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Mass Spectrometry

inorganic

Helium Atom
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Name Charge Symbol  Mass (kg) Mass Location
(u)

proton 1+ Ip™  1.673 x 10777 1 Inside nucleus

neutron 0 In  1.675 x 107%7 1 Inside nucleus

electron 1-— e~ 9.109 x 103 0 Outside

nucleus

Mass number=(# protons)+(# neutrons)

mass

number_. 3 24

element



Mass number vs. Atomic mass unit

Mass number - also called atomic mass number or nucleon number, is the total
number of protons and neutrons (together known as nucleons) in an atomic nucleus.

AMU atomic mass unit - It is a unit of mass used to express atomic or molecule
masses. When the mass is expressed in AMU, it roughly reflects the sum of the
number of protons and neutrons in the atomic nucleus (electrons have so much less
mass that they are assumed to have a negligible effect).

m, = m(*2C)/12 1 AMU = 1 m, = 1 Da = 1.66053904020 x 10?7 kg




Mass Spectrometry

natural isotopes

Isotopes are atoms of the same element,
which have different masses — by having
varying numbers of neutrons in their nuclei.

Isotopes of elements that occur in nature have
a constant abundance relative to another —
RELATIVE NATURAL ABUNDANCE

average mass: 96.0

mass

abundance

|1“lllo,

Average mass: 65.5

I

92
94
95
96
97
98
100

mass

14.840
9.250
15.920
16.680
9.550
24.130
9.630

abundance

67
68
70

48.600
27.900
4.100
18.800
0.600




Relative Isotopic Abundance Table
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Interferences
|ICP-MS

e Spectral
ACAr]‘ZC
mass overlap of the interfering particle and the measured '

isotope (same m/z - indistinguishable from each other)

"As

* Non-spectral L
74,925 74935

influencing the signal intensity of the analyte by the presence of Mass
various substances in the sample matrix



Spectral interferences

isobaric, polyatomic, multiply charged ions

element
to analyse

interference from

polyatomic adjacent ion
Specles isobaric
elements

A



Spectral interferences

isobaric, polyatomic, double charged species

Mass interferences on a given mass-to-charge-ratio (m/z) are possible due to
the presence of isobars (e.g. 2%*Hg, 294Pb),

polyatomic/molecular species (e.g., °Ari®0 vs >®Fe, 40Ar:40Ar vs. 89Se) formed
by various recombinations of sample, matrix and Ar ions in cooler parts of

the plasma

multiply charged ions (e.g., 133Ba?* vs. ®°Ga*), also formed in the plasma.



Spectral interferences

isobaric

Ar ol 2oCa
Are cause by isotopes of different elements forming atomic ions with the same nominal
mass-to-charge ratio (m/z)
>8Fe on 28Ni, ®4Ni on 94Zn, 48Ca on *8Ti
They are bet avoided by choosing alternative, noninterfered analyte isotopes, if available

Given acknowledge of the natural abundances of the isotopes of all elements, isobaric
interferences are easily corrected by measuring the intensity of another isotope of the
interfering element and substracting the appropriate correction factor from the intensity
of the interfered isotope.



Tabulka 1: Pfehled atomarnich izobarickych interferenci a volba alternativnich izotopu

dominantni izotop

interferujici izotop

alternativni izotop

“ca (96,9 %)

871 (73,7 %)
**Ni (68,1 %)
®Zn (48,6 %)
"Ge (35,9 %)
%Se (49,6 %)
*Mo (16,7 %)
%2Ru (31,6 %)
1%pd (27,3 %)
cd (28,7 %)
1n (95,7 %)
Bin (4,3 %)
2%5n (32,6 %)
B0Te (33,8 %)
388a (71,7 %)
“INd (27,2 %)
25m (26,7 %)
*Dy (28,2 %)
7%Yb (31,8 %)
50Hf (35,1 %)
W (30,6 %)
¥'Re (62,6 %)
205 (40,8 %)

“°Ar (99,6)

*8Ca (0,19 %)

*%Fe (0,28 %)

*Zn (0,93 %)

*Se (0,89 %)

8r (2,28 %)

%Zr (2,80 %), *°Ru (5,54 %)
92pq (1,02 %)

1%¢d (1,25 %)

sn (0,66 %)

155n (0,34 %)

3¢d (12,2 %)

2Te (0,10 %)

B%e (4,1 %), 2*°Ba (0,1 %)
8La (0,1 %), **Ce (0,25 %)
2Ce (11,1 %)

2Gd (0,2 %)

%Er (1,61 %)

8Hf (0,16 %)

'89Ta (0,01 %),"*°'W (0,12 %)
8405 (0,02 %)

8705 (1,96 %)

2pt (0,78 %)

“Ca (0,65 %), “ca (0,14 %),
*Ca (2,09 %)
“*Ti (8,25 %)
Ni (26,2 %)
%zn (27,9 %)
"Ge (27,7 %)
"Se (7,64 %)
Mo (15,9 %)
0lRu (17,1 %)
1%%pd (22,3 %)
ed (12,8 %)

185n (24,2 %)
25Te (7,14 %)
Ba (11,2 %)
“ONd (17,2 %)
¥7Sm (15,0 %)
%Dy (24,9 %)
2yh (21,8 %)
8Hf (27,3 %)
B2\ (26,5 %)
BRe (37,4 %)
%905 (16,1 %)



Isobaric interferences

geochronology

U-(Th)-Pb system
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Figure 9. Standard mode scan of 1 ppb Hg and 1 ppb Pb. Pb isotope abundances

shown as green bars.
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Spectral interferences

polyatomic

* are formed in the plasma by a combination of different ions

* the degree of interference can be influenced by the conditions in
the plasma - ionization conditions (power input to the plasma,
position of the plasma torch...) - tuning of the device

* lons originate from:
working gas (argon, laser ablation He)
sample matrix

solvent

example 4CArteQ vs. ~Fe

solutoin: use of alternative isotope °>’Fe
analyser with high resolution (10 000)
40ArleQ 55,957 vs. *°Fe 55,935

Intensity S6Fe 1 40p, 160

Quadrupole
analyser

(a) 55 /56 57 m/z

Intensity

A\ a6
/ (\ Sector
analyser
SGFEI
VAAN
(b) 55.935 55.957 m/z



1. Acquire the data . 3
ATNCPS + As 75 Interference Correction Equations

*Ar*’CI? interferes with the analyte of
interest, As’?, at mass 75.

NATCP7 only *Assuming that the other ArCl peak at
7 mass 77 1s not itself being interfered with,

75 7%
its peak intensity can be used to estimate
the contribution of Ar*°CI?’ to the peak at
2. Messure mess 77 mass 75.
and use this to
s Estimate *Because CI* and CI?7 are in a fixed
ArCI  Measure natural ratio, the ArCl contribution at mass
AH0C137 75 can be estimated by multiplying the
A signal at mass 77 by the natural isotope
A PTRO e b W 44 ratio C135/C137,

*Once the contribution of ArCl at mass 75
3. Subtract ArCl 76 1s estimated, its intensity can be simply
e As75 subtracted from the tgtal sngnal intensity at
As mass 735, leaving the intensity due to the
analyte of interest, As’>.

N T AsT5=175-(177*(75.77/24.23))

figure 6.1 - Interference correction



A Table of Polyatomic Interferences in ICP-MS

Thomas W. May and Ray H. Wiedmeyer

.5, Geological Survey, Biological Resources Division

Columbia Environmental Research Center

4200 New Haven Road, Columbia, MO 65201 USA

Spectroscopic intetferences are
probably the largest class of inter-
ferences in ICP-MS and are caused
by atomic or molecular ions that
have the same mass-to-charge as
analytes of interest. Current ICP-MS
instrumental software corrects for
all known atomic “isobaric” inter-
ferences, or those caused by over-
lapping isotopes of different
elements, but does not correct for
maost polyatomic interferences.
Such interferences are caused by
polyatomic ions that are formed
from precursors having numerous

sources, such as the sample matrix,
reagents used for preparation,
plasma gases, and entrained atmos-
pheric gases.

A prior knowledge of polyatomic
intetferences cited in the literature
for a particular analyte mass may be
helpful to the analyst for selecting
reagents and conditions that would
preclude or at least reduce the pos-
sibility of their formation. A good
perspective of known polyatomic
interferences is difficult because of
the number of affected masses, the

number of intetferences themselves,

and the number of literature refer-
ences in which they are reported.
In a review of the ICP-MS literature,
reported polyatomic interferences
were consolidated to produce a
table that may serve as a uscful tool
for the ICP-MS analyst. For quick
reference, the masses are arranged
in alphabetical ordet by elemental
symbol. This list of intetferences is
not intended to be complete, but
does cover those more frequently
reported.

A Table of Polyatomic Interferences in ICP-MS

A Table of Polyatomic Interferences in ICP-MS (cont'd)
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Isotope Abundance Interference Reference
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A Table of Polyatomic Interferences in ICP-MS {cont'd)

A Table of Polyatomic Interferences in ICP-MS (cont'd)

pectroscopy

Vol. 19(5), Sep./Oct. 1998

Isotope Abundance Interference Reference
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Isotope Abundance Interference Reference
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A Table of Polyatomic Interferences in ICP-MS (cont’d)

Isotope Abundance Interference Reference
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Spectral interferences

polyatomic

REE in geological samples

Isobaric Interference Polyatomic
Element Mclope Natusal Abuniance % (Natural Abundance %) Interferences
Nd 146 Nd (17.19) 13083160, BRu'€0,
148 * Nd (5.76) 1B2ga160, 100R,160,
g 150 * Sm (7.38) Nd (5.64) 134BaleQ, W02Ry160,
- 152 Sm (26.75) Gd (02) 136,160, 136Ce!60
5 151* Eu (47.81) 135BaleQ
o 153 Eu (52.19) 13782160
cd 152 * Gd (0.2) Sm (26.75) 13683160, 136Ce160
154 Gd (2.18) Sm (22.75) 1BgaleQ, 13813150
Dy 160 * Dy (2.33) HNG16Q, 1H5m 160
161 Dy (18.90) 5N G160
- 164* Er (1.60) Dy (28.26) WNAG'°O
166 Er (33.50) 1305m 160, 1Nd'e0O
- 173+ Yb (16.10) 'f’Gd“’O
174 Yb (32.03) 1¥Gd'%0
. 175 Lu (97.40) 159Gd'%0, 1 '%0
" 176 * Lu (2.60) Yb (13.00) 160Dy 160



Relative Isotopic Abundance Table
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Spectral interferences

multiply charged ions

* Are due to relatively rare doubly-charged matrix or sample ions with twice the mass of the
analyte and hence the same m/z. exaple °Zr** on 4>Sc*

* The formation of doubly-charged species can be minimized by optimizing instrument
operating conditions.

* For most elements is second ionisation potential higher than first ionization potential of Ar



Spectral interferences

doubly charged ions

The formation of a
doubly charged ion
is significant in the
case of Sr, Ba, (Pb).

= nad 1°t lonlzatlon | 2" jonlzation
e | | " eneroy ™| % etergy ™ minee | Gomaay | cnerey " | eneroy

| H 21.8 19 K 7.0 50.7
2 He 394 87.2 20 Ca 9.8 19.0

3 Li 8.6 121.2 21 Sc 10.5 205
4 Be 14.9 292 22 Ti 10.9 21.8
5 B 13.3 40.3 23 A4 10.8 235
6 C 18.0 39.1 24 Cr 10.8 26.4
7 N 23.3 474 25 Mn 1.9 251
8 O 21.8 56.3 26 Fe 12.7 259
9 F 27.9 56.0 27 Co 12.6 273
10 Ne 346 65.6 28 Ni 12.2 29.1
I Na 8.2 758 29 Cu 12.4 325
12 Mg 12.3 24.1 30 Zn 15.1 28.8
13 Al 9.6 30.2 3l Ga 9.6 329
14 Si 13.1 26.2 32 Ge 12.7 25.5
I5 P 16.8 3.7 33 As I15.7 299
16 S 16.6 374 34 Se 15.6 340
17 Cl 208 38.2 35 Br 18.9 34.9
18 Ar 25.2 44.3 36 Kr 224 390




Resolving power

of mass spectrometer

Resolving power is the ability of a mass spectrometer to distinguish between ions of
different mass mass-to-charge ratios. Therefore, greater resolving power
corresponds directly to the increased ability to differentiate ions.

relative
intensity (%)

resolution = 200

resolution = oo

b




Resolving power

of mass spectrometer
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Resolving power

of mass spectrometer

Low RP High RP
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Resolution vs resolving power

of mass spectrometer

Sometimes used for low resolution analyzers (quadrupoles, ion traps)
,Resolution” instead of ,Resolving Power*“

The resolution is expressed e.g. as a unit resolution (typical for
quadrupoles).

RP must be related to a certain m/z value or m/z range,
manufacturers often define a resolution valid for the whole mass
range of the analyzer, (e.g. 2 000 — 4 000).



Resolving power

of ICP mass spectrometer

e Low: 300-400 (quadrupole)
* Medium: 2000-4000 (TOF)
* High: 8 000 — 10 000 (SF)

Intensity (cps)

Intensity (cps)

. : T
Medium resolution mass spectrum of * Gl
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Resolving power

of ICP mass spectrometer

Note By using the 10%-valley definition (as usual for sector field mass
spectrometers), the peak width depends on the Mass and the Resolution:

Peak width
Mass Resolution @ mass 11 | @ Mass 110
Peak width = 455 0.0367

Resolution 200 : 0.367 amu

amu
4,000 0.0027 0.027 amu

amu
10,000 0.0011 0.011 amu

amu




Resolving power

of ICP mass spectrometer

Quadrupole ICP-MS

52 53 54 55 56 &7 58

High Resolution ICP-MS
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Resolving power

calculations

Calculate the resolution power necessary to distinguish ions with amu:

28Si* 27.9769284 vs. *N,* 28.006148
40Ca* 39.9625907 vs. “OAr* 39.962383
*°Fe* 55.9349393 vs. “0Ar'®0* 59.957298



TABLE 6.2
lons

Resolution Required to Separate Analyte lons from Interfering

Resolution

Isotope Mass” Interference Mass™" Required”
*Si 27.9769284 “N, 28.006148 960
0 27.994915 1600
p 30.9737634 “N""O'H 31.005814 970
o 31.9720718 "0, 31.989829 1800
» 38 96317079 “Ar'H 18 970557 $700
I—‘"f‘a 39.9625907 “Ar 39.962383 193000
. ¢ 39.963999 29000
i 1 47.9479467 "0 47 966986 2600
“S"N 47.970942 2100
"V 50.9439625 "0 50.963767 2600
CI''N 50.968977 2100
“Cr 51.9405097 ASC 51962383 2400
“"CI'"O'H 51.971592 1700
“Cr 52.9406510 "0 52.960817 2700
“Mn 549380463 “Ar'’N 54.962492 2300
10 54.965062 2100
“Ar”N'H 54 973282 1600
“Fe 55.9349393 “Ar'"O 55.957298 2500
“Ni 579353471 “ArO 57.961542 2250
“Co 58.9331978 “Ar"O'H 58.969368 1650
“Cu 62.9295992 “Ar''Na 62952153 2800
“Zn 63.9291454 S0, 63961901 2000
N 63.944144 4300
“Ga 68.9255809 "1"0, 68.955732 2300
“Ge 739211788 “Ar''S 73.930251 8200
"As 74.9215955 “Ar'Cl 74.931236 7800
“Se 79.9165205 “Ar, 79.924766 9700

*Isotopic masses from A H. Wapstra and K. Bos, Ar. Data Nuclear Data Tables, 19, 175 (1977),
"Values are rounded.




