Ions deflected
according to m/z

Heated Slit

filament

Detector

Tonizing
electron

DEa LCD display




120 mxigs
-« Bk, A5, I, A

Mass spectrometry What is the size and formula?
Infrared spectroscopy What functional groups are present?
Ultraviolet spectroscopy Is a conjugated = electron system present?

Nuclear magnetic What is the carbon-hydrogen framework?
resonance spectroscopy
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Sample Display

Ionization source Mass analyzer Detector
Electron impact (EI), or Magnetic sector, or Photomultiplier, or
Electrospray ionization (ESI), or Time-of-flight (TOF), or Electron multiplier, or
Matrix-assisted laser \ Quadrupole (Q) Micro-channel plate

desorption ionization (MALDI) J
NI,
RH RH + e

Organic Cation
molecule radical
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Figure12.4 Mass spectrum of hexane (CgHs; MW = 86). The base peak is at m/z = 57, and numerous
other ions are present.
CH3CH,CH,CH,CH,CHg

Hexane

£_
[CH3CH,CH,CHoCH,CH4l Y

Molecular ion, Mt

(m/z = 86)
CH3CH,CH,CHoCH,* CH3CH,CHoCH, CH3CH,CH,t CH3CH,*
miz: 71 57 43 29

Relative
abundance (%): 10 100 (base peak) 75 40
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Figure 12.3 Mass spectrum of 2,2-dimethylpropane (CsHyp; MW = 72). No molecular ion is observed
when electron-impact ionization is used. What do you think is the formula and structure of the M* peak at

miz = 57?
| CHy |* CHs
H3C—é—CH3 —— HyC—C? + <CHj3
s EHs

m/z =57
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Using Mass Spectra to Identify Compounds

Worked Example
12.1

Assume that you have two unlabeled samples, one of methylcyclohexane and the other of

ethylcyclopentane. How could you use mass spectrometry to tell them apart? The mass

spectra of both are shown in Figure 12.6.

100
< 69 Sample A
> 80
(8}
(o=
S 60
c
2
o 40 -
(]
>
5 20
i.‘,‘ 98
0 NN Y T O | I
10 20 40 60 80 100 120
m/z ——s
100
3 Sample B
X
S 80 83
(&)
(o
3 60—
S
3 40 98
(]
>
¢ | |||
0 | Al Al i ol L A l
10 20 40 60 80 100 120

m/z ——

Figure12.6 Mass spectra of
unlabeled samples A and B for
Worked Example 12.1.
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Problem 12.1

The male sex hormone testosterone contains only C, H, and O and has a mass of
288.2089 amu as determined by high-resolution mass spectrometry. What is the likely
molecular formula of testosterone?

Problem 12.2
Two mass spectra are shown in Figure 12.7. One spectrum is that of 2-methyl-2-pentene;
the other is of 2-hexene. Which is which? Explain.

(a) 100

80 —

60 —

40 —

20

Relative abundance (%)

.||| ;..I.|I L] i |
10 20 40 60 80 100 120 140

M/Z —s

(b) 100

80

60 —

40 —

Relative abundance (%)

20 ‘
il

I
10 20 40 60 80 100 120 140

Figure 12.7 Mass spectra for Problem 12.2.
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Alcohols

Alcohols undergo fragmentation in the mass spectrometer by two pathways:
alpha cleavage and dehydration. In the a-cleavage pathway, a C—C bond nearest
the hydroxyl group is broken, yielding a neutral radical plus a resonance-
stabilized, oxygen-containing cation.

+. Alpha L

RCHa o _OH el :OH OH
C _ RCH2- + |+ — I

/ \ /C\ /C\

In the dehydration pathway, water is eliminated, yielding an alkene radical
cation with a mass 18 units less than M*.

H OH |* \ / +e
/\C—C/\ Dehydration H,0 + C—C
\ / N\




Amines

Aliphatic amines undergo a characteristic a cleavage in the mass spectrometer,
similar to that observed for alcohols. A C—C bond nearest the nitrogen atom
is broken, yielding an alkyl radical and a resonance-stabilized, nitrogen-
containing cation.

+ Alpha s +

RCHZS _NR3 cleavage BNR2 NR2
C _— RCH2- + |+ —> |

/ \ /C\ /C\

Carbonyl Compounds

Ketones and aldehydes that have a hydrogen on a carbon three atoms away
from the carbonyl group undergo a characteristic mass-spectral cleavage called
the McLafferty rearrangement. The hydrogen atom is transferred to the carbonyl
oxygen, a C—C bond is broken, and a neutral alkene fragment is produced. The
charge remains with the oxygen-containing fragment.

- Tt B H T+
& o) McLafferty N ~o
4) (” rearrangement ﬁ + C|I
7N _C NAFUN
R A ?
+* Alpha ok iagr
(| cleavage | If
. | |
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« BBEIFEE electrospray ionization (ESI) FEFTHBIENEE matrix—assisted laser desorption

ionization (MALDI)
100

14307.7578
90

80 —

70—

60 —

50 —
7228.5044

Intensity (%)

40

30

20
4771.0127 28614.2188

10 ‘Nﬂmewwwkwuwmw) 9552.7129
0

| | | | | | | | T
1996 8621 15246 21871 28496

Mass m/z ——

Figure12.9 MALDI-TOF mass spectrum of chicken egg-white lysozyme. The peak at 14,307.7578 daltons
(amu) is due to the monoprotonated protein, M\+H™, and the peak at 28,614.2188 daltons is due to an impurity
formed by dimerization of the protein. Other peaks are various protonated species, M+H,"*.
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Frequency (v) in Hz
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Visible T~

380 nm 500 nm 600 nm 700 nm 780 nm

3.8%x 10/ m 78 X 107’ m




Jl 125 KD
o BRI SIAMER

(a)

|— Wavelength —|

___________ -

Wavelength X Frequency = Speed
Amplitude

A (m) X v (s71) = ¢ (m/s)

A

v
e =hy = —
400 (c]

«——800 nm ——

where h = Planck’s constant

(6.62 X 10734] .5 =1.58 X 10734 cal - 5)

Violet light

Infrared radiation
(v =750 x 10"4 s71)

(v=3.75 x 1014 s 1)
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Figure 12.13 The infrared and adjacent regions of the electromagnetic spectrum.
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Table 12.1 Characteristic IR Absorptions of Some Functional Groups
Functional Group Absorption (cm™7) Intensity Functional Group Absorption(cm™7) Intensity
Alkane Amine
€kl 2850-2960 Medium N—H 3300-3500 Medium
C—N 1030-1230 Medium
Alkene
=C—H 3020-3100 Medium Carbonyl compound
C=C 1640-1680 Medium C=0 1670-1780 Strong
Alkyne Aldehyde 1730 Strong
_ Ketone II7A1ES Strong
~CcH 5300 strong Hsier %55 Strong
= 2100-22 Medi
=& tos22od ediom Amide 1690 Strong
Alkyl halide Carboxylic acid 1710 Strong
CoCl 600-800 Strong
B Carboxylic acid
st PUISa0Y 2lons O-H 2500-3100 Strong, broad
Alcohol Nitrile
O—H 3400-3650 Strong, broad - _
c-0 1050-1150 Stole C=N 2210-2260 Medium
Arene Nitro
C—H 3030 Weak NOy 1540 Strong
Aromatic ring 1660-2000 Weak
1450-1600 Medium
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