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MASS SPECTROMETRY

|. MASSSPECTROMETRY (Radiationis notused, so strictly speaking, it is
not spectroscopy,)

A) Mass spectrometry datais used to determine the molecular mass of a sample (See
Section|ll. bdow) . Usingthe molecular mass and determining the nunber of
hydrogensfroma 1H-NMR spectrum, as well as the number of carbonsfrom a 13C-NMR
gpectrum, the molecular formula of a compound can be deter mined.

B) Mass spectrometry daais also used to tell if the sample molecule has chlorine,
bromine or an odd number of nitrogensinit. (See ExampleinlV. A. 2i) bdow.)

C) Also, when there isa choice between two different molecular structures, for example,
when two different esters could have each produced a particular 1H-NMR spectrum, a
McL afferty Rearrangement fragment can hdp onedecide on or confirm the prope ester
structure that would yield the IH-NMR spectrum. (See Examplein V. G bdow.)

D) ExamineFigure 1118 inthefifth edition of Vollhardt and Schore to see how a mass
spectrometer genaates radical cationsof varioussizes by knoding off an electronfroma
neutral molecule. These radical cation fragments are attracted to a magne and separated
based on the different masses of thefragments. The separation datais plotted by the
spectrometer. Themassto chargeratio, m/z (or m/e), is plotted onthex axis andthe
height of thelinefor each pesak, plotted onthey axis, represents therelative amount of
tha paticular ion versusother ions Sincethechage,z, isusudly +1, them/zratio is
equd to themass of thefragment. . So, the heaviest peak isonly missing one electron;
it isaradical cation. It usually breaksinto aradical and a cation. Cationsalso
show on the spectrum.

1. Symbolsused in mass spectrometry:

M = neutral molecule

M+*- = molecular ion = radical cation = parention. The parention has an m/z ratio which
isthemolecular mass of the molecule in question. The paentionisusudly the mog
heavy ion*; it is not necessarily the highest ling(peak). It isawaysaradical cation (but
other peaks may bejud cations.

Thebase peak isthe highest pesk andis given avaue of 100% (or 1.00) relative to the
height of theother pesk lines.

* Thisis not counting the slightly heavier and usually much shorter line pesk representing parent
fragments which contains the 13c isotope, asthe [M + 1] " described in your text. Ignore this peak and the
detail regarding the 13¢ isotope in your text unless your professor says otherwise.



l11. Mass spectrum of Methane, CHa.
Note: themolecular weight of methanemug bel6, because the paention'sm/z ratio is 16.
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Thehighe a peak in the mass fragmentation patern, themore easily thefragment forms.

Tabulated

mass spectrum data

m/z @ |relative haght (%)
17 @ 1.1

16 @ |1000 (base peak)
15 @ | 850

14 @ 9.2

13 @ 3.9

12 @ 1.0

Often the only mass spectrum information given on atest problem is the tabulated data,
rather than theactud spectrum.

V. Other Information from Mass Spectrometry

A. Usudly in this course we will not be concerned with pesks from theisotopes 13C,
15N, or 2H. However, we can use information of theisotopes of chlorineand bromineto
determine when these elements are present.

1. When thereisa mass difference of two between the lag two major fragment
peaks of a sample, this may indicate tha there is either achlorine or brominein the
sample.

2. Look at the base peak ratio of these lag two peaks.

i) When thereisaratio of about 3:1, for example, 0.30to 0.100r 0.12t0 0.04,
it isan indication that the sample haschlorine in themolecular formula. The
reason istha the naural abundance, or percentage of thetwo chlorineisotopesin
nature, is abouta 3:1 ratio of 35C| and 37Cl, respectively. (Thereisamass
difference of two between 37Cl and 35Cl, so onepeak is for a parent ion that
contains35Cl, and the other peak is for aparention tha contains37Cl.)



Below, thetwo major peaks, 120and 118 differ by two, and ther heghtratio,
0.121t00.04, isa 3:1ratio, so the compoundcontainschlorine

Tabulated

mass spectrum data

m/z @ |relative haght

120 @| 0.04

118 @] 0.12

105 @)| 0.08

103 @| 0.25 i) When thereisaratio of about 1:1,
83 @] 1.00(basepeak) |[for example, 0.15t0 0.15, it isan

indication that the sample hasa
bromine in themolecular formula. Thereasonistha the naural abundance, or
percentage of thetwo bromineisotopesin naure, is abouta 1:1 ratio of 79Br and
81Br, respectively. (Thereisamass difference of two between 79Br and 81Br, so
onepesk isfor aparentiontha contains 79Br, and the other pesk is for a parent
ionthat contains81Br.) SeeFigure11.20in text (Fifth Ed.).

B. When the molecular weight of a compound hasan odd numbered value, it
contains an odd number of nitrogen atoms. If the parentionvalueisodd,ingructors
almost alwayshave only one nitrogen in theunknown molecule, notanother odd
number of nitrogens as three or five. An even number of nitrogensis also nota problem
usudly seenin thiscourse. Do Exercise 11.13 (Fifth Ed., Vollhardt & Schore).

C. Thehighe apeak in the mass spectral fragmentation patern, the more easily the
fragment forms. Fragmentationis morelikely at highly subdituted centers. Intense
fragment peaks usudly result from either theloss of relatively stable neutral species or
are dueto theformation of relatively stable cations Theneutral fragment does not
appear in the spectrum, butits existence can be determined by noticing the differencein
the mass of afragment ion subtracted from the mass of theorigind ion** Inthe
fragmentation bdow, 72 - 43= 29, so theneutra fragment mug have been theneutra

radical, -CH>CHas.

CH3 -.I- . CH3
HaC— L CH,CHj| minus CHaCHa HyC—G@
! H

mz=72—=minus29 o nyz=43

Theabovecould beabbreviated as M*- minus-CH>CH3z = (M - CHoCH3)* =43: The
fragment cation tha causesthe peak at 43is represented as (M - CH,CHg3)*. Theneutra
radical -CH>CHg3 seen abovedoes not cause apeak at 29. (Thepesk seen at 29 onthe
mass spectrum [see figure 11.22in Vollhardt and Schore] is caused by thecation,
(CH2CHa3)*, which is madefrom other complex reorganizationstha we need notworry
abouthere.) See problem 11.40 (Fifth Ed.) of your solution manud for more examples.

**Erom Organic Chemistry, Vollhardt and Schare, 1999 and Introduction to
Spectroscopy, Pavia, Lampman, Kriz. 1979.



1. A useful approach to remember the mass of some alkyl fragments:

FRAGMENT A MULTIPLE of 1I5MINUSA SMALL
INTEGER = ( MASSIN BOLD TYPE)

CHs- 15-0=15

CoHs- (same as, CH3CH»-) 30-1=29

C3H7- as CH3CH2>CHo»- or branched 45-2=43

C4Hg- as CH3CH2CH2CH»- or branched 60-3=57

CsH11- as CH3CH2CH2>CH2CHo- or branched| 75-4=71

D. Alcohol Fragmentation: Alpha-Cleavage([(a.) -Cleavagel and Dehydration: Did
your professor lecture onthese? It is covered in your text.

E. AmineAlpha-Cleavage Did your professor lecture on this? It iscovered in your
text.

F. Alpha-Cleavage[(a) -Cleavagg of Carbonyl Groups Did your professor lecture on
this? Hereisan example:

— — 0 3 — —
@ .| oacleavage I| - @
—(C— = s 2 D a—cleavage’ — R
R—C -Q on right of R R on left of -Q C—R
carbonyl; carbonyl; ¢
® - R.- alkyl - R.- alkyl ®
RC=01 radical radical 10=C—R'
acylium fon acylium ion
yields a mass yields a mass

spec. peak spec. peak




G. McLafferty Rearrangement: can occur in ketones, aldenydes, carboxylic acidsand
esters. (Also amides, nitriles, and benzeneringswith propyl or larger groups but itis
very unlikely youwill see these in rearrangamentsin this course.)

Carbonyl compoundstha have ahydrogen ontheatom tha is three atoms away (the
gamma, vy, carbon) from the carbonyl group can undergo a §-cleavagecalled a
McL afferty Rearrangement.

Below, both esters have the same molecular mass and very similar 1H-NMR spectra, but
the McLafferty Rearrangament fragments from each differ.
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V. Skip High Resolution M ass Spectrometry unless your professor discussed or
assigned problems onit.




