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The photoelectron spectrum of chlorophosphaethyne, generated in the gas phase by dehydrochlorination of
trichloromethylphosphine on a solid base, is reported; the spectrum is quite consistent with the spectra of the
related cyanogen halides or haloacetylenes and indicates a large interaction between the degenerate P=C triple

bond and the chlorine lone pair.

Phosphaalkynes are now considered as important building
blocks in synthetic chemistry, and although it is a relatively
new area, the chemistry of these heteroatomic triple bonds has
been extensively investigated.Z3 A number of substituted
phosphaalkynes are available and the photoelectron spectra of

alkyl- or aryl-phosphaalkynes have been reported.4> Hetero-
substituted phosphaalkynes have been less studied%-8 and the
photoelectron (PE) spectra of only the fluoro¢ and trimethyl-
silyls derivatives have been obtained. Owing to our interest in
the chemistry of low-coordinated phosphorus compounds,®-10
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Fig. 1 Photoelectron spectra of (a) trichloromethylphosphine; (b)
chlorophosphaethyne obtained by vaporising the trichloromethyl-
phosphine on solid CaO at 500 K followed by a cryogenic trap at 188 K
(insert with the broadened first band at 10.05 eV)
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and the new versatile access to substituted phosphaalkynes,!!
we intended to study the electronic structure of chlorophos-
phaethyne. The effect of chlorine substitution on hetero-
atomic double or triple bonded species could then be
compared, since the photoelectron spectra of N-chloroimines
and P-chlorophosphaalkenes have been previously re-
ported. 12

Chlorophosphaethyne was generated by vacuum dehydro-
halogenation [vacuum gas—solid reaction (VGSR); for other
VGSR see refs. 9-12] of trichloromethylphosphine on solid
base (K,CO; or CaO) and characterized by IR, 3!P and '3C
NMR, and high resolution mass spectroscopy.!!

The VGSR apparatus and a cold trap were consecutively
attached to the PE spectrometer inlet. The trichlorophosphine
was cooled to 233 K, then slowly vaporised in a 30 cm long
Pyrex tube, half-filled with CaO as solid base. No remaining
starting product [characterized by its bands at 10.30 eV (np),
11.31, 11.66, 11.97 and 12.79 eV (n¢q) {Fig. 1(a)}] was
observed when the CaO was heated at a temperature higher
than 363 K. Heating to 503 K was, however, needed to obtain
the nearly pure chlorophosphaethyne, the temperature of the
cold trap being 188 K [Fig. 1(b)]. The weak intensity bands
observed between 11.50 and 12 eV probably arise from heavily
chlorinated by-products and suggest either an incomplete

separation of the less volatile components by the cryogenic
trap or the decomposition of chlorophosphaethyne in the trap
during its revaporisation. The spectrum obtained displays a
first band at 10.05 eV with a well resolved vibrational
progression (frequency 1400 = 50 cm~!), a sharp second band
at 12.98 eV, a broader and intense one at 13.77 ¢V and a
fourth one at 16.95 eV partially hidden by nitrogen ionization.

Previous PE studies on substituted phosphaalkynes have
shown that the first ionization potential (E;) of R-C=P
compounds can be assigned to the ejection of an electron from
the degenerate t C=P orbital (;t) and the second one to the
ejection of an electron from the phosphorus lone pair orbital

(np).*> However, the extensive investigations of Heilbronner

et al. on monohaloacetylenes!3 and cyanogen!4 halides have

shown that the large interaction between the chlorine lone
pairs and the 7t bonds of the same symmetry leads to a splitting

of the m orbitals into two components, namely a = — n¢pand a
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Fig. 2 Correlation diagram between substituted phosphaalkenes, imines, phosphaalkynes and cyanides
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7 + n¢porbital (degenerate). The splitting amounts to 3.45 eV
for the acetylenic compound and to 3.00 eV for the cyanide.
The same type of splitting is expected for CI-C=P according to
the energetic position of the m orbital of HCP (10.79eV),
inferred from its experimental PE spectrum,!5 compared with
the m orbital of HCN (13.60 eV) or C,H, (11.40 ¢ V). The only
difference between the nitrogen and the phosphorus com-
pounds will concern the orbital localization: the HOMO
should be more heavily localized on the chlorine atom for
CI-C=N and on the C=P triple bond for CI-C=P (the same
localization holds true for monohaloacetylenes!3).

Accordingly the first E; value of CI-C=P at 10.05 eV is
attributed to the ejection of an electron from the m — ng
orbital. The associated vibrational structure with a 1400 + 50
cm~! frequency is assigned to the stretching of the chlorine
coupled C=P triple bond of the ion. This value is consistent
with the known veox stretching frequency in the phos-
phaalkyne series (HCP:1276, HCP*:1110 cm~1;15
MeCP: 1558,16 MeCP+:1420cm~117) and with the ob-
served changes in the cyanide series (HCN:2097,
HCN+:1800 cm—1;18 MeCN:2249, MeCN+:2010cm~—1;!8
CICN : 2201, CICN+ : 1800 cm—114). The ionization of the © +
nc; orbital is associated with the third E; at 13.88 eV. (This
assignment follows from the broad and finely structured shape
of this band, to be compared with the corresponding one of
Cl-C=C-H at 14.08 eV.14) The second band at 12.98 eV in the
spectrum of CI-C=P is thus assigned to the ejection of an
electron from the phosphorus lone pair orbital and its sharp
shape is quite comparable to the corresponding band of
H-C=P at 12.85 eV.!5 The last band at 16.95 eV is associated
with the ionization of the oc_c; and C-P bonds. From the
correlation diagram displayed in Fig. 2, the following com-
ments arise:

(i) the substitution of both C=P and C=N triple bonds by
chiorine gives rise to a destabilized i-HOMO as compared to
the parent H-C=P or H-C=N. For both triple or double
bonded species the observed destabilization of the n orbital
induced by chlorine substitution is greater for the nitrogen
compounds than for the phosphorus ones. This results from
the greater diffuse character of the nc_p bond compared to
TCC=N-

(ii) For triple-bonded compounds the phosphorus and
nitrogen lone pair orbitals are poorly sensitive to chlorine
substitution as the corresponding IPs are close in H-C=P
(12.85 eV) and CI-C=P (12.98 ¢V) on one hand and in H-C=N
(14.00 eV) and CI-C=N (13.80 eV) on the other hand (the
respective positions are in agreement with phosphorus and
nitrogen electronegativities). However, the inductive stabili-
zation by fluorine (—1I effect) or destabilization by alkyl groups
(+1 effect) is much more significant.-5 In the phosphaalkenes
~imine series the same invariance of the lone pairs to chlorine
substitution has been observed but it was accounted for by a
counterbalance between the inductive chlorine effect and the
spatial destabilizing interactions between halogen-hetero-
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atom lone pairs.1?2 This effect no longer holds true for the
linear triple-bonded species.

It should be mentioned that previous ab initio calculations
on substituted phosphaalkynes predicted the ionization poten-
tials of CIC=P within Koopmans’ approximation at values
which were rather close to the experimental ones, namely
10.30 (=), 13.20 (n,) and 14.00 eV (). Extensive basis sets
were used (double zeta basis set of Husinaga) which gave a
quite reliable geometry for HC=P.
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