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Triphenylmethylenephosphorane, the bis(triphenylmethylenephosphorane)gold chloride and the corre-
sponding copper chloride have been studied by X-ray photoelectron spectroscopy. For the phosphorane, the
binding energies, Eg, for P 2s and P 2p peaks were observed at 190.1 and 132.6 eV, respectively. The Eg value
for the P 2p peak agrees with that (132.6 eV) for the phosphonium ion in triphenylmethylphosphonium bro-
mide. The C 1s spectrum was separated into two peaks at Eg=285.0 and 283.9 eV, assuming a ratio of 18:1.
The peak at 285.0 eV corresponds to the phenyl carbons, and that at 283.9 eV can be assigned to the electron-
rich methylene carbon. Thus, the structure of the phosphorane is considered to be an ylide formula,

+ =
(CeHs)sP-CHz.  In gold phosphorane complexes, Ez of the C 1s, P 25, and P 2p peaks were close
to those for the phosphorane. The Es of the Cl 2psz2, Au 4f72, and Au 4fs2 peaks coincided with those
for bis(triphenylphosphine)gold chloride. These results indicate the structure of the gold complex to be

+ o
(CeH;),P-CH
e ’\Au «— Cl-. The XPS results also indicate that the structure of the copper complex is similar
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+ = /’
(CeHs)sP-CH,4
to that of the gold complex.

Previously, we have been concerned with the
preparation and properties of metal complexes with
unstable triphenylmethylenephosphorane,? (CgHs)sP=
CHz, and unstable triphenylmethylenearsorane?
(CeHs)s As=CHa.

Many investigations regarding the XPS of metal
complexes have been reported, especially, halogen
complexes,¥ e.g., KzMClg (M: W, Re, Os, Ir, Pt); co-
ordinated nitrogen-type complexes,® e.g., [Co(NHs)s-
(NO2)]Clz; phosphine complexes,® e.g., [(CeHs)sP]e-
CdClg; olefine complexes,” e.g., [(CeHs)sP]2Pt(CHa=
CH32); metallocene,? e.g., (r-CsHs)2M (M: V, Cr, Mn,
Fe, Co, Ni); carben complexes,® e.g., (CO)sCrC-
(OCH3)CHs; and metal-carbonyl complexes,!® e.g.,
Fe(CO)s. However, the XPS study of ylide-metal
complexes has not been reported so far, since
preparation of complexes with unstable ylide was
difficult.

The present paper deals with XPS measurements
and the structure of triphenylmethylenephosphorane
and its gold and copper complexes.

Experimental

XPS Measurements. Sample handling was always
carried out in a 99.9995% pure nitrogen atmosphere to
prevent possible decomposition. Samples were placed on a
gold or nickel mesh holder and introduced into a
spectrometer with a 99.9995% pure nitrogen atmosphere.
After evacuating to better than 7X10-7 Pa (5X109Torr"),
the sample was cooled to 200 K, and irradiated with Mg Ka

t 1 Torr=133.322 Pa.

X-ray (120 W). The instrument used was a VG ESCA 3
electron spectrometer. Analyzer energy was set to give a
half width at half maximum [FWHM)] of Au 4f72 peak
of 1.18eV. Peak separation of the spectra was made by
the Gauss-Newton least-squares method, where a mixed
Gaussian-Lorentzian curve shape having a fixed FWHM
was utilized. The electron binding energies were calibrated
by assigning 285.0 eV to the C 1s peak of the normal phen-
yl carbon.

Preparation of Phosphorane and Metal-Phosphorane
Complexes. Triphenylmethylenephosphorane (1) was pre-
pared from the triphenylmethylphosphonium bromide by
the sodium amide method.!¥  Bis(triphenylmethylene-
phosphorane)gold chloride (6), (triphenylmethylenephos-
phorane)(triphenylphosphine)gold chloride (7), and bis(tri-
phenylmethylenephosphorane)copper chloride (9) were
prepared by the method of the previous paper.3.1V Bis-
(triphenylphosphine)gold chloride (8) was prepared by the
method of Baenziger.12

Results and Discussion

XPS of Triphenylmethylenephosphorane (1): The
structure of phosphorane has been given in two
formulae,® the ylide formula and the ylene formula
as Scheme 1. The ylide formula shows a dipolar
zwitterionic nature involving a carbanionic function
and an onium center at the phosphorus element. In

RgP—8Hp <> RP=CH,

Ylide Ylene

‘Scheme 1.
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the ylene formula, a true double bond is postulated
between the onium center and the phosphorane
carbon. Although the P-C bond length of 1 was
determined to be 1.66 A by X-ray analysis!¥(suggest-
ing a double-bond character), the assignment of ylide
or ylene formula for the phosphorane (1) remains
unsolved so far.

The results by the XPS measurements of phos-
phorane (1) and the corresponding phosphonium
salts are summarized in Table 1 with some reference
values. The binding energy, Eg, value (132.6 V) of
the P 2p peak for triphenylmethylphosphonium bro-

mide, [(CsHs)akHa]Br— (2), is in good agreement with
that (132.5 eV) for phosphonium ion in benzyltriphen-

ylphosphonium chloride,® [(CsHs)sPCHa(CsHs)]Cl-
(3). In reference 16, the Ep of P 2p peak for 3 and

methyltriphenylphosphonium chloride, [(CsHs)sf’CHs]-
Cl~ (4), are reported. However, those values are
different from our results and also from those in
reference 15. The Ep in reference 16, however, are
somewhat ambiguous, because only Eg of the P 2p
peak are given and there is no description of a
calibration method. Therefore, the measured Eg for 2
is regarded as reasonable. Other reference values for
2 or 4 were not found by our literature survey. The
Eg of the P 2p peak of 2 is different from that8.15.17
for triphenylphosphine, (CsHs)sP (5), as is shown in
Table 1. The Ep of 5 measured by different
investigators show fairly large scattering, but the
highest value is still lower than 132.6 eV of 2.

In the XPS for phosphorane (1), the Eg of the P
2p peak was observed at 132.6eV; i.e., phosphorus
element in 1 can be assigned to the phosphonium
ion. This suggests the ylide formula, (CsHs)aiL)—CHz.
The C 1s spectrum for 1 showed a slightly distorted
shape, a tailing at the lower binding-energy side and
with a separate very weak satellite peak at the higher

Table 1.
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binding-energy side. The peak binding energy, Es,
was set at 285.0 eV as due to phenyl carbons. Assum-
ing an 18:1 intensity ratio between phenyl carbons
and a methylene carbon, the C ls peak can be sepa-
rated to two peaks at 285.0eV and 283.9eV. The
Es of the latter peak indicates an electron-rich carbon
and is favorable to the ylide formula, but the results
must be evaluated with caution since a few arbitrary
factors are involved in the peak separation.

XPS of Bis(triphenylmethylenephosphorane)gold
Chloride, [(CsH5)sPCHz]2AuCl (6), (Triphenylmethyl-
enephosphorane)(triphenylphosphine)gold Chloride,
[(CeH5)sPCH2][(CsHs)sP]JAuCl (7), Bis(triphenylphos-
phine)gold Chloride (8) and Bis(triphenylmethylene-
phosphorane)copper Chloride, [(CeéHs)3sPCHz]:CuCl
(9): The results of XPS for metal phosphorane and
metal phosphine complexes are summarized in Table
2. The Eg of Au 4f and Cl 2p;,, peaks for both gold
complexes 6 and 7 are in good agreement with those
for 8. The Eg values for 8 coincide with those
reported by others!®: Eg[C 15]=284.9 eV, Eg[P 2p]=
131.8 eV, Ep[Cl 2p3/2]=197.5 €V, and Es[Au 4f72]=85.2
eV, where oxidation number of gold has been as-
signed to +1. In addition, the structure of 8 has been
found to be essentially trigonal planar by X-ray dif-
fraction.!? Therefore, the structure of 6 and 7 can
be analogous to 8, and the chloride in 6 and 7 can
bond to Au(I). The Eg of C 1s, P 2s, and P 2p peaks
for bonded phosphorane in 6 and 7 are very close to
those for 1, but are different from those for the
coordinated phosphine. This suggests that the
phosphorane in gold complexes can be the ylide
formula; i.e., phosphorane-gold bonds are formed
from the electron-pair in the carbanion and empty
orbitals (sp?) of gold. Then, the structure of 6 can be
expressed as Scheme 2.

For copper complex 9, the Cu 2p spectra showed
no satellite peaks; thus the copper is monovalent

Binding Energies Observed in the XPS of Phosphorane and

Phosphonium Bromide, and Some Reference Values

Binding energies of electrons, Es/eV

No. Compound Cls P Ref.
2s 2p
1 (CeH5)3sP=CH2 283.9 285.0 190.1 132.6
2  [(CeHs)sPCH3]Br 285.0 132.6
3  [(GsHs5)3sPCH2(CsH5)]Cl 285.0 132.5 15)
(Es[P 2p]=133.3 eV for NasP207) 130.5 16)
4  [(CsHs)sPCH3]CI (E[P 2p]=133.3 eV for Na4P207) 130.2 16)
5 (CsHs5)3P 285.0 131.3 6a)
285.0 131.9 6b)
285.0 131.3 6c)
285.0 130.6 15)
285.0 130.9 17)
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Table 2. Binding Energies Observed in the XPS of Metal Complexes with
Phosphorane and Phosphine
Binding energies of electrons, Ep/eV
No. Complex Cls P Cl Au Cu
2s 2p 2Dy 4f72 45/ 2psp 2p12
6 [(CeHs)sPCHz]2AuCl 283.8 285.0 189.6 1324 197.5 84.9 88.6
7 [(CeHs)sPCH2)- 285.0 189.8 1329 197.7 85.0 88.7
[(CeH5)3P]AuCl 189.3 131.6
8 [(CeHs)sP]2AuCl 285.0 189.3 131.8 197.8 85.2 88.8
9 [(CsHs)sPCH2]2CuCl 283.6 2850 1895 1324 197.8 933.5  953.3
+ =
(CeHg)sP—CH, Referenses

N,
M<—C

+ b /
(CsH5)3 P— CHg

M: Au
(ond Cuor Ag as discussed below )

Scheme 2.

(3d1%) or metallic.!® The Es of the Cu 2p peaks
are much higher than those for commonly known
complexes of Cu(I) or Cu(0),!® but are in good
agreement with those for triphenylphosphinecopper(I)
chloride,% (CgHs)sPCuCl (10), and tris(triphenyl-
phosphine)copper(I) chloride, [(CeHs)sP]sCuCl (11):
Eg[Cu 2p32]=933.5 eV, and Eg[Cu 2p12]=953.2 €V as-
suming Eg[C 15]=285.0eV for phenyl carbons. The
values for bis(triphenylphosphine)copper chloride,
[(CeHs)sP]2CuCl (12), were not found. Further, to
distinguish the Cu(I) and Cu(0) Auger parameter, a,
is known to be useful. It is defined as the kinetic
energy of an intense Auger line minus that of an
intense photoelectron line.2? The measured Ex[Curmm]
—Ex[Cu 2p3;] for copper in 9 was 361.3eV. This
value is very close to a=361.0eV for CuCl and
CuCN, but different from @=364.6eV for metallic
Cu.29 Thus, the oxidation number of copper in 9 is
one (or +1). Since other Eg values for 9 coincide with
gold complex 6, and the structure of 122V is con-
firmed to be similar to that of 8, the structure of 9
is as in Scheme 2. The XPS results strongly suggest
that gold and copper complexes have the structure of
Scheme 2. However, as a matter of course, X-ray
diffraction may provide indisputable conclusions. So
far, the diffraction is not conducted due to the
difficulties of sample preparation, handling, and
facilities.

The similarity of copper and gold complexes leads
to a conclusion that the corresponding silver
complex [(Ce¢Hs)sPCH2)2AgCl (13)!Y may have the
same structure as is shown in Scheme 2.
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