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Organometallic Chemistry

Synthesis, crystal structure, and spectral studies of the molecular
complex of [60]fullerene with chloro(triphenylphosphine)gold(1),
C60 ¢ 2{(Ph3P)AUC”
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Fhe molecular complex Cp -

20PH PIANCH (1) was syathesized. The crvstal and molecuy-

Jar structure of 1 was estabhshed by X-ray ditfraction analysis. At room temperature. the
{oO{tullerene molecnles in complex ¥ are ordered due to a—x interactions between C 5 and
the phenyt rings of the chlorottriphenylphosphine)goido) molecules. The satethte stiucture,
which accompanies the Cls photoclectron peak of complex 1 as mdicative of a puartai
suppression of a channe! of osses due to z—z’ transiton in the phenyl ring. The IR spectral
data indicate that either a charge is absent or the chaige transfer to the fullerene molecule 1s

neeligible

Key words: chloroctiphenyiphosphine)jgoldin, molecutar complex. [601nllerene. X-ray
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A complex was obtained in the C ;—Ph PAuCH svs-
tem.'=3 The wvailable duta on the composition and
structure of thiy complex are contradictory.

In the present work, we report data on the syn-
thesis, spectral studies. and crystal structure of
Coy 2P PY)AUCH)

Experimental

Svathesis of the [60]fullerene complex with chloro(tri-
phenylphosphine)gold(1). A hot solution of pure C,\ (99.9%
according o HPLC, 7.2 mg. 0.01 mmol) wn freshly disulled
benzene (20 mL)y and a hot sotution of an equimotar amount of
(Ph. PYAuCH (Aldrich) in benzene (20 mL) were muxed at M0
“C.kept at thes temperature for 30 min, and then cooled to
room temperature. After two weehs. ustrous black crystals
formed at the botiom of the flask as a result of slow evaporation

of the soluton to 2—3 mb. The crvstals were filtered off.

washed with benzene and ether. and dried in vacuo. Found (%)
C.6708 Ho 1 720 G321 Cg H A, ClLP . Caicutated 1%
C.6737:H. 176 Ci. 4,13 The clemental composituon agrees
with the X-ray diffractuion data.

X-ray diffraction study wus pcrtormed on an auwtomated
four-circle Kuma Ditfracton diffractometer (w20 scanning
tzchnigue, scan width o = 0.60 + 0.33tang, scan rate about «
34—66dee min~! (Cu-Ko radiation, graphite monochroma-
101}, A totad of 3174 reflections were cotlected, of which 2104
reflections were used in the structure refinement; 29) =
160 227 the range of measured indices Al =13 < A< 15,0
Az 15 0< 240 The absorption correction was applied vsing
the Ditabs program.? The X-rav diffraction data were collected
al foom temperature

Complex I was crystallized as dark-red oval platelets. The
prncipal crystallographic data tor Cgy- 21Ph;PIAUCLL
CooHyANCHP M = 170997, tngonal system, a = h =
200603 A ¢ = 33300 AL a =8 =90 v = 1200, V=
4427(3) A (the parameters were refined by the feast-squares
method using 25 automatically centered strong retlections, A =

Translated trom [ovestiva Akademi Nauk. Seriva Khimichexkaya, No. 2, pp. 363369, February. 2000

[66-3283-00,4302-0367 $23.00 O 2000 Kluwer Acadenuc,/ Plenum Publishers



368 Russ. Chem. Buil., Vol. 49, No. 2. February. 2000

Spitsina er al.

1.34175 A), space group P3. Z =3 4 = 1.924 g em™,
F(000) = 2484 The dimensions of the crystal were
0.36%0.20<0.07 mm: u(Cu-Ka) = 11.025 mm~!. The quality
of the experimental data was monitored by checking two stan-
dard reflections whose intensities were measured after each 30
reflections. These two standard reflections remained unchanged
throughout data collection.

The R spectra were measured on a Perkin—E!mer 1725 X
IR Fourier spectrometer in KBr pellets.

The X-ray photoelectron spectra were excited with (Al-Ka)
radiation (Av = 1486.6 ¢V). Procedures for the preparation of
samples and details of the experimental apparatus have been
described previousty.’

X-ray diffraction analysis and refinement. The crystal struc-
ture of 1 was soived by the direct method followed by calcula-
tions of Fourier syntheses using the SHELX-86% and SHELXL-
93 program packages.’

The structure was refined by the least-squares method with
anisotropic thermal parameters for Au. Cl. and P atoms and
with isotropic thermal parameters for C atoms based on all
measured reflections with the use of the SHELXL-93 program
package. The final value of the R factor was 0.078 for 1760
reflections with /> 2o(/).

Based on systematic absence conditions. the symmetry of
the structure may be assigned to onc of five R-centercd
trigonal space groups (R3. R3. R3m R32. or RIm). However,
the structure solution in all groups gave invalid structural
motifs. In all cases, short C—C contacts between the adja-
cent (Ph;PYAuCH molecules (C—C ~1.7 A) appeared, which
indicate that the space group is in error, the positions of the
C atoms of fullerene being correctly described in all these
groups. Therefore, the R unit cell for 1 is pseudosymmetrical.
The only correct structural motif in which shortened con-
tacts are absent was found in the low-symmetry space group
P3 and the structure was solved in this group. Due to the
presence of the pseudosymmetry in complex 1, the X-ray
diffraction data were inadequate to perform the complete
structure refinement. As a result, the bond lengths and bond
angles in the Cg, and (Ph,P)AuCl molecules cannot be
analyzed in detail. The determined structure was tested using
the Platon program’ and it was demonstrated that the posi-
tions of the fullerene and (Ph;PYAuCIl molecules can be
described in the R3m and P3 space groups, respectively. In
both groups, the above-described short C—C contacts ap-
pear, which is highly improbable and is in contradiction with
the data of IR and X-ray photoelectron spectroscopy. All
calculations were carried out on a Pentium-100 PC using the
WinGX program package 8

structure  of the

Fig. 1. Fragment of the crystal

Cio 7 2P, PYAUCH] complex.

60 =

Fig. 2. Alternation of the fullerene and (PhJP)AuCl molecules
along the a axis of the crystal.

The atomic coordinates. the bond lengths, and the bond
angles in the structure of Cgq - 2{(Ph;P)AuCl] were deposited
with the Cambridge Structural Database.

Results and Discussion

The crystal structure of complex 1 (Fig. 1) consists
of three independent Cy, molecules and six (Ph;P)AuCl
molecules. The threefold rotation axis passes through

Fig. 3. Projection of the C., molecule onto the plane of the
phenyl ring of the (Ph,P)AuCl molecule in complex 1 (the
bonds in the phenyl ring are not hatched).
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Fig. 4. o. IR spectra of Cgy (D, Coy - 2{(Ph;P)AuCI] (2). and
(PhyPYAUCH (3) (KBr petlets. <20 °C). b. deconvolution of the

overall absorption band at 1436 cm ™!,

the centers of the C.y molecules and through the Au,
Cl, and P atoms. The Cg; and (Ph;P)AuCl fragments
alternate along the a axis of the crystal (Fig. 2). The
fullerene molecules are surrounded on four sides by the
phenyl rings of the (Ph;P)AuCl molecules.

Symmetry of the fuilerene and (Ph,P)AuCl—C; mol-
ecules. The Ci-—Au—P fragment of the (Ph;P)AuCl
molecule is linear. The Au—Cl and Au—P distances are
in the ranges of 2.24—2.32 and 2.21-2.27 A, respec-
tively. The Au—P—C and C—P—C bond angles are in
the ranges of 111.91—116.09° and 102.12—105.15°, re-
spectively.

The C¢, molecules in complex 1 arc ordered due to
interactions berween the =-systems of the phenyl rings
of the (Ph;P)AuCt molecules and Cg,. These nterac-
tions are realized primarily throngh the double bonds of
the fullerene molecules. Each phenyi fragment of the
(Ph;P)AuCl molecule is directed toward one of the
three adjacent C,, molecules so that the center of the
phenyl fragment is located above the bonds between the
five- and six-membered rings of the fullerene molecule
(Fig. 3). as has been observed previously in the
(Ph,P),C( Hal (Hal = Br or 1)* and (Ph,As),CyCl
saits? and in the Cgy 6SbPhy molecular compiex.1?
This fact indicates that the clectron density is
nonuniformly distributed both in the neutral and charged

fullerene species. the maxima corresponding to the bonds
between the six- and five-membered rings.

Below are given the distances (d/A) from the planes
of the phenyl rings of the donor molecules in air-stable
fullerides (Ph,P),C¢ Hal (Hal = Br or [) and in the
molecular complex Cgy - 2[(Ph;P)AUCIH] to the atoms of
the Cy, molecule nearest to the planes of the pheayl
rings (d|) (d, is the distance between the centers of the
tullerene molecules and d; is the distance between the
phosphorus atom and the Cg, molecule):

Compound d, 4, dy

Coq - 2[(PhyPYAUCH] (1) 3.31 12.000  35.349
{Ph,P),C 1 (D) 3.65 12.495  4.683
(Ph,P).Cy;Br (3) 3.66 12,559 4590

It can be seen that the phenyl rings of the (PhP)AuCl
molecules i complex 1 are located closer to the fullerene
molecules than the phenyl rings of the (F’h_‘F')+l cations
in salts 2 and 3. The P atoms in 1 are at longer distances
from the Cg, molecules than the analogous atoms in
salts 2 and 3.

Polarization van der Waals forces play an important
role it [60}ullerene complexes due to the high polariz-
ability of {60}fullerene (~85 A3).tt Electrostatic inter-
actions are primarily determined by the dispersion
component, whose energy depends on the distance
between the donor and the acceptor. To enhance these
interactions, the donor molecule should approach the
spherical fullerene molecule as close as possible, which
can be realized only through geometric distortion of
the donor molecule. In the case of formation of a
charge transfer complex of fullerene with donor mol-
ecules, the expenditure of encrgy for decreasing the
delocalization in the electron system of the donor
molecule is compensated by the gain in energy due to
efficient dispersion interactions between both compo-
nents of the complex. In this case, the donor molecule
adopts a new conformation, which allows this moi-
ecule to approach the fullerene molecule most closely.

It is known that force constants of bonds depend on
the clectron density on the molecule. Hence, as has
been demonstrated previously, 1213 the degree of charae
transfer to the fullerene molecule can be determined by
{R spectroscopy becausc the charge transfer is mani-
fested as a linear frequency shift of at least the funda-
mental vibrational mode of Cg, (1429 cm™!).

The IR spectrum of the compound under study (Fig.
4} has all absorption bands caused by vibrations of the
atoms of the high-symmetry (/,) C., molecule and the
triphenylphosphine fragment of the (Ph;P)AuCl salt. A
number of bands in the spectrum of the complex are
shifted relative to their positions in the spectra of the
"pure” acceptor and donor molecules. The position of
the F,,(4) absorption band is shown in Fig. 4, a. In the
spectrum of the complex under study, this band is
superimposed on the absorption band caused by vibra-
tions of the atoms of the triphenylphosphine fragment.
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Fig. 5. X-ray photoelectron Cls spectra of Cy (1), (Ph;PYAuCH

(2), and C,y - 2{(Ph;PYAuCI] (3) after subtraction of the lincar
background and normalization of the totl intensity,

The resolution of the overall absorption band into com-
ponents demonstrated that the position of the compo-
nent, which we identified as the F (4) mode, has no
negative shift relative to that in pure Cg,. Below are
given the positions of the F, (4) mode in the compound
under study and in the reference compounds. The shift
of this band correlates with the charge on the fullerene
moleculel4:

Compound v,/em™!  Compound v /em™!
[Ph,As],Ce CI3 1390 RLC,1%H 1398
{Ph,PILC, ,CIt3 1394 Ceo - 20Ph;P)AUCH 1429
[PRPI,C I3 1394 C,y S 1429
{Ph,P},C Brt3 1304

Consequently, the charge transfer between the donor
and the fullerene molecule in the compound under
study is absent (or is insignificant).

A comparison of separate groups of absorption bands,
which are determined by vibrations of the atoms of the
donor molecule (for example. at 506 or 750 cm™),
demonstrated that the conformations of these groups in
the complex under study and in pure (Ph;P)AuCl are
somewhat different. In the spectrum of the
Ceo - 2[(Ph;PYAUCH] complex, no new absorption bands
are observed compared to the spectra of the imtial
compounds. This indicates that the compound. under
study does not contain polymeric chains ot the donor
molecules linked through the phenyl rings. The possibil-
ity  of formation of these chains in the
Cyq  2{(Ph;P)AuCH] compound of similar composition
has been mentioned previously.3

The X-ray photoelectron spectra of the crystals of
Cyp* 2[(Ph,P)AUCI] are virtually identical to those of
the Cgg 2Ph,PAUCE- 0.1C H Me compound studied
previously.# The crystals are stable under conditions of
measurements of X-ray photoelectron spectra (vacuum,
X-ray radiation). Th2 composition of near-the-surface

. I L I i1 i
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Fig. 6. Superposition of the Cls spectra of (Ph;PYAuCl and Cyy
in a ratio of 3 : 5 (solid line) and the experimental Cls
spectrum of Cyp * 2[(Ph;PYAUCH) (dashed line).

layers of the crystals is close to the composition by
volume. In the compound under study, a channel of
losses determined by m—=™® transitions in the phenyl
ring typical of many triphenylphosphine derivatives is
suppressed.

The X-ray photoelectron Cls spectra of solid
fullerene, the crystals under study, and the (Ph;P)AuCl
salt are shown in Fig. 5. The spectrum of (PhyP)AuCl
has a pronounced satellite (at 292 eV) located in the
vicinity of the photoelectron peak on the side of higher
energies. This satellite is caused by excitation of transi-
tions in the phenyl rings and is typical of other gold
complexes with triphenylphosphine.'® In the case of
solid Cy. the satellite is located closer to the photoeiec-
tron peak and it is of different nature, viz., this satellite
appears as a result of a loss in excitation of plasma
oscillations of valence electrons (see, for example, Ref.
17). Based on the different nature of the satellites and
the absence of charge transfer between the donor and
fullerene molecules, it can be suggested that the satellite
structure in the vicinity of the photoelectron peak of the
compound under study is determined by a simple super-
position of the spectra of (Ph;P)AuCl and Cg, with the
corresponding weights. This superposition was con-
structed (Fig. 6). However, it differs substantially from
the experimental pattern primarily by the high intensity
in proximity to 292 eV. We attributed the decrease in
the intensity of the n=—=* transition to shortened con-
tacts between the fullerene molecule and the phenyl
rings of (PhyP)AuCl in the crystal under study as well as
to the strong polarizability of fullerenes. Previously, this
effect has been observed!® in the [Ph, Y], [C,liX] com-
pounds (Y = P or As; X = CI, Br, or ]).
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