Exercise 1:

Mass SpecTRoMETRY (MS)

Determine the degree of unsaturation (IHD) for the hydrocarbons with the following molecular

formulas:
(a) CioHis
(b) C;H;NO

(C) CsHJCIO

Exercise 2:

HDI =3
HDI =5
HDI =4

An unknown substance shows a molecular ion peak at m/z = 170 with a relative intensity of 100.
The M + 1 peak has an intensity of 13.2, and the M + 2 peak has an intensity of 1.00. What is the
molecular formula of the unknown?

M*at m/z=170
M* peak

M + 1 peak

M + 2 peak

170-(12)(12) = 26
cannot have two N
M + 2 peak

implies an even # of nitrogen

it is the base peak, no recalculation necessary
13.2/1.1=12; 12 carbons

1.00% of M*; no S, Cl, Br

Ci2Hy6 is possible
MM exceeded
its presence might indicate oxygen

170 - (12)(12)-16=10 Ci,H100

answer: C;;H100 (or CioHye)

Exercise 3:

An unknown hydrocarbon has a molecular ion peak at m/z = 84, with a relative intensity of 31.3.
The M + 1 peak has a relative intensity of 2.06, and the M + 2 peak has a relative intensity of 0.08. What
is the molecular formula for this substance?

M* at m/z = 84

M* peak
M* 31.3
M+1 2.06
M+ 2 0.08

84— (6)(12) = 12

answer: C¢Hq,

implies an even # of nitrogen
it is not the base peak, recalculation necessary

100%
6.58% 6.58 /1.1 =5.98; 6 carbons
0.25% nosS, Cl, Br
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Exercise 4:

An unknown substance has a molecular ion peak at m/z = 107, with a relative intensity of 100. The
relative intensity of the M + 1 peak is 8.00, and the relative intensity of the M + 2 peak is 0.30. What is
the molecular formula for this unknown?

M* at m/z = 107 implies an odd # of nitrogen

M peak it is the base peak, no recalculation necessary
M + 1 peak 8.00/1.1=7.3; 7 carbons

M + 2 peak 0.30%; no S, Cl, Br

107 —(1)(14) - (7)(12) =9
answer: C;HgN

Exercise 5:

The mass spectral data of an unknown liquid are given below. What is the molecular formula of this
unknown?

m/z intensity M*at m/z=78 implies an even # of nitrogen

78 236 (M) M’ peak it is not the base peak, recalculation necessary
79 0.79 M* 236 100%

80 7.55 M+1 0.79 3.35% 3.35/1.1=3.05; 3 carbons

81 0.25 M+ 2 7.55 32% Clis present

78-(3)(12)-35=7
answer: CsH,Cl

Exercise 6:

Propose a molecular formula for each mass spectrum:

1 S C/H4BrN
1 MY 181 62 100 '
20— MT+1 182 5 8.06
M*+2 183 59 95
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ﬁ 60— | M™ odd #N
e M"+1: 8.06/1.1=7.3;, 7C
_g M*+2: 1:1; Br present
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100 -
m/z mm % CsHs02
1 M* 112 53 100 or
s0-| MT+1 113 38 7.2 CrH1:0
MY+2 114 0.5 0.9
>
2
& 0| M* even #N
i || M*+1: 7.2/1.1=65; 6Cor7C
Z M*+2: noCl,noBr,noS
T 40—
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Exercise 7:

Look at the mass spectrum of 2-methylhexane. What is the m/z value of the M* peak and of the base
peak? Give possible structures of the fragments giving rise to the large peaks at m/z = 85, 57, and 43.

100 M* peak m/z = 100
i base peak m/z =43
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‘ m/z =57
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Exercise 8:

Give the structure of the molecule that gives the following mass spectrum.

100 —
§ m/z =91 benzene
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% 1 mass = 120
T 60
=
o -
=
S 40—
ah]
[

20

O IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIi!iII|IIII|IIII|IIII|IIII|I!!IlIIII|IIII| III|IIII|II=I|IIII|IIIIiIIII|!III|

10 20 30 40 30 &0 70 30 30 100 110 1z0

m/z

Exercise 9:

The mass spectra of heptane and 2,2,3-trimethylbutane are given below. Which spectrum represents
which compound? Explain.
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Exercise 10:

Propose a structure for the compound having the following mass spectrum:

(a) 100 M*m/z =78 even# N

cl” S M*:M+2 = 3:1; Cl present
78-35=43

60 Cl 43/12=3.6; 3 carbons
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(b) 100 —
| M*:M+2 = 3:1; Cl present Cl

80—

60 m/z=177 mass = 112
monosub. benzene

40

Relative Intensity

20—

RN RN RR R R RN R T
10 20 20 40 =0 &0 70 20 20 100 110

Page | 5



