AD=ALL7 442 MICHIGAN STATE UNIV EAST LANSING DEPT OF CHEMISTRY F/6 774
STHUCTURES AND FRAGMENTATION MECHANISMS OF THE TONS OF ETHANOL ==ETC (1)
JUL 82 R K LATVEN, M B MCFARLAND: C G ENKE N00014=7g=-Calngp

UNCLASSIFIED TR=9 . )




BEEEEE
K EEE] .A

L m 3 m_.-muuuu

= l_E_ b

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A




S
e

DTC FILE COPY

OFFICE OF NAVAL RESEARCH
Contract N00014-76-C-1092
Task No, NP 0571-634

TECHNICAL REPORT NO. 9
Structures and Fragmentation Mechanisms of the Ions of Ethanol
By Triple Quadrupole Mass Spectrometry
by
R. Kazmer Latven, Margaret B. McFarland, and Christie G. Enke

Prepared for Publication
in

Organic Mass Spectrometry

Department of Chemistry
Michigan State University
East Lansing, MI 48824

July 15, 1982

Reproduction in whole or in part is permitted for any
any purpose of the United States Government

This document has been approved for public release and
sale; its distribution is unlimited.

DTIC

ELECTER
JuL 261982

82 07 26 005

T —

E __

e NSRS Sy vk .




L 4 T R IR AR 4

SECURITY CLASSIFICATION OF TiIS PAGE (When Data Entered)

L e T AN SRR PRI 1

REPORT DOCUMENTATION PAGE
1. REPORT NUMBER

READ INSTRUCTIONS
BEFORE COMPLETING FORM

NINE

4. TITLE (and Subtitle, W j// 7/

2. GOVTY ACCﬁSSKyﬁ 3. RECIPIENT'S CATALOG NUMBER

STRUCTURE% AND FRAGMENTATION MECHANISMS OF

THE IONS OF ETHANOL BY TRIPLE QUADRUPOLE
MASS SPECTROMETRY * .

S. TYPE CF REPORT & PERIOD COVERED

Interum Technical Report
6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s)

R. Kazmer Latven, Margaret B. McFarland,
and Christie G. Enke

®. CONTRACT OR GRANT NUMWER(a)

N00014-76-C-1092

9. PERFORMING ORGANIZATION NAME AND ADORESS

. Department of Chemistry
Michigan State University
East Lansing, MI 48824

RAM ELEMENT, PROJECT, TASK
UN MBERS

NR 051-634

. CONTROLLING OFFICE NAME AND ADDRESS
Chemistry Program
Office of Naval Research
Arlington, VA 22217

12. REPORT DATE

July 15, 1982

13. NUMBER OF PAGES

26

ONR Representative

Ohio State University Research Center
1314 Kinnear Road

Columbus, OH 43212

T4, MONITORING AGENCY NAME & ADDRESS(1f dilterent from Controlling Oftice)

18. SECURITY CLASS. (of thie report)

Unclassified

182, DECL ASS!FICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Repert)

Approved for public release, distribution un

Timited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, 1! different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necessary and identily by dlock number) . ’

20. ABSTRACT (Continue on reverse side if necessary and identity by block number)

";;The low energy (10-25 eV) collisionally activated decomposition of the
molecular ion and of some important fragment ions of ethancl, ethanol-0D, and
2,2,2-d3 ethanol has been studied by triple quadrupole mass spectrometry to
obtain “information regarding the ions' structures and fragmentation pathways.
In this technique, ions generated by electron impact in the mass spectrometer
jon source are mass selected in the first quadrupole, undergo collisionally

activated decomposition (CAD) in the second, RF-only, uadruRole collision

cell, and the resuiting daughter ions are mass analyzed by the third quadrupole;

DD ;3287 1473

COITION OF 1 NOV 6318 OGSOLETE
© S/N 0107-014- 6601 |

SECURITY CLASSIFICATION OF THIS PAGE (When Data Enfered)

N



B r LI ST U oy U g P v S T PSP Ry o e

\ LLLUITY CLASSIFICATION OF THIS PAGE(When Dets Entered) U

\*ghe unit resolving power of the final quadrupole analyzer is a distinct ad-
vantage over other implementations of MS/MS in that structural information
contained in deuterated s ies is readily obtainﬁkje Eth 1 ions ¢
studied inclyde [CH, cu , [CH cuou]‘*) (CH.COH [cn.,co » [CHyOH

and [Ch,OH Fragmen ation "mechanisms based on CAD spectra are cons1stent
with the fragmentation of a particular ion's deuterated analogs. The elucid-
ation of the decomposition mechanism leads to an unambiguous assignment of
parent ion structure in many cases. The observed dissociations parallel
closely those observed in both electron impact and high energy CID in sector
instruments. The data suggest that fragmentation reactions which follow
electron impact and collisional activation at both high and low energies are
at least qualitatively independent of the method of excitation. Thus iso-
topic labeling in conjunction with low-energy collisionally acd*i%ted de-
composition in the triple quadrupole mass spectrometer is a convenient and
Juseful tool for the determination of ion structure and fragmentation mechan-
isms, and is complementary to high energy collisional techniques.

Aocession For

| NTIS GRA&I )
DTIC TAB
Unannounced O
Justification_ _ _
By.

| Distritesiony

Availability Codeas
iAvail znd/or

Dist Special

SECURITY CLASSIFICATION ¢ :.i8 PAGE(™hsn Date Enatere)



RN

Structures and Fragmentation Mechanisms of the Ions of Ethanol
By Triple Quadrupole Mass Spectrometry
R. Kazmer Latvenl, Margaret B. McFarland, and Christie G. Enke*
Department of Chemistry
Michigan State University
East Lansing, Michigan 48824

ABSTRACT
The low energy (10-25 eV) collisionally activated decomposition of

the molecular ion and of some important fragment ions of ethanol,

- ethanol-0D, and 2,2,2-d3 ethanol has been studied by triple

quadrupole mass spectrometry to obtain information regarding the ions'
structures and fragmentation pathways. In this technique, ions
generated by electron impact in the mass spectrometer ion source are
mass selected in the first quadrupole, undergo collisionally activated
decomposition (CAD) in the second, RF-only, quadrupole collision cell,
and the resulting daughter ions are mass analyzed by the third
quadrupole. The unit resolving power of the final quadrupole analyzer
is a distinct -advantage over other implementations of MS/MS in that
structural information contained in deuterated species is readily
obtainable. Ethanol ions thus studied include [CH3CHaOH])*-,
[CH3CHOH)*, [CHCOHT*, (CHaCO1*-, [CH3OH1*- and [CHRO0H)*.

*Author to whom correspondence should be addressed.

1. Present address: Hewlett-Packard Company., 3003 Scott Blvd.,
Santa Clara, CA 95050.




Fragmentation mechanisms based on CAD spectra are consistent with the
fragmentaiion of a particular ion's deuterated analogs. The
elucidation of the decomposition mechanism leads to an unambiguous
assignment of parent ion structure in many cases. The observed
dissociations parallel closely those observed in both electron impact
and high energy CID in sector instruments. The data suggest that
fragmentation reactions which follow electron impact and collisional
activation at both high and low energies are at least qualitatively
{ndependent of the method of excitation. Thus isotopic labeling in
conjunction with low-energy collisionally activated decomposition in
the triple quadrupole mass spectrometer {s a convenient and useful tool
for the determination of ion structure and fragmentation mechanisms,

and is complementary to high energy collisional techniques.

INTRODUCTION

Low energy collisionally activated decomposition of gaseous fons
provides a direct yet simple method for the elucidation of fonic
structure. Triple quadrupole mass spectrometr:y1 is a technique
which embodie; the low energy collision process; when coupled with
{sotopic labeling. it can yield unambiguous structural and mechanistic
tnformation 2. A major advantage of triple quadrupole mass
spectrometry (TQMS) for the study of fonic structure and fragmentation
1s the unit mass resolving power of both analyzer sections which allows
fragments which differ by only one amu to be independently observed.
In the present paper, the structure of some important ions of ethanol

are determined by low energy collisionally activated decomposition
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(CAD) and the mechanisms involved in their dissociation are explored
with the aid of deuterium labeled isotopes.

Ethanol has been a popular molecule for the test of new techniques
or theories in fonic structures 3-8. . Friedman et 21.3  1n 1957,
predicted a fragmentation scheme for ethanol based on appearance
potentials and thermochemical calculations. However, more recent
proposals for ethanol fragmentation have been made by Danchevskaya and
Torbin, Their work, based on electron impact studies of ethano!l
and several deuterated analogs, predicts both ton structure and
fragmentation mechanisms.

Selected ion fragmentation in reversed geometry sector instruments
has been well demonstrated for organic structure determinationg’lo
Cooks /  and coworkers in 1975 have performed high energy (»8 keV)
collision-iﬁduced dissociation of the ions of ethanol in a
thermochemical study, which allowed the description of the reactions of
highly excited fons.

In the present work, the ethanol fragments at m/z 46, 45, 43, 42,
32, and 31 are studied by low energy (10-25 eV) CAD. In addition, 2
comparison of the methods and results from electron impact, CID and CAD

is offered.

EXPERIMENTAL
The triple quadrupole mass spectrometer used in this study has '
been described in detail in earlier workll, . Briefly, the instrument
consists of, in series, an electron impact ion source of special

design, a quadrupole mass filter (Ql), an RF-only quadrupole collision
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cell (Q2), and a second quadrupole mass filter (Q3). The {on source,
not previously described, is ; cross axial type with a magnetically
confined électron beam. An elongated, wire mesh enclosed fonfzation
region provides electron energy homogeneity and minimizes interactions
with unionized molecules. The ion volume exit aperture leads to three
focusing lenses and an Extranuclear Labs ‘ELFS' leaky dielectric
quadrupole entrance aperture to avoid effects of fringing fields.
Detection is via a Galileo 4800 channel electron multiplier. The
output current is amplified by a Kiethly 18000-20 picoammeter, and data
recorded by an H-P 7044A X-Y recorder.

The ethanol used for analysis was reagent grade and used without
further purification. Ethanol-0D (min 99 atom %D) and 2,2,2-d3
ethanol (98 atom %D) were purchased from Merck and Co. (St. Louis, MO
63116).

The sample was degassed by standard freeze-pump-thaw cycle and was
then bled into the source through a Granville-Phillips variable leak,
to a pressure of 5 millitorr (1 torr = 133 Pa). The electron energy
was 70 eV with an emission current of 0.25 mA. The argon target gas
was from Afrco Industrial Gases (Southfield, M1 48075), 99.998% pure.
Target gas pressure was measured by a calibrated Bayard-Alpert type
fonfzation gauge and regulated by a Granville-Phil1ips model 216 flow
controller.

An fon of particular m/z produced in the source and chosen for
study was selected by quad 1; argon target gas was then bled into the
collisfon cell and automatically regulated to 4 x 10~4 torr. The

resulting fragmentations were determined by scanning the second
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analyzer (Q3). Spectra were recorded with 10 V and 25 V ax{al energy.
The axial energy, Epax, 1s appEOximater equal to the offset voltage
between source ion volume and the quadrupole rods of the collision
region. Axial energy profiles (I vs. Epx) give characteristic
information regarding CAD product ions' nature and origin 12,

Profiles were obtained for all ions suspected of arising from charge
exchange or proton transfer to determine the nature of the transition.
CAD spectrum were obtained for every ion in the EI spectra of ethanol
ethanol-0D, and 2,2,2-d3 ethanol, having an intensity greater than 5%

of the base peak. Data given in Tables 1-4 are accurate to within

~10%.

RESULTS AND DISCUSSION

Tables 11— 4 show low energy (Eax = 25V) CAD spectra of the
major ions formed by electron impact from ethanol, ethﬁnol-on,
2,2,2-d3 ethanol, and methanol/methanoi-0D. The intensities given
for the parent fon relative to the base daughter ion peak are
indicative of the collision cross-sections for the parent ion. A
higher parent peak implies a lower cross-section. The structures and
fragmentation mechanisms reported for the jons of ethanol are

consistent with those of their isotopically labeled analogs.

m/2 46: [CH3CHpOH]*-
The structure of the molecular fon is unambiguous in this case
since it arises from a saturated molecule, and has only one site of

nonbonding electrons available for fonization. Upon collision (Epyx
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= 25V into argon) the molecular ion produces [45]*, and [31]*
directly..both by a-cleavage, as seen in Schemes 1 and 2. This is
consistent with the labeled analogs’' behavior: ethanol-0D shows

[M]*" = [CH3CHOD]* + H, and [M]*' = [CH20D]* + <CH3,

while d3 ethanol yields the analogous [M]*- + [CD3CHOH]* + H

and [MJ*s + [CHy0H] + +CD3. Loss of methyl provides the base

peak, and loss of H forms an ion of approximately 50% base peak in all
cases. Other peaks seen in CAD spectrum of ethanol molecular ion, viz.
m/z 30, 27, and 15, may arise from [M-H]* at m/z 45, since these
transitions are strong in the [45]* CAD spectrum itself, and appear
there in the same ordering as observed in the [46]*< CAD spectrum.

The target pressure response for this fragmentation is shown in
Figure 1. The parent ion at m/z 46 is attenuated at increasing
pressure due to fragmentation; at higher pressures some scattering loss
is observed. The [M-HJ* fragment at m/z ast is composed of both a
metastable and a collisional contribution. If the metastable
contributor (“8%) is removed, the contribution from collisionally
activated decomposition can be determined, and is shown by the dashed
line at m/z 45 in the figure. Other daughter ions at m/z 31, 30, 27,
and 15 show iheir pressure dependence as indicated. If the fragment
fon response is normalized to the scattering-corrected parent ion
intensity, the log-log siope of the fragments indicates the order of

the reaction:

n/2 st s o 3 27 15
Slope 0 1.0 1.1 1.0 1.9 1.9




These reaction orders demonstrate that the parent ion produces m/z 45,
31 and possibly 30 by a first order (single collision) process.
Analogous to the [46]*" - [31]* transition may be the loss of

methyl from [45]* -+ [30]*- The cross-sections for these .
reactions at 10-5 torr target pressure are well within a factor of

3: 13 and 5.9 32, respectively. The second order processes (two
collisionsi may follow [46]* + [45]* + [27]* and

(461" » [45]* + [15]* pathways; it is possible, however, for the
second order processes to follow a first order collisional excitation

of the parent ion [46]*: » [46*]*. » [27]* and

[46]*+ - [46%]*+ - [15]*.

The ion at m/z 29 is a mixture of [CoHg]* and [CHO]*. The
1ibrary reference spectra of [CoHg)* show 2 15*:14t13%2°
ratio of 100:55:2:0 while [CHO]* reference spectra give a 13*:12*
ratio of about 10:4. Ethanol [29]* provides a 10:7:8:3 ratio of the
15%-to0-12* series which, assuming the molecular ion fragments
similarly to [29]* by El and CAD, indicates the preseﬁce of a mixture
which is approximately 80 1+ 10% [CHOJ*. Friedman and coworkers
have determined this value by high resolution MS to be 77%. The
[CoHg)* arises from a charge site-initiated 1oss of OH from the
molecular ion, while the [CHO]* is probably formed through the
[45)* intermediate.

Protonated or deuterated water fons are formed at m/z 19 from
ethanol molecular ion, at m/z 19 and 20 from ethanol-0D and at m/2
22*, 21*, and 20* from dy ethanol from both [46]* and [45)*
parent fons by rearranyement. the exar" mechanis s of which are highly

complex’,

SR -




m/z 45: [CH3CHOHI*

The [45]* ion was seen to have arisen from a cleavage of the
molecular ‘on at [46]*-. As such, its CAD spectrum should be
analogous to the [46]* from ethanol-0D and the [48]* from d3
ethanol. Scheme 3 shows a four centered loss of Hy from the cﬁrbonyl
and a carbon. Ethanol-0D and d3 ethanol show an analogous reaction,
loss of Hp and HD, respectively.

Scheme 4 shows odd electron ion formation from an even electron
species. Although decompositions of even electron species have been
poorly understoodl3,  a recent review article by McLafferty 14
describes their utility in characterizing structure. This particular
even electron mechanism is seen often in CAD of even electron

15’15. The driving force of the fragmentation is necessarily induc- -

jons
tive in nature, but instead of attracting an electron pair, only one of
the electrons of the bond is attracted to the charge site. The other
electron leaves with the neutral radical? molecule or atom. Since this
mechanism does not involve a true electron pair induction, for purposes
of this discussion we will refer to it as electron unpairing, after

Sigsby, Day and Cooksls'16

and give it the notation i*. A loss of
methyl radical from [45]* by electron unpairing forms [HCOHJ*-
at m/z 30. Ethanol-0D [46]* and 2,2,2-d3 ethanol [48]* similarly
lose *CH3 and *CD3 to form [31]+' and [30]+', respectively.

The formation of [27]* and H0 from [45]* involves the loss
of hydroxyl and the competing loss of hydrogen from both the number one
and two positions. While the ethanol-0D analog at m/z 46 shows pre-
dominantly a loss of 19 (0D plus unspecified H), the 2,2,2-d3 ethanol
demonstrates loss of 18 (H from no. 1 carbon) and the loss of 19 (D

from no. 2 carbon) in a 3:2 ratio respectively (Scheme 5).




The [CHOJ* daughter ion at m/z 29 is formed by the loss of the
terminal methyl and the hydroxyl proton. This is indicated by the
observation that [29]* is similarly intense in the spectra of all
three analogs, although the exact mechanism of formation remains
unclear.

The m/z 45 parent can also form [CH3]* by induction from the
carbonium ion as shown in Scheme 6. The d3 analog similarly forms
[CD3]* at m/z 18, as well as [CDpH]* and [CDHp1* from

rearrangement prior to fragmentation.

m/z 43: [CHpCOH]*

This ion at m/z 43 arises from loss of vicinal Hp from [45]%.
The important resonance contributors of this ion can be seen in Table
5. The charge site can exist on the oxygen or carbonyl carbon
(Schemes 7 and 8). From the former, electron unpairing results in the
loss of K, (or D from tﬁe -0D analog) while the similar mechanism
induced by the charge on carbdn results in the formation of the
acetylene fon in both cases, and loss of neutral OH (or 0D). The
migration of the hydroxyl proton to the terminal carbon is very
important in this ion due to the high stability of the carbon monoxide
leaving group. This results in the inductive formation of [15]* as
the base peak for the ethanol sample (Scheme 9), and [16]* for the
ethanol-0D analog whose parent appears at m/z 44. The corresponding
d3 ethanol ion at m/z 45 contains rearrangement ions, e.g. CDH2C0H+,

which can cause ambiguity in interpretation.
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m/z 42: [CHpCO]*-

The structure of the ion at m/z 42 is seen to arise from a loss of
four protons, one of which is the hydroxyl proton (cf. Scheme 7). The
fragmentation of m/z 42 is shown in Scheme 10 and is equivalent to the
ethanol1-0D spectrum at the same m/z; both show loss of CO to form the
[CHpl*+ species as the base peak. The d3 ethanol spectrum
which corresponds to this structure occurs at m/z 44. Although this
ion fragments to the analogous [CDy]*- at m/z 16, this [44]*-
may contain rearranged [CDHCOH]* as well, which would also produce a

peak at m/z 16, i.e. [CDHp]* by Scheme 9.

m/z 32: [CH30H]*-

For completeness, the ions of methano! and methanol-0D are
included.' For fhe molecular ions, two important reactions are
observed: the radical site initiated a cleavage to form [M-H]* as
the base peak, and the charged induced formation of methyl ion (Schemes

11 and 12).

m/z 31: [CHyOH]*

The species at m/z 31 has two important resonance contributors
shown in Tabie 5. Four centered loss of hydrogen is shown in Scheme
13; electron unpairing forms [CHy]1* at m/z 14, leaving behind
the neutral hydroxyl molecule (Scheme 14). Analogous behavior is again
observed in both ethanol-0D and methanol-0D jons at [32]*. In
addition, the ethanol spectrun is identical to the d3 ethanol
spectrum at m/z 31, which is consistent with the mechanism for

formation of this ion.
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Agreement with Other Work

The fragmentation bf ethanol has been the subject of a number of
studies. Friedman et al. 3. employed a semiempirical application of
the statistical theory of mass spectra to assign structures aﬁd
fragmentation pathways to the mass spectrum of ethanol. Although
important differences exist in the nature of electron impact and low
energy CAD which preclude direct correlations of fragmentation
pathways, a general comparison an be made. For éxample. Friedman
predicts two products from direct decomposition of the molecular ion

which are unobserved in the CAD study, viz. [46]*+ » [44]*- and

. [46]*- » [30]*-. In addition, CAD shows six processes in the

fragmentation of [45]* which are not predicted in the theoretical
model.

A-direct comparison of the assignment of ion structures can be
made, however, since the parent ion in the CAD study arises from
electron impact. The earlier work and the present work concur on the
assignment of ionic structures at m/z 46, 45, 44, 31, and 30. However,
the structure at m/z 43 is postulated by Friedman to be [CH3C0]*;
the present work proposes the structure to be [CHyCOH)*. The
evidence which suggests that [CH3CO]* may not be the structure of
[43]* 1s that its precursor loses Hz from vicinal hydrogens to form
[CH2COH]* (Scheme 3) and also that the terminal methyl structure is
unlikely to lose OH, required for the formation of [CoHa)*-.

As mentioned earlier in the discussion regarding [CKoCOH)*,
migration of the hydroxyl proton is important for the elimination of
€O, and therefore, [CH3C0]* must exist for at least some time prior
to CO loss.
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Danchevskaya and Torbin? propose the structure of this fon to
be [CHaCHOJ*. Their work does imply a migration of the acidic
proton to the carbonyl site, however. In all other cases their
hypotheses of ion structures agree with ours.

Cooks and coworkers’ have studied the fragmentation of ethanol
in a work on the thermochemistry of reactions of highly excited ions.
Of the 16 high energy (8 kV) collision-induced dissociations reported
by Cooks, all but one are observed in the present low energy (25 eV)
study, although in some cases, relative intensities do not correspond
(Table 6 ).

Jennings 17 has pointed out that distribution within groups of
CID peaks was very similar to that observed within the same groups in a
70 eV mass spectrum. This suggests that despite the different methods
of excitation, the distribution of excitation energies is not very
different in the two cases. He therefore concludes that relative
abundance of fragments depends only on the initial energy transferred
to the molecules and not upon the method by which the energy is
transferred.

By comparing the present study with the resuits of Cooks 7 we
have shown thﬁt low energy CAD fragmentation spectra are quite similar
to those resulting from both high energy CID and electron impact.
Although collisional activation in high and low energy systems involves
electronic 16  and vibrational 19  excitation respectively, the
amount of energy thus deposited must be approximately the same in both

cases.
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CONCLUSIONS

lonﬁ of ethanol, ethanol-0D, and 2,2,2-d3 ethanol were directly
characterized by low energy CAD in the triple quadrupole mass
spectrometer. The structure of ethanol ions at m/z 46, 45, 43, 42, 32,
and 31 are postulated to have the following structures:
[CH3CH0HY ", [CHaCHOH]™, [CHpCOH]*, [CHpCOT*", [CH3OHI*",
and [CHOH)*. 1In addition, the mechanisms for the formation and
fragmentation of these ions are demonstrated. Fragmentations can be
the result of multiple collisions in the “RF only" quadrupole.

A mechanism js described which rationalizes the appearance of
odd-electron collision products from even-electron parent ions. This
.mechanism, termed electron unpairing 14,15 , §s initiated by the
charge site and involves the breaking of an adjacent bond, only one of
whose electrons is captured by the charge site. The other electron
leaves with the neutral species as a radical or H.

In addition, the similarities in the nature of low-energy CAD,
high-energy CID and electron impact spectra suggest that the
resulting spectra depend only on the initial energy transferred to the
molecule or fon, and not upon the method by which this energy is
transferred.. These similarities appear to provide complementary
information which may prove useful in areas of structure elucidation
and fon physics.

Triple quadrupole mass spectrometry, when applied to studies of
{sotopically labeled analogs can yield unambiguous information
regarding the structure of the selected ion, and the mechanisms of its

collisionally activated decomposition.
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Table 1. Low Energy (Eax = 25 eV) CAD Spectra of Ethanol Ions.
Intensities are given as % of most abundant daughter ion.
CAD lons Parent lons, m/2
m/2 46 45 43 42 31 30
46 300
45 45 3600
43 12 450
22 | 15 420
k)| 100 5900
30 3.0 64 920
29 10.6 100 2.4 99 100
28 7.1
27 4.8 98
26 7.1 1.2
25
19 - 1.2 66
15 1.9 21 100
14 4.3 100 100 2.9
13 2.3 7.7 4.6
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Table 2. Low Energy (Eax = 25 eV) CAD Spectra of Ethanol -0D Ions.
CAD lons Parent lons, m/z
m/2z Y 46 44 42 32 31
47 265
46 54 3000
44 9.4 1100
42 12 750
32 100 7000
31 2.9 100 3000
30 6.2 8.3 30
29 7.0 83 13 100 100
28 6.2
27 2.9 75
26 5.6
20 .58 53
19 .35 7.8
16 .19 7.8 100
15 .69 3.7 10
14 10 100 48 10
13 2.7 5.0 3.1
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Table 3. Low Energy (Epx = 25 eV) CAD Spectra of 2,2,2-d3
Ethanol lons.
CAD Ions Parent Ions, m/z

m/2 49 48 45 44 31
49 450

48 85 2600

45 4.0 830 '

44 3.1 2.0 560

32 6.2 2.1

31 100 21 6250
30 7.1 100 1.5 6

29 6.1 66 3.7 1.3 100
28 .76 4.0 67 4

27 1.6 2.1 .8

22 1.0 1.5

21 1.9 17

‘20 .33 2l

19

18 .71 2.6

17 52 8.4 100

16 5.3 2.2 100

15 1.2 1.2

14 1.0 62
13 6.2
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Table 4. Low Energy (Eax = 25 eV) CAD Spectra of Methanol?
and Methanol-00P Ions.
CAD lons Parent Ions, m/z
m/z a32 a3j b33 b32 b31
33 1700
32 1400 100 1800
31 100 3400 7000
29 100 100 100
28
16
15 18 32 12
14 4.8 25 5.8 11 41
13 3.6 6
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Table 5. Structure of the major ions of ethanol? and methano1®,

+
a[46]*-  H3C - CHp - OH

+
a[ss]+ H3C - CH - OH

+ +
a[a3)+ HoC = C - OH <« HpC=C=0OH

. + .y
a[42)* ML -C=0 < HL=C=0

o4
b[32]*- H3C - OH

o+
x

R +
3,b[317*  MpL - OH < HyC =
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Table 6. Comparison of High Energy CID in MIKES with Low-energy CAD
in TQMS for the Fragmentation of Ions of Ethanol. Key:
s: Strong, > 10%; m: medium, 1-10%; w: weak, <1%.

DECOMPOSITION INTENSITIES

MIKES TQMS
[46]*- . [45]F s s
[46]* - [43]* m not observed
[46]* » [31]* m s
[a63*- -~ [30]*- not reported m
[46]*- -+ [29]* w m
[46]*- -~ [28]* m w
[46]*- - [27]* w m
[46]*- - [197* w w
[46]*- » [15]* not reported m
[45]* - [43]* m w
(a5t - [31]* w w
[45)* -+ [30]*- not reported m
[45]* - [29]* o oom m
[a5]* - [28]* w w
[as]* - [27)* m m
[45)* - [19]* s m
[45)* - [15)* w w
[43]* - [29]* w w
[31* -+ [291* s m
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Figure 1: CAD product fon intensity vs. pressure for the
fragmentation of 46* from ethanol.






