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The electronic spectrum of diketene was investigated by the technique of variable-angle, electron energy loss
spectroscopy, using the impact energies of 25 and 50 eV, and varying the scattering angle from 10° to 90°.
Transitions have been observed at 4.36, 5.89, 6.88, and 7.84 eV. On the basis of the intensity variation of
these transitions with impact energy and scattering angle, and through analogy with simpler molecules, the
first three are tentatively assigned to an nf π* transition, aπ f σ*(3s) Rydberg transition, and aπ f π*
transition.

I. Introduction

Electron-impact spectroscopy has been employed to study
electronic transitions in a wide variety of molecules,1,2 and the
measured differential cross sections have been utilized to aid
in assignment of transitions.3-5 In this work, low-energy
variable-angle electron-impact spectroscopy has been used to
investigate both optically forbidden and optically allowed
electronic transitions in the spectrum of diketene. Previous
optical studies6,7 of diketene in solution extended to 250 nm
(about 5 eV) and showed only a weak, ultraviolet, absorption
band at 313 nm (3.96 eV). The present gas-phase work shows
four new, higher energy loss, electronic transitions including a
spin-forbidden one. The diketene (4-methyleneoxetan-2-one)
structure8,9 was elucidated by X-ray diffraction10 in 1952, 45
years after its first preparation. The planarity of the four-
membered ring has been established by Raman spectroscopy.11

Recently, infrared and Raman spectra of diketene have been
investigated theoretically by quantum chemistry methods.12

Information about the nature of the excited electronic states
observed in an electron-impact spectrum can be obtained by
studying the dependence of the intensity of each transition on
impact energy and scattering angle.13,14 Transitions which in
optical spectroscopy are both electric-dipole-allowed and spin-
allowed have differential cross sections (DCS) in electron-impact
spectroscopy which are forward-peaked.13,14 In contrast, spin-
forbidden transitions involving changes in the molecular spin
quantum number by(1, such as singletf triplet excitation,
have more nearly isotropic DCS in the angular range 10°-
90°.13,14 Such transitions occur by the mechanism of electron
exchange.15 Spin-allowed but electric-dipole-forbidden processes
are forward-peaked, but often not as much as fully allowed
transitions.16,17 As reflected in the different DCS shapes, the
optically forbidden processes, and in particular the spin-

forbidden ones, become more intense with respect to the
optically allowed processes at large scattering angles.13,14

Another advantage of the electron-impact method is that spectral
features in the far ultraviolet are as easily examined as those in
the visible and near-ultraviolet.

II. Experimental Section

The electron spectrometer used in this study was similar to
one described previously.18 Briefly, an electron beam is energy-
selected by a hemispherical electrostatic energy analyzer (and
the associated focusing lenses) and scattered from the target
vapor in a scattering box. In this work, the incident-beam current
was between 1and 10 nA and was typically 4 nA. Sample
pressures were estimated to be between 5 and 10 mTorr.
Electron-energy losses were determined at angles between 10°
and 90° by means of a second electrostatic energy analyzer and
detector. The energy-loss spectrum thus obtained is analogous
to an optical absorption spectrum, except that optically forbidden
processes are much more readily detected.13,14

The spectrometer resolution (as measured by the full width
at half-maximum of the elastically scattered feature) varied
between 50 and 100 meV for all reported spectra and was
typically 80 meV. Diketene was obtained from Aldrich, and
had a stated purity of 98%. All samples were subjected to three
liquid nitrogen freeze-pump-thaw cycles and used without
further purification.

III. Results and Discussion

Figure 1 shows the low energy loss portion of the diketene
electron-impact spectrum at (a)E0 ) 50 eV,θ ) 10°; (b) E0 )
50 eV,θ ) 90°; (c) E0 ) 25 eV,θ ) 10°; and (d)E0 ) 25 eV,
θ ) 90°. These figures indicate the presence of four transitions
having maximum intensities at 4.36, 5.89, 6.88, and 7.84 eV
energy loss. In Figure 2 we display the corresponding differential
cross-section curves at the impact energies of 25 and 50 eV,
obtained by a method previously described.16

The most intense feature has a peak intensity at 6.88 eV.
From Figure 2 the elastic peak and the peak at 6.88 eV exhibit
an intensity variation of about 2 orders of magnitude over the
angular range, indicative of fully allowed bands. The transitions
at 7.84 and 5.89 eV have DCS curves less forward-peaked, but
they can still be considered as allowed bands. The DCS of the
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4.36 eV transition is nearly isotropic and has the characteristic
behavior of a spin-forbidden transition.13,19

Until now, no far-ultraviolet spectra of diketene have been
reported. In the absence of any calculations directly relevant to
the electronic spectroscopy of this molecule, we are tentatively
assigning these observed transitions of diketene under the
qualitative assumptions described below. The weak ultraviolet

transition observed in earlier optical studies of diketene in
solution is not observed in our spectra, and cannot be justified
by these simple arguments.

Diketene contains two important chromophores: the carbonyl
and the ethylene groups. The carbonyl in small monoketones
exhibits the well-known (n,π*) band in the ultraviolet followed
by three Rydberg bands (n, (3s, 3p, 3d)) in the far-ultraviolet.20

Figure 1. Diketene electron energy loss spectra at (a)E0 ) 50 eV, θ ) 10°; (b) E0 ) 50 eV, θ ) 90°; (c) E0 ) 25 eV, θ ) 10°; and (d)E0 )
25 eV, θ ) 90°.

Figure 2. Differential cross sections of diketene at (a)E0 ) 50 eV and (b)E0 ) 25 eV. Elastic scattering (0) and transitions to the excited states
lying at 4.36 (O), 5.89 (4), 6.88 (+), and 7.84 eV (×) above the ground state.

2226 J. Phys. Chem. A, Vol. 105, No. 11, 2001 Xavier, Jr., et al.



The (π, π*) band is expected to be at relatively high energy
loss (possibly as high as 9.0 eV) superimposed by Rydberg
bands.20,21 The carbon-carbon double bond in monoalkenes
exhibits an intense (π, π*) absorption band, which coincides
with, or is preceded by, a (π, 3s) Rydberg band.20 In ethylene
itself, the Rydberg band is superimposed on the low-frequency
wing of the (π, π*) band,22 while in highly methylated or
fluorinated olefins, the Rydberg (π, 3s) becomes the first spectral
band and is well separated from the (π, π*) band.20

The observed spectral bands of diketene can be tentatively
assigned by analogy to the properties of the isolated carbonyl
and ethylene chromophores. The following peak assignments
are suggested, although it is likely that the observed peaks
consist of several overlapping bands. In the energy-loss range
of this work (3.5-8.5 eV), the spin-forbidden transition at 4.36
eV is the only spectral feature that can be attributed to the
carbonyl chromophore. By analogy with previous electron-
impact assignments in monoketones,21,23 this transition is
assigned as nf π*(S-T). The other three spin-allowed
transitions can be attributed as due to mainly the carbon-carbon,
double-bond chromophore. The strongest transition at 6.88 eV
is assigned asπ f π*(S-S), based on the electron energy-loss
spectroscopy of methyl-substituted ethylenes24 and fluoroeth-
ylenes.25 The shoulder at 5.89 eV resembles the shoulder on
the strongest feature in the energy-loss spectrum of the fluoro-
ethylenes25 and is assigned asπ f σ*(3s) Rydberg (S-S).
Finally, the spin-allowed band at 7.84 eV is probably another
Rydberg band, similar to those observed in ethylenes.22

IV. Summary

In conclusion, we have used the method of low-energy,
variable-angle, electron-impact spectroscopy to study the far-
ultraviolet spectrum of diketene. Four new transitions have been
observed, including one that is spin-forbidden. Tentative as-
signments of these transitions were made under qualitative
assumptions. We hope that calculations will be available soon
in order to confirm these assignments.
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