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The Carbonyl T-Ionization Potential of Formaldehyde

By C. R. BRUNDLE and D. W. TURNER
(Organic Chemistry Labovatories, Imperial College, London, S.W.7)

ELECTRON-IMPACT experiments! have given the
values 10-8, 11-8, and 13-1 ev respectively for the
first three ionization potentials for formaldehyde.
Numerous other determinations by spectroscopic
and photoionization methods? also lead to values
of 10-86—10-88 ev for the first ionization potential
and this undoubtedly corresponds to the removal
of a nonbonding electron mainly localised on the
oxygen atom. The value 11-8 ev has been ascribed
to the removal of a C=O0 7r-electron, and appears
widely in discussions of, for example, the electronic
structure of formaldehyde and the conjugation
that may occur between the carbonyl group and
the carbon—-carbon double bond.

Molecular photoelectron spectroscopy shows
that neither of these higher values (11-8, 13-1 ev)

can be true ionization potentials and gives the
lowest value of the second ionization potential
(adiabatic) as 13-99 ev. The photoelectron spec-
trum obtained with a retarding grid electron-
velocity analyser® showed, in all, five bands giving
the five adiabatic ionization potentials 10-8,
13-99, 15-86, 16-6, and 20-5ev. Signs of vibra-
tional structure in the third band lead us to
speculate that this might be due to loss of a
mr-electron since only this ionization would be
expected to excite mainly the C=O stretching
vibration (v,) free from deformation and C-H
stretching modes. With the higher resolution of
a 180° magnetic velocity analyser (described in
ref. 4) this conclusion was apparently confirmed.
The present study using a 127° electrostatic

* Constructed with the aid of a grant from the Paul Instrument Fund of the Royal Society. To be described in

detail elsewhere.



CHEMICAL COMMUNICATIONS, 1967

velocity analyser* also showed that whilst vibra-
tional structure could be resolved in the three
highest energy bands (Figures 1 and 2) only in the
third (vertical I.P. 16-0 ev) did it consist of an
apparently single vibrational series of narrow lines
with v ~ 0-15 ev.
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FiGURE 1. Photoelectron energy spectrum excited in
formaldehyde vapour by helium 584 A vadiation (hy =
21-21 ev). Abscissa, ionization potential (21-21 ev —
electron kinetic enevgy). Ordinate, electron flux (counts/
sec.).

Examination of the spectrum of a sample of
deuteroformaldehyde (Figure 3), (kindly provided
by Dr. J. H. Callomon) has shown this simplicity
to be the result of an accidental equality between
two vibrational modes one of which suffers on
deuteration a decrease in frequency (0-147—
0-110 ev) whilst the other is unaffected. They
probably correspond to the CH, deformation
(v3) and the C-O stretching modes (v,) which in
the H,CO molecule have the values 0-186 and
0-216 ev, respectively. Both vibrational modes
being strongly excited, we must infer the loss of
an electron from an orbital which as well as having
C-O bonding character also extends to the hydrogen
atoms and is thus probably the C-O g-orbital. In
contrast, the second band (vertical I.P. 14-4 ev)
shows little alteration as between formaldehyde
and deuteroformaldehyde and can be analysed in
terms of a progression (v ~ 0-15 ev) of doublets
(second component weak) in which only the
doublet spacing alters on deuteration (0-16 —
0-13 ev). We conclude that it is this band that
corresponds to mr-electron removal since only the
C-O stretching mode is strongly excited and that
whilst a change in C-O bond length and force
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constant occurs, there is little change in the C-H
bonding.

Calculated eigenvalues for the various molecular
orbitals of formaldehyde have varied widely as the
degree of refinement of the computation improved.
The present results accord well with the most
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FIGURE 2. A portion of the photoelectron spectrum of
formaldehyde (see Figuve 1) recovded more slowly with a
longer integration time.
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FiGure 3. Photoelectron energy spectrum excited in

deuteroformaldehyde vapour by helium 584 A radiation
(hv = 21-21 ev). Abscissa, tonization potential (21-21
ev — electron Rinetic emergy). Ovdinate, Electron flux
(counts/sec.)

recent calculations by Newton and Palke® as
shown in the summary of experimental results and
calculations given in the Table.
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TABLE

“Vertical”’ ionization potentials (L.P.) and eigenvalues (e) for formaldehyde

Location
LP. (ev) € (ev) of electron
Method Rid P12 E.I.w P.S.* ref. 5 ref. 6 ref. 7 ref. 8
10-88 10-87 10-8 10-86 10-2 11-5 10-95 10-76 O:
11-8 14-4 12-8 151 15-28 13-54 COm
13-1 16-0 15-5 219 14-44 16-16 CH o
16-9 19-2 16-73 18-40 C-0,
~21 22-1 20-92 22-62 CH,

* Present results.
(Received, February 17th, 1967; Com. 150.)
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