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Fragmentation of molecular ions of methanethiol, ethanethiol, two kinds of propanethiols, and four kinds of
butanethiols formed by charge exchange with positive ions has been studied using a tandem mass spectrometer.
The results are compared with those of the corresponding alcohols obtained by Lindholm and coworkers, and

similarities and differences between both series of ions are pointed out.

The effect of the structure of the molecule

on fragmentation is discussed. The fragment ions derived from primary scission are predicted on the basis of the

EHMO calculation.

No report has yet been published on fragmentation
of thiol ions formed by charge exchange with positive
ions, whereas the phenomena were intensively studied
with alcohols by Lindholm and coworkers.!-9 We
have been interested in the breakdown phenomena of
methanol® and methylamine®) after charge exchange.
It is an important problem to understand what mech-
anisms are involved in the fragmentation of a series of
compounds RX, where R is an alkyl group and X is a
substituent. Although it would be interesting to eluci-
date the fragmentation processes of these compounds,
previous authors have not studied them systematically.
The effects of the size and structure of R, for example,
have not been well understood so far.

In this report we have studied fragmentation mech-
anisms in a series of alkyl thiol ions, RSH*, formed by
charge exchange with positive ions, and found some-
what different behavior between thiols and alcohols.
In the studies of electron impact mass spectroscopy,
similarities between both series of compounds are
usually emphasized, though the abundance of the
parent peaks is different.”? The differences of behavior
of the fragmentation between both series of compounds
have been made clear by observations using charge
exchange reactions, where the energy transfered to the
molecular ions is well defined.

Experimental

All the reagents, guaranteed by gas chromatographic
analysis, were purchased from the Tokyo Kasei Co. Their
purities were re-checked by gas chromatograph before use.
The reagents were as follows: methanethiol CH,SH, ethane-
thiol C,H;SH, 1-propanethiol CH,(CH,),SH, 2-propanethiol
CH,;CH(SH)CHj,, 1-butanethiol CH3(CH,);SH, 2-methyl-1-
propanethiol (CH;),CHCH,SH, I-methyl-1-propanethiol
CH,CH,CH(SH)CHj, and 2-methyl-2-propanethiol (CH,;),C-
SH.

Primary ions for the charge exchange reactions were CgHg*,
H,S+, C,H,+, Xet, Kr*, Art, Xe?+, Kr?, Net, Ar?*, and
Het; the source materials were of the high purity reported
in the previous studies.?$,8-10)

A tandem mass spectrometer of the perpendicular type used
here was described in the previous report.1?)

The pressure of the reaction chamber was kept below 6 x 10-¢
Torr to avoid secondary reactions with other molecules.

Results

Methanethiol: The appearance potential of methane-
thiol is 9.44 ¢V, and the parent ion is produced by
the elimination of one of the lone-pair electrons located
at the sulfur atom. The fragmentation of methane-
thiol is shown in Fig. 1. The following processes take
place with an increase in excitation energy:

CH,SH — CH,SH* (1)
CH,SH* — CH,S* + H (2)
CH,S* —— CHS* + H, (3)
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Fig. 1. Breakdown graph of CH,SH.
mle 48: CH,SH¥, 47: CH,S+, 46: CH,S+, 45: CHS+,
44: CS*, 33: SH*, 32: S+, 15: CH;*, 14: CH,*.

These processes are similar to those in the case of
methanol except that the elimination of one hydrogen
occurs mainly in the S-H bond instead of in the C-H
bonds. Rupture of the C-S bond occurs in such a
manner that the abundance of CHjt is higher than
that of SH+. S+ is also produced in several percents
in the higher energy region. For the appearance of
the St ion, rupture of both the C—S and S-H bonds
must occur. It is clear that the St ion is not derived
from SH*, judging from the breakdown curves in Fig.
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Fig. 2. Breakdown graph of C,H;SH.
mfe 62: C,H,SH+, 61: C,H,S*, 47: CH,SH+, 45: CHSH,
35:SH,+, 34: SH,*, 29: G,H;*, 28: C,H,*, 27: C,H,*,
26: C,H,t.

1. Therefore, the remaining possibility is as follows:

CH,S* — CH, + S* (4)
The tendency of the breakdown curves in Fig. 1 sup-
ports GH,;S+ as the major precursor of S+.

Lthanethiol: The fragmentation of ethanethiol is
shown in Fig. 2.

The major processes in the breakdown phenomena
of the parent ion are (i) rupture of the C-C bond and
(ii) that of the C—S bond.

In the C-C bond rupture the following processes are
observed:

C,H,SH* — CH,SH* + CH, (5)

CH,SH* —— CHS* + H, (6)
In place of CH,SH* in Reaction 5 the CH4t+ ion whose
abundance is a few percent at maximum is formed by
the process:

C.H,SH* — CH,SH + CH,* (7)

In the C-S bond rupture the following processes
occur predominantly:

C,H,SH* —» GH,* + SH (8)
CH;" — GH;" + H, 9
Besides these processes, hydrogen sulfide elimination
from the parent ion occurs as follows:
CH,SH* — GH,* + H,S (10)
The relationship between energy and abundance in
Fig. 2 clearly shows that the C,H,* ion is not derived
from G H*.

A small amount of SH;* ion appears in the breakdown

graph. This species is probably formed by the process:

C,H,SH* — C,H, + SH,* (11)
SH,t+ has an isoelectronic structure with PH,; and shows
high stability in the mediam energy region (15—20
eV).
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Fig. 3. Breakdown graph of l-propanethiol.
mfle 76: C;H,SH*, 75: C,H,S+, 61: C,H,SH+, 47:
CH,SH*, 46: CH,St, 45: CHS*, 43: C;H,*, 42: C;H,t,
41: CgH,t+, 39: CGgH,*, 35: SH,t, 33: SHt, 29: C,H;t,
27: C,H,*.

1-Propanethiol: The breakdown graph of 1-propane-
thiol is shown in Fig. 3. (i) Rupture of the C-S bond
and (ii) that of the C—C bonds are observed.

In the G-S bond rupture the following processes
occur as energy increases:

CH,SH* — C,H,* + SH (12)
CH," — CaH5+ + H, (13)
03H5+ —_ GaH:;+ + H, (14’)

Elimination of hydrogen sulfide occurs in the low
energy region in the same manner as Reaction 10.
CH,SH* — C,H," + H,S (15)
The mechanism of formation of the ion C,Hgt is not
clear, but the following processes are reasonable, judg-
ing from the energy relation in the figure:
C;He* —— C,H,* + CH, (16)
GH," — C;H;" + CH, (17)
The formation of SHy+ seen in Fig. 3 may be due to
the rearrangement of C;H,SH* followed by decomposi-
tion:
CH,SH" — [CH;SH,"] — CoH; + SH"  (18)
The probability of scission of the C(a)-C(f) bond is
higher than that of the C(f)-C(y) bond. A similar
observation has been made in the case of 1-propanol.®
C,H,SH* — CH,SH* + G,H, (19)
C,H,SH* — C,H,SH* + CH, (20)
As the energy increases CH,SH* decomposes into a
hydrogen molecule and CHS+.
CH,SH* — CHS' + H, @1)
2-Propanethiol: 'The mass spectroscopic patterns ob-

tained by electron impact!® show distinct differences in
the cases of l-propanethiol and 2-propanethiol. Posi-
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Fig. 4. Breakdown graph of 2-propanethiol.
mle 76: CgH,SH*, 75: C;H,S+, 61: C,H,SH*, 59:
C,H,S+, 47: CH,SH*+, 45: CHS*, 43: C,F,*, 42: C;H,*,
41: C3H;*, 39: GgH,*, 35: SH,+, 33: SHY, 27: C,H,*.

tive ion impact using a tandem mass spectrometer is
often more useful to understand the fragmentation
mechanisms than electron impact is.

The fragmentation of 2-propanethiol is shown in
Fig. 4. In the case of the C-S rupture the following
process takes place to give CH;CHCH,*:

i-C,H,SH* — CH,CHCH,* + SH (22)

As energy increases the ion CH,CHCHg+ decomposes
by the following processes:

CH,CHCH,* — G,H,* + CH, (23)
CH,CHCH,* — C,H;* + H, (24)
CHy* — CH,* + H, (25)

The rearrangement product SHy* is more abundant
in 2-propanethiol (about 10%, at maximum) than in
l-propanethiol (49, at maximum). This fact clearly
shows that the hydrogen atoms attached to the f
carbons are involved in the rearrangement reaction,
and it is likely that the probability of the rearrangement
depends on the number of the hydrogen atoms available.

In the case of the C-C bond rupture the following
reaction occurs:

(CH,),CHSH* — C,H,SH* + CH, (26)

As the energy increases this C,H,SH* ion seems to
decompose by the following processes:

CH,SH* —» GH,* + H,S 27)

C,H,SH* — SH," + G,H, (28)

1-Butanethiol (n-Butyl Mercaptan): The fragmenta-

tion of l-butanethiol is shown in Fig. 5. In the case

of the C-S bond rupture the hydrogen sulfide elimina-

tion process,

CH,SH* — CH,* + H,S (29)
occurs as well as the following process,
CH,SH* — C,H," + SH (30)
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Fig. 5. Breakdown graph of l-butanethiol.
mfe 90: C,H,SH*, 89: C,H,St, 57: C,Hyt, 56: C;H,
47: CH,SH+, 45: CHS+, 43: C;H,+, 41: C;H,+, 39:
C,H,*, 35: SH,*, 33: SH+, 29: CH;*, 28: G,H,,
27: CyHt.

C,H,+ and C,H;* are probably produced by the direct
scission of the C-C bonds from the parent ion; the
molecular orbital calculation in Table 2 shows the
presence of these ions as the primary scission products
from the parents.

C,H,SH* — C,H,* + CH,SH (31)
C,H,SH* — CH,* + C,H,SH (32)

An alternative path for the formation of the ion C,Hy*
is C,H+—C,H;++C,H,. The energy relationship in
Fig. 5 shows that this process is possible. Formation
of the C3H,* or C,H,* ions in the median and higher
energy region in the figure will be explained by suc-
cessive elimination of hydrogen molecules or by rupture
of the C-C bonds in C,Hgt etc.

The formation of C,H,SH+ and CH,SH* occurs by
the following process:

C,H,SH* — C,H,SH* + C,H; (33)
C,H,SH* — CH,SH* + C,H, (34)

2-Methyl-1-propanethiol  (Isobutyl Mercaptan):  The
breakdown graph of this substance is shown in Fig. 6.
The formation of C,Hgt and CHgt by the processes
shown in Reactions 29 and 30 appears clearly in the
figure. Besides these species, CgH,* in Reaction 31
and its degradation product ions, C;H;* and CzH,*,
appear also. The ion C,Hy+ or C,Hzt may be a
secondary or tertiary product due to a rearrangement

of hydrogen atoms on the carbon skeleton. CH,SH*

in Reaction 34 is also detectable in this case.
1-Methyl-I1-propanethiol (sec-Butyl Mercaptan): Figure

7 shows the fragmentation of the substance. In this

case formation of C,Hg* by hydrogen sulfide elimina-
tion from the parent ion is a rather small possibility,
and the ion CHyt appears to be important. It is
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Fig. 6. Breakdown graph of 2-methyl-1-propanethiol.
mfe 90: C,H,SH*, 89: C,H,S*, 57: C,Hy*, 56: C,Hgt,
55: G H,*, 47: CH,SHt, 45: CHS*, 43: C;H,*, 41:
C;H;+, 39: CH,*, 35: SH;*, 33: SH*, 29: C,H;,
27: C,H,t.
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Fig. 7. Breakdown graph of 1-methyl-1-propanethiol.
mfe 90: C,H,SH+, 89: C,H,S*, 61: C,H,SH*, 57:
C,H,t, 56: C,Hg*, 55: C,H,*, 47: CH,SH+, 45: CHS*,
41: C;H,*, 39: C,;H,t, 35: SHy*, 29: C,Hy*, 27: CH,t.

interesting to see that C,H,SH* is prominent in the
lower energy region (10—15¢€V). The ion CyHg* is
produced probably by direct scission from the parent
ion. CgHgt+ is produced not as a degradation product
from CyH,*, but as a product which is derived probably
from C,Hgt by elimination of CH,.

—SH —CH,
CH,SH* — CGH," — GCH;" (35)
2-Methyl-2-propanethiol (‘tert-Butyl Mercaptan): Figure
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Fig. 8. Breakdown graph of 2-methyl-2-propanethiol.
mje 90: C,H,SH+, 89: C,H,S*, 57: C,Hy*, 41: CoH,*,
39: C,H,+, 29: C.H,+, 27: C,H,*.

8 shows the breakdown curves for this substance. The
processes which are prominent for this substance in-
volve formation of the C,Hy+ and CgHg* ions as in
Reaction 35. Besides these, the ion C;Hg* appears as
a fragmentation product from C,Hg* after rearrange-
ment of the hydrogen atoms. In this case formation
of C,H,* by elimination of hydrogen sulfide is only a
slight possibility.

Discussion

The comparison of the present results of fragmenta-
tion in CH,SH, C,H;SH, and 1-C,H,SH with those in
CH,OH, C,H,OH, and 1-C;H,OH obtained by Lind-
holm and coworkers'=3 is summarized in Table 1.
Only the main processes are listed in the table.

In methanethiol the main processes of hydrogen
elimination are similar to those in methanol.** How-
ever, the SH+ and S+ ions are observed in methane-
thiol, whereas almost no OH* and O™ ions are observed
in methanol. The presence of SH* and the absence
of OH+ reflect the difference of bond strength between
C-S and C-O. The bond energy of C-S (~70 kcal/
mol) is larger than that of CG-O (~90 kcal/mol).1
The major precursor of the S* ion is not SH* but
CH,S*, judging from the energy relation in Fig. 1.

In ethanethiol the fragmentation processes are rather
different from those in ethanol. Hydrogen elimination
is less important in ethanethiol than in ethanol. Elimi-
nation of hydrogen sulfide can be observed in ethane-
thiol, whereas almost no elimination of water is ob-
served in ethanol. Formation of CH,OH* in ethanol
is much more important than that of CH,SH* in
ethanethiol, probably owing to the difference of stability
between them. The rupture of the C-S bond occurs
more easily than that of the C~O bond does.

In propanethiol hydrogen elimination from the parent
ion is less important than in propanol. Hydrogen
sulfide elimination from the parent ion CgH,SH* is
prominent, but water elimination from C3H,OH* giving
C,H¢* is much more prominent than hydrogen sulfide
climination. The rupture of the C-S bond giving
C,H,* is easier than that of the C-O bond, owing to
the difference of the bond strength between them.
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COMPARISON OF FRAGMENTATION BY CHARGE EXCHANGE WITH POSITIVE IONS

BETWEEN THIOLS AND ALCOHOLS

Thiol

Alcohol

-H
CH,SH* «—— CH,S*

¢ 1 -
H 3 £ 2
¥ X ¥

CH,* SH* S* CHS*

Methane

—H

C,H,SH* — . CH,CH,S*
—CH,

. CH,SH*

~SH ~H,

Ethane

Propane

" CH,SH*

. CH,"

—H, —H,
s CH, —— GH,* —— GH,*

~-H
CH,OH* =—— CH,OH*

!
| [
v

CH,* CHO~*

-H
C,H,OH sy CH,CHOH"

| —CH, —H,
= CH,0OH* ——— CHO"
. —OH —H,

. CH,t — CH,

-H
C,H,OH* ey C,H,OH*

| —CiHs —H,
oy CH,OH* ——— CHO*
—OH
-------- > CH,* etc.
—H,0

— C,H,*

=) important (">409%,)

Formation of CH,SH+* is less prominent than that of
CH,OH+.

In the case of ethanol, for example, Koch and
Lindholm?) discussed the suggestion that the ionized
oxygen atom has a valency of three and has a tendency
towards formation of a double bond between C and
Ot. Owing to this tendency, the other bonds of the
carbon atom are weakened. They considered the fol-
lowing three resonant structures:

(a) CH,—CH,-O-H

I
(b) -CH, CH,-O-H (36)
(¢ CH,—CH=O-H

H

1
A similar consideration can apply to the cases of
the higher alcohols and also to the cases of the corre-
sponding thiols. Stabilization through an electron-
releasing conjugative effect is well known to occur in
the following manner:

H,C-X-H «—H,6-X-H (37)
& ..
H,C-CH-X-H «— CH,-CH-X-H (38)

H

where X is O or S. As the m-bonding between C2p
and S3p is weaker than that between C2p and O2p,
rupture of the C-S bond occurs more easily than that
of the CG—O bond does. This tendency is pronounced
in Table 1. The ions CH,OH+ and CH;CHOH"* (or
CH,CH,CHOHY") are remarkable compared to the ions
C,H,* and C;H,+, which are produced by the C-O
rupture in the cases of ethanol and I-propanol. On
the other hand, the ions CH,SH* and CH,CHSH+ (or
CH,CH,CHSH) are not more abundant than C,Hj*

—— moderately important (40—20%) - > less important (<{20%)

and C,H,* in the cases of ethanethiol and 1-propane-
thiol.

Hydrogen sulfide or water elimination from the
molecular ions occurs easily in the larger thiols or
alcohols. This process seems to proceed through the
intermediate R—-SH,* or R—-OH,*, which probably weak-
ens the double bond formation between R-S or R-O
in Reaction 36 (a) and (b) and therefore results in the
rupture of the bond R-S or R-O in the lower energy
region.

For the compounds larger than n-propyl, the ap-
parent similarity is more pronounced for thiols and
alcohols.”? Increase of the length of the carbon chain
causes a larger contribution of the alkyl group which
is common to thiols and alcohols. This makes the
fragmentation pattern similar for larger thiols and
alcohols. However, the larger cross section of the
sulfur atom in thiols for charge exchange or electron
impact compared with that of oxygen in alcohols makes
the parent ion more prominent in thiols. This fact
will be confirmed by the study using a double mass
spectrometer cross section measurement.5

Next, let us consider the effect of the structure of the
compound. Methyl elimination from 2-propanethiol
(SH: secondary position) giving G,H,SH is remarkable,
whereas that from I-propanethiol has only a small
probability. For 2-propanethiol the following reso-
nance forms should be considered in the same manner
as Reaction 36:

(a) CH,—CH(CH,)-S-H
(b) -CH, CH(CH,)=S-H (39)
(¢ CH,—CH—S-H

CH,
i

As (b) and (c) are the same expression, only the res-
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onance between (a) and (b) can be taken in account
here. Thus it is easily understood why methyl elimina-~
tion from the molecular ion is highly probable in
2-propanethiol. On the other hand, it is obvious that
I-propanethiol loses its methyl group by a different

e
mechanism. The ionic species CHy=S-H is known to

be more abundantly produced than CHaCH=§—H on
electron impact of l-propanethiol. Generally the (-
cleavage is easier than the y-cleavage for sulfur-con-
taining ions.’® The same tendency is more pronounced
for the case of electron impact mass patterns in 1- and
2-propanols.?)

The difference of the mass patterns between 1-
(primary) and 2-(secondary) butanethiols can be under-
stood in principle in the same manner as stated above.
The prominent ions CH,SH* in I1-butanethiol and
C,H,SH+ in 2-butanethiol and formed through the
resonance containing the C=S double bond.

Fragmentation of the tertiary compound of butyl
mercaptan is entirely different from the other butyl
mercaptan. It is initiated by rupture of the labile C-S
bond. Not only hydrogen migration but also re-
arrangement of the carbon structure are involved in

[Vol. 48, No. 9

the decomposition processes.

In previous papers,’8-29 we have studied the pos-
sibility of direct fragmentation of the molecular ions
from their electronically excited states. We found that
this is true for various systems, by comparing the ex-
perimental results with those obtained by calculation.
As calculation of methanethiol has been done in the
other paper?) submitted in this bulletin, only the
results of the calculation for two kinds of propanethiols
and four kinds of butanethiols are shown here. Ac-
cording to the Extended Hiickel Molecular Orbital
(EHMO) method the energy levels and eigenvectors
of the molecular orbitals are calculated, and the main
characters of the MO’s are determined on the basis of
these calculated eigenvectors. When an electron is
ejected from a certain molecular orbital by charge
exchange, the bond corresponding to the molecular
orbital is subjected to scission, resulting in formation
of various fragment ions. The energy levels, the main
characters, and the product ions expected are shown in
Tables 2 and 3 for propanethiols and for butanethiols,
respectively. The tendency of appearance of the ions
is in good agreement with the experimental results in
Figs. 3 and 4 for propanethiols, and the same is true

TaBrE 2. CaLcuLATED MO ENERGY, CALCULATED MO ASSIGNMENT, AND
FRAGMENT IONS FOR 1-PROPANETHIOL AND 2-PROPANETHIOL

Calculated MO
energy (eV)

Main character

Produced ions

1-Propanethiol 10.39 n(S) 76
11.53 n(S) ¢(SH) 76, 75
13.03 6(C;8) o(C,GC,) 6(C,Cy) 43, 42, 47 or 29, 61
13.29 7 (CH,)
13.55 6 (C,G,) 47 or 29
2-Propanethiol 10.38 n(S) 76
11.45 n(S) o(SH) 76, 75
13.13 c(G,S) 43 or 42
13.26 6(C,C,) 6(CyCy) 61

TABLE 3.

CarLcuraTtep MO ENERGY, CALCULATED MO ASSIGNMENT, AND
FRAGMENT IONS FOR VARIOUS BUTANETHIOLS

Calculated MO
energy (eV)

Main character

Produced ions

10.40
11.52
12.75
13.24
13.47
10.36
11.44
12.95
13.10
10.37
11.35
12.87
13.09
10.36
11.45
13.01

1-Butanethiol

2-Methyl-1-propanethiol

1-Methyl-1-propanethiol

2-Methyl-2-propanethiol

n(S)
¢(SH) ¢(C,S)
6(C,S) o(CyCs)

90
89, 57 or 56
57 or 56, 61 or 29

n(CH,)
6(C,G,) 47 or 43
n(S) 90
o(SH) ¢(GC,S) 89, 57 or 56
6(C,C,) 43 or 47
0'((]2(}m)
n(S) 90
n(S) ¢(SH) ¢(C,S) 89, 57 or 56
6(C,C,) n(CH,) 61 or 29
6(C,S) n(CH,) 57 or 56
n(S) 90
n(S) o(SH) 90, 89
6 (G,S) 57

C,,: C in 2-methyl group.
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for butanethiols (see Figs. 5—8). It is likely that there
is direct scission, which will give the various fragment
ions shown in Tables 2 and 3. Even if all of the frag-
ment ions are not derived from the direct scission of
the molecular ions, at least some parts of these ions are
considered to be formed by the scission from the elec-
tronically excited molecular ions. As the fragmenta-
tion processes in the higher energy region are pro-
foundly influenced by the secondary scission, it is
obvious that the calculation performed above cannot
apply to the processes in the higher energy region.

From Table 2, it is shown that fragmentation in
2-propanethiol is simpler than that in l-propanethiol;
this tendency is in agreement with that obtained in
the experimental results (Figs. 3 and 4). Similarly,
from Table 3 fragmentation of 2-methyl-2-propanethiol
(tertiary compound) is expected to be simpler than that
of any other compounds of butanethiol. This tendency
is in agreement with that obtained by the experiments
in Figs. 5—8.

It is noteworthy that this kind of study using a
double mass spectrometer can supply information about
ion-molecule reactions involving the excited parent
ions; it is especially useful to obtain the energy-abun-
dance relation among the fragment ions.

The authors thank Mr. Hiraga for his cooperation
throughout this work.

References

1) H. Van Koch and E. Lindholm, Arkiv Fysik, 19, 123
(1961).

2) P. Wilmenius and E. Lindholm, ¢bid., 21, 97 (1962).

3) E. Pettersson, ibid., 25, 181 (1963).

4) E. Lindholm and P. Wilmenius, Arkiv Kemi, 20, 255
(1963).

5) T. Nagatani, K. Yoshihara, and T. Shiokawa, This

Fragmentation of Molecular Ions of Aliphatic Thiols

2439

Bulletin, 46, 1450 (1973).

6) T. Nagatani, K. Yoshihara, and T. Shiokawa, bid.,
46, 1306 (1973).

7) For example see K. Biemann, “Mass Spectroscopy:
Organic Chemical Applications,” p. 100, McGraw-Hill Book
Co., New York (1962).

8) T. Nagatani, K. Yoshihara, and T. Shiokawa, This
Bulletin, 46, 1628 (1973).

9) T. Nagatani, K. Yoshihara, and T. Shiokawa, ibid.,
46, 2721 (1973).

10) S. Ikuta, K. Yoshihara, and T. Shiokawa, ibid., 46,
3648 (1973).

11) T. Shiokawa, K. Yoshihara, M. Yagi, T. Omori, H.
Kaji, M. Hiraga, T. Nagatani, and Y. Takita, Mass Spectro-
scopy, 18, 1230 (1970).

12) J. L. Franklin, J. G. Dillard, H. M. Rosenstock, J. T.
Herron, K. Draxland, and F. H. Field, “Ionization Potentials,
Appearance Potentials, and Heat of Formation of Gaseous
Positive Ions,” NSRDS-NBS-26, National Bureau of Stand-
ards, U.S., Washington, D.C., (1969).

13) American Petroleum Institute Research Project 44.
Catalogue of Mass Spectral Data, Carnegie Institute of
Technology, Pittsburgh (1953).

14) V. 1. Vendeneyev, L. V. Gurvich, V. N. Kondrat’yev,
V. A. Medvedev, and Ye. L. Frankevich, “Bond Energies,
Ionization Potentials and Electron Affinities,”” Edward Arnold,
London (1966), p. 63, 64.

15) K. Yoshihara, J. C. Abbé, and J. M. Paulus, to be
published.

16) E.]J. Levy and W. A. Stahl, Anal. Chem., 33, 707 (1961).

17) R. A. Friedel, J. L. Shultz, and A. C. Sharkey, Jr.,
tbid., 28, 926 (1956).

18) S. Ikuta, K. Yoshihara, and T. Shiokawa, Mass Spectro-
scopy, 22, 233 (1974).

19) S. Ikuta, K. Yoshihara, and T. Shiokawa, ibid., 22,
239 (1974).

20) S. Ikuta, K. Yoshihara, and T. Shiokawa, ibid., 22,
245 (1974).

21) S. Ikuta, K. Yoshihara, and T. Shiokawa, This Bulletin,
48, 2134 (1975).






