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Part of Section 2.1 contained a discussion 0
trometer with an electron impact ion sourc
low pressure (about 10~ torr).
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SAQ3.2a | '/In that part of Section 2.1, a number of reasons -*-
- ' “were advanced for usin g such low pressures. Can
¥ you list-them? 4.0 drrt viey covni ', ‘
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I want you to concentrate on juSt one of the points in the response’

2 ~ to the above SAQ, which is that ions can undergo reactions with

: neutral molecules and this may lead 0 the production of new ions.
| This is the basis of the chemical 10nisation method. Let us illustrate -
.~ this by looking at the mass spectrum obtained when methane at a
i pressure of between 0.1 and 1.0 torr is ionised by electron impact.
i Initially the molecular ion is formed in the usual way.
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CHst + CHy; — CHj3 + CH3%

This is perhaps a somewhat suprising process as the CH? ion is not
_one that is often encountered in solution chemistry. If you want
" to provoke some discussion with fellow students or cheimlsts with
whom you work, ask for opinions on the structure of CH s and what

orbitals might be used in its bonding,.

[ We won't go into the structure of CH3. here, but I will ask
you if you can say what general reaction type is represented
by the reaction of CHsT with CHa.

The answer is an acid-base reaction, CH47 is acting as a proton
donor, an acid and CHy is acting as a proton acceptor, a base.

Now, if a small amount of the sample to be analysed is introduveced.
into the ion source in the vapour phase, it is species such as CHS
' that act as the means of ionisation of the sample. This is therefore:.
known as the chemical ionisation (CI) method. CH? leads to ion
formation of the analyte (M) usually by means of the protonation
reaction shown below : ’

CH3 + M — CH; + (MH)?
Theion (MH) ™, which will have an m/z value one amu greater than
that of the molecular ion, is known as the quasi-molecular ion.

L4

- A protonation reaction of this type produces quasi-molecular ions
with considerably less internal energy than is the case for molecular

ions (1\71) produced by electron impact.

'.7 - vv\w.
AR E) PLOREE

3

..,hat* 1s" the consequence of this_difference in
SR e Sy e Z T R S PRy
ternal energies likely to be? - AT U A

") RCRABA A :
e S AT A SRt NN A AT TR X R B

SAQ 3.2b

Scannea witn vaimnscan



SAQ 3.2b

that the rela-

- This reduced propensity for fragmentation means "=
tive abundance of the quasi-molecular i0
tion mass spectrum is usually larger than that
moiecular ion in the electron impact (EI) mas

n in the chemical ionisa-
of the gorrcspondxng
s spectrum. The com-

i : i ' ig. 3.2a
parison of EI and Cl mass spectra of proline, given 11 Fig
- illustrate this point. .
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Fig. 3.2a. Mass spectrum of proline (i) py o |
(ii) by chemical ionisation Y electron Impact,
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ectrum should help in the determination of relative
e Cl mass sp LS ; ey ,
:ilclalecular masses for ‘difficult’” compou

int that may be worrying you over this method of.io‘nisc?tior, is
e 1al nney which is known as the reactant gas, is ‘O“'Sefi by
that if the mitc]taw];at is to stop the sample, M, also forming M T ions
electrorll mt“lrl())cn i;npaCt process? The answer is that.the exp-eru.nental
gg’nilr;tfoii are designed to minimise the electron impact ionisatiop

of M, although it does not eliminate it entirely.

I1 How do you think electron impact ionisation of M is min-
la- ' imised.

a- :
18 Although some sample will be jonised by electron impact, in order
1- to ensure that a statistically unsignificant proportion of sample, M,
'a is ionised by this method compared to that ionised by chemical

ionisation, we must do all we can to. encourage the latter. This ig
achieved by using a ratio of reactant gas to sample of at least 1000
to 1, so that there is always a much higher probability of a sample

Il . The s_tatementgiven earlier that Cl mags Spectrometry should
help in establishing relatjve molecular masses for ‘difficult’
compounds has one major Proviso. Can you think what that

desprens MOlecular mags o4 18 AWays ong ypip e hEY

, Widespre, N ass of the Sample, At Ough this j
 Teasopg . nce, there are €xceptiong The IS.1s a very
Molec on IS that the F€actant ga ma. u dse arise for two
i .2 URdergo other ion-

nt
€ntatiop beforeh-e Case,Of methane, the CH4* ion
' 'des with 4 CH, molecule.
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The fragment ion CH3 may itself undergo an ion-molecule reaction
+
CH3 T CH4 — Cz]‘lg + H,

. ‘ " .
The formation of C,H 5 does occur to a minor, but significant extent \
and ethylation of sample molecules is also someétimes observed.

M + CH§ — (M + C;Hs)?t

This gives (M + C;Hs)* ions which have a mass 29 units higher
than the relative molecular mass of the molecular ion. Fig. 3.2b
shows the spectrum of a molecule in which this is occurring.
100 | , CFy M+ 1)
: & 284

S
- V . 264
e | (M+29)"
: 312
T T T T T =T T T L .
100 200 300

Fig. 3.2b. CI mass spectrum showiﬁg (MH)* and
(M + CaHs)" ions

In some cases CH’ does not protbnate the ,sa{nple.‘ The reaction of
CHZ with M to give (M + H)* depends on the proton affinity of
- M being higher than that of CH,. If it is not, then collision between
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them may still lead to a reaction, but not to simple proton transfer,
The most important examples of this are the higher alkanes which
have a lower proton affinity than methane and so the ion-molecule
reaction proceeds as shown below.

CH; + M = (M — H)* + CH; + H;

These types of exceptions lower the value of the technique for estab-
lishing relative molecular masses, but they do not totally invalidate
it, since recognising that an ion such as (M +°29)* or (M — 1)*
may be observed is half the battle when interpreting the spectrum.
The insoluble problem that makes a technique quite valueless is not
knowing what to expect! :

So far our discussion has been exclusively directed towards use of
one reactant gas, methane. However, others are used and the most
common are ammonia (NH3) and iso-butane ((CH;3);CH).

[  Without going into the full sequence of ion molecule re-
| actions for each of these reactant gases, would you like to
suggest what might be the major reactant ion each gener-

ates? In attempting this question,-use your knowledge of so-

lution chemistry in thinking about what ions are likely to be

formed. .

The major reactant ion from ammonia is NH; and that from iso-

butane is (CH3)36. The formation of NH7 from NHj3 directly par-
allels the behaviour of CH4 and, of course, NH7 is a well known
stable cation. The behaviour of iso-butane does not directly par-
allel that of CH,. If it did you might expect to form C4H;; and I
don’t blame you if you wrote this down. Instead, iso-butane forms

('CH3)36, which is quite stable as it is a tertiary carbocation.

. | -, |
11 Suggest how yow might expect NH 37 and (CHj3)3C to reactin
ion molecule reactions. g

: 3 ' + .
NH7 and (CH3)3€‘ both protonate samples to give (M + H)* ions.
‘ ¥ . + - .
You may be surprised to find (CH3)3C behaves In this way, -but of
course, the stable molecule, butene is formed 1n the process.
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(CH3)36 + M — (M}‘I)+ + CH2¢C(CH3)2

an be important in CI
¢ amounts of fragmen”
our first mention of
pectrum of

The use of these alternative reactant gases C

mass spectrometry as they may lead to differen ;
tation of the same quasi-molecular 101. Thlil e s
fragmentation in CI mass spectrometry, althoug

proline (Fig. 3.2a) did show fragment ions.
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SAQ 3.2¢ ‘The major fragment ion in both the.}i{ ,?; ,IST“
| " . spectra of proline occurs ‘_at,m/z 70 Tl_f pth A
- sents the loss of 45 mass units from’vrM: n the
" EI spectrum and the loss of 46 mass units from
(MH)* in the CI spectrum. Suggest a formula

* for the neutrals produced in each spectrum. -

o fiel 20

[ .

I1 On the basis of the loss of the 4

- 6 mass unj :
spectruri, suggest a structure fo unit neutral in the CJ

T the'quasi-molecylgy ion.
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- structures: In drawing these g,
Ba likely the fragment ion ang .. ctur
and B ass of both s Nd the . %)
ated the uasi.mohs:cular ion is an acid*bas eutral
e to write the product as lnvolylng electr, egq.
casond on hetero-atom. For either of then Pai,
by a |0116£c ean rcadi]y understand the loss of g 4()-’Struc_
| Mag
- 8§
unit neu[rﬂl- Lm .
¢ another small fragment ion in the CI spe,
' ' nd does i
m/z 98. How does this arise and. es 1t tell us ,

bout the structure of the quasi-molecular ion?
a -

e loss of H20 from the quasi-mg

: h
. 08 corresponds to th€ :
m/2 9 P lained in terms of structure B,

ion. This can easily be exp

It doesn’t necessarily exclude structure A as a h
may occur, but this is, perhaps, less like]y.:

6""H-—-—-> '
O\ : + H0

ydrogen transfer
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The loss of even electron neutrals is a common feature of
Cl mass spectrometry. As a further example, the behaviour of

methylphenylketone is shown below.

‘ C6H5FCH3.
I
0 _ :
+ N\ y \
/ m/z 121 - CH3CO + C6H6~
m/z 43

~+
CGH5CO + .CH4
m/z 105

-

g+
CHZ + CH,COH
mizT7

This is the fragmentation pattern of methylphenylketone obtained
with CH as reactant gas and it is interesting to compare it with that
obtained using iso-butane. In this case no fragment ions, whatso-
“ever, are observed — only the quasi-molecular ion is formed. This 1s
the aspect referred to earlier, that the amount of fragmentation de-
pends on the reactant gas. This arises because the amount of energy
transferred to a sample molecule on protonation depends on both
the proton affinity of the sample and the acidity (the willingness to
release a proton) of the reactant ion.
Acidity increases in the order NHZ < C4H§ < CH3 and thus the
internal energy of quasi-molecular ion formed by these reactant ions
follows the same order. As the amount of fragmentation depends
on the internal energy of the ion, this explains the results given for
‘methylphenyl ketone. '
It is also worth pointing out that Cl mass spectrometry can dis-
~ tinguish between isomers in some cases. This is illustrated by the
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fact that the quasi-molecular ions of 5-f-3-keto steroids readily lose
H>O, whereas the 5-a-isomers hardly show this fragmentation.

In general, the amount of fragmentation of quasi-molecular ions
is small or non-existent because these ions are formed with low
internal energies compared to molecular ions formed by EI The CI
technique and others that also show few fragment ions are termed

soft ionisarion methods.

We have now spent a considerable time dis-
cussing CI mass spectrometry. Before we move
on to the next ionisation method, list the advan-
tages and limitations of the CI method, paying
 particular attention to those problems we out-
" lined for EI at the end of Section 3.1.

SAQ 3.2¢
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