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The mass spectra of methyl and ethyl radicals have been determined by the photolyses of methyl and ethyl
iodide using a high intensity light beam and a collision-free photochemical reactor incorporated in the ion-source

of a mass spectrometer.
radicals.
pyrolytically produced methyl radicals.

In a previous work, the primary processes in 1,1’-
azopropane photolysis were studied with a collision-
free reactor incorporated in the ion source of a mass
spectrometer.)) The photofragments produced were
ionized by electron impact without their undergoing
secondary processes and estimation of the primary
processes was thus facilitated as compared with the
conventional procedure of analysis of final reaction-
products.

The primary step of the photolysis of 1,1’-azopropane
was found to be composed of three competitive
processes:

CH,CH,CH,N,CH,CH,CH, + h» —

CH,CH,CH,N,CH, + CH,CH, (1)
CH,CH,CH,N,CH,CH,CH, + v —>

CH,CH,CH,N, + CH,CH,CH, (2)
CH,CH,CH,N,CH,CH,CH, + h» —>

2CH,CH,CH,N (3)

As many as five kinds of photofragment radicals were
formed in the primary step, and their assignments had
to be made from the recorded mass spectrum of the
photolyte mixture without any information on their
cracking patterns. It is known that a large number of
photochemical reactions consist of several competitive
primary processes as in the case of 1,1’-azopropane.
For analysis of the recorded mass spectrum of the
photolyte mixture of photofragment radicals, it is
desirable that the cracking patterns of the expected
radicals are known before the experiment.

The mass spectra of free radicals have been measured
only in a few cases.?» Only the parent-ion peaks of a
number of free radicals were observed with the use of
several kinds of reactors connected to the ion sources
of mass spectrometers in the studies of free radicals
produced by pyrolyses>—® and of photochemical re-
actions.”®. It was thought to be worthwhile and of
theoretical interest to measure the mass spectra of
some frequently-appearing free radicals such as simple
alkyl radicals, since several theoretical treatment have
been reported for explaining the cracking pattern of
the stable molecules.1%11)  The theory could be extend-
ed to free radicals provided that suitable parameters
are chosen for calculation.

In the present work, alkyl iodides were used for
producing the corresponding alkyl radicals by photolys-
es. Since the C-I bond dissociation energies of alkyl
iodides are much smaller than those of the C-C and
C-H bonds,? only the C-I bond rupture is expected

The parent ion peak was the most intense in the mass spectra of methyl and of ethyl
Fair agreement was found between the present work and the result obtained by previous workers for

in the primary step of the alkyl iodide photolysis.

Experimental

Methyl iodide and ethyl iodide(guaranteed-reagent grade,
Tokyo Kasei Kogyo Co.) were purified by vacuum distillation.

The apparatus and method of operation were reported
previously.? The molecular flow of the reactant gas was
supplied from a 5-1 reservoir kept in the dark into the reac-
tor zone of the ion source through an orifice and a Pyrex
glass gas-lead. The light source was a USH-500D 500W
high-pressure mercury lamp(Ushio Electric Co.) and the
light output was collimated in a housing fitted with a con-
densing lens system and a spherical mirror to obtain maximum
intensity. The light flux was focused on the molecular flow
of the reactant in the reactor through a quartz window fixed
on a side-hole of the ion source of a Hitachi RMU-5 mass
spectrometer. Considering the absorption spectra of methyl
iodide and ethyl iodide in gas phase'® and the transmission
of the Pyrex glass of the apparatus, the effective wavelength
for the photolyses was estimated to be in the range 290—
320 nm of the mercury-lamp output.

The mass spectrum obtained at 50 eV for each run was
a superposition of the cracking patterns of the photofrag-
ments and that of unreacted alkyl iodide. The mass spectrum
of the photofragment mixture was obtained after subtracting
the contribution from unreacted alkyl iodide.

Results and Discussion

Mass spectrum of a photofragment mixture from the
recorded mass spectrum is given in Table 1. By
subtracting the contribution from unreacted methyl
iodide from the recorded peak height, the residue 4
was obtained as the sum of the mass spectrum of each
photofragment. Subtraction was done by normalizing
at the mass number 142, the parent-ion peak of methyl
iodide. Since all peaks can be attributed to CH,; and
I, it would be evident that only one primary process

TABLE 1. MASS SPECTRUM OF THE PHOTOLYTE FLOW
OF METHYL IODIDE AT 50 eV
(in arbitrary units)
M peihe eontibuion. A Asignment
12 1.1 0.8 0.3
13 2.1 1.5 0.6
14 5.3 3.6 1.7 [ CHs
15 55.0 48.5 6.5
127 60.5 55.2 5.3 1
142 150.5 methyl jodide

150.5 —_
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(4) is possible under the present conditions.
CH,I + v —— CH, + I 4)
The mass spectrum of methyl radical obtained by
averaging the results of nineteen runs is given in Table 2.
The results of the present work are compared with
those of Osberghaus and Taubert.) In both cases,
the parent-ion peak was found to be the most intense
and a fair agreement is obtained in relative abundance
of the peaks at each mass number except for mfe 14.
The discrepancy at m/e 14 might be caused by the dif-
ference between the procedure for methyl radical for-
mation in the present work and that of Osberghaus
and Taubert. In the latter, methyl radicals were
produced by the pyrolysis of tetramethyl lead at 900 °C.

TABLE 2. MASS SPECTRUM OF METHYL RADICAL

mle 12 13 14 15
This work 542 1146 25-+8 100

Relative Osberehax
abundance| —°o€rgnaus 3 10 54 100

and Taubert

TABLE 3. MASS SPECTRUM OF THE PHOTOLYTE FLOW
OF ETHYL IODIDE AT 50 eV
(in arbitrary units)

Peak

Ethyl iodide .

mje height contribution 4 Assignment

15 0.6 0.6 —

25 0.5 0.4 0.1

26 5.5 5.0 0.5

27 30.0 24.9 5.1 [ GHs

28 12.0 10.1 1.9

29 39.0 33.7 5.3
127 13.9 12.2 1.7 I
156 41.0 41.0 — ethyl jodide

The mass spectrum of the photolyte flow of ethyl
iodide is shown in Table 3. It can be seen that the
procedure for obtaining it is the same as in the case
of methyl iodide. Since the peak height at m/e 128 was
found negligible in the residue 4 of each run, the process

C,H,I + hv — C,H, + HI
could be neglected. Thus, only the following process
is possible under the present experimental conditions.

CoH,I + by — GH, + I (5)
The mass spectrum of ethyl radical obtained by averag-
ing the results of twelve runs is shown in Table 4. In
the mass spectrometric study of argon-ion bombardment
on the ethylated surface of germanium,'¥ occurrence
of the fragment-ion from the liberated ethyl radicals
by electron impact was suggested although the relative
abundance of fragment-ion peak in the mass spectrum
of ethyl radical was not determined because of the co-
existence of other species emitted from the surface.

The peaks at m/e 12~15 were not detected, indicat-
ing a negligible contribution of C~C bond rupture by
clectron impact of ethyl radical (Table 4).

Thus the results of the present work suggest that all
the significant fragment-ions are produced solely by
C-H bond rupture resulting from the electron bombard-
ment at 50 eV both in the case of methyl and ethyl
radicals. It is seen that the relative abundance of the
fragment-ion is larger in the mass spectrum of C,H;
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TaABLE 4. MASS SPECTRUM OF ETHYL RADICAL

mfe 25 26 27 28 29
Relative 1+1 13+3 82+12 44+10 100
abundance

than in that of CH;. The difference might be caused
by the difference of excess energy partition in C,Hj

and CH,.
The excess energy E,_, is expressed by the following
equation:
Eexc =l + ExF:n, - D(C—I)
= B, + Eint
= (E§ + EL) + (ER+ EL) (6)

where, fv is the photon energy, Ef. the initial parent
molecule internal energy which is small, and D(C-I)
the dissociation energy of the C-I bond. The excess
energy is distributed in the total translational energy
E,. of alkyl radical R and iodine atom I and in the
total internal energy E,,, of both fragments.

In their photofragment spectroscopic study of the
photodissociation of alkyl iodides, Riley and Wilson!®
pointed out that the ratio of EE, appearing as the
energy for alkyl-fragment internal excitation to the total
energy ER, (translational and internal) given to alkyl
fragment was found to be three times larger in C,Hyg
than in CH,. It is plausible that the higher fraction
of internal excitation can be one cause for the larger
relative abundance of fragment-ion in the mass spec-
trum of ethyl radical as compared with methyl radical.

The author is grateful to Professor Teruo Hayakawa
for encouragement and discussion. The work was
supported in part by a grant of the Ministry of Educa-
tion.

References

1) S. Yamashita and T. Hayakawa, This Bulletin, 46,
2290 (1973).

2) O. Osberghaus and R. Taubert, Z. Phys. Chem., 4,
264 (1955).

3) G. C. Eltenton, J. Chem. Phys., 10, 403 (1942).

4) F. P. Lossing and A. W. Tickner, ibid., 20, 907 (1952).

5) A. J. B. Robertson, Proc. Roy. Soc., Ser. A, 199, 394
(1949).

6) P. LeGoff, J. Chim. Phys., 53, 269 (1956).

7) R. F. Pottie, A. G. Harrison, and F. P. Lossing, Can.
J. Chem., 39, 102 (1961).

8) A. Jones, S. Yamashita, and F. P. Lossing, ibid., 46,
833 (1968).

9) K. O. MacFadden and C. L. Currie, J. Chem. Phys.,
58, 1213 (1973).

10) H. M. Rosenstock, M. B. Wallenstein, A. L. Wahr-
haftig, and H. Eyring, Proc. Nat. Acad. Sci. U. S., 38, 667
(1952).

11) K. Hirota, Nippon Kagaku Zasshi, 89, 327 (1967).

12) V. 1. Vedeneyev, L. V. Gurvich, V. N. Kondratyev,
V. A. Medvedev, and Ye. L. Frankevich, “Bond Energies,
Tonization Potentials and Electron Affinities,” St. Martin’s
Press, New York (1966), p. 63.

13) D. Porret and C. F. Goodeve, Proc. Roy. Soc., Ser. A,
165, 31 (1938).

14) J. A. Amick, G. W. Cullen, and D. Gerlich, J. Electro-
chem. Soc., 109, 124 (1962).

15) 8. J. Riley and K. R. Wilson, Discuss. Faraday Soc.,
53, 132 (1972).





