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Abstract: Tetrahedral [Pt(PF;),] reacts with H* to form trigonal bipyramidal [Pt-

(PF;),H]*. This in turn looses PF; to form square-planar [Pt(PF;);H]*. The com-
plex [Pt(PF;),] can be oxidized with AsFs to form the square-planar complex, [Pt-
(PF;),J**, which can be more conveniently obtained from PtF, and PF; in HF/SbF;
solution. [Pt(PF;),]** reacts with F~ in HF under cluster formation to [Pt,-

(PF;)sH] ™.

Introduction

At times PF; had been considered a similar versatile ligand
as CO,Y and many metal-CO complexes have PF; ana-
logues. The PF; liquid can be considered a weak o donor,
but a good m-acceptor ligand. Nowadays, metal phosphane
complexes of organic phosphanes are numbered by the ten
thousands, whereas research on metal-PF; complexes re-
mains fairly dormant. There are several reasons for this: PF;
is a very poisonous gas, is expensive or difficult to prepare
and to handle, and the resulting complexes are often much
less stable than their organic counterparts. Nevertheless, his-
torically it came as a surprise that homoleptic [Pt(PF;),] and
[PA(PF;),] could be obtained,” whereas the corresponding
carbonyl complexes are not stable.

Focusing here only on [Pt(PF;),], it is also evident that
the chemistry of this interesting compound is largely unex-
plored, except that it has been tested as a precursor for plat-
inum chemical vapor deposition (CVD) procedures many
times.

Systematic chemistry is limited to ligand substitution reac-
tions with isonitriles,® and recently, to the thermal decom-
position into the cluster compound [Pt,(PF;)s].1*) At the end
of this paper we will speculate on this structure of this clus-
ter. Main topic of this work is to systematically investigate
the chemistry of [Pt(PF;),].
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Results and Discussion

[Pt(PF;),] is a colorless liquid, usually prepared from PtCl,,
PF;, and Cu in an autoclave.®”) This procedure works well
with yields around 70%, but is nevertheless tedious. It is
very well characterized by physical methods, including a mo-
lecular structure determination by electron diffraction.”
The PtP, framework is regular tetrahedral and the PF;
groups are assumed to rotate freely. The Pt—P bond length
is 222.9(5) pm. We have crystallized this compound from
pentane, and established its structure in the solid state, in
which the entire molecule obeys tetrahedral symmetry, so
that the molecule is described by only one Pt, P, and F atom,
all in special positions. The crystal structure determination is
the most precise one we have ever encountered (R,=
0.0067), giving a Pt—P bond length of 222.4(1) pm.

Complex [Pt(PF;),H]": Protonation of [Pt(PF;),] is possible,
if the superstrong Brgnsted acid HF/SbF;s is applied. [Pt-
(PF;)H]*[Sb,F,,]™ crystallizes out of excess HF at —78°C in
colorless crystals. This compound looses PF; upon warming
long before room temperature, especially in vacuum; so that
the characterization is limited to a single crystal structure
determination.

The crystal structure is shown in Figure 1, see also
Table 1. The [Pt(PF;),H]* unit has a trigonal bipyramidal
shape with the hydrogen atom and one PF; group in apical
positions. This fact is clearly established in spite of a twofold
disorder of the cation. The equatorial PF; groups are bent
toward the hydrogen atom with angles P.,—Pt—H=78.9-
80.5°. In spite of the disorder the Pt—H bond distance can
be established to be 160(10) pm.

Not even at —40°C it is possible to obtain 'H and
F NMR spectra, probably owing to rapid H* and F~ ex-
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Figure 1. The cation of [Pt(PF;),;H]*[Sb,F;;]-, ORTEP representation,
50% probability ellipsoids.

change. The *'P NMR shows nothing but a broad line and
minor peaks assignable to the typical NMR spectra of the
decomposition product [Pt(PF;);H]*[Sb,F,,] .

The closest relative complexes to [Pt(PF;),H]* are the
metal hydrides [CoH(PF;),], [RhH(PF;),], and [IrH(PF;),],
and, although they are all known,® in solution they are non
rigid and their solid structures are unknown.”:®

Amongst polydentate organophosphane ligated Pt com-
pounds [(P),Pt—H]* (P=organophosphane) there are two
structures that also come out as trigonal bipyramidal with
apical structured hydrogen atoms.”'” Here the trigonal bi-
pyramidal structures are strongly distorted as a result of the
sterical requirements of the chelating ligands.

Complex [Pt(PF;);H]*: The complex [Pt(PF;),H]*[Sb,F,,]~
easily looses PF; even at —78°C if the solid material is held
in vacuum. This became evident during attempts to obtain
NMR spectra. The resulting complex spectra can be as-
signed to [Pt(PF;);H]* (see below). A recrystallisation of

Table 1. Important bond lengths [pm] and angles [°].

FULL PAPER

this material in HF afforded [Pt(PF;);H]*[Sb,F,;] -2HF,
which is stable at room temperature. The single crystal
structure determination reveals that the cation has now the
common square-planar structure of Pt" complexes, see
Figure 2 and Table 1. The hydrogen atom could clearly be

Figure 2. The cation of [Pt(PF;);H]*[Sb,F,;]"-2HF, ORTEP representa-
tion, 50 % probability ellipsoids.

located, and the bond length of the trans Pt—P bond is a
little longer than the cis Pt—P bonds. The angle between
P—Pt—P is much smaller than 180° (157.48(5)°), owing to
the small size of the hydrogen atom. Similar compounds
have been isolated before with organic PR; ligands.

The atomic combination Pt/P/F/H should be ideal for
NMR investigations, since all four atoms have isotopes with
nuclear spin 4. [Pt(PF;);H]" shows the expected spectra,
some of them are shown in Figure 3. All coupling constants
of the P,,,,—Pt—H ionic fragment come out quite large, the
cis-couplings are small and sometimes not resolvable, see
the Experimental Section.

[PU(PF;),] [Pt(PFs),H]* [Pt(PFs);H]* [Pt(PF;),]** [Pty(PF;)H]* "
X-ray  caled X-ray! calcd!®! X-ray calcd!”! X-ray calcd'®! X-ray
PP 2224(1)  223.9(1) 257(1)  2281(3%) 217(1)  226.5(2%) 230.3(1) 2347 217.7-2222(2)
248.8(2) 232.1 223.1(1) 233.5 230.8(1)
229.0(1)
PH 161(10) 1580 145.0(6) 157.4 187(6)
PPt 262.3-292.9(1)
P-F 15472) 1577 149.03)-151.8(4) 154.9-1559 150.6-1522(3)" 1543-1552 150.6-151.3(2) 152.9-1533  1513-153.7(5)
P—Pt—P 10947 10947 98.2(1) 9752 1009(1)  1003(2x) 87.92(3) 86.7 97.2(1)
100.9(1) 11831 101.7(1) 159.4 92.08(3) 933 1002(1)
2x115.5(1) 157.4(1) 180 180
2x120.1(1)"
P-P-H 78(4) 81)  79.7(2%) 103(2)(Pt—H~—Py)
80(2) 79(1) 179.4
2%x,2x% 176(2)
177(4)
F-P-F 982(1) 9823  987(3)-101.5(2) 100.6-101.5 1003-102.7(2) 101.5-102.9 102.2-103.4(1) 104.3-104.7 97.3-100.2(1)
energy [a.u.] —2678.6511402 —2678.9440574 —2038.9373630 —2674.7197467

[a] [Pt(PF;),]**[(AsF), ]2 HF, values in the [Sb,F,,]” salt are virtually identical. [b] [Pt,(PFs)sH]*[SbFs] -2 HF, values in the AsF, salt are virtually iden-
tical. [c] Td symmetry; [d] Pt and H atoms are twofold disordered. [e] C; symmetry. [f] C; symmetry. [g] The D,, symmetry is taken from the crystal struc-
ture, a C,, symmetric structure is calculated to be 3 kcal lower in energy. The difference corresponds to rotations of the PF; ligands. [h] There are two
molecular units in the cell. One of them contains one twofold disordered PF; group. Bond length and angle data of this group are not considered in this

table.
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Figure 3. NMR spectra of [Pt(PF;);H]*.

In the Raman spectrum the Pt—H stretching vibration can
easily be located at ¥=2105 cm™!, see Figure 4.

652

Il

(VPt-P)
(vSb-F)
695
(VP=F)

(vPt=H)

=__
971
015

2015

/A

Figure 4. Raman spectrum of [Pt(PF;);H]*[Sb,F,,]"-2HF, solid, —160°C.

Raman shift / cm™!

Oxidation of [Pt(PF;),]: Formally the protonation of [Pt-
(PF;),] is an oxidation, but let us turn now to the simple two
electron oxidation. We keep in mind that, while Pt(CO), is
not stable under chemical conditions, [Pt(CO),J** can be
generated in super acidic media, and [Pt(CO),]**[Sb,F,,],>
is a stable compound."” AsF; in HF is a strong enough oxi-
dant, so that [Pt(PF;),]**[AsFs],> -2HF is formed. This com-
pound is characterized by crystal structure determination
only (see Table 1). It is better to perform the oxidation by
AsFs in presence of SbFs, so that stable [Pt(PF;),-
(Sb,F;),]2 HF is obtained.

In the course of this investigation we found a much sim-
pler method of preparing [Pt(PF;),]*"[Sb,F,],>-2HF,
namely by reacting PtF, with PF; in a HF/SbF; solution. So
the difficult preparation of unstable [Pt(PF;),] can be cir-
cumvented. The square-planar [Pt(PF;),]** ion has, inde-
pendent of the anion, the same structure, see Figure 5 and
Table 1. It is important to note that the Pt—P bond length
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Figure 5. The cation of [Pt(PF,),]>*[SbF¢],>~, ORTEP representation,
50 % probability ellipsoids.

(2224 pm) in [Pt(PF;),] is increased after oxidation to
230.3 pm. This effect can originate from sterical constraints,
or from lesser m-bond back donation in the cation, or from
both effects. It seems to be a general phenomenon that
[PtL,]*" ions (L=phosphane ligand) have longer Pt—L
bonds of about 232-235pm[™! than neutral PtL, com-
pounds 222-225 pm.??

We have performed calculations for the pair of complexes
[Pt(PF;),] and [Pt(PF;),]** by using ab initio MP2 methods,
and have qualitatively obtained a similar lengthening of the
Pt—P bond upon oxidation, see Table 1.

The orientation of the PF; groups in the crystal obeys the
D,, symmetry. This is a little surprising, as a more tilted ori-
entation, for example C, symmetry, should be preferred for
sterical reasons; such a structure has, in our calculations, a
slightly lower energy.

In general these calculations reproduce the experimental
structures very well, except that all bonds to Pt atoms come
out slightly longer. This is almost certainly a result of the
basis set used for Pt. Owing to time limitations larger basis
sets could not be used, partially because we have been limit-
ed to time expensive MP2 calculations in the electron rich
species. DFT calculations, although using only 10% of the
time, do not reproduce the bond lengths well.

Complex [Pty (PF;);H]*[SbF;] -2HF: The salts of the [Pt-
(PF;),]*" cation turn orange in air. This seems to be a hy-
drolytic reaction followed by loss of PF;. Adding small
amounts of water to an HF solution of [Pt(PF;);]** salts af-
forded an orange solution and a small crop of crystal with
the cluster cation [Pt,(PF;)¢H]* and varying anions, PF,,
AsF¢~, SbF,~, and F~. A reproducible reaction is that be-
tween [Pt(PF;),H]*[Sb,F;;]” and NaF or KF in HF. At first,
colorless Na/KSbF crystallizes out and, after concentration,
orange crystals of [Pty(PF;)sH]"[AsF,] 2HF or [Pt,
(PF;)sH]*[SbF,] -2HF are obtained. If excess of Na/KF is
used, then the product is [Pt,(PF;)sH]*[PF] -2HF.

The crystal structure shows its cluster character, see
Figure 6 and Table 1. Pt atoms occupy the corners of a dis-
torted tetrahedron. We are not aware if such [Pt,Ls]*" clus-
ter have ever been observed, except, of course, the neutral
[Pt,(PF;)g]. Only [Pt,(PR;),H,] and [Pt,(PR;),H;] have been
described before.®!

The cluster is built up by four distorted square-planar
[Pt,Pt(PF;),] units. This can explain the differences of the
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Figure 6. The cation of [Pt,(PF;);H]"[SbFs]2HF, ORTEP representa-
tion, 50 % probability ellipsoids.

Pt—Pt bond lengths: Within these square-planar units these
bond lengths are shorter 260.7(1)-281.4(1) pm, and the re-
maining Pt—Pt bond is longer: 292.9(1) pm. The hydrogen
atom can clearly be located. It is positioned between two Pt
atoms as a symmetrical bridge. The hydrogen atom of the
HF solvate molecule could not be located, however. This
can be explained by two effects: Owing to the twofold disor-
der of the As(Sb)Fg anion it is expected to be also disor-
dered, and its positive charge makes it particularly difficult
to locate by the X-ray method. In the IR spectra there are
two medium to weak bands, at #=1620 and 1980 cm™' that
could be assigned to the vibrations of this hydrogen atom. A
weak and broad band at #=3200 cm ™' could be assigned to
the HF molecule.

The compound is stable in SO, solution, so that NMR
spectra can be recorded. Even assuming chemical equiva-
lence of all F, P, and Pt atoms as a result of the migration of
the H atom, there is a lot of magnetic inequivalence to be
expected. This seems indeed to be the case. Decoupling ex-
periments simplify the spectra enough so that a qualitative
interpretation becomes possible. Of interest are the {’F}*'P
and '"H NMR spectra, see Figure 7 They are both composed
of a single line with Pt satellite lines. In the {F}'P NMR
three pairs of satellites in the ratio 1:1:1 are clearly resolved,
and the fourth missing one is probably hidden in the center
line as a result of its small coupling constant. The largest
3'p—1%pP coupling constant could be the 'Jpp, the second
largest one trans-*Jpp, the smaller one cis-*Jpp. The
'"H NMR shows a multiplet a 6 =—3.1 ppm, which originates
from the coupling with four equivalent Pt atoms. As Pt
has a natural abundance of 33 %, five isotopomers have to
be considered (Pt,H*, Pt,""PtH*, Pt,'"Pt,H*, Pt'"Pt;H™,
and 'Pt,H*). The calculated intensity distribution of the
expected nine lines is also given in Figure 7. Evidently the
hydrogen atom changes position in solution.

The Pt NMR could not be observed. Even after °F de-
coupling a 16 line spectrum is expected, owing to coupling
with four non equivalent phosphor atoms and the hydrogen
atom.

Chem. Eur. J. 2008, 14, 42804286
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Figure 7. {’F}'P NMR spectrum (above) and '"H NMR spectrum (below)
of [Pt,(PF;)¢H]". The calculated intensity distribution of the nine lines in
the '"H NMR spectrum is: 0.021 : 3.41 : 21.68 : 66.74 : 100 : 66.74 : 21.68 :
3.41:0.021.

Although chemical shifts and coupling constants of [Pt,-
(PF;),H]* and [Pt,(PF;),] are distinctively different, there is
a striking qualitative similarity of the *'P NMR spectrum.!
From this fact we conclude that the structure of the neutral
cluster is similar, and is also composed of four interlinked
square-planar [Pt,Pt(PF;),] units. We have repeated the
preparation of this material, and can confirm all results, es-
pecially that crystals by sublimation do not diffract at all.
From pentane solution at —78° crystals could be obtained
that are still very weakly diffracting. We could establish the
unit cell (a=859.7(4), b=1754.8(8), c=1756.2(8) pm, a=
70.25(1), b=83.10(1), y=83.19(1)°, Z=4) and the Pt posi-
tions, and some of the P positions. The Pt atoms form a tet-
rahedral cluster again. No more information should be de-
duced from these imperfect data, except that the Pt—Pt dis-
tance, as insecure they might be, seem on average to be
shorter than in [Pt,(PF;);H]".

Conclusion

Some novel Pt—PF; compounds have been obtained. These
compounds have been characterized as much as possible,
and their preparation is reproducible. In the course of the
search we have obtained a large number of other Pt—PF;
complexes, and have resolved crystal structures for most of
them. These have been little more than fortuitous findings,
difficult to reproduce, and therefore incompletely character-
ized. Owing to ligand exchange reactions, thermal instability,
high order spectra, and non-rigidity the most appealing ana-
lytical tool, namely F, *'P, 'H, and Pt NMR spectroscopy,
is much less helpful than anticipated. Further work on these
compounds is ongoing.
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Experimental Section

Physical methods: NMR spectra were obtained by means of a JEOL
multi nuclear 400 spectrometer. 'H: 399.65 MHz (external reference
TMS), “F: 376.00 MHz (external reference CFCl;), *'P: 161.7 MHz (ex-
ternal reference H,PO,/H,0), '"Pt: 8536 MHz (external reference
K,PtCl¢/H,0).

Raman spectra were recorded by using a Bruker RFS 100 FT-Raman
spectrometer. IR spectra were recorded by using a 5 SXC Nicolet FT-
spectrometer.

Single crystals were handled in a special device,? cut to an appropriate
size if necessary, and mounted on a Bruker SMART CCD 1000 TU dif-
fractometer, using Moy, irradiation, a graphite monochromator, a scan
width of 0.3° in w, and a measuring time of 20 s per frame. A full sphere
up to 20=61° was usually obtained by 1800 frames. After semiempirical
absorption corrections (SADABS) by equalizing symmetry equivalent re-
flections, the SHELX programs were used for solution and refine-
ments.”! Experimental details are laid down in Table 2, results in
Table 1. Further details of the crystal structure investigations may be ob-
tained from the Fachinformationszentrum Karlsruhe, 76344 Eggenstein-
Leopoldshafen, Germany (fax: (+49)7247-808-666;  e-mail:
crysdata@fiz-karlsruhe.de) on quoting the depository number CSD:
418727 ([Pt(PFs),]), 418724 ([Pt(PF;),H]|*[Sb,Fy]"), 418725 ([Pt
(PF;);H]*[Sb,F,,] 2 HF), 418727 ([Pt(PF;),(Sb,F,,),]-2HF), 418775 ([Pt-
(PF;),(AsFg),)-2HF), 418728 ([Pt,(PF;)sHSbF]-2HF), and 418729 ([Pt,-
(PF;)s HAsF]-2 HF).

Ab initio MP2 calculations were performed by using the GAUSSIAN
program.” Basis sets for H, F, P: 6-311+G(d,p), as implemented in
Ref. [26]. Pt:s*p’d*[s*p°d’] for 18 valence electrons,”” 60 core electrons
were treated by a relativistically corrected core potential.?®!

Usually the handling of hydrolytic sensitive compounds is performed in a
glove box with py,o <1 ppm.

Chemicals: AsF;, and KHF,, and XeF, are from laboratory stock. NaF
and KF were heated in a vacuum to 500° to remove any water. Anhy-
drous HF was distilled from 98% technical HF by a stainless steel
vacuum line into a stainless steel cylinder, containing ~10 g BiF;s to
remove any water as [H;O]*[BiF] .

SbF;s was distilled twice in vacuum to remove any oxyfluorides and HF. It
was only used if its viscosity is high at room temperature. PtCl, was pre-
pared according to literature.*!!

Table 2. Crystallographic data from single crystal x-ray diffraction.

Synthesis of PF;: PF; is a commercially available, but is prohibitively ex-
pensive. Here a simple procedure is given, provided that a stainless steel
autoclave and a stainless steel vacuum line are at hand. A 300 mL stain-
less steel autoclave was filled with commercial PCl; (30 g, 218 mmol),
and HF (13.8 g, 0.7 mol) was then condensed on it. The mixture was
heated 24 hrs at 80°C and the pressure rises to about 100 bar. After cool-
ing to room temperature the gaseous products are blown through a water
container, through a —78, and a —160°C cold trap. With a single wash
the all of the HCI and excess HF were completely absorbed by the water.
The PF; from the —160°C cold trap was condensed at —196°C into a
metal storage cylinder. The product was free of PCLF, PFCl,, HCI, and
HF. Yield 18.7 g (97 %).

Synthesis of [Pt(PF;),]: The literature reaction between PtCl,, Cu
powder, and PF; works well with yields up to 90%, provided the Cu
powder is fine and oxide free.”!

Synthesis of PtF,: The most reliable synthesis so far of PtF, is the fluori-
nation of Pt powder under high pressure and temperatures, and subse-
quently decomposing the PtF,/PtFs/PtF, mixture in several steps at 200°
into pure PtF,."") Here we present a more convenient route to PtF,:

To Pt powder (500 mg, 2.5 mmol) in a PFA tube (poly perfluorovinyleth-
er-tetrafluoroethylene copolymer, 12 mm inner diameter), XeF, (3 g,
18 mmol) was added. At the metal vacuum line, HF (20 mL, anhydrous)
was condensed onto the mixture, and the tube was sealed. At room tem-
perature, gas evolution and yellow coloration was observed. The tube
was shaken for 24 h at room temperature. Then a red-brown precipitate
forms, and all Pt powder dissolved. The tube was then opened and the all
volatile material was pumped away, and the solid residue was heated to
300°C for 24 hrs to produce light-brown product pure PtF,, Yield 520 mg
(77%).

Synthesis of [Pt(PF;),H]*[Sb,Fy]: In a PFA tube [Pt(PF;),] (100 mg,
0.182 mmol) was dissolved in HF (5mL) containing SbFs (200 mg,
0.9 mmol). Slow cooling to —78° affords a large crop of colorless crystals
of [Pt(PF;),H]*[Sb,F,] . *'P NMR: 6=11 ppm (broad). Upon warming
to room temperature and pumping PF; is liberated.

Synthesis of [Pt(PF;);H]*[Sb,Fy;]"-2HF: The [Pt(PF;),H]"[Sb,F,]™ is
freed from supernatant HF by decantation and pumping at —78°, and
warming slowly up to room temperature. Redisolution in HF and recrys-
tallization affords colorless needles at —78°C. Decantation and pumping
gives pure [Pt(PF;);H]*[Sb,F,;]™ as colorless crystals, decomposing with-
out melting above 60°C. 'HNMR (399.65 MHz): 6=—13.7 ppm
(1J1H7|95p[:672 HZ, 3J|H,w|: =36 HZ, 2.]1H,J|p: 314 HZ); 1()F NMR
(376.00 MHz, SO,): 0=-24.8 (Yupsp=1400Hz, “Vip wsp=329 Hz,

[Pt(PF),] [Pt(PFs),H]* [Pt(PF;);H]* [Pt(PF;),]** [Pt(PF;),J** [Pty(PF;)sH]* [Pty(PF;)sH]*
[Sb.Fy]* [Sb,F;,]-2HF [AsF],> 2HF [Sb,Fy],> 2HF [SbF¢] -2HF [AsF] 2HF

crystal system cubic orthorhombic triclinic orthorhombic monoclinic monoclinic monoclinic
space group 143m Pmmn P1 Pbca P2/n C2/c C2/c
a [pm] 825.22(4) 940.8(3) 868.9(1) 926.8(2) 967.52) 1148.6(4) 1121.6(2)
b [pm] 825.22(4) 1339.8(3) 1285.9(2) 1396.4(3) 1532.5(4) 2003.4(8) 2015.6(3)
¢ [pm] 825.22(4) 780.6(1) 1719.8(3) 1492.9(4) 1065.9(3) 1404.8(6) 1395.2(2)
a[°] 90 90 110.48(1) 90 90 90 90
BI°] 90 90 101.09(1) 90 116.63(1) 111.73(2) 111.21(1)
v [°] 90 90 92.19(1) 90 90 90 90
cell volume [pm’] 591.96 983.97 1754.37 19323 1412.57 3002.87 2940.4
V4 2 2 4 4 2 4 4
Peatea [gem 7] 2232 3.377 3.455 3.317 3.508 3.846 3.867
crystal color colorless colorless colorless colorless colorless orange orange
u [mm™ 13.19 10.34 11.47 11.22 9.17 20.07 20.72
measured reflns 1574 10467 46652 24269 12906 18575 18301
independent reflns 186 1438 12622 2935 4285 4572 4493
parameters 13 104 505 156 210 222 225
goodness of fit on F* 1.189 1.129 1.018 1.053 1.084 1.069 1.030
R\[F,>40(F)] 0.007 0.024 0.030 0.019 0.017 0.023 0.031
WR, 0.017 0.050 0.064 0.046 0.039 0.057 0.088
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uspp=38 Hz), —23.7 (Mwpsp=1274 Hz, *Jiop wsp =624 Hz), —93.9 (1F),
—~119.8 (8F), —142.1 ppm (2F, Sb,F;,"); *'P{F} NMR (161.7 MHz): 6=
123.1 ('P, Jspp=59Hz, t, *Jspuy=302Hz, d, Jsp wsp,=3942 Hz),
100.2 ppm (broad, 2P, Jsp wsp=6496 Hz); Raman spectrum (solid,
—160°C): #=2105(10), 971(20), 907(5), 788(5), 695(40), 652(100),
597(15), 548(15), 508(3), 387(5), 292(15), 274(5), 227(80), 199(20), 184(5),
166(5), 129(3) cm™.

Synthesis of [Pt(PF;),]*"[AsFg],> -2HF: A PFA tube was charged with
[Pt(PF;),] (300 mg, 0.55 mmol) onto this HF (3 mL, anhydrous) and AsF;
(200 mg, 1.2 mmol) were condensed. The mixture was then warmed to
room temperature. Cooling to —78°C affords colorless crystals. For the
crystal data see Table 2. After a long period of time pumping at room
temperature the elemental analysis was: caled (%): Pt 21.10; found:
21.09. Yield approximately 250 mg (34 % ), decomposing above 40°C.

Synthesis of [Pt(PF;),]**[Sb,F;;1,>"2HF: The above reaction carried out
similarly as above, but in presence of SbFs (550 mg, 2.5 mmol). After
crystallization at —78° colorless crystals are obtained. For further charac-
terization see below.

Synthesis of [Pt(PF;),]**[Sb,F;,1,>-2HF: A PFA tube was charged with
PtF, (450 mg, 1.66 mmol) to this SbFs (3 g, 13.8 mmol) was added. HF
(10 mL, anhydrous) was then condensed into it. Through a stainless steel
valve the tube was connected to a vacuum line followed by pressurization
(~2.5 bar) with PF;, which was slowly consumed and was refilled until a
clear solution was obtained. All HF and excess SbFs was pumped off
under vacuum and the [Pt(PF;),**[Sb,F};],> remained a colorless
powder. To free the complex from SbF;-SbFs type compounds it was re-
crystallised from HF at —78°C to afford about 1 g (60%) in the form of
opaque needles. "FNMR (376.00 MHz, 25°, HF): 6=-29.7 (P-F),
—125ppm (broad, Sb—F, Jupup=1292Hz, *Jupsp=>524Hz); *'P-
{“F}NMR  (161.7 MHz): 6=629ppm  ("up_wsp=5166 Hz); 'Pt-
{YF}NMR (85.36 Mhz): 6= —668.7 ppm ("Jusp_sp=>5152 Hz); Raman
spectroscopy: 7=950(s), 755(1090), 711(5), 567(70), 481(10), 274(40),
251(8), 201(50), 120(50) cm™'; elemental analysis after pumping at room
temperature to free it from HF: caled (%): Sb 24.4, P 12.4, Pt 19.5;
found: Sb 24.5, P 12.6, Pt 20.5.

Synthesis of [Pt,(PF;)sH]"[SbFs] -2HF: A PFA tube (8 mm inner diam-
eter) was charged with [Pt(PF;),]**[(Sb,F;;)],*~ (600 mg, 0.6 mmol). HF
(10 mL, anhydrous) is then condensed into it. In a second PFA tube, KF
(155 mg, 2.7 mmol; or the equivalent amounts of NaF or KHF) was dis-
solved in HF (5 mL). Both tubes were interconnected by a stainless steel
tube, and warmed to room temperature. The two solutions were mixed
and turned immediately yellow.

If NaF is used, the precipitation of NaSbFg sets in immediately. Slow
cooling to —78°C affords colorless crystals of KSbFy or further NaSbF,.
The remaining solution is decanted, and reduced to about one quarter.
Recrystallisation from room temperature to —78° affords a mixture of
large colorless cubes (KSbF,, NaSbF,) and orange crystals. These are
sorted out under dry nitrogen. The overall yield, based on the platinum
content, is small. Losses are inevitable owing to the separation proce-
dure. The orange crystals are stable at room temperature, but react
slowly under hydrolysis. The product is [Pt,(PF;)sH]*[SbFs]"-2HF. If a
larger excess of KF(NaF) is used, then the SbF~ anion is replaced by the
PF,~. This can be seen in the "“FA'PNMR spectra. 'HNMR
(399.65 MHz): 6=-3.1 (“ypwp =253 Hz), 10.5ppm (HF); "“FNMR
(376.00 MHz, 10°C, SO,): 6 = —22.9 (Mip_sip= 1350 Hz, “sp_105p, =559 Hz),
114.6 ppm (Sb—F); P NMR (161.7 MHz): 6=138.3 ppm, (m, Jsp wp=
1338.8); *'P{F} NMR (85.36 Mhz): 0 =138.4 ppm (Jsip_wsp,= 6329, 5313,
1135 Hz); Raman spectrum: 7=968(10), 890(5), 654(100), 550(15),
274(40), 229(10), 154(50), 126(20) cm™'; IR spectrum: #=3250 (w), 2000
(vw), 1620 (m), 901 (s), 877 (s), 671 (vs), 532 (m), 517 cm ™' (m).
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