Imernational Journal of

)

Mass Spectrometry

T VR e
ELSEVIER International Journal of Mass Spectrometry 199 (2000) 91-105

Competition between proton transfer and hydride abstraction in
chemical ionisation mass spectrometry of ethylamine

Elisabeth Leere Qiestad, Einar Uggerud*

Department of Chemistry, University of Oslo, P.O. Box 1033 Blindern, N-0315 Oslo, Norway
Received 12 August 1999; accepted 17 January 2000

Abstract

The reactions between ethylamine and two different proton donors (protonated water and protonated molecular nitroger
have been investigated experimentally and theoretically. Proton transfer to the amino group yields protonated ethylamine
which may subsequently fragment via four different unimolecular reaction channels (loss fQM,, CH,, and H,).
However, the observed losses of Chind H, are better explained by mechanisms where;Chd H-, respectively, are
abstracted directly in an encounter between the proton donor and ethylamine. (Int J Mass Spectrom 199 (2000) 91-105) © 20
Elsevier Science B.V.
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1. Introduction The protonated molecule may subsequently fragment
via unimolecular reaction paths:

The technique of chemical ionisation (Cl) was
established in 1966 by Munson and Field [1]. Since
then many gas phase studies of the processes leadingh molecule may have more than one basic site,
to a Cl mass spectrum have been undertaken [2]. Thethereby giving rise to isomeric forms of MH each
key step in Cl mass spectrometry (and also in elec- with a characteristic set of unimolecular reactions.
trospray ionisation and a number of modern plasma  During an investigation of the Cl of a series of
ionisation techniques) is the formation of the proto- protonated amines we became gradually aware of an
nated form of the molecule, M: alternative outcome to the encounter between a proton
donor and a basic molecule. It turns out that hydrogen
atoms and even complete alkyl groups are susceptible
to proton attack. It seems as if formation of the
corresponding MH isomer is only transient in these
cases because attack on a hydrogen leads to immedi-

* Corresponding author. E-mail: einar.uggerud@kjemi.uio.no  ate dihydrogen formation
Dedicated to Professor Henri Edouard Audier on the occasion
of his 60th birthday. AH" + M—>M — H)" + H, + A 3)

MH* > F + N, —>F} + N, etc. )

AH* + M > A + MH* (1)
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and attack on a carbon leads to alkane formation.  The CI products were transferred to the ICR cell,
Hydride and alkyl anion abstraction reactions are and the proton/deuteron donor was isolated by corre-
described previously in the literature [2—-11]—espe- lated frequency sweep [14]. The trapping plate volt-
cially in connection with the CI of alkanes—but the ages were held at 1 V, and all transfer parameters had
present work represents to our knowledge the first small offsets only. The temperature of the cell was
detailed mechanistic study of these processes. Goodestimated to be approximately 300 K. Ethylamine
examples and a more general literature review is (>99%, Fluka, Switzerland) was leaked into the ICR
given by Mathiast al. in their article (this issue) [12].  cell via a leak valve and held at a constant pressure of
We decided to use ethylamine as our model system 2.5 X 10 ° mbar, as measured directly on the pres
for the following reasons: (1) Protonated ethylamine sure gauge. The corresponding partial pressure of
may give rise to as many as four different unimolecu- ethylamine was estimated to be0.8 X 10 ° mbar.
lar fragmentations. This provides a sensitive measure The low pressure was chosen to avoid reaction during
of the energetics. (2) Protonated ethylamine is a isolation. Using collisional rates obtained by the
relatively small molecule, which facilitates high level parametrized model of Su and Chesnavich [15], the
ab initio calculations, that may help in clarifying the  collision frequency can be estimated to be 0.0% s
experimental findings. (3) The unimolecular reactions and 0.04 s* for H,0" and NH", respectively.
of protonated ethylamine have been studied in great Spectra were recorded after a reaction time of 20 s
detail previously [13]. that, therefore, represents approximately single colli-
Here we report the results of investigations of the sion conditions. One should realise that this allows
potential energy surfaces of the molecular supersys- 30% of the ions (protonated ethylamine and frag-
tems HO"/CH;CH,NH,, N,H"/CH;CH,NH,, and ments) to collide with ethylamine. This fact and the
CH,CH,NH3 . Both theoretical (quantum chemistry leakage of isotope substituted reagents into the cell
models) and experimental (Fourier transform ion were accounted for in the data analysis.
cyclotron resonance mass spectrometry) methods The labeled ethylamine derivatives, GED,NH,,
were used. CD;CH,NH,, and CD,CD,NH, were prepared by
reduction of CHCN by LiAID, (>99% D, Fluka,
Switzerland), CQCN (>99.8% D, Cambridge Iso
2. Experimental tope Laboratories, MA) by LiAlH and CD,CN by
LiAID ,, respectively.
The experiments were carried out using a Fourier
transform ion cyclotron resonance (FTICR) mass
spectrometer with an external electron impact/chem- 2.1. Synthesis of deuterated ethylammonium
ical ionisation (EI/CI) ion source (Apex 47e, Bruker chloride
Daltonics, Billerica, MA). HO" (D;0") and NNH*
(N,D™) were generated in the external ion source A slurry of 0.15 moles LiAIH(LIAID ,) in 100 ml
under CI conditions with a source pressure of 10  dry ether was heated to reflux under a nitrogen
mbar. The source temperature was 384 K and the atmosphere. A solution of 0.1 moles GEN(CH,CN)
filament current was 3.8 A. In the case of water in 20 ml dry ether was then added dropwise to
(HPLC grade, Rathburn, UK) and deuterium oxide maintain a weak reflux without heating, followed by
(99.9% D, Fluorochem Ltd., UK) methane (99.995%, reflux for 1 h. After cooling, 30 ml of water were
AGA, Norway) or d4 methane (99% D, CDN iso- added dropwise while stirring vigorously. The gas
topes, Canada) were used as the Cl reagent gasformed was bubbled through 200 thM HCI and the
whereas N (99.99%, AGA, Norway) was reacted water/HCl was then evaporated to give ethylammo-
directly with H, (99.9997%, AGA, Norway) or D nium chloride as a white crystalline product. The
(>99.8%, Hydrogas, Norway). obtained yield was 60—-70%.
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2.2. Preparation of detuterated ethylamine MH ™. Subsequently, and separated in time and space,
the MH" ion decomposes unimolecularily. (2) Proton
A solution d 5 g NaOH in 5 ml water was added transfer to M, whereupon fragmentation takes place
per 0.1 mol grounded ethylammonium chloride while immediately.
stirring the solution. The ethylamine formed was For route (1) it is important to consider the ener-
condensed at-78 °C. Heating of the mixture in a  getics of the two steps. The fragmentation is steered
water bath at 40 °C fo3 h gave a yield of 70-80% by the amount of energy deposited into MHipon
ethylamine. The isotopic purity of the compounds was formation. The proton affinity, PA(M), is an impor-
determined by'H NMR and/or Cl mass spectrometry tant parameter in this context. It is a measure of the
to be >95%. basicity and is defined as the negative enthalpy
change for the reaction

=+ —+ _ 0
3. Theoretical methods M+ H"—=MH", PAM)= —AH (4)

In a proton transfer reaction the maximum amount of
Quantum chemical calculations were carried out internal energy that can be transferred to MHE,,,..
using the program systersaussian 94 [16]. The s equal to the difference in proton affinity between
methods used were Mgller—Plesset [17] perturbation the proton donor and acceptor:
theory to the second (MP2) order with a 6-31G(d,p)
basis set and the composite G2 method [18]. Emax = PAM) — PA(A) (5)

All stationary points found on the potential energy Ty different proton donors (protonated water and
surface were characterised by complete optimisation protonated dinitrogen) were selected—a weak and
of the molecular geometry for MP2. Harmonic fre-  gyrong proton donor, respectively. Ethylamine itself is

quencies were obtained from the diagonalized mass- 4 strong proton acceptor. The proton affinities [20] are
weighed Cartesian force constant matrix, calculated PA(H,0) = 691 kJ mol'L, PA(N,) = 494 kJ mol *

from the analytical second derivatives of the total 4,4 PA(GH-N) = 912 kJ mol % giving E, = 221
energy (the Hessian). The zero point vibrational 3 mor? and E,... = 418 kJ mol'* for H,0* and
energies (ZPVE) calculated from the MP2/6-31G(d,p) N_H*, respectively. The observed reactions indicate
harmonic frequencies were scaled by a factor [19] of e extent to which the available energy ends up as
0.9608 and included in the total energies. For the total yiernal energy in MH. The internal energy of M
energies calculated by the G2 method [18] the built-in g gy ajlable for further fragmentation, whereas energy
scale factor was used for the ZPVE. The results are iha; ends up in translational or rotational modes or as
presented in Table 1 and geometrical parameters from;niarnal energy in A is inaccessible for reaction.
the MP2/6-31G(d,p) calculations are depicted in Fig.
1. Intrinsic reaction coordinate calculations were used
to connect the transition structures with the correct 4.2. Theoretical model
reactants and products.
4.2.1. Direct bimolecular reactions
Depending on energy and relative orientation, an

4. Results and discussion encounter between ethylamine and a proton donor,
AH™, may give either proton transfer, methide (meth-
4.1. General yl anion) abstraction, or hydride abstraction:

+ +
As already mentioned in the introduction there are CHCH,NH, + AH™ — CH,CHNH; + A~ (6)

two different routes to fragment formation in proton  cH,CH,NH, + AH* — CH,NH} + CH, + A
transfer reaction: (1) Proton transfer to M giving (7)
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Table 1
Total energies fromab initio calculations including zero point energies
MP2/6-31G(d,p) G2 (0 KP
Structure (Hartrees) (Hartrees)
1 CH;CH,NH, —134.64315 —134.89458
2 H,O" —76.47221 —76.59193
3 CHCH,NH3 -+ *H,0 —211.22954 —211.59792
4 CH;CH,NH3 —134.99928 —135.24044
5H,0 —76.19877 —76.33205
6 CH,NH, —94.63810 —94.79185
7CH, —40.31990 —40.41091
8 H, —1.14757 —1.16636
9 CH;CHNH; —133.81559 —134.04107
— 1
10 CH,CH,NH3 —133.78536 —134.00794
11 N,H™ —109.43317 —109.57856
12 CH,CHNHZ - - - N, —244.25755 —244.64022
13N, —109.25052 —109.39263
14 NHy - - CH,CH, —134.96940 —135.21325
15 CH,CH, —78.26699 —78.41593
16 NH, —56.68478 —56.78140
17 CH,NH; - " CH, —134.96254 —135.20850
18 C,Hd - *NH, —134.90619 —135.15332
19 C,HZ —78.53066 —78.67412
20 NH3 —56.34915 —56.45865
21 CH,CHNHZ - * *H, —134.96304 —135.20817
- 1
22 CH,CH,NHJ - *H, —134.93278 —135.17434
— 1
23 CH,CH,NHJ * * " H, —134.93316 —135.17623
24 CH,CHNH; " "H, —134.93879 —135.18573
25 CH,CHNH3 —133.79113 —134.01761
TS(3/5+64+7) —211.10911 —211.48353
TS'(3/5+6+7) —211.10869 —211.48258
TS"(3/5+6+7) —211.10792 —211.48108
TS(3/5+8+9) —211.12842 —211.50523
TS(3/5+8+10) —211.08613 —211.46450
TS(12/6+7+13) —244.13021 —244.52087
TS'(12/6+7+13) —244.12548 —244.51725
TS(12/8+9+13) —244.13092 —244.52502
TS(12/8+10+13) —244.11629 —244.51010
TS(4/14) —134.87645 —135.15499
TS(4/17) —134.90805 —135.12328
TS(4/21) —134.86834 —135.11671
TS(4/22) —134.85964 —135.11156
TS(4/23) —134.84002 —135.09410
TS(4/24) —134.80088 —135.05321
2Zero point energy scaled by 0.9608.
b Zero point energy scaled by the built-in scale factor.
CHCH,NH, + AH" — C,H,N" + H, + A (8) The calculated G2 potential energy diagram with

H;O™ as proton donor is depicted in Fig.&ccording
The ion GH¢N™ can be formed by removal of a to calculations the proton transfer, reaction (6), is
hydrogen from either thex or B carbon, giving exothermic by 226 kJ mof'. This is in good agree
protonated acetaldimined) or protonated aziridine  ment with the experimental figure of 221 kJ mal It
(20), respectively. takes place via the hydrogen bonded compldk (
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Fig. 1. Geometrical structures of reactants, transition structures, and intermediates ofOttCH,CH,NH,, N,H*/CH;CH,NH,, and
CH,CH,NH;3 systems computed with MP2/6-31G(d,p). The carbon atom is marked with black, the nitrogen atom by stripes, the oxygen atom
by spots, and the hydrogen atom by an open circle. Bond distances are given in angstroms and angles in degrees.
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Fig. 2. G2 potential energy diagram depicting thgOFi/CH,CH,NH,, system. Relative energies indicated are in kJ hol

which represents the potential energy minimum. The transition structures were found for the methide ab-

transition structure for abstraction of thehydrogen
(in the form of a hydride), structur&S(3/5 + 8 +

9), is 49 kJ mol* below the reactants, whereas the
transition structure for abstraction of tigehydrogen,
structureTS(3/5 + 8 + 10), is 58 kJ mol'* above.
Three different transition structures for the methide
abstraction, reaction (7), were foun@S(3/5 + 6 +

7, TS'(3/5+ 6 + 7), andTS"(3/5+ 6 + 7). They
are all within a few kJ mol®* of each other in energy
and only the lower energyTS(3/5+ 6 + 7), is
shown in Fig. 2. The transition from the reactants to
TS(3/5 + 6 + 7) proceeds with a barrier of only 8 kJ
mol .

Fig. 3 shows the calculated potential energy dia-
gram (G2 values) when the proton donor isHN.
Proton transfer [reaction (6)] is exothermic by 418 kJ
mol~Y(exp.)/420 kJ mol*(G2). The proton bonded
complex (2) between nitrogen and protonated ethyl-
amine is only 19 kJ mol* more stable than free
nitrogen (3) and protonated ethylamined)( Two

straction, TS(12/6 + 7 + 13) and TS'(12/6 + 7 +

13), differing in energy by 12 kJ mott. The transition
structuresTS(12/8 + 9 + 13) and TS(12/8 + 10 +

13) were found for hydride abstraction. Both methide
and hydride abstraction are exothermic, and the
calculated barriers indicate that both methide and
a- and B-hydrogen abstraction are energetically
feasible.

4.2.2. Unimolecular reactions subsequent to
protonation

Protonated ethylamine may fragment by reactions
(9)-(12):

CHsCH,NHZ — NH; + C,H, (9)
CHsCH,NHI — C,HS + NH,4 (10)
CHsCH,NHZ — CH,NH; + CH, (11)
CHsCH,NHI — CoHgN™ + H, (12)
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Fig. 3. G2 potential energy diagram depicting theHN/CH,CH,NH,, system. Relative energies indicated are in kJ thol

Analogous reaction channels have been found for the scission. A complex [GHz - - - NH3] (18) lower in

unimolecular dissociation of the isoelectronic ion
protonated ethanol [21,22]. From our theoretical cal-
culations (Fig. 4), the lowest energy fragmentation
process is reaction (9), formation of §H(16) via
TS(4/14) at 224 kJ mol*. The direct cleavage to
C,Hz (19) and NH; (20), reaction (10), is at 283 kJ
mol~%, whereas reaction (11), loss of methafptp
yield CH,NH; (6), proceeds via 'S(4/17) at 308 kJ
mol~1. The results for reaction (9) and (10) compare
nicely to those calculated by Bouchoet al. [13],
whereas reactions (11) and (12) were not explicitly
considered in their study.

Earlier studies of protonated ethylamine [13] and

energy than the separated producttH€ and NH,
may participate in the loss of ammonia as discussed
by Bouchouxet al. [13].

In the isoelectronic system of protonated ethanol
[21,22], both losses of water and ethene are found to
follow decomposition pathways via the same transi-
tion structure and complex that in our study would
correspond to TS(4/14) and
[CH,CH,:--H---NH,]" (14). A possible decom
position route through the low energy complebd)
should therefore also be considered. The amount of
hydrogen scrambling would be indicative of the
participation of an intermediate complex, and we will

the isoelectronic system of protonated ethanol [21,22] return to this point in the discussion of the experimen-
have shown that there may exist other mechanisms for tal results.

reaction (10) in addition to the obvious direct bond

For the unimolecular K elimination from prote
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Fig. 4. G2 potential energy diagram showing unimolecular pathways from protonated ethylamine. The arrows indicate the exothermicity fol

protonation by the proton donors,8* and NH*. Relative energies indicated are in kJ mbl

nated ethylamine [reaction (12)], three possible path- 4.3. Experimental results

ways exist: 1,2 elimination yielding protonated ac-

etaldimine 0), 1,3 elimination yielding protonated The mass spectrum obtained in the reaction be-
aziridine (L0), and 2,3 elimination yielding protonated tween HO" and ethylamine is shown in Fig. &nd
vinylamine @5). The H, elimination pathway that is  that of the reaction between,N™ and ethylamine in
lowest in energy is the 1,2 elimination. It proceeds via Fig. 6. As expected, more fragmentation takes place
TS(4/21) at 325 kJ mol*. The transition structure ~ when more energy is available {N"). Both spectra
closely resembles the 1,2,limination from prote show that losses of £l,, NH;, H,, and CH, take
nated ethanol calculated by Swanteinal. [21]. Two place. In the case where,N™ is the proton donor all
different transition structures were found for the 1,3 four fragments could, in principle, be the result of the
elimination, TS(4/22) and TS(4/23). Both TS(4/23 proton transfer/unimolecular decomposition route.
and the transition structure for 2,3 eliminatiar§(4/ With H;O" as the proton donor, however, the high
24), have very high energy barriers and are therefore energy processes for,Hand CH, loss should not be
left out of Fig. 4. Weakly bonded complexes between energetically accessible unimolecularily (Fig. 4). The
molecular hydrogen and the different structures of observation of H and CH, losses in the reaction
C,HgN™, 21-24, were found for all four transition  between HO" and CHCH,NH; is therefore a clear
structures leading to JHelimination. indication of direct bimolecular reactions.
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Fig. 5. Mass spectrum obtained after 20 s in the reaction betwgén ldnd ethylamine.

To look more directly into the mechanistic land-

does not allow us to quantify the amount of scram-

scape, deuterium labeling was performed. A total of bling more precisely.

16 reactions between the proton donog©OH, DO,
N,H", and ND* and the ethylamines CJ&H,NH.,
CH,CD,NH,, CD,CH,NH,, and CD,CD,NH, were

investigated to obtain as complete a picture as possi-N2H ™ + CHCHNH, — CH;CHNH; + N,

ble of the mechanisms involved.

4.3.1. The NH and CH_ ions
The NH; ion results from the lowest energy
fragmentation pathway from protonated ethylamine,

The energetics of the JM /ethylamine system
allow for the following series of events to take place:
(13)
CH3CH,NH3 — C,HZ + NHg (14)

The labeling experiments g0, data not shown)
show that the ethyl cation is formed almost uniquely
without H/D scrambling. This indicates a direct bond

and is the only fragment observed in metastable scission mechanism, without the need of passing

decomposition studied by Bouchowet al. [13]. In

their study the reaction was found to be an almost [CH2CH; -

pure B elimination, nearly without hydrogen/deute-
rium (H/D) scrambling, unlike protonated pro-
pylamine, where hydrogen transfer to ammonia is
found to take place from all positions of the alkyl
chain [23]. Our labeling experiments (spectra not

through either of the complexes
“H---NHg]" (14) or [C,HZ - - -NHg]
(18). In their study of protonated ethanol, Masetral.

[22] found evidence for direct bond scission from cold
ions. However, with hot ions of higher internal
energies, they found that scrambling occurs, pointing

to participation of an ion—molecule complex. The

shown here) support the mechanism proposed by quite substantial amount of 83 is in accord with

Bouchouxet al. [13], although some~10%) H/D
scrambling takes place. The complexity of our data

kinetic considerations. The tight transition state re-
quired for low energy ¢H, loss makes the direct
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Fig. 6. Mass spectrum obtained after 20 s in the reaction betwgldi Bind ethylamine. The insert is an enlargement oftite29 area where
both the NH* and GH_ peaks are resolved.

bond scission for NEl loss a better candidate the In this mechanism, the bond dissociation energy of
higher the energy is. The lack of hydrogen inter- the water/ammonia dimer compensates for the appar-
change between the ethyl and the amine function is in ently unfavourable thermochemistry of proton trans-
agreement with an earlier study of larger protonated fer followed by C—N bond dissociation.
amines [24] and the rationalisation presented therein.

At first glance it _appegrs puzzling that _the regcnon 4.3.2. The CHNH; ion
between the oxonium ion and ethylamine (Fig. 5)
gives rise to GHZ , because judging from Fig. 4 there
is not enough energy for the two step process of

The loss of alkanes from protonated amines is
thermochemically favoured, but is generally not ob-
e served in studies of metastable protonated amines
pro.ton transfer follgwed by C__N bond _SC'SS'_on' By [3,13,25]. Upon collisionally induced decomposition
taking _an alternative route into consideration the alkane loss is observed [26]. The transition structure
puzzle is solved: TS(4/17) leading to methane loss [reaction (11)]
H,0" + CHCH,NH, —> CH.CH,NHZ -+ -OH,  (15) shows that the nitrogen bonded hydrogen moves

notably toward the methyl group before the TS is
—C,He + HO — H - - - NHg (16) reached. Such 1,2-methane eliminations are known
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Fig. 7. Mass spectrum obtained after 20 s in the reaction betwgbii lnd deuterated ethylamine, GCD,NH.,.

from the literature to have high barriers [3,27,28]. On bimolecular abstraction of CHas the source of the
the other hand, the bimolecular reaction [reaction (7)] immonium ion. Complementary data for,D* +
where CH is abstracted in a direct encounter be- CH;CH,NH, supports the conclusion.
tween the proton donor and ethylamine, proceeds with
a small or zero barrier, making this the most facile 4.3.3. The GHgN™ ion
reaction path. In the investigation of the chemical The same argument can be used for the formation
ionisation of several £to C; amines it was concluded  of the CGH{N™ ion. The ratio of GH,D,N" (m/z
that this was the most probable source of immonium 48.075) and GHD-N" (m/z 49.084) formed in the
ions [3]. reaction between D" and CD,CD,NH, in Fig. 7 is
The immonium ion CHNH; (m/z 30.034) is 45:1, not 1:2, as would be expected for the two step
visible in both Figs. 5 and 6. To clarify whether or not unimolecular loss of K Reactions with CHCD,NH,,
the bimolecular reaction is the origin of the signal, and CD,CH,NH, were performed to indicate whether
and to see if a more energetic proton transfer could the CH{N™ ion (m/z44.050) is formed by abstraction
make the unimolecular reaction feasible, reactions of a hydride from thex or g8 carbon.
with deuterated proton donors were performed. The  This information was provided from the reaction
reaction between D" and CD,CD,NH, is shown in between CRCH,NH, and H,O", as shown in Fig. 8.
Fig. 7. If only the unimolecular path is available and The insertis an enlargement of the mass range 46—48.
if the H and D atoms are distributed statistically A weak signal for removal of the hydrogen giving
(neglecting isotope effects), there is a 1:2 ratio of C,D;H;N™ (m/z47.068) and a very weak signal for
CD,NH; (m/z 32.046) to CONHD™* (m/z 33.053). removal of theg hydrogen giving GD,H,N* (m/z
The observed ratio is 25:1, pointing in favour of direct 46.062) are observed in the ratio 7:1. The signals are
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Fig. 8. Mass spectrum obtained after 20 s in the reaction betwg®r Eind ethylamine deuterated on thearbon, CQCH,NH,. The insert
is an enlargement of the mass range 46 to 48; see text for details.

slightly obscured in the figure by H/D-exchange ions 5. Conclusion
from the protonated molecular ion, vyielding
C,DH,N™ (m/z47.071) and GHgN ™ (m/z46.065). Proton transfer and proton transfer induced reac-
The reaction between GBD,NH, and NH™ is tions from ethylamine have been investigated. Two
illustrated in Fig. 9. In this case, removal of the different proton donors (40" and NH™) were
hydrogen gives rise to the ion ,BsDN" (m/z employed. The calculated theoretical model is sup-
45.056), whereas removal of th#& hydrogen yields ported by deuterium labeling experiments using
C,H,D,N™ (m/z 46.062). These reactions are more FTICR mass spectrometry. Even though the exother-
prominent with NH™ as the donor, and it is obvious  mic proton transfer to the amine group of ethylamine
that the removal of the: hydrogen is the more facile  is the dominant process, it turns out that atoms of the
reaction, although both reactions take place. This is alkyl group are also susceptible to proton attack. This
also supported by the computational findings that the is especially facile with BH* as proton donor, for
transition structures foB-hydrogen abstraction are  which the hydride and methide abstractions are quite
higher in energy and more strained than those for exothermic and have favourable barriers. The more
a-hydrogen abstraction. The experimental data for the exothermic abstraction of the hydrogen on the
reactions between C}D,NH, and HO" and carbon dominates over the hydride abstraction from
CD,CH,NH, and NH™ points in this direction. the 8 carbon, which is hindered by the demand for a
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Fig. 9. Mass spectrum obtained after 20 s in the reaction betwgklii lnd ethylamine deuterated on thecarbon, CHCD,NH,.

more strained transition structure. Chemical ionisa-
tion of ethylamine is thus demonstrated to be quite
complex.

The ions NH and GH. appear to come mainly
from unimolecular fragmentation subsequent to pro-
tonation on nitrogen. Deuterium labeling experiments
support ag-elimination mechanism for NH forma
tion by loss of ethene, and a direct bond scission for
C,Hz formation by loss of ammonia. The GNH,
and GHgN™* ions are found to originate from methide
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