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PHOTOELECTRON SPECTRA OF DIARYLDIPHOSPHENES
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The He(I) photoelectron (PE) spectra of bis(2,4,6-tri-t-butyl-
phenyl)diphosphene and mesityl(2,4,6-tri-t-butylphenyl)diphosphene
are reported. An interpretation based on semiempirical calculations
and comparison with other data is suggested.

Recently it was demonstrated that diphosphenes can be prepared and isolated
if the substituents are very bulky.1'4) This synthetic progress allows us to study
the physical and chemical properties of this class of compounds. To contribute to
the question of bonding in diaryldiphosphenes we have analyzed the He(I) photoelec-

1,5)

tron (PE) spectra of E-bis(2,4,6-tri-t-butylphenyl)diphosphene (1) and mesityl-

(2,4,6-tri-t-butylphenyl)diphosphene (;).2)
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Figure 1 shows the PE spectrum of 1. The data obtained from 1 and 2 are collected
in Table 1. The PE spectra of 1 and 2 are quite similar and show three peaks below
10 eV (bands @ - @) followed by a shoulder (band (®) and a big structureless
band, typical for t-butyl groups. The PE bands in Z are less pronounced than in 1,
probably due to the higher flexibility of 2 compared with 1. To assign the PE spec-

tra we proceeded in two ways: first the spectra of 1 and 2 were compared with the

results obtained for arylphosphines, as have been described in a series of phenyl, p-

toly1, and p-t-butylphenyl derivatives,G)and secondly using Koopmans' approximation
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Fig. 1. He(I) PE spectrum of

fI=

Table 1. Comparison of Obsd I j(; and 2) and Calcd -ej(é)
b

Band Iv,j(;)/eV Iv,j(i)/ev 'ej (3)/eV 'ej (3)/ev
MINDO/3 MNDO
@ 7.23 7.8 7.38 (lla,, n) 9.02 (1lag, n)
® 7.6 8.1 8.92 (10b) 9.58 (6b,)
® 8.1 8.4 9.09 (7a,, m) 9.58 (7a,, m)
9.17 (6b,) 9.76 (10b,,)
9.17 (6a,) 10.28 (6a)
® 8.7 9.4 9.34 (10a,) 10.61 (10ag)
® 9.75 10.05 10.39 (9b,, n,) 12.35 (9b,, n,)
(IV j =-ej),7) the measured vertical ionization energies, IV IE were approximated
b ’

by the calculated orbital energies, ej, for the ground state. This assumption im-
plies small and about equal energy defects caused by electron correlation and re-
laxation during ionization. To derive the orbital energies we used the MINDO/3
models) with modified P, C parametersg) and the MNDO procedurelo) which have been
proved to be quite reliable in the case of phosphorus compounds.ll)
The comparison with the PE-results of arylphosphinesé) leads to the following
expectations: a) four closely situated transitions arising from the linear combi-

nations of the elg orbitals of benzene shown below together with the two lone pairs

on the phosphorus atoms and the m-orbital on the P, unit; b) about equal shifts of
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the "lone-pair-bands" and "w-bands'" on replacing the t-butyl groups in 1 by methyl
or hydrogen. These expectations are met by the PE results shown in Table 1 if we

adopt the suggested assignment.

®@ e, O 0/
!:} g3 K »
etg bu(n+) Og(n_)

With these expectations in line are the results of MO calculations on diphe-
nyldiphosphene (3) assuming C2h symmetry (6 =90°). In Table 1 the results of a

MINDO/3 and MNDO-calculation are 1isted.12)

Although the predicted sequence dif-

fers somewhat, both results agree in the following points:

1) The antibonding linear combination of the lone-pairs (llag(n_)) is predicted to
be the HOMO.

2) The four m-orbitals (10bu, 6b 6a,, and IOag) (see Fig. 2) are predicted to be

g’
closely situated next to 7au, the m-orbital of the P-P double bond.
3) The energy difference between llag(n_) and 9bu(n+) is predicted to be 3 eV

(MINDO/3) and 3.3 eV (MNDO), respectively. These results agree with ab initio

calculations (44-31G basis) on H,P, which predict 3.5 eV.lS)
)
O
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Fig. 2. Schematic drawing of the highest occupied molecular orbitals of 3.

Based on these considerations and results we assigned the first band to 11ag,
the bands @ - ® to five transitions 10b  to 10a, and the band (® to 9b,. With

this assignment the intensities of the corresponding peaks are reasonable. Further-
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more the low intensity of the first band in the electronic spectra of 1 and ;]ﬁz)
(bg(ﬂ*)«-ag(n)) favors the assignment of llag to the HOMO. The assignment must be,
however, tentative and the assignment of the exact position of 7au(ﬂ) and 9bu(n+)
must be reserved to further investigations including studies on aliphatic diphos-
phenes.

The PE spectra of 1 and 2 were recorded on a PS 18 spectrometer (Perkin
Elmer Ltd., Beaconsfield, England) using a heated probe. The spectra were cali-
brated using Ar and Xe.
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