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The decomposition of CgH;CO* ions produced by electron impact from seven alkyl phenyl ketones, CgH;-
COR (R=H, CH,, C,H;, n-C;H,, iso-C;H,, n-C,H,, n-C;H;,), has been studied. By determining the heats of
formation, the CgH;CO* ions produced from the different precursors in the vicinity of the threshold are shown to
have the same structure, and it is also shown that there is a linear relationship between the heat of formation of
the activated complex for the reaction CgH;CO*+—>CgH;t+CO and the vibrational degrees of freedom of the

neutral fragment, R.

Many authors have studied!-? the decomposition
of a common intermediate ion produced from various
precursors, in order to study how the difference of the
precursors reflects on the decomposition of the common
intermediate ions assuming quasi-equilibrium theory
(QET) of mass spectra® to be valid.

The present paper describes the decomposition of
the benzoyl ions, C,H,CO+, produced from seven alkyl
phenyl ketones, benzaldehyde, acetophenone, ethyl
phenyl ketone, n-propyl phenyl ketone, isopropyl phenyl
ketone, n-butyl phenyl ketone, and n-amyl phenyl
ketone, on the basis of the following assumption:
As is usually assumed in QET,%?% when a molecular
ion with internal energy E decomposes into a neutral
and an ionic fragments, the energy, E, in excess of
the activation energy, is partitioned in proportion to
the number of vibrational degrees of freedom in the
neutral and the ionic fragments.
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Experimental

The appearance potentials (AP) of the various ions were
measured with a CEC 21—103 C mass spectrometer. The
temperatures of the ion source and the sample manifold were
about 250 °C and 100 °C, respectively. The electron-trap
current was 10 pA. The electron accelerating voltage was
supplied by a battery, and set with a 20-turn potentiometer
(Sakae Tsushin Kogyo Co., Ltd.).

AP values were obtained by the energy distribution dif-
ference (EDD) technique'® after the ionization efficiency
curves were smoothed by the least-squares method. The
constant, b, used in the EDD calculation was 0.67. The
details have already been given.'? Krypton (IP=14.00 eV)
was used as calibrating gas for the electron energy scale.

All the samples studied were of research grade, and were
obtained from Tokyo Kasei Co., Ltd., and were used without
further purification.

Results and Discussion

Calculation of the Heat of Formation. The heat
of formation of the C;H;CO* ion and that of the state
which can be taken to be the activated complex for
the reaction (1), AH,(CH;CO+*) and AH (GHj*---
CO), are calculated by the Egs. (2) and (3).

CH,CO* — GH,* + CO (1
AH{(CgH,CO+) = AP(GgH,CO+)

+ AH; M) — AH:(R) — E; (2)
AH(CeH,* +-- CO) = AP(CGH,*)

+ AH (M) — AH:(R) — E, (3)

where AP(X*) is the appearance potential of the ion
X+, AH,(M) and AH,(R) are the heats of formation
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of the neutral molecule, M, and radical, R, respectively,
and E, is the excess energy of the fragments at the
threshold.

- The AP values of the C;H,CO* ions and the CH *
ions from seven alkyl phenyl ketones measured in this
experiment are given in Table 1. Each value represents
an average taken from at least three measurements,
and the given experimental errors are maximum
deviations.

The values of the heat of formation used for the neu-
tral molecules and free radicals, AH,(M) and AH./(R),
are given in Table 2. These values are taken from the
literature.’® Some AH (M) values which are not
given in the literature were calculated by approximation
methods used by Franklin.1®

Using the AP values in Table 1 and the values of
heat of formation shown in Table 2, the heat of forma-
tion of the CH,CO* ions and that of the activated
complexes for the reaction (1) were calculated by Egs.
(2) and (3), respectively. The results are shown in
Fig. 1. The values in Fig. 1 are obtained by taking
E, as zero.

CH;CO+ Ions. As seen in Fig. 1, the values
for heat of formation of the CH;CO+ ions from seven
alkyl phenyl ketones studied here are the same within
the experimental error. Therefore, these CH,CO+
ions produced in the vicinity of the threshold are con-
sidered to have the same structure.14:1% Consequently,

TaBLe 1.
Ce¢H;CO+* 10Ns anp THE CgH;+ 10Ns FrROM
ALKYL PHENYL KETONES

APPEARANCE POTENTIALS (¢V) OF THE

C¢H;COR AP(CgH;CO+) AP(CgH;*)
Benzaldehyde 10.2+0.10 13.5+0.06
Acetophenone 9.8-+0.08 18.5+0.10
Ethyl phenyl ketone 9.5+0.10 13.6+0.15
n-Propyl phenyl ketone 9.8+-0.07 13.9+4-0.06
Isopropyl phenyl ketone 9.3+-0.08 13.7+0.05
n-Butyl phenyl ketone 10.0+0.10 14.3-+0.10
n-Amyl phenyl ketone 9.8+0.06 14.5+0.10

TasrLe 2. Heats oF rorMATION AH(kcal/mol) or
NEUTRAL ALKYL PHENYL KETONES AND RADICALS

Compound AH(CgH,COR) AH;(R)
Benzaldehyde —10.5 52.1
Acetophenone —23.0 33.2
Ethyl phenyl ketone —24.7 25.0
n-Propyl phenyl ketone —29.6% 22.1
Isopropyl phenyl ketone —30.92 16.8
n-Butyl phenyl ketone —34.5% 18.5
n-Amyl phenyl ketone —39.4% 9.1

a) These values were calculated by approximation methods
used by Franklin.®
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Fig. 1. The heats of formation (kcal/mol) of the CegH;CO*
ions and the activated complexes for the reaction (1),
AH;(CeH;CO+) and 4H;:(CgHyt---CO).

the decomposing C,H;CO™ ions of reaction (1), pro-
duced from various precursors, will also have the same
structure, that is, the values for heat of formation of
the activated complexes for the reaction (1) will be
the same.14:16)

The Activated Complexes for the Reaction (1). As
seen in Fig. 1, the heats of formation of the activated
complexes for the Reaction (1) show some scatter,
compared with that of C;H;CO* ions, and furthermore,
the values increase systematically as the number of
atoms in R is large. In this study, we have investigated
the source of the difference in the values, on the basis
of the above assumption.

A few authors have reported!?s!®) that during the
dissociation of a molecular ion, the energy, E, in
excess of the activation energy, is partitioned to the
neutral and the ionic fragments, R and C,H,CO+
in this study, respectively, and consequently, that the
appearance potentials for the secondary ions, C Hg*
in the present study, will be somewhat higher than
the “true” values. In this experiment, the number
of vibrational degrees of freedom of the R differs from
compound to compound, and a part of the energy
E, will be carried away by the R. Therefore, as a
consequence of the assumption, the extent of the
effect on the AP(C,H,*) will also vary, and each
AP(CH,*) will be high according to the number of
the vibrational degree of freedom of the R.

In this study, benzaldehyde was taken as the
standard, since the number of the vibrational degree
of freedom of the R in the compound is zero. AFEg
is defined as the difference between the heat of formation
of the activated complex for the reaction (1) of a com-
pound, CH;COR, and that of benzaldehyde. In
Fig. 1, the 4E¢.m;, for C,H;COC;H,, is shown as an
example. AEy is considered to be the energy which
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is partitioned to the radical R during the decomposition
of the molecular ion. From the assumption, it is
reasonable to expect that the following equation holds:
AEgjo = fzlfs-co

AEg = (¢/f$-co) XSr *)
where « is the energy which is partitioned to the CgHj-
CO+ ion during the decomposition of the molecular
ion; fr and fs-co are the numbers for vibrational de-
gree of freedom of the radical R and the CgH,CO*
ion, respectively.

The plot of AEy vs. f is given in Fig. 2. As expected
from Eq. (4), the plot gives a straight line which passes
through the origin. The experimental formula shown
in Fig. 2 is obtained by the least-squares method. From
the slope of the line, the value «=27.4 kcal/mol was
obtained taking fs-co==33. By definition, «=27.4
kcal/mol is the energy which is partitioned to the
C,H,CO* ion during the decomposition of the CgH;-
COR™ ion, while the difference between the heat of
formation of the activated complex and that of the
CeH;CO~ ion for benzaldehyde is about 75 kcal/mol
(refer to Fig. 1). For benzaldehyde, the value AH-
(CgHg+) =275.6 kcal/mol was obtained taking AH;(CO)
== —26.4 kcal/mol,1?) this value is comparable to the

Therefore,
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Fig. 2. The plot of the energy difference between the heats
of formation of the activated complexes for the reaction
(1), AEg, vs. the number of vibrational degree of freedom
of the radical R, fz.
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value AH,(CgH;+)=284 kcal/mol which was obtained
from phenyl radical by Lossing et al.1® Therefore, it can
be seen that these CgH;t ions in this study are produced
in the vicinity of the ground state of the CgHy* ion. It
is reasonable that the excess energy of H-atom in this
case is taken as zero, because if there is any energy
partition to the H-atom, values for heat of formation of
the CgHyt ion from benzaldehyde will be higher than
that of the CgH,+ ion from phenyl radical.

As a consequence of the above consideration, if the
assumption is valid, the experimental results lead us
to conclude that CO loss occurs from the CgH,CO+
ion after the C;H;CO* ion, produced from the de-
composition of the molecular ion in an excited elec-
tronic state, is transferred to a vibrationally excited state of
its ground electronic state. An alternative explanation
is that the assumption is not valid. Each decomposition
reaction occurs from a vibrationally excited state of
the ground electronic state of each ion, and only a
part of the excess energy Ey is partitioned in proportion
to the number of the vibrational degrees of freedom in
radical R and the ion C;H;CO*, and all of the remain-
ing energy of Ey is partitioned to the CgH;CO™ ion.

Conclusions

1) By using the data concerning the heat of forma-
tion, the decomposition of the C;H;CO+ ions produced
from seven alkyl phenyl ketones, are studied, on the
basis of an assumption. The CgH;CO* ions produced in
the vicinity of the threshold can be considered to have
the same structure.

2) It was found that there is a linear relationship
between the number of the vibrational degree of fre-
edom, fg, of the alkyl radical R and the difference of
the values for heat of formation, AFy, of the activat-
ed complex for the reaction (1). Two different con-
clusions on the mechanism of the decomposition of the
CeH;CO+ ions are derived, depending upon whether
the assumption is valid or not.
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