages.

Conclusions

We have been able to show that it is possible to extract
Sig* anions into liquid ammonia without accompanying
oxidation. By dissolving the nominal ternary phase
KeRbeSij7 in liquid ammonia, the ammoniates 1 and 2
could be crystallised, and their X-ray structures show the
involvement of Sig* anions. Quantum chemical calcula-
tions, NBO analysis and the ELF considerations showed
the absence of more-centre bonds for such silicides. Never-
theless, the Wade-Mingos—Williams rules can be applied for
prediction of the shape of the cluster. NMR investigations
on the stability of nonasilicide anions in solution are in pro-
gress.

Experimental Section

Synthesis of K¢RbgSij7: A phase with the nominal composition
KRbgSij; was synthesised by solid-state reaction. K (0.49 g,
12.5 mmol), Rb (1.08 g, 12.5 mmol) and Si (1 g, 35.5 mmol) were
placed in a Duran glass ampoule, which had been dried in vacuo
before, and sealed under argon. The ampoule was placed in a sec-
ond quartz glass ampoule for safety and heated to 470 °C at a rate
of 10°Ch™'. The temperature was maintained for 72 h. After-
wards, the product was cooled at a rate of 20 °Ch~!. The blue-
black precursor phase was stored in a glove box under argon.

Synthesis of 1: KqRbgSij; (0.25g, 0.2 mmol) and dibenzo-18-
crown-6 (0.074 g, 0.2 mmol) were weighed into two baked out reac-
tion vessels which were separated by a frit. Liquid ammonia
(30 mL) was condensed into each vessel, upon which the silicide
immediately turned yellow. The reaction mixture was kept at a tem-
perature of 233 K. After 7 months, [2.2.2]cryptand (0.05 g,
0.1 mmol) was added. After 12 months, yellow prism-shaped crys-
tals could be obtained.

Synthesis of 2: K¢Rb¢Sij; (0.2 g, 0.16 mmol) and 18-crown-6
(0.02 g, 0.076 mmol, dried for 48 h at 60 °C in vacuo) were placed
in a reaction vessel which was dried previously in vacuo. Dry am-
monia (ca. 15 mL) was then condensed onto the mixture. The reac-
tion vessel was kept at 233 K for 2 months. A yellow, acicular crys-
tal suitable for X-ray structure analysis was obtained.

X-ray Diffraction Studies: Thermally unstable, air- and moisture-
sensitive crystals of 1 and 2 suitable for X-ray structure analysis
were isolated and directly transferred from the mother liquor into
a perfluorether oil at 213 K. The crystals were mounted onto a
STOE-IPDS I diffractometer by using the crystal-cap system. Data
collection was carried out at 123 K by using graphite-monochro-
mated Mo-K, radiation (4 = 0.71073 A). The data reductions were
performed with the STOE IPDS I program package. The structures
of 1 and 2 were determined with the SHELXS-97['% package by
using direct methods and were refined anisotropically with
SHELXL-97!'"] against |F?| for all non-hydrogen atoms. All hydro-
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Table 5. Crystal data for compounds 1 and 2.

1 2
Empirical formula Rb4Sl()'475NH3 [Rb(cl2H240(,)]Rb3Si9’4NH3
Formula mass 630.88 927.2

Colour, habit
Space group

yellow, prism
P65 (no. 173)

a[A] 30.540(2)
b [A]

c[A] 16.858(1)
Bl

VA3 13617

7z 24

Pealcd. [g Cmis] 1997

4 [mm!] 9.05

20 range [°] 4.62-56.24
Reflections collected 211708

Independent reflections (R;,)
Final R indices [/ > 26())]: Ry, wR,
Final R indices (all data): R;, wR,

22060 (0.1371)
0.0421, 0.0802
0.0725, 0.0895

yellow, needle
C2/¢ (no. 15)
38.670(8)
9.920(2)
18.980(4)
94.51(3)

7258

8

1.691

5.690
4.64-56.14
8737

5020 (0.1378)
0.0776, 0.1919
0.1122, 0.2070

Goodness-of-fit on F? 0.832 0.887
Data/restraints/parameters ) 22060/1/725 5020/0/350
Largest difference peak/hole [e A7) 0.129/-0.867 1.80/-1.57

gen atoms of 18-crown-6 and the ammonia molecules were placed
in calculated positions by using a riding model (HFIX). The data
sets were corrected for absorption by using the empirical methods
of the PLATONI'®] program package. All thermal ellipsoids of the
atoms in the figures are shown at the 50% probability level. Crys-
tallographic data of 1 and 2 are given in Table 5. CSD-417956 (1)
and CCDC-723374 (2) contain the supplementary crystallographic
data for this paper. These data can be obtained from http:/

www.fiz-karlsruhe.de/request_for_deposited_data.html

and

M

www.ccde.cam.ac.uk/data_request/cif (2).
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