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[A([18]crown-6)]2[Pt(CO)3] · 10 NH3 (A=K, Rb) – A crystal
structure containing the long postulated [Pt(CO)3]

2�

Susanne M. Tiefenthaler,[a] Florian Kleemiss,*[b] and Nikolaus Korber*[a]

On the occasion of the 60th birthday of Prof. Dr. Caroline Röhr.

The compound [A([18]crown-6]2[Pt(CO)3] · 10 NH3 (A=K, Rb,
[18]crown- 6=1,4,7,10,13,16-Hexaoxacyclooctadecane) contain-
ing the anion [Pt(CO)3]

2� was the unexpected result of a
reaction between K6Rb6Ge17, Pt(CO)2(PPh3)2, [18]crown-6 and
[2.2.2]-crypt. This compound represents the first example of a
mononuclear carbonyl platinate and expands the list of known
group 10 carbonyl metallates. The central anion has a trigonal

planar shape with an approximate D3h symmetry. Theoretical
investigations confirm the trigonal planar structure of the
carbonylate and give insight into the electronic structure. The
calculations reveal a strong charge density at the central
platinum atom, while the HOMO shows a dispersion of the
residual electrons under and over the carbonyl plane.

Introduction

Due to their strong δ-bonding and π-back-bonding properties,
carbonyl ligands are one of the predominant ligands in organo-
metallic chemistry.[1] Especially transition metal complexes
containing carbonyl groups have long since been a highly
researched topic.[2]

Homoleptic carbonyl compounds of transition metals have
been known since 1890, when Mond et al. synthesized Ni(CO)4
from the direct conversion of the metal and CO.[3] Ever since
this entry into the field, numerous homoleptic single core
carbonyl compounds of transition metals could be synthesized
and characterized.[4] Especially the transition metals of the
groups 6 to 9 exhibit a rich chemistry with respect to carbon-
ylation, leading to single- and multi-nuclear complexes.
Carbonyl complexes of the elements of group 10 however are
few and far between, as the analogous neutral tetracarbonyl
species of the heavier homologues palladium and platinum

could to date only be synthesized as matrix isolated com-
pounds and analyzed via IR and Raman spectroscopy.[5]

In addition to neutral complexes, also a number of carbonyl
metalate anions are known.[6] While mononuclear carbonyl
metalates are known for every metal of groups 3 to 9,[7] so far
only the nickelate [Ni(CO)3]

2� has been discovered out of the
group 10 elements.[8]

Whereas the known mononuclear compounds are fairly
limited, a number of less highly reduced multinuclear carbonyl
platinates are known, most notably the so called Chini-clusters
first described by Chini himself.[9] These clusters usually exhibit a
triangular form made up of platinum atoms with terminal and
bridging carbonyl groups and are either isolated or stacked.[10]

Solvated electrons are undeniably strong reducing agents,
their occurrence has been linked to dissolved Zintl phases. The
reductive nature of Zintl ions, especially polygermanides, in
liquid ammonia has been demonstrated not only by the
serendipitous emergence of the anion [Ni(CO)3]

2� , but also
through the detection of oxidized Zintl ions.[8,11] Sevov et al.
determined the redox equilibrium between the nine atomic
germanium clusters [Ge9]

4� , [Ge9]
3� , and [Ge9]

2� , which results
resulting in solvated electrons.[12] K6Rb6Ge17 contains [Ge9]

4� as
well as [Ge4]

4� clusters.[13]

Results and Discussion

Crystal Structure of [A([18]crown-6]2[Pt(CO)3] · 10 NH3 (A=K,
Rb)

Dark red, crystalline needles of [A([18]crown-6]2[Pt(CO)3] · 10 NH3

(A=K, Rb) could be obtained as a byproduct from a solution of
K6Rb6Ge17, Pt(CO)2(PPh3)2, [2.2.2]-crypt (4,7,13,16,21,24-Hexaoxa-
1,10-diazabicyclo[8.8.8]hexacosane) and [18]crown-6
(1,4,7,10,13,16-Hexaoxacyclooctadecane) in liquid ammonia.

The central moiety of the crystal structure consists of a
platinum atom which is coordinated by three carbonyl ligands
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(see Figure 1). Both the Pt� C (1.869(6) Å – 1.898(5) Å), as well as
the C� O bond lengths (1.154(6) Å – 1.178(7) Å) are in the
expected range.[14] The structure of the anion deviates only
slightly from the expected trigonal planar shape, with the
angles between the

carbonyl groups ranging from 118.1(2)° to 122.3(2)°. As for
the planarity of the complex, the maximal deflection from the
plane amounts to 1°. Therefore, to ascribe D3h symmetry to the
[Pt(CO)3]

2� moiety can be considered an excellent approxima-
tion. Two crystallographically independent (A[18]crown-6) (A=K/
Rb) cation complexes compensate the twofold negative charge
of the carbonyl platinate.

The alkali metal cation position closer to the platinum atom
(K1/Rb1) is split, with each of the split positions being occupied
by either potassium (88.5%) or rubidium (11.5%), whereas the
second cation position is partially occupied with 23.4%
potassium and 76.6% rubidium. Through contacts to three
ammonia molecules, which in turn exhibit contacts to the
cation K2/Rb2, sandwich like complexes are formed. The earlier
discovered nickel analogue exhibits the same structural motif.[8]

Voids in the unit cell are filled by additional ammonia molecules
of crystallization. While one of the ammonia molecules shows
no preferred direction for the hydrogen atoms, by investigating
the N – N distances, as well as the direct surroundings of the
nitrogen atom, an amide or hydroxide molecular anion can be
excluded.

Theoretical investigations

Quantum mechanical structure optimizations were performed
to gain further insight on the electronic structure and bonding
situation of the central anionic species. The results of the non-
symmetrized geometry optimization in an ammonia continuum
solvation model are in good agreement with the structure
observed by X-ray diffraction, with Pt� C bond lengths of
1.7445 Å and C� O distances between 1.1903 Å and 1.1905 Å.
Additionally, the calculations confirm the planar nature of the
anion. The analysis of the ELF shows a partial π-bond over and
under the carbonyl plane. As the π-bonding is less pronounced

than in the nickel analogous species,[8] a stronger localization of
the electrons at the central atom is inferred. This is reflected by
the QTAIM charges of +0.254 for Pt,[15] in contrast to the charge
of +0.311 of Ni at the same level of theory. Similarly, ELI� D
basins of lone pairs found at Pt have a much higher integrated
electron density compared to the Ni analogon.[16] (0.227 for Pt,
0.152 for Ni). In agreement with the stronger isolation of the
platinum atom from the ligands the disynaptic basin of the
C� Pt bond cannot be found, the ELI� D basin is monosynaptic,
therefore interpreted as a lone pair (compare two regions
above and below Pt� C direction in the ELF, Figure 2b). In the Ni
analogon the bond was still disynaptic. The shape of the HOMO
(shown in Figure 2c) once again indicates a distribution of
electrons parallel to the carbonyl plane.

Conclusion

The compound [A([18]crown-6]2[Pt(CO)3] · 10 NH3 (A=K, Rb)
contains the trigonal planar carbonyl platinate dianion, which
has been postulated for a long time and has now been found.
To the best of our knowledge, this represents the first
mononuclear carbonyl platinate, as well as only the second
mononuclear carbonyl metallate of a group 10 element.

Experimental Section
All operations were carried out under argon atmosphere using
standard Schlenk and glovebox techniques. Liquid ammonia was
dried and stored over sodium for at least 96 hours, with constant
cooling by an EtOH/CO2 cooling bath. Crown ether was purified by
sublimation before use.

Synthesis of K6Rb6Ge17: Potassium (236.7 mg, 6.06 mmol), rubidium
(517.5 mg, 6.06 mmol) and germanium (1245.7 mg, 17.16 mmol)
were weighted into a tantalum ampoule, which was subsequently
welded shut under argon. The ampoule was encased in an
evacuated quartz-glass tube and heated to 1223 K with a heating

Figure 1. Asymmetrical and nominal unit of [A([18]crown-6]2[Pt-
(CO)3] · 10 NH3 (A=K, Rb). Thermal ellipsoids at 50% probability.

Figure 2. Isosurfaces of the ELF of [Pt(CO)3]2� at η=0.7 (a) and
η=0.875 (b) as well as the HOMO (c) and LUMO (d). Positive (blue)
and negative (red) isosurfaces are shown at a level of 0.1 for the
MOs.
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rate of 50 K/h. After being held for two hours, the temperature was
lowered to 298 K with 20 K/h.

Synthesis of Pt(CO)2(PPh3)2: The compound was synthesized
following the directions of Chini and Longoni from K2PtCl4, PPh3 and
CO.[17]

Synthesis of [A([18]crown-6]2[Pt(CO)3] ·10 NH3 (A=K, Rb) :
K6Rb6Ge17, Pt(CO)2(PPh3)2, [18]crown-6 and [2.2.2]-crypt were
weighed into a heated Schlenk vessel in the stoichiometric ratio of
1 :1 : 1.5 : 2.5. 5 mL of liquid ammonia were condensed onto the
reactants, resulting in a red solution. After storage of the vessel at
233 K for five weeks, dark red needles of the titular compound
could be isolated and analysed via single crystal X-ray diffraction.

X-ray diffraction studies: Due to the moisture-, air- and heat-
sensitivity of the compound, the crystals had to be cooled and
preserved in oil for the duration of selection and measurement. To
achieve this, perfluoroether oil was cooled in a stream of nitrogen,
into which the crystals were transferred from the reaction vessel.
During the transport from the oil to the diffractometer liquid
nitrogen was employed for cooling.

The software CrysAlisPro (Version 41_64.83a) was used for the data
reduction.[18] ShelXT was used for structure solution, with ShelXL for
refinement.[19] For visualization purposes Olex2 1.3 was employed,
while the figures were drawn up with Diamond 4.[20]

Crystal data for [A([18]crown-6]2[Pt(CO)3] ·10 NH3 (A=K, Rb): M=

1097.06 g · mol� 1, space group=P21/n, a=14.09789(10) Å, b=

8.88557(7) Å, c=38.0488(3) Å, β=90.7675(7)°, V=4765.86(6) Å3,
Z=4, 1calc=1.525 g · mol� 1, μ=8.034 mm� 1, F(000)=2235.0, 80461
measured reflections, 9795 independent reflections, Rint=7.25%,
R1=4.75%, ωR2=12.43 for I>2σ(I), R1=5.10%, ωR2=12.63 for all
data, GooF=1.095, Δ1mac=1.88 eÅ� 3, Δ1min= � 1.34 eÅ� 3.

Crystallographic data for the compound has been deposited in the
Cambridge Crystallographic Data Centre, CCDC, 12 Union Road,
Cambridge CB21EZ, UK. Copies of the data can be obtained free of
charge on quoting the depository number CCDC-2103387 (Fax:
+44-1223-336-033, E-Mail: deposit@ccdc.cam.ac.uk, http://www.
ccdc.cam.ac.uk).

Theoretical calculations: The calculations were performed using
ORCA (Version 4.2.1) employing a level of theory of DKH2-B3LYP-
D3BJ/jorge-TZP-DKH using a CPCM model of ammonia.[21] Gener-
ation of grids was performed using cuQCT,[22] visualization done
using VMD.[23] QTAIM analysis was performed using AIMAll.[24]

Calculation of ELI� D and its analysis was performed using DGrid
Version 5.2.[25]
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