‘QUALITATIVE ANALYSIS

(Mass Spectrometry)

- :.-'!. .

« Analyse mass spectra in terms of m/ e values and isotopic abundances.

« Calculate the relative atomic mass of an element given the relative abundance of it’s isotopes or it’s
mass spectrum,

+*Deduce the molecular mass of an organic molecule from the molecuhr Ion peak in the mass
spectrum.

» Suggest the identity of molecules by simple fragmenmion ina given mass spectmm
« Deduce the number of C atoms n ina compound usinj the M1 peak and the formula:
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Dechcethepmunteaf chlorlneand bromine atoms in a compound using M+. peak in mass spectrum.
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General uses and instrumentation of Mass Spectrometry have already beendiscussed 1n grade
Xl. It is a very useful tool to analyse the number of 1sotopes uf an eiement and their relative
abundances. Furthermore, it is also used to detenmne ‘the molecular masses and help in the
structure determination of orgamc maletules “especially organic molecules. Another
advanced benefit of _Mmass, 'spe: metry is the study of reaction mechanisms by finding

fragmental masses of lar fragrnent cations and intermediate cations formed during the
reaction.

17.1 How to analyse a number of isotopes and their relative

abundances of isotopes?

The number of peaks that appear on a proper m/z value in the mass spectrum tells us about
the number of isotopes. For example, two peaks are seen in the mass spectrum of chlorine
which shows that there are two isotopes of chlorine present in the natural sample. Similarly,

three peaks in the hydrogen spectrum tell us about three isotopes of hydrogen namely
protium, deuterium and tritium.

Secondly, the height of each peak tells us about the relative abundances of each isotope in
terms of percentage. — o :
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17.2 Calculation of "Elatave atom,g .n\lé*sség- O

The relative atomic mass of an eléqnerrl:\taﬁ b\& catculared by the given formula using the
relative abundance of each isotp wlth itinifi value.
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Relative (avg.) &omic mass=

¥ (mass number) x (isotope abundance)
100

For example, the study of the 80.10%

Boron(z=5) spectrum tells the foo

number of isotopes with relative

abundances of isotopes are as

follows:

Mass number of boron =10

Relative abundance of
boron=19.90%

Mass number=11 '

Relative intensity/%

19.90%

Relative abundance B-11=80.108 735 1 u = W e 1
It's average atomic mass can be | me 1<)\ (CON

calculated by putting this R ““mwmurm @S
information in the formula. '.__', NaRmulass i

" (10x19 90) + (11x80.10)

Avg. Atnmuc rpaslof Boron = = 10.801amu

100
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CONCEPT ASSEgSMENTEXERCISE171

Question: U;{ng';?-mé f‘ﬂﬁén‘ ‘spectrum, _
calculate the average atomic mass of %
the element and find out to which :
element this spectrum belongs. You R
can take the help of the periodic table. 3 B
| ‘ i
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Fig 17.2:

17.3 Determination of molecular mass by molecular ion peak
The first thing to do is the identification of the molecular ion peak Wg;iﬁgwﬁ;amcutar ion

peak is the peak in a mass spectrum that represeﬁlgst\ng\'\iim a u{ar\fanmbol M’ peak). The
molecular ion peak is the point with thrférge%t \mass-to-charge ratio after excluding any

\ A\ S

peaks caused by the presea;:qpfﬁaﬂeri&otap&ﬂwn you check the m/z value of the

molecular ion peak. Another\ importar t characteristic peak of a compound in mass spectrum is
base peak. The ha_p‘gn ea

he base |pe 4s-due to the most abundant ion of the molecule which is given
abundance of 100. The peak corresponding to the most abundant ion is called base peak.

The value of m/z of molecular ion peak is equal to the molecular mass because most of the
ions carry +1 charge. If isotopes are present with greater mass but less relative abundance
their peaks will arise at a greater m/z. For example, if an organic compound has '*C isotope a
smaller peak at (M+1) one m/z greater than the molecular ion peak.
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Fig 17.3 Mass spectrum of ethene




For example, the molecular ion or heaviest peak for : ab 86 mlz Let us explain
the mass spectrum of the ethene(moleclé: In the figure- the molecular ion peak appears at
m/z= 28 which is equivalent to. ;he molecular mass of ethene. The peak at 29 is the M+1 peak
due to one of carbon in jethene that is C-13 isotope having 1% abundance. The peak is at
m/z=30 is the M+2 péak ‘due to the presence of both carbons as C-13 in ethene. M+2 peak
usually much smaller than M+1 and M peaks. The other peaks are formed by all those
fragment ions formed during the process of mass Spectrometry.

17.4 Identification of & molecule by fragmentation pattern

By the impact of electrons from the electron gun onto the molecules, molecule undergoes
fragmentation. Dissociation of the bond depends on the type of functional group, usually the
weakest bond breaks and the most stable fragments are formed. Among the fragments only
cations are carried to the detector. In the Mass S v wectumof npemane 5 UsUAlly the fragments of
m/z=15 and m/z=14 are formed corresponding to the (CH,") methyl cation. Similarly, m/z=29

peak also appears which represents ethyl (CH,CH,") cation and m/z=43 for the propyl
cation(CH,CH,CH,").
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m/z=41 peak is formed 2 Hydrogen atoms fnom pmp)rl cation to form propylene cation
('CH,CH=CH,). Some stable ions[are alsq formed by the rearrangement of unstable ons.
In the above tragn'oeqrati'mi' pattem of  n-pentane given in the figure shows that molecular

jon peak is formed at m/z=72. This molecular ion is fragmented by electron impact into ethyl
radical and propyl cations. There are equal chances of the formation of ethyl cation(m/z=29)




Unit 17: Oualitn{ive Am!yfir

and propyl radical. During this fragmentation CH,‘* is also f-'orrned gi\nng a peak at m/z=15,
Thus the fragmentation pattem ln ‘the ‘mass spectrum and molecular ion peak give

considerable clues malndlnl tbe 'molecular structure.
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Fig 17.3: fragmentation pattern of n-pentane

Similarly for functional groups like alcohols, a peak with one less than the molecular fon peak
M-1 appears by the loss of hydrogen from the OH group. By the loss of the OH group M-17
peak is obtained, this OH group can be a cation OH’ giving rise to a peak at m/z=17 as well.

17. 5 Deduction of C-number in a molecule:

From intensities of the molecular fon and molecular fon plus one (M* +1), we can calculate the
number of carbon atoms in a molecule by using the formula:
100 x abundance of M+1 peak

1.1 x abundance of M* peak |
Example: Determine the molecular formula of a molecule with a nwlal:ularion ‘peak of
relative abundance of 27.32% and M+1 peak with a relative intensityof 2,10%.
Solution: By putting the values of relative intensitia in the above formula we get:
) 100 x 2.10
1..1x17.32

Number of carbon-atoms

_ Nunberofcarbon atoﬁu
(RN ol

\ |'*-': | '-__'_l_! NS 6.945 7
So there are seven carbon atoms in this molecule.
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17.6 Deduction of the presence of Chlonne and
BMmine in-a molecule

Both Chlorine and " arbnﬁhe ‘have Chloromethane

considerable relative abundances of ' e

their heavier isotopes, so they can be

recognised by peaks of greater m/z in % CHJCl

their mass spectra. )

Chlorine: The molecular ion peak (M) g "

of chlorine appears at m/z =35 dueto £

greater relative abundance (75.77%). & ]

We get an additional peak of one-third

height at M+2 due to the presence of ™

heavy isotope Cl-37 with a relative . ] | (V——— — |'|. e
10 0 30 40 50 &0

abundance of 24.23%. The height of
this peak confirms the presence of
Chlorine. ~ N | (<
The above spectrum of chloromethane shows the moleculqr iqn peak at rn.e‘z—'jo which is
equivalent to molecular mass of ﬁH;CI Am)thes cdnsiderable peak at m/z=52 represents the
presence of heavy isotope Cl- 3? mm a rel‘atis‘e abundance one third of the molecular ion peak.

Bromine: The two-isoto bed'\a# bromine i.e. Br-79 and Br-81 have relative abundances of
50.50% and 49.50%, respectively. We should get molecular ion peak (M) at m/z=79 and
another peak of approximately the same height at m/z= 81. This is the M+Z peak. As it is
obvious from the mass spectrum of Bromoethane molecular ion peak appeared at m/z=108
which is equivalent to its molecular mass and the M peak is slightly smaller at m/z= 110
representing the presence of heavier isotope Br-81.
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* Mass Spectrometry is a very useful tnol to analyse relative abundances of the isotopes
of an element in a pompound

* The numbel“o* peaks that appear on a proper m/z value in the mass spectrum tells us
about the number of isotopes. .

« The height of each peak tell us about the relative abundances of each isotope in terms
of percentage.

« The molecular ion peak is the peak in a mass spectrum that represents the molecular
ion (symbol: M* Peak).

« By the impact of electrons from the electron gun on to the molecules, molecule
undergoes fragmentation.

* We can calculate number of carbon atoms in a molecule by using a formula using the
information obtained by mass spectrum.
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NNV EXERCISE

1. Multiple Choice Questions (MCQs)
i.  Which is not the field of mass spectrometry?
a) Molecular mass
b) Relative abundance of isotopes

c) Concentration of molecules in a sample
d) Molecular structure elucidation
ii. Average atomic mass of an element can be calculated by using:

a) IR spectroscopy
b) b. UV visible spectroscopy
b) Mass spectrometry

c) d. Nuclear magnetic resonance spectroscopy ~ 1)\ (€
fii. Molecular mass of a compound cannot be deduced: by' N O, )0
a) Molecular fon peak £ - b) Base peak
c) M+1peak 20 \CA 0\ Sody M2 peak
tv. Why is m/z valt.F ;aken equivalent to mass?
a) Charge' s zero b) Charge of ions is equal to+1
c) Charge of irons is equal to -1 d) Mass is very high as compared to charge



Unit 17: Qualitative Analysw

v. Fragments in mass spectrum are formed by the*

a) Impact of electmns

c) Chemical rea:rangements

vi. Bruniug can be recognised by:
a) Molecular ion peak

c) M+2 peak

1. Short Answer Questions

“b) Impactof.protons
d) BothAandC

b) M+1 peak
d) M-1 peak

i. How can you calculate average atomic mass of an element using relative

abundance is of all isotopes?

il. How the number of carbon atoms in a molecule can be calculated by using
intensities of the peaks in mass spectrum?

fil.

How can you identify the presence of chlorine and bromine in the molecule using

mass spectrum?

iv. What is the role of molecular ion peak in the determination of molecular mass of
a substance?

v. Observe following mass spectrum of an organic chPOUﬂd 3" dérefully and

answer the given questions.

b.
c.
d.
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Write few reactions that help to understand the fragmentatlon pattam of the
sample molecule “g"” whose MS is given. -

Why is the peak at m/z 47 is notthe molecular ion peald
Wtdoyoumeanbyabasepeakz .

What is the stmctura! farmula of the molecule g?

2. Long Answer Questlons

i. Analyse in detail, the information obtained by the fragmentation pattem in mass
spectrum, used for the structural elucidation of a molecule.




