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Stage 1 — IONISATION

Elements and low M, compounds

An electron is knocked
off each particle by the
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high-energy electrons A A A A
to form 1+ions P @
——————— SR R S —
Gaseolus P r Positive ions are
sample High-energy electrons accelerated by a
R negative electric
@ Electron gun X(g) — X"'(g) + e
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filament)

e.g. Mg(g) - Mg*(g) + e~

Loss of electron
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Stage 1 — IONISATION

High M, compounds (e.g. proteins)

Particles gain a proton as

they leave the needle Fine
mist
\ e
e
—_—
®\ _T--
z -
) r - ————————————— -
Samplein S T - o [| Positiveions are
volatile solvent S accelerated by a
RN g negative electric
Hypodermic needle A plate
attached to positive
terminal of high-voltage
power supply

X(g) + H* — XH*(g)

gains a proton
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Electrospray

ionisation
Sample injected from ~
hypodermic needle = -

KE = %mv2

Forms 1+ ions

Electric
field

accelerates ions so
they all have the
same Kinetic energy

Flight tube

lons travel at different speeds and take
different times to reach the detector

2KE

m

(%

KE

= kinetic energy of particle (J)

mass of the particle (kg)

velocity of the particle (m s™)
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Electrospray Electric

ionisation field Flight tube

Sample injected from
hypodermic needle "

- —
- = ———————— o o
==

accelerates ions so

) they all have the lons travel at different speeds and take
Forms 1+ ions same kinetic energy different times to reach the detector
d t = time of flight (s)
{ = — KE = kinetic energy of particle (J)
v m = mass of the particle (kg)
v = velocity of the particle (m s™)
t d m d = length of flight tube (m)
V ZK E Lighter particles move faster and

so have a shorter time of flight
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Flight tube

'®
@

lons set off along the
flight iube at the
same time

Detector

Lighter ions trawvel

faster and start to
@ separate out

g
:
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The lightest ions
reach the

detector first @

®

Detector
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Stage 4 — DETECTION

* +ve jons hit —ve plate and produce electric current

« Size of current proportional to number of ions
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The Mass Spectrum

Copper

e.g.

mass spectrum of copper

contains two main isotopes: **Cu and **Cu
(there are more atoms of *Cu than %°Cu)

relative
abundance

60 61 62 63 64 65 66 67 68
m/z
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Average mass

» 2 balls with mass 100 g
« 3 balls with mass 200 g
10 balls with mass 400 g

average mass = total mass of all balls
number of balls

= (2x100)+(3x200)+(10x400)
2+3+10

=4800 = 320 g

15
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800 g loaf

I have these
loaves — what is
the average mass?

average mass = total mass of all loaves
number of loaves

(4x400)+(10x800)
4+10

= 9600 = 686 g

14

I I I I I I I
100 200 300 400 500 600 700 800 900

m/z
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N eo n Relative

abundance

19 20 21 22 23

“Ne  90.90 % m/z
2INe  0.26 %

“’Ne  8.80 %

A. = [ (90.90 x 20) + (0.26 x 21) + (8.80 x 22)] = 20.17
(90.90 + 0.26 + 8.80)
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ISOTOPES

 lons with different isotopes produce different signals.
* Most important for Br and CI.

Br: 50% °Br 50% 8'Br

Cl: 75% 3°Cl 25% 3’Cl

 If two or more Br/Cl atoms, then spectrum is more
complicated.

« Often small peaks at m/z + 1 due to ?H and "3C.

© www.chemsheets.co.uk AS 1011 15-July-2016



butane
CH;CH,CH,CH;

58 M, =58 [CH;CH,CH,CH;]*

[ CH;CH,CH,CH-]* with 1 x 2H/13C
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butanone
CH;CH,COCHj5

72
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chlorine

Cl, 70 (°cl-¥cny’

72 ('cl>*cn’

74 ('ci1'cn’

| | | | | |
50 60 70 80 90 100 110

m/z
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bromomethane
CH;Br

941196
[CH,7°Br]* [CH,8'Br]*
| | | | | | | | | | |
10 20 30 40 50 60 70 80 90 100 110
m/z
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chloromethane
CH5Cl

50 [CH,35CI]*

52 [CH,3CI]*
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