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Metal Iodides in Polyiodide Networks—The Structural Chemistry of Complex
Gold Iodides with Excess Iodine

Per H. Svensson, Jan Rosdahl, and Lars Kloo*!?!

Abstract: Theoretical calculations that
compare the I5 ion and the [Aul,]~ ion
show that they are closely related and
have potential energy surface (PES)
minima corresponding to an L-shaped
structure. These calculations also indi-
cate that the I and [Aul,]~ ions should
be exchangeable. These results were
confirmed by the synthesis of the
compounds (Et;S)[Aul,]-2I, (1) and
(Me;S),[Aul,][1;] (4), which have been

characterised by X-ray diffraction,
Raman and far-IR spectroscopy. The
structure of 11is made up of [Aul,]~ units
coordinated by infinite zig-zag chains of
I, molecules, and can be regarded as
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[Aul,]~ ions incorporated into a poly-
iodide network. The structure of 4 is
closely related to those of the com-
pounds of the M,Au,X; family (M=
Cs*, Rb*, NH}, K*; X=CI-, Br-, I)
which consist of square-planar [AuX,]~
and linear [AuX,]~ ions. However, in the
structure of 4, the [AuX,|~ ions are
replaced by I3 ions.

Introduction

Polyiodide structures can, with a few exceptions, be described
as formed from three subunits: I, [, and 15, which coordinate
to each other by formal closed-shell interactions (I~ and I5 act
as donors and I, as acceptor).l'*l A vast range of polyiodides
have been synthesised and the structures are highly depend-
ent on the size and polarisability of the cation. At present,
polyiodides with formal contents up to I3; are known and
many of them have found applications in areas such as
electronics, fuel cells and batteries.’1 Recently, polyiodides
have provoked interest since they are one of the few
compounds that form extended anionic inorganic net-
WOrkS.[S" 10, 11]

The (R;S)I, (R=Me,Et; x=2-11) polyiodides have been
shown to be appropriate reaction media for the study and
isolation of modified polyiodide networks.'>'3] The addition
of iodide acceptors or metal iodides to an (R;S)I, melt
exposes the iodine to a competition for iodide ions. This
enables the insertion of guest atoms into the polyiodide
networks and thus modification of the I"-donating properties
becomes possible. Potentially, the knowledge about the effects
on structure and physical properties caused by different guest
molecules can enable the design of polyiodides with special
properties.
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E-mail: Lars.Kloo@inorg.lu.se
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In this work we present the results from the use of complex
gold iodides as guest molecules, which includes attempts to
replace I with the analogous [Aul,]~ ion in polyiodide
networks. Geometric optimisation and calculation of poten-
tial energy surfaces (PES) for [Aul,]~, I5, [Aul,]~ and I5 have
also been performed in order to investigate whether [Aul,]~
and [Aul,]~ are suitable guest molecules and are able to
exchange polyiodides.

Results and Discussion

Theoretical studies of [Aul,]~, I5, [Aul,]™ and I5: Gold and
iodine display remarkable chemical similarity both in species
where the atoms have formal oxidation states of —1I, +1 and
+1I1. Thus, both Au~ and I-, linear [AuCl,]~ and [ICL,]-, and
[Aul,]~ and I3, as well as square-planar [AuCl,]~ and [ICl,]~
are known. The reason for this similar chemical behaviour is
the subject of an ongoing study.!'“l

The calculated I-1 distance in I35 at the MP2 level is
2.991 A, which is slightly too long compared with the
experimental mean value of 2.922 A.¥l However, the error
is less than 3% and the result must be considered acceptable
when the extremely shallow potential of linear deformation of
I; is taken into consideration.'™! The corresponding calcu-
lated frequencies of vibration are 58 (v,) 114 (v;) and 149
(v;) cm™!; quite close to the experimentally observed fre-
quencies of 75, 113 and 145 cm~LI¢8 The geometric opti-
misation of I5 at the MP2 level results in a V-shaped geometry
(C,,) which can be regarded as two I, molecules coordinated
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Figure 1. Counterpoise-corrected PES of I3 --- I, (left) and [Aul,]~--- L, (right). The energy E is given in kJmol~".

to an I~ ion. The I-I distances are 2.877 and 3.108 A and the
top angle is 105°, which is in rather good agreement with the
experimental values of 2.792 A, 3210 A and 92°. The
corresponding calculations for [Aul,]~ and [Aul,]” (Dy,) give
Au-T distances of 2.661 and 2.722 A, respectively. These are
also slightly too long compared with the average experimental
value of 2.566 and 2.626 A.l419 However, the results are
considered acceptable in view of the results for I3 and I5.
When the energies for [Aul,]” and I5 are compared it
becomes clear that the square-planar geometry, according to
these calculations, is not the most stable one in either case. In
both systems, the L-shaped geometry has a lower energy:
58.6 kJmol~! and 75.8 kJmol~! lower than for square-planar
geometry for [Aul,] and I5, respectively. In the case of I5 an

Abstract in Swedish: Polyjodider av den formella samman-
sdttningen (R;S)1,, dir R dr en alkylgrupp, bildar smdltor vid
rumstemperatur. Denna typ av system har visat sig vara
limpliga media for syntes av modifierade polyjodider med
komplexa metalljodider. I dessa reaktioner utsdtts metalljod-
iderna I~ och I3 for en konkurrens om elektronacceptorn I,.
Detta maojliggor inkorporering av gistmolekyler i polyjodid-
nitverken. Teoretiska berikningar har visat att I5 och [Aul,]~
dr mycket lika och potentialenergiytan for interaktionen mellan
[ML]~ och I, dir M iir I eller Au, i bada systemen uppvisar ett
minimmum som motsvarar en L-formad struktur. Resultaten
av de teoretiska berdkningarna antyder att I3 och [Aul,]~
borde vara utbytbara i fasta strukturer. Dessa resultat stods
av det faktum att foreningarna (Et;S)[Aul,]-21,, (1) och
(MesS),[Aul,][1;], (4) kan syntetiseras. Foreningarna har
karakteriserats med hjdlp av rontgendiffraktion, samt Raman-
och IR-spektroskopi. Strukturen av 1 innehdller odndliga zig-
zagkedjor av [Aul,]~ koordinerad av L, i cis-konformation, dvs
over Auly-diagonalen. [Aul,] -enheterna kan ddirfor anses
vara en del av ett polyjodid-nitverk. Strukturen av 4 dr
ndrbesliktad med den i M,Au,X; (M =vanligen alkalimetall-
katjon; X = halogenidjon), vilken bestdar av plankvadratiska
[AuX,]~- och linjira [AuX,] -joner. I strukturen av 4 har
emellertid [AuX,]~ ersatts med I5.
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even lower total energy can be obtained by allowing the ion to
relax to the V-shaped geometry discussed above, but this
conformation is only favoured by 3.9 kJ mol~! compared with
the L-shaped one. However, the difference in energy between
different geometries is small in both systems and in the same
order of magnitude as hydrogen bonds (10-65 kJmol™).
Despite all this, it is interesting to note that the angles in the
two L-shaped ions [Aul,]~ and I5 are almost identical, and
that the only significant difference is the length of the linear
part (the terminal I-T distance in [Aul,]~ is 5312 A and
5.940 A in I5) of the compounds.

The PES of Iy and I,, (Figure 11left) shows two minima; one
which corresponds to the L-shaped geometry described above
and the other to T-shaped. This is surprising since no discrete
T-shaped polyiodide structure has been reported so far.
However, basis set superposition errors (BSSE) contribute
significantly to the energy in the range studied, and the largest
contribution, and thereby the largest error, is obtained for the
T-shaped structure. The energy difference between the
L-shaped and the T-shaped geometry is significant, and larger
when corrected for BSSE. The relative difference in energy
might explain why only L-shaped I5 ions are observed
experimentally. However, in solid triiodide compounds the
triiodide ions often form T-shaped aggregates and net-
works.[-3]

The corresponding PES of [Aul,]~ and I, (Figure 1right)
only displays one minimum which corresponds to the bent
L-shape. This indicates that it ought to be possible to use
[Aul,]~ to replace I5 in polyiodides, or vice versa in gold(I)
compounds which contain [AuX,]~. We were not able to
retain gold in oxidation state +1I in the systems studied (see
Experimental Section). The high I, activity required during
synthesis causes the gold to oxidise to + III forming square-
planar [Aul,]~ complexes that are coordinated by excess I,.

An interesting analogy to the [I-I-I]7/[I-Au-I]~ systems
investigated here is the theoretical study by Hoffman et al. on
the [I-I-I]~/[I-H-I]~/[I-I-H]~ systems.?! They show that [I-H-
I]- is favoured over the formation of [I-I-H]~ and that the
bonding in the hydrogen bihalides can be described as a
donor —acceptor interaction between closed-shell fragments,
in accordance with the bonding in I5.
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A comparison between the two PES shows that the
interaction between [Aul,]- and I, is significantly stronger
than the one between I and I,; I5---1, has a more flat
potential surface than [Aul,] ---1,. Therefore, the potential
energy surface for the pure polyiodide is more affected by
BSSE and the interaction energy is decreased by 20 % at the
L-shaped minimum after counterpoise correction, compared
with a modest change of 7% for the PES of Aul,---1,. Thus,
the calculations show that [Aul,]~ and I5, and [Aul,]~ and I5
are closely related and indicate that both complex [Aul,]~ and
[Aul,]~ ions are suitable candidates as guest molecule in
polyiodide networks.

Structural and spectroscopic investigations: A first attempt to
insert complex gold iodides into polyiodides was made by the
electrolysis of gold in (Et;S)I;. The reaction resulted in
(Et;S)[Aul,] - 21, (1) which consists of square-planar [Aul,]~
complexes perpendicularly linked by iodine in the crystallo-
graphic b direction (Figure 2). The Au—I distances range from
2.62 to 2.64 A and the I-Au-I angles from 89.5 to 90.5°
(Table 1). A comparison with the corresponding iodine-free
compound (Et;S)[Aul,] (2) shows no significant difference in
the [Aul,]~ ion (Au-T 2.62-2.64 A and I-Au-I 89.7-90.3°)
(Figure 3). The average Au—I bond length in 1 (2.64 A) is
slightly longer than in 2 (2.63 A) although the difference lies
within experimental error.

The intramolecular I-I distances in the I, molecules are
2.733(2) and 2.738(2) A, which indicates a significant degree
of interaction with the [Aul,]~ donors (compared with pure I,
in the solid state, 2.715(6) A,?! and gas phase, 2.667(2) Al?2)).
The intermolecular I-I distances are typical for those in pure
polyiodides, and I-I distances shorter than 3.70 A have been
interpreted in terms of secondary bonds ! (van der Waals
radius of neutral iodine, 2.15 A). The bridging iodine mole-
cules can thus be regarded as a part of an I3~ ion and in 1 they
form two types of infinite zig-zag chains (Figure 4) in the
crystallographic b direction. The first chain, which contains
Au(1l), has intermolecular I-I distances of 3.334(2) and
3.620(2) A (1(2)—1(6) and I(1)—I(5)) and angles of 170.83(6)
and 172.53(6)° (1(6)-1(5)-I(1) and 1(5)-1(6)-1(2)). The second

Figure 2. Stereoscopic view of the crystal structure of (Et;S)[Auly]-2I,. The cations are omitted for clarity.
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Table 1. Selected bond lengths [A] and angles [°] in 1-4.
(Et:S)[Aul,]-21,1 (Et:S)[Aul,] 2
Au(1)-1(1) 2.636(1) Au(1)-1(1) 2.637(2)
Au(1)-1(2) 2.629(2) Au(1)-1(2) 2.616(1)
Au(2)-1(3) 2.624(2) Au(2)-1(3) 2.620(1)
Au(2)-1(4) 2.628(2) Au(2)-1(4) 2.624(2)
I(1)-1(5) 3.620(2) I(1)-Au(1)-1(2) 90.29(4)
1(2)-1(6) 3.334(2) I(1)-Au(1)-1(2) 89.71(4)
1(5)-1(6) 2.733(2) 1(3)-Au(2)-1(4) 90.28(5)
1(4)-1(8) 3.395(2) 1(3)-Au(2)-1(4) 89.72(5)
1(3)-1(7) 3.500(2)
1(7)-1(8) 2.738(2) (Et;S)[Aul,] 3
1(1)-Au(1)-I(1) 180.0 Au(1)-1(1) 2.570(4)
I(1)-Au(1)-1(2) 90.47(5) Au(2)-1(2) 2.554(4)
1(1)-Au(1)-1(2) 89.53(5) Au(2)-1(3) 2.551(5)

1(3)-Au(1)-1(3) 180 1(1)-Au(1)-I(1) 180

1(4)-Au(1)-1(4) 180 1(2)-Au(2)-1(3) 176.1(2)

1(3)-Au(1)-1(4) 90

1(6)-1(5)-I(1) 170.83(6) (Me;S),[AulL,][1;] 4

1(5)-1(6)-1(2) 172.53(6) Au-1(2) 2.6298(7)

1(7)-1(8)-I(4) 173.44(6) Au-I(1) 2.6316(7)

1(8)-1(7)-I(3) 175.43(6) 1(3)-1(4) 2.905(1)
I(1)-Au(1)-1(2) 90.19(2)
1(1)-Au(1)-1(2) 89.81(2)

Figure 3. Stereoscopic view of the crystal structure of (Et;S)[Aul,]. The
cations are omitted for clarity.

chain has intermolecular I-1 distances of 3.395(2) and
3.500(2) A (I(4)—1(8) and I(3)-1(7)) and angles of 173.44(6)
and 175.43(6)° (I(7)-1(8)-1(4) and I(8)-1(7)-1(3)).

The Raman spectrum of 1
(Figure 5) shows spectral fea-
tures at 101 and 127, 146 and
161 cm™' whilst Raman spec-
trum of the I,-free compound
2 only displays peaks at 126 and
144 cm~!. Consequently, the
peaks of 1 at 127 and 146 cm™!
can be assigned to modes that
originate from square planar
[Aul,]-. Theoretical calcula-
tions confirm that these peaks
are [Aul,]- modes and are as-
signed to the v, and v; modes,
respectively. The few referen-
ces available report v, at
148 cm™! and v, at 110cm™!;
thus the peak at 127 cm™! de-
viates.?!l The peak at 161 cm™!
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Figure 4. The infinite zigzag chains in (Et;S)[Aul,]-2L,. Top: The chain
which contains Au(1). Bottom: The chain which contains Au(2).
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Figure 5. The Raman spectrum of (Et;S)[Aul,]-2L,.

originates from iodine coordinated to [Aul,]-. Weakly
coordinated iodine normally displays a peak at about
180 cm~1.16-18. 23] Therefore the interaction between the iodine
acceptor and the [Aul,]- donor can be regarded as fairly
strong. The peak at 101 cm~! is more difficult to assign, but a
possible explanation is that the IR-active v; mode of [Aul,]~
has become Raman active because the symmetry has lowered
from Dg,. Raman and far-IR spectra of the reaction mixtures
were also recorded, but because of the strong polyiodide
bands the spectra were very difficult to interpret.

Three other binary metal iodide —iodine compounds that
form formal tetraiodide bridging units are known in the
literature; (Et;S)[Hgylelin 3L, (MesS)[Cd,Ig)i,-31, and
(NH,)[Aul,] -0.51,.> 13.20] The latter compound consists of
almost square planar [Aul,]~ complexes, where every second
complex is coordinated by I, molecules, to form a chain
structure similar to the one found in 1. The intra- and
intermolecular I-I distances in (NH,)[Aul,] - 0.51, are 2.709(3)
and 3.387(2) A, respectively. The intramolecular distance
indicates a weaker interaction with the gold(IIl) iodide
complex than in 1, while the intermolecular distances in 1
span a wider range (3.33-3.62 A). In the cadmium com-
pound, the [Cd,I]*~ ions are coordinated by I, molecules in
such a way that a network of infinite zig-zag chains of [Cd,I]*~
complexes interspaced by I, units are formed. The mercury

308 — © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1999

compound also displays a network structure, but in this case
the I, molecules coordinate directly to the terminal iodine
atoms of the [HgJ¢]*~ ions, and therefore the network
becomes less complicated. In both the mercury and cadmium
compounds, the intra- and intermolecular I-I distances are
similar to those found in 1.

Efforts were also made to insert [Aul,]~ and [Aul,]~ into
the polyiodide networks by reaction between Au and (Et;S)I;
in different solvents (methanol, ethanol, acetonitrile and
acetone). However, the reactions gave the non-iodine con-
taining compound (Et;S)[Aul,] (3), and suitable crystals for
structure determination were obtained only from synthesis in
methanol. In general, the inclusion of organic solvents during
synthesis or at the purification stage (recrystallisation) tends
to extract the weakly bound I, from the compound. The
compound 3 consists of pyramidal Et;S* ions and [Aul,]~ ions
with D, and C,; symmetry (Figure 6). The [Aul,]~ anions are
stacked so that they point to each other to form L- and
T-shaped patterns; a structural pattern that is quite common
for triiodides.’> 271 The [Aul,]~ ion (I(1)-Au(1)-I(1)) with
D_, symmetry contains an Au—I distance of 2.570(4) A, while
the ion with C, symmetry (I(2)-Au(2)-I(3)) contains Au—I
distances of 2.554(4) and 2.551(5) A and an angle of 176.1
(2)°. The Au—I distances are in good agreement with those
found in the literature.' 1]

Figure 6. Stereoscopic view of the crystal structure of (Et;S)[Aul,]. The
cations are omitted for clarity.

In another attempt to insert [Aul,]~ into the polyiodides,
the reaction between Aul and (Me;S)I, was explored. The
cation was changed from triethyl to trimethylsulfonium to
facilitate crystallisation. The reaction resulted in black
crystals of (Me;S),[Aul,](I;] (4) (Figure 7) which consists of
square planar [Aul,]-, linear I3 and pyramidal Me;S* ions.
The I5 ion has D_, symmetry and the I-I bond length is
2.905(1) A (1(3)-I(4)) which agrees well with literature data.
The [Aul,]~ ions have Au—I distances of 2.6316(7) (Au—I(1))
and 2.6298(7) A (Au—1(2)) and I-Au-I angles of 89.81(2) and
90.19(2)°. The I ions are tilted at an angle of 148.9(3)° (A
Au---1(4)-1(3)) with respect to the position of gold in [Aul,]~
(Figure 8) and at a distance of 3.876(1) A (Au—I(4)). This is

0947-6539/99/0501-0308 $ 17.50+.50/0 Chem. Eur. J. 1999, 5, No. 1
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Figure 7. Stereoscopic view of the crystal structure of (Me;S),[Auly][L;]. The cations are omitted for clarity.

too long to indicate a direct covalent interaction. However,
the partial negative charge on the terminal iodine atoms in I3
and the partial positive charge on gold in [Aul,]~ give rise to a
fairly strong electrostatic interaction that may explain the
orientation of the I3 ions in the structure. It is also notable
that the iodine atoms of the [Aul,]~ ion point towards the
central iodine atom of I5 in an analogous arrangement.

A‘ﬁ’.’: /@/ 19 / A’ﬁ,.,

d

Figure 8. Illustration of the arrangement of I3 and [Aul,]~ in (Me;.
S)o[AuL][L].

Together with the terminal iodides of the triiodide ions, the
square planar [Aul,]~ ions form chains of elongated octahedra
(Figure 9). The gold atoms and the central iodides of the I3
ions are positioned in the centres of the octahedra and they
alternate to occupy the octahedra in all directions. Since the
triiodides are tilted with respect to the [Aul,]~ plane, the
octahedra become quite distorted. However, since all corners
of the octahedra are shared, the structure clearly has a
perovskite-like appearance. The structure of 4 is quite unique,
since there is no other compound in the literature which
consists of discrete polyiodide and tetraiodoaurate(III) units.
To our knowledge, a few other compounds exist with discrete

Figure 9. The packing of the MI; (M = Au, I) octahedra in (Me;S),[Aul,][L;].
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triiodide ions and metal iodide
complexes, but they show no
similarities with 4.5 Howev-
er, the structure of 4 is similar
to the compounds of the
M,Au, X family (M =Cs",
Rb*, NH;, Kt; X=Cl-, Br,
I") which consist of square-
planar [AuX,]- and linear
[AuX,]~ ions, instead of the I3
ions in 4.5231 The only com-
pound that has been structur-
ally characterised in this family
with X=1 is K,Au,ls. It con-
tains [Aul,]- ions pointing
straight towards the equatorial gold atom of the [Aul,]~ ions
instead of the tilted arrangement observed in 4. However, the
structure of Cs,Au,Brg contains [AuBr,|~ ions tilted in a
similar way to the I5 ions in 4. Consequently, the I3 ion can be
regarded as having substituted the [AuX,]~ ion in a M,Au,X;
structure. It is noteworthy that the M,Au, X, compounds also
adopt the perskovite structure.

The results of spectroscopic investigations of 4 support the
results obtained from the structural investigation. The Raman
spectrum (Figure 10) shows three strong peaks at 147, 130 and

Arbitrary Intensity

200 180 160 140 120 100
Wavenumber (cm™ ! )

Figure 10. The Raman spectrum of (Me;S),[Aul,][I;].

112 cm~L. The two former peaks
are in good agreement with the
v; and v, modes of [Aul,]~ (see
data for 1 and 2). The peak at
112 cm™! is characteristic for
the symmetric stretching v,
mode of the triiodide ion. The
far-IR spectra have peaks at 62,
72, 101, 130, 191 and 205 cm~.
The peaks at 101 and 191 cm™!
originate from the v, and v
modes of [Aul,]”, while the
peak at 130 cm~! corresponds
to the asymmetric stretching v;
mode of I5. The peaks at 62 and
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72 cm™! are difficult to assign, since both the I5 and [Aul,]~
ions have modes with frequencies in this region. The weak
peak at 205 cm! is probably the first overtone of the v, mode
of [Aul,]".

Conclusions

This work has shown that the addition of complex gold iodides
to (R5S)I, polyiodides identifies a promising route for the
modification and investigation of polyiodide networks. The
theoretical calculations performed show that [Aul,]~ and I5,
and [Aul,]” and I5 are closely related and that they are more
or less exchangeable, and thus form the basis of a new type of
host —guest chemistry. These objectives were verified by the
syntheses of the compounds (Me;S),[Auly][I;] and (Et;S)-
[Aul,]-21,. The ultimate goal is to obtain a toolbox of
additives to modify polyiodide structures in a controlled way
and thus be able to design inorganic polymers with specific
and low-dimensional physical properties.

Experimental Section

(Et;S)[Aul,] - 2L, (1): Anodical oxidation of gold in a mixture of (Et;S)I; in
acetonitrile resulted in the formation of 1. A platinum wire was used as the
cathode. Both electrodes were cleaned before use with a warm solution of
1:1 distilled water and concentrated HNO;. The mass of the gold electrode
decreased by 163.46 mg (0.83 mmol) during electrolysis. In the process, 30
equivalents of electrons passed through the system, which shows that the
system is more appropriate as a conductor than as a medium for
electrolysis. The approximate current used was 10 mA and the applied
voltage about 15 V. The yield was estimated to be about 40 % (with respect
to Au). (Et;S)Is was made by the reaction of (Et;S)I and I, (1:2 molar ratio).
(Et;S)[Aul,] (2): Gold pellets (0.632 g, 3.21 mmol) were partly dissolved in
a melt of (Et;S)I (0.811 g, 3.29 mmol) and I, (1.244 g, 4.90 mmol) at 90°C.
The reaction mixture was left for two weeks, after which a small sample was
allowed to crystallise in methanol. The crystals obtained were red. The
yield was estimated to be about 50 % (with respect to Au).

(Et;S)[Aul,] (3): A granule of gold (0.277 g, 1.41 mmol) was partly
dissolved in a solution of (Et;S)I (0.409 g, 1.66 mmol) and I, (0.207 g,
0.82 mmol) in methanol. This mixture was then refluxed for four days, after
which a brown solution and some solid gold remained. The solution was
then cooled, which led to the precipitation of dark crystals. The yield was
estimated to be about 40 % (with respect to Au).

(Me;S),[Aul][I;] (4): Aul was dissolved in liquid (Me;S)I; at 140 °C (molar
ratio 1:1). After the reaction mixture cooled to room temperature, acetone
was added and the mixture was stored at —30°C. After several weeks black
pyramidal crystals of 4 were obtained. The yield was estimated to be about
60 % (with respect to Au). Free iodine in the gold(1) iodide was removed by
evaporation before use. (Me;S)I; was made from the reaction of (Me;S)I
and I, (1:3 molar ratio).

Vibrational spectroscopy: The far-infrared (far-IR) spectra of the reaction
mixtures were recorded on a Bio-Rad FTS 6000 FT-IR spectrometer at a
resolution of 8 cm~!. A Globular light source was used, and a 6.25 um Mylar
beamsplitter in combination with a PE-DTGS detector produced an
effective spectrum range of 50-550 cm~'. The window material of the
sample cells was spectroscopic quality polyethylene (Merck). The back-
scattering of the compounds was recorded with 1064 nm radiation from a
Nd:YAG laser in a Bio-Rad FT-Raman spectrometer. The radiation was
recorded with nitrogen-cooled, Ge-diode detector and at 4 cm™! resolution.

Computational details: The calculations were performed with the GAUS-
SIAN94 program.? Efficiency considerations made it necessary to
truncate and contract basis sets available from the literature (Au
(5s3p3d)/[221/21/21] and 1 (5s5d1d)/[221/221/1]).15] The Stuttgart effective
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core potentials were used in the calculations.*s! Counterpoise corrections
were made for the PES of I5 --- I, and [Aul,]~--- I, in order to estimate the
basis set superposition errors (BSSE).1%]

Geometry optimisations were made for the corresponding gold/iodine
compounds [Aul,] /I3 and [Aul,]/I5. These calculations were made at the
HF and MP2 levels. The vibrational frequencies were also calculated in
order to verify that the geometries obtained correspond to true minima,
and to provide data for comparison with experimental vibrational spectra.
When the PES were calculated, both the distance between I, and 15 (or
[Aul,]~) and the position of I, were varied (Figure 11).

I I 1 %
Figure 11. The variation of the position of I, in order to estimate the PES
for I3 --- 1, and [Aul,]~ -+ L.

X-ray crystallography: Single crystals of 1 were obtained from the reaction
mixture after evaporation of the solvent at room temperature, while
crystals of 2, 3 and 4 were obtained after slow solvent evaporation at
—30°C. The crystallographic data for the structures are presented in
Table 2. Data for 1, 2 and 3 were collected at 150 K on a Enraf-Nonius
CAD-4 diffractometer with Moy, radiation. The data for 4 was collected at
room temperature on a Siemens SMART CCD diffractometer. The crystals
of 3 were sensitive to X-rays and therefore was the data obtained not of the
best quality. The y-scan (1, 2 and 3) and SADABS (4) methods were used
to correct for absorption effects.’ 3] The structures were solved by the
direct methods by using the SIR92 (1, 2 and 3) and SHELXTL-PLUS (4)
program packages.* %l The structures of 1, 2 and 3 were refined against F,
while the structure of 4 was refined against F2.4-%) The unit cell of
compound 3 can be reduced to a monoclinic / centred cell (a=15.31, b=
11.10, ¢=22.65 A, f=91.0° and V=3848 A%) and the structure can be
solved in the space group I2/a. However, since this is a non-standard setting
and the volume is the same in both cell options, the original unit cell was
retained even though the f angle is large. The carbon atoms C(3) and C(4)
of 1 were refined isotropically due to the high thermal displacement. The
carbon atoms closest to the sulfur atom in the cation of compound 2 exhibit
disorder over two distinct positions. Because of the severe disorder of the
cation in 3, only one ethyl group was located (refined isotropically).
However, the presence of the Et;S* ion in 3 was confirmed by spectroscopic
methods. The carbon atoms of the cation in 4 were refined isotropically due
to the high thermal displacement and the positional disorder over two sites
of the sulfur atom of the cation. Hydrogen atoms were placed in calculated
positions in 1, but omitted in 2, 3 and 4 because of cation disorder.

Crystallographic data (excluding structure factors) for the structures
reported in this paper have been deposited with the Cambridge Crystallo-
graphic Data Centre as supplementary publication nos CCDC-102965 to
CCDC-102968. Copies of the data can be obtained free of charge on
application to CCDC, 12 Union Road, Cambridge CB21EZ, UK (fax:
(444)1223-336-033; e-mail: deposit@ccdc.cam.ac.uk).
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