(©) Shorthand method to depiet try
mechanisms. it is often sufficient to d:ni:l :; '?{{'lmnmu.,.,_ After learning to rationalise the fragmentation
ions which result from the bond cleava e fragmentation by a shorthand method as well Thus the maje
ate are equally well indic ‘ ¢ !‘50 next to C==0 (a-cleavage) in short chain ¢ o " !
propano'\tc are equally indicated (Scheme 7.6a without showing electron chain esters, e.g., methyl
Lt tC movement or resonance).

2
C1—13c31412—'7-t-'¢-0»—cu,
M dn
Methylpropanoate (An ester)

M? (m/z = 88)

1y Uy
C . O —
H,CH, O=COCH, CH,CH,C=0 -OCH,
miz =59 mlz=15T

Scheme 7.6a

f) Elimination via multiple o-bond rupture. Extrusion of a neutral molecule like, CO,
CHz—"—:CHz, CHECH, etc., May occur via elimination involving rupture of two sigma bonds, as in the
case of retro-Diels-Alder reaction of cyclohexenes (Scheme 7.7).

The transfer of two electrons

The transfer of one electron
(Heterolytic fission)

(Homolytic fission)

rule). Most peaks
o1 he loss of an odd-molecular-

dentified (se€ nitrogen ot
are formed by t
at the position gamma

jons"Which are normally easily i
dd m/z value, since they

organic compounds possess. 25,2 ds containing a hydrogen atom
weight free-radical fragment. However, compounds cor . :
t & arbonyl grou invariably show a relatively intense peak with an even m/z value. This has b'ee.n
0 a carbonyl BTOUP e ion accompanied by loss of 2 peutral molecule. This is
shown to be due to 3 rearrangeme o ion of ay hydrogen 0 he carbonyl oxygen ator Itis

shown by tWO electron mechanism. Alternately one M2y

n mechanism, 25 well, e.g., with 2-hexanon€ (Scheme 7.8). .
, 1 . . carbon undergg th¢

[kenes) with 2 hydrogen on their y-carbon UGS ¢
o e ) transition state (arng containing

Jost from the molecular ion.

depict the mechanis

A variety of €
McLafferty rearral
six atoms provides 3

ix—membered
,an alkene is
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Com Ouy
H O
o
LCHR f .
f) — P\ | F RCH=CH,
H, SO,
{R’ b cH,
M"* ion ,
Shown by two electron mechanism
CH, CH, C
a (o 4 O
L CH, :ﬁ»r r—/tfm :ﬂ/ LCH
] N _
c CH, CH, PN n( LCH,
“CH, ¢ c/ “cH; B CH, CH,
R—CH3 2-Hexanone "The mO]e"UIar ion M* Rearranged radicy) catio
R may be H, OR, OH, etc. miz =100 miz=100
' ; l
. /
& :y /CH3
[ — u C G
N\ %
cf1, UH, ¢, CH, CH
m/z =158 Propene MW 42
Shown by one electron mechanism
The McLafferty rearrangement
Scheme 7.8

A related rearrangement may be operative in saturated systems and a smaller cyclic transition
state is allowed (Scheme 7.8a) as it does not have to accommodate the double bond.

H C/\I-L -6 . .+ - +
2 / N —> H,C ‘OH, —» HC CH, , H
H \ A \ / 20
H,C—CH, H,C—CH, CH,

Scheme 7.8a
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sssPEcT . ..
wA o fs xenon atoms impact into the solution of (e
The ™

the Xe atoms to the matrix, |eadi wample in the matrix results in the transfer
rom X, leading 1o the breaking of | {5 and the

s often as an ion | ol inte cular bonds
e <ofthe analyte often as an ion into (he Ras phase p o termoteculat

Nt . The be ~ ' .n analysed
of ons e N cam of the sample jons is then analy
ot i’ Spcctf(‘m"m in the usual way, '

(e B is wchly used for l.h.c mniz‘minn of large polar molecules and generally gives [M I

(@ ,spondmg t(:dlhc NLH 1on) with little fragmentation. ( )Mten in FAB spectra t};c peaks which
pcﬂk’_ ond 10 rotof‘f“" (or eprotonated) clusters of the matrix are desorbed along with the sample
com*? ) example' if glycerol is used as the matrix, then peaks would be obtained for its protonated
mﬁ'emiﬂKX*bCHOHCHﬁnD“”tmm&v““SMV3mnn:UJXSMHn'ZLMV“N”“””'
oligon;,‘no ; fragmentation 1S sometimes observed as a result of FAB jonization.

some o Matrix assisted laser desorption ionization (MALDI): This technique (MALDI) is similar

aciple to FAB excep! that here the energy is transferred to the matrix from a laser beam and the
inP" selected must therefore', have a chromophore to absorbs at the wavelength of the laser. Suitable
matr!" ¢ mpounds employed in MALDI are aromatic or heterocyclic carboxylic acids (Scheme 7.8¢).
mam;atrix absorbs a pulse of energy from the laser beam and undergoes rapid heating, which then leads
t0 tehe vaporization and ionization of the analyte molecules. Once again, peaks corresponding to matrix

juster ionS are obtained along with the usual MH* peaks for the molecule under study.
c

CO,H
OH (\/l(cozﬂ
HO N
2,5-Dihydroxybenzoic Nicotinic acid
acid (DHB)

Scheme 7.8c Matrices for matrix assisted (MALDI)

In this way the energy is transferred to the sample in an indirect way and in a controlled manner.
This avoids sample decomposition. MALDI can give approximate molecular weight determinations for
piomolecules, even in the range 100000200000 Daltons.

(c) Electron spray ionisation (ESI): Electrospray ionization (ESI) technique has become a
routine technique for the “soft” ionization of a wide range of polar analytes, including biomolecules.
The analyte in the electrospray method is usually dissolved in a mixture of an organic solvent (most
commonly acetonitrile or methanol) and water with a pH modifier (e.g., formic or acetic acid for positive
ion mode). The presence of the pH modifier ensures that jonization takes place in'the solution state. ESI
is an excellent)gchnique for the formation of molecular ions.

¢l 7.8 “THE NITROGEN RULE 1
¥

Nitrogen rule states, that the compounds containing an even number of nitrogen atoms (zero in an even
number) will give a molecular ion with an even mass number. For example, the following compounds
give their molecular ions at even mass numbers: CH, (m/z = 16); CH;OH (m/z = 32); CCIF, (m/z=104);
CeHsOH (m/z = 94); H,NNH, (m/z = 32); CsHsN; (m/z = 94). An odd number of nitrogen atoms causes
the molecular jon to be at odd mass number, e.g., NHz (m/z = 17); C,HsNH, (m/z = 45).

e
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: i 1l ions and not only to the mo|
is i i ionship applies to _ . eculgy ;
It is important to notc that thisre y bg stated as: an odd electron_ion will be at an eVenr lop
an even-electron joy With s
a

In other words, therefore, the nitrogen rulc. ma s, In the same way,
number if it contains an even number Ofmtm%cv::\aodd .r;mss number (M** is an odd elem
.. ; raté . - Th
even number of nitrogen atoms will appear &&= ————=""" .~ smpounds, there is a ¢ ¢
basis for this rule is thgat for most of the elements tou"dhI : Ofg‘;“(;;ils mf)st abu;ldant isoto On’crspondence
d . as e. i o
between the most common valence of t em the valencepis fOEUs, ey
both are even numbers or both are odd numbers. Iang the

1e clement and t
In the case of carbon, e.g.,

. . ‘s one ; for oxygen the valence is ¢
) . is one, the mass 1s 0n¢ Wo ang
mass is twelve; for hydrogen the valence > O nitrogen, he . the
mass is sixteen. The only important exception 18 however, the element . gen, r'e the valence is 0dg
sixteen. y These numbers are the basis of the nitrogen ryle whigh™
Is

i.e.. three and the mass is even, i.e., fourteen.

explained above.
| 7.0 THE INDEX OF HYDROGEN DEFICIENCY g
\.1 n ion, because the molecular ion is produced by loss of one ¢| ectrop

The ion has to be an odd electro _ )
from the neutral molecule, the converse, however, is not true SInce there may well be odd electrop iong
from rearrangement reactions. When the elem

other than the molecular ion in the spectrum, arising i " .
composition of the ion can be determined, the index of h}’dr:;gm“(ﬂ‘;ﬁ_ ¢ sum of multiple bopg,
and ring systems) may be used to know if the jon is an odd eleTtron 101. The index of hydrogen deﬁciency
is the number of pairs of hydrogen atoms which must be removed from t’l?e saturated open chain formy,
(e.g., C,H,, . , for alkanes) to give the observed molecular formqla. The lpdex of hydrogen deﬁciency is
then the sum of the number of rings, the number of double'bond's and twice the number of triple bonds
nde iency =x—y/2 +2z/2 + 1 Coe

For a molecule I, TI, IIL, IV, the index of hydrogen deficienc
where 1= any monovalent atom e (’ \‘X \{Q;'( 0/
A" ¢~ 11=0,S orany other divalentatom -)LX
III = N, P or any other trivalent atom e * v
\,\O 7

IV =C, Si or any other tetravalent atom

. Thus, e.g., thiophene, C_{-BS, (I, Scheme 7.9) has an index of hydrogen deficiency of (4 — 3 +1)=3.
[One may also arrive at the index by substituting CH; for each halogen, CH, for each oxygen or sulphur
atom and CH for each nitrogen. By these substitutions, e.g., the compound CgHg ONCI gives CyH,,: an
alkane with nine carbon atoms will have the molecular formula CoH ). The diﬂerencz (CoH,y— CoH,)
is eight hydrogen atoms, thus there are four hydrogen equivalents in C4H;ONCI.)

Thus when one compares C¢Hg with CgH, 4, the index is 4 for the former and 0 for the later,
In the consideration of the index, polar structures are used, thus the calculated indéx, 0 for dimethyl
.sulpl.loxide (DMSO) is in agreement with the structure (II, Scheme 7.9) in which the Lewis octet rule
is being obeyed. Similarly in nitromethane CH;NO,, the calculated index is 1, and this is in agreement

with structure (III, Scheme 7.9). \
W\ 5 . Va \/X I'e . .
" r R A +C=0 \
/ +.7 I A l 7 .
» CH—S—CH, CH,—N=0 Ay *
- Vs L \ v Vi L>
M v v C i y 5
D ' m) ST AT,
Scheme 7.9 ! o A ,/\/ fi
— s ¥ s I‘n
R CF ol T
5 o !
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W z ' ber
; i t the sum of P ot umbe
¢ index 1M fac of number of rings, the number of double bonds and twice the n ¢

Th : g . s ation O
e onds- Thus any m.dcx of hydrogen deficiency greater than one may be due 10 a combinatio”

mpst ctural Vaf‘a“.m; ‘b' € da’?‘ll”'n “.| 2 will indicate two double bonds, two rings, one d
these o TiNE or one tripi¢ ond. The indices of hydrogen deficiency of other c()mp()lmd?" is pres

Gchemc o f hydrogen deficie : hercas
» e indeX © ydrogen deficiency must be a whole number for an odd clectron, jon; WHETE"

ectron ion, the value will be non-integral. Thus the values of index can be¢ applied 10
Thus, for example,

or & ever! ¢ :on as well 4% to the fragment i . ) ‘
uJ molt‘icular '9" ) agment ions to give useful information.
the © 4 with an index of 5.5 points to (IV, Scheme 7.9) as the reasonable assignment.

cHs
NH, ~
Br C—CH, \
I N
CoHsBr C8H80 C H N
3¢=C 3¢=C -~ 1 c=C CéH_’NC
1 ring 1C=0 . - 1 ring 4 :N
HD = 4 | ring IHD =2 1=
S IHD = 5 2 rings
' HD =7
+ .o
CH,C=N. (CH,);,N—0Q¢ CH/~=CHCH,SH C1,CHCH,C=CH
CH;N C;H,NO C,HS Cc,H.CL,
2 from C=N IHD =0 1C=C 2 from C=C
[HD =2 HD ='1 [HD =2
Scheme 7.10 The indices of hydrogen deficiency
.
7.10 MOLECULAR WEIGHT-MOLECULAR FORMULA-HIGH g
RESOLUTION MASS SPECTROMETRY i

The value of m/z for the molecular ion immediately gives the molecular weight of the compound. This
ant, but its proper

makes not only the exact measurement of the mass of the molecular ion very import
recognition.

About the molecular weight or molecular formula of the compound, useful information can be
obtained by a careful study of the molecular ion region. Thus, an odd molecular weight indicates an
odd number of nitrogen atoms in the compound. The presence of chlorine or bromine will be suggestive
by an abundant (M + 2) ion while a less abundant (M + 2) ion will show the presence of sulphur. The
number of carbon atoms may be calculated (approximately) from the relative heights, h and A’ of the M™
and (M + 1) peaks respectively. As 13C is present in around 1.1 per cent natural abundance in organic
compounds (Table 7.2), one may approximately calculate the number of carbon atoms from the expression:
100'h' /1.1 h. The method is accurate for compounds containing up to 12 carbon atoms and is no longer
: fa{r predictor of the number of carbon atoms, when the compound contains nitrogen. In the presence
of nitrogen, the M + 1 peak may be larger than expected due to the contribution of 1N to this peak.
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v GPECT ROMET™-
’ Qe ~ H " . ) ' ur
",55 |,,rgb‘5‘ peak (bnb(: l;:u\kl) in ‘IhL Spectrum is at m/z = 31 and this peak i gIven lh'c. .nhn; ”)’
The cent and the height of each other peak is mensured relative to that value ( fable 7.0).

er . \ .
e of 1 han | per cent of the height of the base peak are omitted.
2 s 16 Table 7.6
¢
P T it Peak hei
m/c R N ! '_" iRht (mm) Relative abundance (%)
) T o
59 8 o o |7-
/—— - — 4 ———
45 2 4
43 1.5 Ty
42 6 13
_—— -
41 4 8
b—/_—_i I
40 0.5 1
A
39 2 4
33 1.5 3
I
32 1.5 3
31 47 100
29 55 11
28 6.5 14
27 7 15
A complet€ {nterpretation of the mass spectrum of 1-propanol is presented (Fig. 7.21).

/(h)M{tastablc lons. Notice a broad and a weak peak at m/z=29.4 (Fig. 7.7). Such class of peaks

\ghic appear at non-integer masses, are classed as metastable peaks. Metastable ions are the ions which
frggment slowly after emergence from the ion source, but before they reach the detector (magnetic field).
They are thus displaced from the position in the spectrum which would correspond to their true masses.
peaks which arise due to metastable ion decomposition are normally broad and of low intensity. These
occur when a mass m, is accelerated and then begins to decompose (Eqn. I, Scheme 7.11). The neutral
fragment R will continue with some of the kinetic energy, the mass m; which is charged is accelerated
and deflected. The process ends up in a peak with properties of m, and m, but occurring at a new mass
m* which is given by eqn. II, Scheme 7.11, where m, > m. These metastable peaks are not specifically
shown in the spectra discussed in this book (due to their extremely low intensity). Their recognition,
does help in determining both the original mass and the size of the ejected fragment. These metastable
peaks are observed primarily when the life time of the original species m is in the range of 104107
sec; long enough to reach the accelerating region, but not long enough to become fully accelerated.
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mt = my +R i
)

(m, )2
m, (Iny

m* =

Scheme 7.11

Thus the metastable ion peak at m/z = 29.4 in Fig. 7.7 confirms the elimination of water, j ¢, ,
n is due to the loss of 18 mass units from the molecular ion. This is confirmed from the‘fa;
that 422/60 = 29.4 (the peak at m/z =42 is equidistant from that at m/z = 60 and the metastable ion, th;
fact also is in keeping with the fact that the metastable ion is due to the loss of 18 mass units from the
f metastable ions, a metastable peak at m/z =92 | js

molecular ion). As a second example of the utility o
120) corresponding to the fragmentation (Scheme 7.12)

observed in the spectrum of acetophenone (m/z=
Y L Him
105
and the predicted mass m* = (1250) = 91'.88.

C HsCOCH;t — C¢HsCO™ + CH;
m/z =105
' e

metastable 10

- m/z=120
_m—
Scheme 7.12

j/F actors Affecting Fragmentation — A General View
The number of abundant ions and their distribution in the mass

() Number of fragment peaks.
nformation about the type of the molecule. Thus, in the absence of an easily
nt molecular ions. In the mass

d polycyclic molecules give abunda

o 128), the molecular ion is of high stability, there being
a spectrum which displays many fragment 1005
est a largely aliphatic structure, S¢€, .5 the

spectrum often gives good i
cleaved group, aromatic and saturate
spectrum (Fig. 7.9) of naphthalene, CjoHg (M™
few fragment peaks of importance. On the contrary,
(increasing in abundance towards low m/z values) will sugg

mass spectrum of n-hexane (Fig. 7.5a).
128

100 1 ;
(]
Q
= " “CIO
] - Abundant
5 j Naphthalene molecular
LO +
g 50 ion peak M’
2 .
<
©
o~

] 51 64
102 [h
" l‘_dﬂ Iy d '
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. Iy Irom tert-
n-butyl alcohol, CH,CH, from sec-butyl alcohol and ((a"vhlf TnI:uq rt buty:1 alcohg, o gi,
- sy IS SPCC Ccly. S, e. .
prominent or base peaks at mz = 31, 45 and 59 rkqh'?lL::w 7yl 20 the rcgq ) the Mole¢ r i()e
2-b | (Scheme 7.12a) fragments as shown (Scheme 7.1 Jonance g, isagi |
of 2-butanol (Sc - 45). The fragmentation of the molecy|y, ion from

is shown only in the cation m/z V. Scheme 7.6
s , see Egn. , DCNhe
butyl alcohol is shown (sce Eqn. IV, Schem sctra of primary aleap .
e may look for a prominent peak (distinet in the spectra of primary alcoholg) 5 M
3. One may look fi is present on a - or 8-carbon atom in g, e
to loss of water provided a hydrogen atom is pre: limination, before (h € ag
' note that an alcohol may dehydrate by 1,2-elimination, ¢ the molecyle
N mml ‘ Onge the molecular ion is formed, it abstracts a hydy ogen frop, . M
contact with electrons, Once ¢ bt oot e /
position. Thus I-butanol gives a butene radical odll;:n (."lcc Srtme 722a), 4 behy
typical of alcohols which has clear roots in solution ; lcn;n; 2ry ) c;):;zp]ete analy;, e
- : smes 7. 22 and 7.22q4,
mass spectrum of 1-butanol is based on Schemes 7.21, a

N H
o5 e

(a) CH3C‘H2 + HCCH; <«—» HJiCH3
.?H (Larger alkyl miz =45
ar *
CH,CH,$-CH$-CH—CH, radical) (M*-29) Prominent peak,
@ ) N base peak
2-Butanol :(/H

S I\
M )m/z=174 0 CH,CH,CH\+ ‘CH; (Smaller alkyl radical)

mlz=159
M’ - 15)

Scheme 7.12a a-Cleavage in 2-butanol to give prominent peak at m/z 45 which is the

Small peak

base Peak

One may, therefore, follow a general approach as suggested below to the interpretatjop, of the
mass spectrum of a given organic compound. Every spectrum presents its own challenge, and therefore,
too rigid adherence to any scheme is not wise.

1. Detect the molecular ion,

2. Determine the elemental composition and the index of hydrogen deficiency (the number
of double bonds and rings).

3. Make suitable deductions which may seem possible from the general appearance of the
Spectrum; identify ion series and characteristic ions, if any.

4. Identify any odd electron jons which are due to rearrangements.

, 7,,._,1":2//FRAGMENTA'I'ION AND MASS SPECTRA OF CLASSES OF
/" ORGANIC COMPOUNDS

|
|

—
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\ hL N Strun
P (a) Fragmentation of Saturyg I T T
ed | ocary Cristic p oy Arey ip 5 molecy|e may well
0 areny mo|
ccule
l‘r.l 4 ’
, These show regular dUSl(-‘rq of kllu-n!.llmn of A,
. * (4N § ¢ LT
each cluster is normally ¢, ok SRkt by 14
. . T iragme Cl
Chaln a'kdnes show gl‘()ssly ‘\in"ldr : B N¢ n | (il"finu . '}’ "'cl'!'» ”'”'", ”". [ o
of the peaks. Pectr g, Y miz . Pt peeak in

© ' , n 4 .
Majoy 'l'"""'m | Mraight 4nd brane hesel

, Normally a largest substitye “ being i, the re

Uatiye IFitesrys it eas,
is also favoured to give 4 m

nt at ' i
a bmn(fh is oliminat ,
ore stabe of the )

a5 a racic
y al (
(,arbomtions. '

'.l.pluli'y
"':I',l;n' (
1), ,"'d‘/,‘;}ln

() Alkanes. h; al.k anes, the carbOll-carbon bong

nds. In the molecular ion of an ajjgne (1 Lo ha. KT compare 1

h{)rf jonisation, the strengths of C—Can d 1t to haye a sirmi ) the carbop,
( . —

n by examining the
-methylbutane (Fig, 7.1 5).

.13). In the case of straight alkanes, the intensity
of other ions increases steadily to reach a maximum at m/z = 43, C;HY or m/z = 57, CHi; [these peaks

lorgely represent highly branched ions which arise vig molecular rearrangements). Furthermore, each
peak is generally accompanied by peaks of mass 1 and 2 units lower, corresponding to the loss of one
nd two hydrogen atoms respectively (see, Eqn. V, Scheme 7.14). Branched chain hydrocarbons display
rong peaks corresponding to preferential cleavage at a tertiary or quaternary carbon atoms. In summary,
the following points come to light by examining the mass spectra in Fig. 7.15:

l. The molecular ion in n-alkanes is always present. The greater thﬁ: branchipfg'in thee;i:ls(ar:tes,
the less is the likelihood of the appearance of the rr_lolecular ion z}nd if it appears,
intensity is often low. This is due to rapid and extensive fragmenta.txon.

2. The mass spectrum of pentane (Fig. 7.15) shows typical Tgm"“tat“_’go‘r’é"g HE

. ' the composi nllon + 1s
fragment ions appearing at m/z values correspo . 7.13 "P}hese fragment ions are
peaks at m/z = 57, 43 and 29, in accordance with Scheme 7.15.

3 + 1)** and loss of
surrounded by clusters of smaller peaks due to the presence of °C (M
hydrogens (M — 1)*, and (M — 2)", etc.

CHAPTER 7

alkane, with
ie.,
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420 —
. M (miz = 72) t
CH, ) CH.+ CH, { CH, { CH, o”w o~ otecular ion 6., C,Ha,.;
7™ .
15 :5 / \
43 ¥
57 l
Ty M | |
Scheme 7.13 A series of peaks separated by 14 mass units (CH), ,
o ‘ 1.€., (\}‘“ (t."”,‘:. (:;i"';‘n---- I.-(".-- "(k;“' I}‘H ' Il' :.
1007 An alkane «— 43 (M- CH,CH,)’
An alk
14
e f—
< o) CH,CH,CH,CH,CH;
_;::: % n-Pentane
S 30 Q, i
= = A
= 23 as
_ +
& l © M |
= /
0 ! Il 'Il T 5|71 l'l' T T T
I 1 I
0 20 30 40 50 60 70 80 90 100
m/z
100 <+— 43
An alkane ’ CH, CI:H CH,CH,
CH S
S | 5718 2—Meth3lb t
9 g ylbutane
£ S
5 |
4 30 29 S
v '
= f g
= k= |
Cg < 72 MT
5 ' 71 h
0 —— ',r H— , l" lll T 1 T
10 20 30 40 50 60 70 80 90 100
mlz -

7.15 Mass spectral (El) fragmentation of alkanes (M - alkyl)* peaks at m/z = 57 and 43

~ As far as fragmentation patterns are concerned, the two isomeric hydrocarbons, pentane and
2-methylbutane show large similarities, the only difference being in the relative intensities
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of peaks. Thus as expected of pref
O rbon centres (ic. mpn‘:;—::“::\ ::(r:lcrrcd fragmentation at the more highly ”,,mmutgd
the mass spectrum of 2-mclhylhulm:LL ,hc““"lsc a more stable carbocation €an result), ’m
in n-pentanc. The loss of H, (M'* - 'l 1ch is a larger (M"* 1) line at m/z =~ 71 l’han
a secondary carbocation (Eqn. 11, Scl ) from the branch point in 2-methylbutane 8"’?”
also much more abundant in the ;‘,‘]‘g(’ lcu‘nc 7.14). Significantly, the peak at mlz = 57 ':s
n-pentane. The loss of CHy radic: " (.)' 2 methylbutane (Fqn. 111, Scheme 7.14) than 10
3 radical (M* — 15) from the branch point from the molecular
ne, (with no branch

ion of 2-meth '
:::ni’) m::zssycl)t;uéase ild\ies a secondary carbocation, whereas with penta
3 (M* — 15) can give only a primary carbocation (Eqn. [, Scheme 7.14)

+
CH,CH,CH, +-CH,CH,

miz =43
CH,CH,CH, +CH;CH,'
[CH,CH,CH,CH,CH,]’ mz=29 ()
Pentane M* CH,CH,CH,CH, +CH;
miz=1T2 miz =57

CH,CH,CH,CH, +"CH;
miz=15

+ _H " e
CH,CH,CH, 2> [CHCH,CH ——* CH,CH=CH

miz =43 miz=42 miz =41
[ cH, + ?H3
H5C—41‘—CH CH — C + H 1
~+“ 2 3 e ( )
H H,C \CH2CH3
miz=171
H,C—C—CHCH;| — ;C—CHZCH, + CH, (1)
I H
miz=57
M- 15
+
Ths CH,
H3C——?«§—CH2CH, — H,C-—Cé + CH,CH, (IV)
H
H miz =43
M? 2-Methylbutane
M —— _

Scheme 7.14

ws a further enhanced

ne, Fig. 7.16) sho
butyl cation

ethylpropanc (neopenta
lecular ion so as to give fer’-

yl radical from the mo

The mass spectru
by .. .
"ond fission leading to the loss 0

m of 2,2-dim
fa meth
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“of one carbon side ain, ie., loss of methyl (M** - 15 g4

422 SPECTROSCOPY OF ORGAN|C COMPOUND
S

(Scheme 7.15) as the base peak at m/z = 57. In this casg, due t.o fa?llehfrag:;:ut:t‘)’:zﬂ;e?olecular ion at
m/z=172 is only barely visible. Moreover, one finds addiuonal' lines in the Sp| | “ h. .ll'm‘-thylpropane
at m/z =41 and 29, the molecule cannot fragment directly 1"110 these mo e:cularfwelg t lof‘s- Therefore
these are a result of extensive molecular rearrangements which are so typical o carbocatlons_ ,

(tert-Butyl) cation
as the base peak

57 !
N - at m/z = 57(M’ - 15)
100 Alkane

,‘ '
\ / —

HA.:'@ jH3
o | onoon

29 Neopentane
(2, 2-dimethylpropane)
- ]

h
(=
I
|
S
w
N
—

Relative abundance

' M?, m/z="T2
1| b Al l

0 T T T T T T T | I. T
20 40 60 80 100
m/z :

Fig. 7.16 El mass spectruh of 2, 2—dimethy|'propane’

CH T-“ | CH, o )
CH, CH,
+ +
M: miz=57 M*- 15
miz="172 .

2,2-Dimethylpropane

Scheme 7.15

Fragmentation of Cycloalkanes
Cycloalkanes, e.8., cyclohexane invo
m/z = 56 by the loss of ethylene.

Ives cleavage of two C—C bonds to give a base peak at

(%) Cycloalkanes. The most common fragm,

entation pattern of i ide chain
and loss of ethylene. Methylcyclopentane (M** at A cycloalkanes_1§’19§ S ofside chait

m/z = 84) has a Prominent peak at m/z = 69 due to loss

’ - 15 = 69) to give cyclopentyl catiOIl C5H9
Ihe base. Cak a. t m/z 3 6 S fOIlIled by f ethy1
| ) l l ; ) ( ). ) ene fl'0m the mOleClllaI' 10n (SCheme

0 ' ol =
e T Y Scanned with CamScanner
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O’CHs —> ) CH, — (|j||2 H,C
d { r .
y J, ) CH-CHy_~
ethyleyclopentane . H,C:
(Molecular jon) Ethylene A new radical cation
CI’}: ‘: ' base peak m/z = 56
“CH—CH, — =t CH—CH,
2 o HC—cH, .
Ethylene

Base peak m/z = 56
Scheme 7.16

[ Generally the convention to write the formylq

Jor the radical cation (i.e., molecular ion M **)
rackets and ;he Od‘_l electr on:nd charge is placed outside. For clarity one may localise the odd
Jectron and the cnarge in, e.g., a ydrocarbon to rationalise the observed fragmentation.] The other
t

inent peak at m/z = 41 is formed by the loss of ethylene from the cyclopentyl cation CsHj.
Fragmentation of Alkenes

o Allylic cleavage is favoured with alkenes with the formation of resonance stabilized allylic
carbocations.

« Alkene isomers are difficult to distinguish due to extensive carbon and hydrogen rearrangement.

(iii) Alkenes. The molecular _ion peaks fQL sirgp_%es are oﬂe@sﬁjpggy_sggg. The most
common fragmentation of alkenes is the cleavage of an allylic bond (i.e., cleavage at the B-bond with
respect to the dquble bond). The positive charge usually remains with the fragment containing the double
bond in order to give a resonance stabilised allylic cation. Thus the radical cation of 2-hexene (Fig. 7.164)
gives a base peak at m/z = 55. '

Arearrangement of M** from an alkene (McLafferty rearrangement) may occur, provided that the
~ y<carbon has a hydrogen on it. Thus a hydrogen atom shifts from one part of a chain to a radical site at
another part of the chain via a six-membered cyclic transition state. The base peak in the mass spectrum

2-Hexene CH,CH=CHCH,CH,CH,

- 1004 A base peak
at m/z=55

W

S
1
<

‘84

Intensity

84

0 I ||I il ||I I II : :

10 20 30 40 50 60 70 80 90
- mlz

(El) of 2-hexene (CH3CH=CHCHZCH2CH3)

- \ig. 7.16a Mass spectrum (COﬂfd}
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,ﬂcavagc at the allylic bo:ﬂl

CH=CHCH, + "CH,CH,

[HJC—CH=CH1CH2§TCH2CH3]1 — CH,
| miz =55 29

(M*)m/z = 84
Radical cation of 2-hexene

+
[CH,—CH—CH=CH, +—> CHy—CH=CH—CH,]

Resonance stabilized allylic cation

Scheme 7.16a

T
of 2-methyl-l-pentene appears at m/z = 56 due to the loss of a fragment with a mass of 23 Unit
(84 — 56 = 28, Scheme 7.17) and this fragment could be ethylene. The alkenes drift down the Magg
spectrometer, and are not detected since these are uncharged. The McLafferty rearrangement for 2~methy1.
I-pentene has been explained showing a detailed movement of electrons. The same could also be depicteq
in an alternative shorthand method as shown for 1-hexene (Scheme 7.17a).

. ~_H H
CH,  CH, CH’Z(/'(CH2 _ ¢CH, “CH,
(ISH l'; CIH +(|: <|Jlﬁ 4
AR EIPA SN 2 2 c
XU N~
“CH, CH, 'CH, CH, ~EH, cw,
2-Methyl-1-pentene (Mt) m/z = 84 Rearranged
Molecular ion of radical cation
2-methyl-1-pentene . m/z=84
C|3H3 \
~ CH
e R
_~ CH, CH, ' CH,
m/z =56 Ethylene

Bgse peak radical
cation of lower mass

N\, AN
Y(|:H CH, CH, (|:H;| *
. BCHz\ C H — |C|H + CH
CH | -
2 CHz CH2
1-Hexene Mt miz =42
(CH,,) _
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After electron impact ionisation\ 25
ently dis . > Migra;
alkencs frequently display very Similar if o ofan double
Uidenticgy spectra ond occurs in alkenes, therefore, isomeric

cyclic alkenes often display Dig|s. alkenes

Al
der fragmentation.

(@) Cycloalke'nes. A cycloalkene y;
4 gracteristic retro-Diels Alder fragmenty;,, ith
J a monoene fragment is produceq WhiChn ca

the double bon

din agj . .
$ shown for Cycl a six-membered ring undergoes

ohexene itself (Fig. 7.17). Thus a diene

an : : o
_ 4 in cyclohexene is d . Mpete for e
e = 54 1n Cy ue to retro-Dlels-Ald . the positive charge. The significant peak at
)’CIohexene structure. er reaction and provides a useful hg ot
¢ 8 a useful characteristic of the
i | -
— il + +
EL' + | e, ] ~Z
N ' + |
Cyclohexene - N
W, -6 Y

Retro-Diels
iels Alder fragmentation of cyclohexene

100 +

14 _t | 54
] KK

82 M

Relative abundance
W
()
1

AN I.l.I 1
\

LML

20 40 60 80
m/z

.

Fig. 7.17 Mass spectrum and fragmentation of cyclohexene

Fragmentation of Aromatic Hydrocarbons

gment at the bond P to the ring.

« Aromatic hydrocarbons fra
e Some rearrangement ions occur as C,Hs at m/z = 92 in alk
formation of a tropylium ion C,H;, m/z = 91.

ylbenzenes followed by the

ons. The aromatic hydrocarbons, €.8:, benzene, naphthalene (see Fig. 7.9)
Jecular ions which are usually accompanied by

rised by abundant mo : .
13C and or D. In the case of benzene, the base peak is the molecular 100
-’_‘.—J

(v) Aromatic hydrocarb
and alkyl benzenes are characte
(M+ 1) and (M + 2) peaks due to

N
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N

. ive the i -
bond « to the ring. This ion subsequently looses acetylene CzH, to give the ion at m/z < 5 (proy
_butadyne, CH,==C*'—C==CH).

100

80

60

Intensity

40

20

SPECTROSCOPY OF ORGAN|c Comp
OUND
3

77(C¢Hs') and at m/z = 5] (CqHyH, The p,
Cny|

of lh(.
Mt

L
Base peak for benzene is
the molecular ion m/z =78
| | Benzene
|‘l| l” T 1 || ll
0 20 30 40 S0 60 70 80
mlz
' +
1 _CH .
] i, Sy cn
(-26) .
m/z =51
Benzene The phenyl cation, _
M) miz="18 CH,, atmiz=T71

Scheme 7.18

In alkylbenzenes the dominant fragmentation is at the benzylic bond, since the benzylic cation thy

is formed is resonance stabilised. This is similar to the stabilisation of acationb
with a double bond. Toluene has a strong molecular ion peak (m/z =
is at m/z = 91 (Fig.7.18) which corresponds to the loss of a hy.
(fragmentation at the benzylic bond, i.e,, B

y its allylic relationship
92), however, the base pea
drogen atom from the molecular ion

-cleavage in the side chain) to give a benzyl cation which

rearranges to the more stable tropylium ion (C;Hy*, m/z = 91, Scheme 7.19).

100 - The base peak
. mlz=9]
o 80l Strong molicular ,.
§ g'ro(;yltum cation ion peak M* \ }//
3 CH, erived from the mlz =92
E 60 benzylium cation ‘
o
E 40
S Tol
) oluene
~ 20
T T. T lIl L |ll T lll T | L !
0020 30 40 s0 6 79 g 90 100 110 120
m/z
Fig. 7.18
- — _
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ECTROMETRY
65 5P .
MA —
+
CH, ] CH, '
~-H ons . [~ :'
@ - — ( ' > (JL_—(»E-’ S
\ 'l T 2()
luene Benzyli ‘ = miz = 65
;To ue. - ‘“’:::Nln cation Tropylium cation
M) miz= 2=91 m/z =91
Scheme 7.19

e

As stated above, alkylbenzenes predominantly undergo rupture at the benzylic bond to aff(:; i ;:n
jum cation. When, however, the side chain has at least three carbon atoms, 3 shift of a Y-hye 7 20).

.an 0CCUT via a McLafferty type rearrangement to give a prominent peak at m/z = 92 (Scheme -

. joreover the frequently observed peak at m

molecule
.. /z = 65 arises by the loss of a neutral acetylene
tropylium 1on. :

For example, the spectrum of n-butylbenzene (Fig. 7.19 shows characteri

Stic peaks at m/z = 91
and 65 typical of alkyl benzenes (the tropylium ion, and t

he cyclo entadienyl cation). The
cak at m/z = 92 is suggestive of a McLafferty type rearrangement ""L—R_____/(Scheme =

0, R—CH,) to produce
methylene-cyclohexadienyl radical ion.
/_

Molecular ion of n-butyl
benzene

@ Loss of CH=CH

mlz= 65 m/z=91
100 miz=92
| CH,CH,CH,CH, Methylenecyclohexadienyl
80 - ©/ - radical ion
_ CH,
% 60- |n-Butylbenzene @H
c
;‘é H
= 40
20- M*, m/z = 134
\ 1 A | \
0 __lL__.T———{—-——ﬁ | l T T T T T \
20 30 40 50 60 70 8 90 100 110 120 130 140
: mlz
Fig. 7.19
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