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narily does not dissociate in liquid phase. It is to
he noted that the only saturated hydrocarbons re-
sulting from reactions 2 or 3 are branched and, in
some cases, cyclic. This is in accord with the re-
sults: the ozone-resistant dimer contained no #-
dodecane.

The yield of hydrogeu, which is not balanced by
the extent of unsaturation in the dimers, trimers
and tetramers necessitates the assumnption that the
higher polymers must contain rings or more than
one donble bond per molecule. A\ reaction sclieme
involving scission of a carbon--hydrogen bond in an
olefin vielding a hydrogen atomn and a radical would
be incompatible with the experiinental findings.
However, the production of hvdrogeu in the radiol-
vsis of paraffins has been attributed largely to a
molecular process.®2%.2¢  Alolecular production of

(23) 1. M. Dorfnian, J. Phys. Chem., 60, 826 (1950),
(21) R. . Seboler, i8i/., 60, 381 {1056),
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hydrogen from an olefin molecule would result in
the formation of a diene which would be very reac-
tive in chain polymerization.
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The ionization potentinds of & nmumber of olefins, evelodlefing, di-olefing and branched parafling have been measured by

clectron impact.

ionization and by nltraviolet spectroscopy, as well as with carlier clectron impact data.
of componnds which had not been investigated previonsly are consmstent with strictural considerations.

sistencies in the carlier electron impact data are discussed.

Introduction

The ionization potentials of a large number of
hydrocarbon molecules have been measured by
electron impact, and a recent survey? shows that for
most of these compounds the published data are in
satisfactory agreement. For a number of com-
pounds, on the other hand, the existing data show
a remarkable sprecad. For instance, in the values
for isobutane and isobutene a spread of nearly
1.0 v. is found among values obtained by different
workers. In other cases, as for tlie pentanes and
hexanes, the published ionization potentials do
not reflect the structural differences in the manner
to be expected.  For other branched olefins and for
di-olefins very few values are available, The
present work represents an attempt to resolve some
of the discrepancies and to provide electron impact
values for a number of compounds which have not
been investigated previously.

Experimental

The method of obtaining the ionization efficiency curves
for the compound and for the added standard gas, usually
krypton or xenon, has been described previously.?

{1) National Researcli Councl of Canada Postdoctorate Fellow,
195361957,

(2) F. I1. Vield and J. L. Franklin, ""Electron lmpact Plienomena
and thie Properties of Gaseous Ions,' Academic Press, Inc., New
York, N. Y., 1957,

(3) F. P. Lossing, A. W. Tickner and W. A, Bryce, J. Chem. Phys.,
19, 1254 (1951).

The results obtained have been compared where possible with fonization potentials obtained by photo-

Values presented for a number
Sowme incon-

Materials.—The authors are greatly indebted to Professor
K. B. Wiberg and Mr. Jerry Albin of the University of
Washington for the gift of a sample of cyclopropene. The
other compounds were NBS standard samples or comn-
niereint cliemicals of high purity.

Results and Discussion

(a) Branched Paraffins.—The values obtained
for five branched paraffins are given in Table I,
together with the carlier values obtained by elec-
tron impact.*=® Also included in the table are
ionization potentials measured by photoionization®
and two sets of values calculated using slightly
different parameters.’ It is of interest to note
that the values obtained in this work parallel al-
most exactly the photoionization data, the former
being in each case higher by 0.24-0.30 v. Since
the. transitions brought about by electron impact
and by photon impact should both be vertical
transitions, this constant difference must arise
from a difference in the means of interpreting the
ionization threshold in the two methods. By
comparison with the earlier clectron impact data
for isobutane, the present data are in best agree-

(1) M. B. Koffel and R. A. Lad, 165/, 16, 420 (1648).

(5) J. J. Mitchell iund P, T. Coleman, ibid., 1T, 44 (1949).

(%) R. E. Fox and A, Langer, ibid., 18, 160 (1950).

(7) D, P. Stevenson and J. A. Hipple, Tnis JorrnaL, 64, 1588
(10.12).

(8) R. I', Baker and J. T, ‘Tate, Phys. Rer., 83, 511 (1938).

(0) These preliminary data were made availuble to thie autlior
tlirougl the courtesy of Dr. K. Watanabe.

(10) J. L. Franklin, J. Chem. Phys., 32, 1301 (1954).
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TaBLE 1

IoN1ZATION POTENTIALS OF BRANCIHED PARAFFINS

~-—Electron impact: Photo-
This ioniza-
Compound Lit. work tion®  ——Caled. 10—
Isobutane 10.3 £ 0.2+ 10,79 10.55 10.82,10.63
11.06°%
10.7 £ 0.28
10.3+ £ 0.17
9.8 £0.28
2 Methyl-
butane 10.1 &+ 0.2! 10.60 10.30 10.67,10.43
2-Methyl-
pentane 10.0 & 0.2¢ 10.3¢4 1009 .. .......
3-Methyl-
pentane 9.8 & 0.2¢ 10.30 10.06 .........
2,3-Di-meth-
vibutane 10.1 £ 0.34 10.24 10.00 10.48,10.21

ment with the value of Fox and Langer.® The
values of Mitchell and Colemman® and of Baker and
Tate® appear to lie outside the expected range.
For 2-methylpentane and 3-methylpentane the
ionization potentials are found to be nearly the
samne, and appreciably lower than for 2-methyl-
butane, as would be expected from structural con-
siderations. The photoionization data show a sitni-
lar relation. The ionization potential of 2 3-
dimethylbutane is lower than that of the other
branched hexanes, rather than higher as indicated
by Mitchell and Coleman's data. This is in agree-
inent with the difference shown by the photoioni-
zation results and is again the relation which would
be predicted.

In view of the difference between the electron
impact and the photoionization data, a choice
between the two sets of calculated values cannot
be made, but it may be noted that the magnitude
of the decrease in ionization potential with in-
creasing substitution is reproduced very closely in
both sets.

(b) Olefins.—The ionization potentials found
for a number of straight and branched olefins are
given in Table II. For comparison, the electron
impact values published earlier 3811714 values ob-
tained by photoionization,®'® and by ultraviolet
spectroscopy,'® and values calculated by molecular
orbital methods!®'7 also are shown. A comparison
of the present measurements with the photoioni-
zation data shows, as before, a close parallelism.
For the olefins the difference between values ob-
tained by the two methods, 0.1-0.2 v., is smnaller
than for the paraffins. The agreement among the
electron impact data for 1-butene is satisfactory.
For 1sobutene, the value found in this work is in
good agreement with that found by Honig'? and
with the photoionization result.® This supports

(11) D. P. Stevenson, THIS JoUrNaL, 65, 209 (1913).

(12) V. H. Dibeler, J, Research Natl. Bur. Standards,
(1947).

(13) R. E. Honig, J. Chem. Phys., 16, 105 (1948).

(14) D. P. Stevenson and J. A. Hipple, Turs JourxaL, 64, 2769
(1942).

(15) K. Watanabe, J. Chem. Phys., 26, 542 (1957).

(16) W. C. Price and W, 1. Tutte, Proc. Roy. Soc. (London), A1T4,
207 (1940).

(17) G. G. Hall, Trans. Faraday Soc., 49, 112 (1953).
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Tanre 11
IoN1zaTION POTENTIALS OF OLEFINS
Electron impact Plioto- Spec-
This  ioniza- tros-
Compound Lit. work tion copy  Caled.
1-Butene 9.6511 9.76 9. 5815 9.70v
9.6512
9.7013
9.77¢
10.0°
Tsobutene 8.78 9.26 9.23° Q.28
8,801
9.3518
9.65°
¢15-2-Butene 9.24% 9.34 9.13° .. 9.281
9.3013 9.271
9.4112
frans-2-Bntene 9.1312 9,27 9,13% 9,216 ¢ 2810
0.2813 9.29V
1-Pentene 9.6061% 9.67 9.50° .. 9.671
3-Methiyl-1-bntene 9.60 9.51°
2-Methyl-1-butene 9.20 9.12°
cis-2-Pentene 9.11
trans-2-Pentene A 9.06 L .. C
3-2Methyl-2-butene . K513 8 .89 8. 689 Q.81 g Q110
8. 88!
Tetramcethylethyl- 8.53 8.416 g 4010
ene 8.5217

the prediction from structural considerations that
the ionization potential of isobutene would he very
close to those of c¢is- and frans-2-butene. The
evidence thercfore favors a vertical ionization po-
tential of 9.2-0.3 v. for 1sobutene, and the lower
values of about S.S v.5'% appear to lie outside the
expected range.

TFor cis- and frans-2-butene the electron impact,
photoionization and calculated values are in quite
close agreement.  The electron hinpact values sug-
gest that I (frans) is slightly less than I {cis), but
this is not confirmed by the photoionization data.
The value of 9.2 v. for [ (2-butene) obtained from
ultraviolet spectroscopy by Price and Tutte!®
somne vears ago is in excellent agreeinent swith the
other data, as are the values for 3-inethyl-2-butene
and tetramethylethylene. One particularly strik-
ing teature of the olefin data is the success of the
calculations of Hall’* and of Franklin'® in repro-
ducing the measured ionization potentials to within
0.1v.

An interesting consequence of structural cffects
can be seen by comparing [ (2-butene) with I (1-
butene), the former being about 0.5 v. less, Simi-
larly I (2-pentcne) is about 0.6 v. less than (1-
pentene). A comparable decrease (0.5 v.) occurs
on going from l-butene to isobutene and from 1-
pentene to 2-methyl-1-butene (0.47 v.). These
changes arc consistent with an increase in hyper-
conjugational effects as methyl groups are added
around the double bond.

() Cyclodlefins.—The ionization potential data
for cyclodlefins are summarized in Table 1II. The
ionization potential of the interesting compound
cyclopropene has not been measured previously.
The observed value, 9.95 v., is nearly the same
as the ionization potential of propylene, 9.84
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v.? It may be noted that the ionization po-
tential of cyclopentene found in this work, 9.27 v,
is similarly close to the ionization potential of 2-
pentene, 9.11 v,, and that of cyclohexene, 9.18 v.,
is close to that of 2-hexene, 9.16 v.!® and 3-hexene,
9.12v.'® The agreement of the value reported here

TaBLE III

IoN1zZATION POTENTIALS OF CYCLOOLEFINS

Electron impact Photo-
his ioniza- Spectros-
Compound Lit, work tion copy Caled.
Cyclopropene 9.95 Ce
Cyclopentene 10.28 9.27 9.01° .. e
Cyclohexene  9.78 Q.18 8.94518 g 218 9.161
9.2410

for cyclopentene with the photoionization value,
9.01 v.,° suggests that the earlier electron impact
result of Hissel® is considerably too high. For
cyclohexene the agreement with the electron im-
pact value of Morrison and Nicholson,!? the photo-
ionization value,!® the spectroscopic value!® and the
calculated value!® is quite satisfactory.

(d) Di-olefins.—The ionization potentials found
for four pentadienes and for 1,5-hexadiene are given
in Table IV. For comparison, values for allene
and the butadienes measured previously® and the

(18) J. Hissel, Bull. soc. roy. sci. Licge, 21, 457 (1952).

(19) J. D. Morrison and A, J. C. Nicholson, J. Chem. Phys., 20, 1021
(1952).

(20) J. Collin and F. P. Lossing, THIs JoURNAL, T9, 5848 (1957).
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available values from the literature816.21=2% have
been included. As would be expected, the only
conjugated pentadiene has an ionization potential

TasLE IV
IoN1zATION POTENTIALS OF D1-OLEFINS

Electron

impact Photo-
This ioniza- Spectros-
Compound Lit. work tion copy Caled.
Allene 10.16% 10.1622 ...,
10.0%
1,2-Butadiene 9.57 e e e
1.3-Butadiene 9.18%2 9.0718  ¢is 8.7522
9.2¢ trans 9.072% frans 8 81%
9.2419
1,2-Pentadiene 9.42 ... L s e
2,3-Pentadiene 9.26 ... L0 e
1,3-Pentadiene 8.68 ... ... oo
1,4-Pentadiene 9.8 ... .. 9.2810
1,5-Hexadiene 9.51 ... Lo

much lower (0.5 v.) than the three non-conjugated
ones. The differences among the latter are small
and probably result from hyperconjugational ef-
fects.
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