+ CH,OH
i \cfo.

(e I8 !
Sl:\cb an eliminatic_xi distinguishes (i) between cis and trans isomers and (i/) ortho substituted
€ompound from meta and para substituted isomers.
4. McLat!‘erty rearrangement ion. This rearrangement involves the cleavage of a -bond

followed by a Y-hydrogen transfer. The mechanism involves a six membered transition state (For
details, see page 277).
Important Features of the Mass Spectr.a of Hydrocarbons
(C? Alkanes (saturated hydrocarbons). Some important features of the mass spectra of
alkanes are as follows: ;
(1) The relative height of the parent peak decreases as the molecular mass increases in
the homologous series.
(i) Groups of peaks in the mass spectrum are observed 14 mass units apart. The most
abundant peaks correspond to C, Hj, ,, ion. :
(iii) The most intense peaks are due to C, and C, ions at m/e 43 and m/e 57 respectively.
(iv) There is no preferred charge stabilisation site to favour any specific cleavage.
(v) The peaks corresponding to C..H;.mn ions are also accompanied by C, H;,, and
C, HJ,_, ions in much less abundance.
The mass spectrum of dodecane (C,,H,6) is shown below:

100 - &1
: a0 - 5 :‘3’ CaHg CH, (CHZ)IOCH:_S
g 80 - i Dodecane
v '
§ 80 - 717
g S0- | CsHyy
= 40- 1 8s
& 30- 29 ] CeHya

20 - |
T 10 - Cgh” ”l ' I!- Cr Gy Bia G D

| b odlie oM ol Gl 0l i i
20 40 B0 80 100 120 140 160 180
—p M/@ Values

Fig. 7.7

It is very important to note that relative abundance of the 1on (fragment ion) formed depends
upon the (/) stability of the ion formed and also (ii) the stability of the radical which is lost.
Note. The stability of the carbocation has the order
allylic > tertiary > secondary > primary > methyl. The stability of the free radical lost depends upon:
(i) The length of the straight chain since it allows greater dispersal of the odd electron.

Greater the dispersal of odd clectron, greater is the stability of the free radical. n-butyl
free radical is more stable than n-propyl free radical. Greater the stability, casier the

formation.
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ELEMENTARY ORGANIC SPECTROSCOPY -

(i) The nature of the free radical, whether primary, secondary or tertiary. e
Explanation of the mass spectrum of dodecane. The C,;H," ion (m/e 57) is the base peak
(100% abundance). It is due to the formation of the most stable secondary carbonium ion and the
elimination of the most stable secondary free radical. As expected, the peaks are formed at 14 mass
units apart with decreasing abundance. C._,H.,+ ion peak is much abundant for the same reasons. The
relative abundance goes on decreasing from m/e 57 to 71 to 85 and so on. As expected, the

molecular ion peak is much less intense. :

Also, we notice small peaks for C, H;, | and C, H} ions.

Exercise. Draw the mass spectrum of r-nonane (CyH,). ' ;
Hints. The M" and M + | peaks are formed at m/e 128 and 129. The other signals which
appear in the spectrum are m/e 43, 57, 71, 85, 99 alongwith other less intense peaks.

+
CH3CH2CH2CH2CH2CH2CH2CH2CH3]
m/e 126 = it
M* | (cH,(CH,),CH,)
; = C
— [CH,(CH,),CH,) C4Hg < ~
2°-Carbonium, ion 2
m/e 57 *
! /y/\)\%
- 2
(CSHI I) and so on + 2
m/e 71 CHy—=CH—CH
2°-Carbocation
(stable)

In the mass spectrum, also mention the approximate relative abundance of each fragment ion.
(6) Branched chain alkanes. Some important features of the mass spectra of branched chain

alkanes are:
(1) Bond cleavage takes place preferably at the site of branching. Due to such cleavage,

a more stable secondary or tertiary carbonium ion results.

e, CH, a
: l CH, |
§ 80 ‘: ‘, : + &
8 ; | 71 (CHyq)
= i
a 60 -
% 41
@
2
%6 40 - 29
A %7 55 X 11'3
T 20 - 69
. : TS A1 ' L& | ]
o 40 60 80 100 120

——p Mm/e Values
Fig. 7.8. Mass spectrum of 3, 3-Dimethyl heptane.
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4 bstituent at a branch is eliminated readily ag &

] ' rgest, su ch i
(")' t(::?:arlal:)c”hitl\l;ss stability by the delocalisation of lone electron.

(iii) The relative abundance of the parent 10on is least apd is mostjy not Observeq

3 : ' from a branched chain compound ¢ Px

iv) Great number of fragments result npo ompareq
("-V) straight chain compound. It is due to greater pathways available for ¢|e aVageto the
. + . o A 4 .
(v) The signals corresponding to C, Hy, , 101 f0110\3\/ :feakslglnals which appeay 5 a4
below them. Consider the mass spectrum of 3, 3-dimethyl heptane (Fig. 1.8), S

Explanation. As expected, the loss of tertiary ffce radical foms 5 peak due to C4H9* iom 3¢
m/e 57. Also the loss of n-butyl free radical resylts in the formation of tertiary carbgnium g
m/e 71 in much abundance. The peak at m/e 71 1s formed due to the loss of methy] radical jp le:
abundance. As expected, the branched chain compound does not form any mole .

i HVE Cular ion. -
The much abundant peak at m/e 43 (C;H, ) 18

l:adi(:al. .I',he

formed due to the loss of most Stable ¢

‘radical.
‘I?Hs . |
CH,
CH,
)RR CH = C—CH, I Rearrangement
CH, cl‘.H3
CH,~— C—CH,— CH,
1 free radical
® v .
(i[) CH;;_CH_CHZ — C”J_ CH— ,'_;”j
H

Also small peaks are formed due to the formation of = cation.

Note. The compounds in which parent ion peak (M") is {rmed, we also notice (M” + 1) peak
whose relative abundance will be N x 1.1% of the abundance o7 ¢ containing ion. Here N is the
number of carbon atoms. In n-nonane, the Mf (parent jon peak) jon is formed SUTCHREEES
M" + 1 ion is formed in 9 x 1.1 = 9.9% of the-abundance of m/c 128. The peak at m/e 44 is 3.3%
of the abundance of m/e 43. Clearly, the signal at m/e 44 is not due to CqHSJ' sl

Let us ‘consider the mass spectrim of 2, 2 dimethyl pentane. Some important peaks of this
spectrum can be predicted as follows:

(/) No parent ion (M*) peak is expected in this compound.

(i) Peaks due to C,H," ion, C,H," ion at m/e 43 and 57 are formed in substantial abundance

due to the removal of most stable radical. :

A much abundant peak at m/e 71 is also expected due td the formation of tertiary carbon'i:l"t’.
. , ] - v a
ion. The peak at m/e 57 due to tertiary carbonium jon (C4H9+) follows a less abundant pe2

m/e 41 (C4H;") due to the loss of methane molecule. Some less abundant peaks (peaks i
percentage of relative abundance) are also expected due to C.,H; , ions (alkenyi jons).
. i n-

j t‘:",
s s



-ELEMENTARY ORGANIC SPECTROSCOPY

+ .
CITH;,] | ;
: 5 {
CH,— C— CH, —CH, — . —GE ] :
: , 2 2—CH; —, CH; — CH— CH,
"CH Most stable | m/e 43
] 3 radical
M (Parent ign)
l——(cu,)éu, Gty —cH, —CH, (,3H3
R:arr'u ge CH3—"- C+ m/e 57
i CH,
CH, CH,

l

+
CH;—C—CH, <—— CH,— 9__ CH,CH,

CH3 m/e 71

Exercise. Draw the mass spectrum of 2,2-dimethyl"pentahe.

Exercise. Draw the mass spectra of (i) n- Heptane and (i) 2,2-dimethyl hexane. Also predict
e approximate relative abundance of each peak. !

L11A Alkenes (Olefins) T

Some important features of the mass spectra of olefins are:

(@) The molecular ion peak in the spectra of unsaturated compounds is more intense than the
esponding saturated analogues. lm; reason 1s the better resonance stabilisation of the charge
a the cation formed by the removal of ¢ne of the n-electrons. Mono-olefines contain C, H,, ions
 their mass spectra. .

- (b) The relative abundancc of the molecular ion peak decreases with mcreasmg molecular
ass. : ‘

(¢) A cyclic olefine also shows group of peaks which are 14 mass units apart.

- (d) The general mode of fragmentation induced by a double bond is the allylic cleavage.

(e) The C,H,, ions (fragments) formed by McLafferty rearrangement are more intense. For
ample, Mc Lafferty reanangement ion 1s formed at m/e 42 from I1-pentene due to the loss of
ylene molecule. -

| o | 2 .
o L aHE
My CHz | e 23
e H
,CéH = (CH2 AT //C
CH, ; _ H24C
l-Pentcne M) : | (M.R. ion)

Acetylenes (Alkynes) : _
] -Butyne and 2-Butyne, the molecular peak is tbe base pealq,‘ The relative abundance of

T’:é ar jon peak decreases as the molecular mass of the alkyne increases. In alkynes, the
mns are generally formed by the loss of alkyl radicals. Thus, M*-15, M'-29 etc. peakg.




electron remaing on the ring,

’_.‘_.. S
?
1

Jja %

20 40 60 ') 100 120 140
~— m/e Values !
Fig. 7.9. Mass spectrum of n-propylcyclohexane. )

(@) The peak m/e 128 is the molecular ion peak and is quite abundant.

(&) The largest peak (base peak) at m/e 83 is formed by the loss of the side chain. The lone
electron remains on the ring. This positively charged ion radical appears at m/e 83.

(€) The ion radical shows retro-Diel’s-Alder reaction and a fragment 1on is formed at m/e 55.
The abundance of this ion is very large.

The various frlgmeuuuon modes are descnbed as under:

C ! ],
O/\/ —-—¢CH,—-CH1—-CH, . @

m/e 83
(126 | l_ (CH.= CH,)
CH,=CH— CH,—CH,
m/c 535
Exercise. Draw the mass spectrum of n-propylcyclobutane and also write the related abundance
of ions formed in its mass spectrum.
Cycloalkenes and Cycloalkynes

(c) Cycloalkenes. A double bond in the alicyclic ning introduces a possible pathway involving
retro Diels-Alder reaction. Consider the mass spectrum of cycloheXene.

N-fqﬁ-nvﬂ-v!mﬁ“

@ ® nitn




. 1’}[1 J'
40

: m/z
Fig. 7.10. Mass Spectrum of Cyclohexene. 2 j

~ Cyclic olefines usually show a distinct molecular ion peak. A unique mode of cleavage isa
type of retro-Diels-Alder reaction. . : -

; The retro:Diels-Alder reaction is an example of a multicentered fragmentation mode which is
| I characteristic of cyclic oleﬁlnes. a8 ;

1% The fragmentation mode involves the cleavage of two bonds of a cyclic system resulting in
¥ the formation of two stable unsaturated fragments in which two new bonds are formed.

' " This does not involve any hydrogen transfer rearrangement. Consider the retro-Djels-Alder
reaction in case of cyclohexene.

L} + \
—> *CH, +

! - \ CH, .
' : , ‘ () -
: : . w2 —— CHZ -+ j

ey |
S CH, _ :
In the mass spectrum of cyclohexene, the peak at m/e 54 is formed in fairly high abundance~

The path forming (a) seems more viable because the ion (a) is resonance stabilised i.e., thf%
' radical and the positive charge are stabilised by Resonance forming a peak at m/e 54 which is

intense. :
(6) Cycloalkynes : Consider the mass spectrum of Phenylacetylene.
r'-‘aw 4 3 3 S z 102
C=CH i
[& ,]
L}» \
< S
‘ o
76
50
51
s 1L ol " " ‘l l i l]' - I i3 4 'nln i
lllllllll‘ll |||l‘IlillIl11lf'lllli1ll|llﬂ]llll‘l 1
10 30 50 70 90
m/z

. Fig. 7.11. Mass spectrum of Phenylacetylene. °
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m/e Sl

mfe 102 base peak appears at m/e 102 -
lene, the base P e i
In the mass spectrum™ of ph::;;l'/l:?g :nd 103 reveals a maximum of eight carhq, 'b“"dance

d 50 shows the presence of benezene ring. atomg. The

The

relatively intense

L ounds !
Aromatic Comp ectra of aromatic compounds are:

the mass SP s :
Some important fcamre;::k e romatic compounds is fairly abundant as com
Jar ion
(9) The molecu

_ 4 alkenes containing the same number o.f carbon atoms, . |
corresponding alkanes an M* + 1 and M" + 2 are also noticed. The reason js fy; e
(i7) In aromatic compounds, . . Y la

ge
i eak. :
abundance of the molecular 100 P bons, doubly or triply charged ions (M*, M3+ +

; drocar! : : 10ng
(i) In case of polynuclear 2 olecular ions (m/2¢) appear at integral m/e values, 5

d m
sossibly formed. Doubly charged M ) , _
po (MY LT substituted by an alkyl group, & prominent peak is formed g me ).

Here benzyl (C;H C CH,) cation formed rearranges to ti'oriylimn cation (C,H,).
em‘l‘h‘: frngm:ntsntion ;attcm of n-propyl benzene is shown below:

pa'-:e.d 10 the

. -

]t ) I* . T
- > | | ) Rearrangment ;
*) mve 120 Benzyl Cation ; s
M )mfe 20 s
i 5 ___Lossof
’ e {CH 222 CH)

mfe 65

The benzyl cation formed rearranges to more stable tropyiivm cation which appears at m/e 91,
Tropylium cation in turn loses a molecule of acetylene to furm ©.H." at m/e 65.

Cleavage of a carbon-carbon bond which is in the (-position to the aromatic ring is an
energetically favoured fragmentation mode. |

S ——— i



___ELEMENTARY ORGANIC SPECTROSCOPY

4 X : ) . ]f ! ( > \bk
M’ (Parent ion) . Tropylium cation
: (m/e 91)

r 3 gpectrum of ethyl benzene has a (M'—CH,) peak in large abundance. The fragment
-!;§+." masst m/e 91 anditisa base peak. Tropylium cation, then loses a molecule of acetylene,
ppears 2 form a peak at m/e 65.

0 » units to. |
s f ethyl benzene is shown below: °

7 B mass Spectmm ¢

Bl 100 CH,CH,
| ~ 91)C,Hy
g 80 - ‘
k- e : :
2 6 65 Ct;.'js
2
F 40-
< . | 106
T et « | '
CEETT
20 40 60 8000 8 120 i

—;-—b m/e Values
Fig. 7.12. Mass spectrum of Ethyl benzene.

~ Note. In the af:senée of an easily cleaved side chain, aromatic molecules give abundant
olecular ions. For example in the mass spectrum of naphthalene (10 7 electron system), C)oHg:
ihe molecular ion is highly abundant. The mass spectrum of Naphthalene is shown below:

' 128
100 |
M* peak
e i (Molecular
§ &) y ion)
=
§ 60 -
Q
i ¢ :
T 40-
. 0
e 51 “ 4
;'} T s J l 102
a0 i 100 5 580 80 100 120 140 : |

‘- m/e Values

Fig. 7.13. Mass spectrum of Naphthalene.
s spectrum of m-xylene is shown below (Fig. 7.13): In this case also, the base peak
e 91 due to the formation of Tropylium cation: Thus, like alkyl benzenes, Xylenes
easy loss of alkyl group (M—CH,)" ion. ; o

& =

e
1




. Fig.' 7.14. Mass spectrum of m-Xylene. i
In Ehe spectrum of n-butyl benzene, characteristic peaks at m/e 91 and 65 are obtained which are -
Eyplc?l of alkyl benzenés due to tropylium ion and cyclopentadienyl cation. Also a peak at m/e 92 i
in fair abundance is due to McLafferty rearrangement ion. : |

100 - 91 Cr“?
=
g 80 -
50!
o 70 3
ﬂ .
‘é 50 4 - ' /\(MR m/a 92) : i
2 404 - CgHi 5.
v ‘ it
' L] ! |
T 30 \' _
’ 201 . i ' 134 M
10 1 SR Ay 105 _ &
Z T ll lx x5 hrl T '“Ir" T J‘ T !“ 3 | T B 2 "L*T'—!_T'“T"’T"_'_ t
20 30 40 50 60 70 80 90 100 110 120 130 140 ,
e M/ { | 4
Fig. 7.15. Mass spectrum of n-butyl benzene. : g E

"The various fragmemation'modes of n-butyl bengzene. = - SR R1)

. 1* |
CH2 ‘ H2 == (CHyCH == CH,) S CHZ nl
CH~—~CH,4 G 23 H X ‘ ‘
H | H ‘
m/e 92 ]
“(CH;C“zéHz) MeLafferty rearrangement '
' ion

C;H3 fon (more stable)
Nﬁgl :




— (CH;—CH,) l : \‘Cﬂs“C"‘zCﬂ:

+ +
+ +CH, 'CH,— CH— CH,
CH,—CH, i m/e 15 . m/e 43 (intense)
mve 29
I* 5
CH;—CH,—CH, -——> H, + CH,=CH—CH,
m/e 41

+ +
Also CH,—CH, ——>H, + CH,=CH
m/e 29 m/e 27 :
2. Fragmentation of 2-Pentene. The mass spectrum of 2-Pentene shows m/e peaks at 70,

55, 41, 39, 29, 27. The formation of these signals is explained below:
: I+
CH,— CH,— CH=CH— CH, s CH,— CH2— CH=CH— CH, + 2¢
2-Pentene M* (/e 70)

p ]4.
cn;@ CH= CH— CH, —> CH, + CH,— CH=CH— CH,

m/e 55
/06'
(CH;— CH,) 2 Qe
\ .
- &
- +
*lcH=cH~ cH, CH;—CH, m/e29
m/e 41 -H, '
CH,=CH me27 '

. Fragmentation of Benzene. The parent peak in case of benzene is formed at m/e 78. other
important peaks appear at 77; 51 and 37. The fragmentation mode is explained below:

SRE O

Benzene m/e 78 m/e 77
(Parent ion peak)
Phenyl cation loses a molecule of acetylene as below:




_ (@) "The molecular ion peak of primary and ségoﬁdary alcohol is usually of o _ab.
It is not detected in tertiary alcohols. . e : " Abupy

. ol 5 e Woe
(b) The parent ion peak is formed by the 'removal of one electron from the lone o :
G X 13
0 the

~_Some important features of the -mmass spectra of alcohols are:

oxygen atom of primary and secondary alcohols.

(¢) The number of fragmentation modes in alcohols depend upon the facy wﬁ s
primary, secondary or tertiary alcohol. P Cther %

(d) The fragmentation of carbon-carbon bond adjacent to oxygen atom (o
preferred fragmentation mode. '

(e) The signal at m/e 31 appears in large abundance in thé mass spectrum of Methan

Cleavagej ; the

. l
other aliphatic primary alcohols. This signal corresponds to the formation of oxonium ion (Cpy. ‘and ;
O

and is formed by the cleavage of carbon-hydrogen bond in methanol.
o+ -H' +
(E_lizj—QH e CH2=OH m/e 31

H

+

. ¢! <RCH -
R—CHZ-[C_PDLOH ——> CH,=—OH m/3i
m* (Primary alc.) ‘
(/) Primary alcohols show M" — 18 peaks, corresponding to the loss of water,

(2) A primary alcohol having a chain of four or more carbon atoms shows a

+ 5 €a \
corresponds to M- — (18 — C,H,,). It can be shown mechanistically as follows: Pl

H H 3
4 + ;
_ \O + ( = H,0 + CH3CH =CH2

) ks
+ CH, —CH=CH, "+ ( ,

(k) Long chain members may show peaks corresponding to successive loss of H-radicals at
M—1, M—2, and M-—3. It can be represented as shown

H H
& é—H——>~C=Q3K}{m—e » ~ff>i6 —>—C56'
H b l’v‘{—l M-2 M+ 3

- () The CH2=6H is the most significant peak in the spectra of primary flcoho.ls.
(/) Secondary alcohols cleave to give prominent peaks due to R—CH= OH at m/e 45, 59,
73 ... Tertiary alcohols fragment to give prominent peaks due to RR'C=OH at m/e 59, 73, 87 ...
(k) In addition to t‘le a-cleavage, primary alcohols ‘also undergo f3-, y-, 8- cleavage to form
peaks at m/e 45, 59, 73 ... :



,74

el | LSl Gl | .
0 20 40 B 80 | 100 120

| —> m/e Values 2
Fig. 7.16. Mass spectrum of 1-Bytanol.

A

us fragmentation modes of 1 -butanol (showg.above) aréxkxplamed below:

e

CH,— CH,— cnzm OH—> CH,=OH

' ; . (M" Parent ion) m/e 31
' : (a-cleavage) (Base peak)
?' ' \ | i
: | ' H Rearrangement

#
1 CH,CH—CH,
i m/e 43
+
(M - 18) Peak

EXERCISE. Draw the mass spectrum of 1-Hexanol and mention the relative abundance of each signal.
EXAMPLE. Consider the mass spectrum of 2-Butanol (secondary alcohol). It is shown below.

ooy - as ,
CHg== CH,— CH=—CH,4
t 80 -
] i
g% 59 L
40 - v
| 5
, , ; 74 :
J; - . T J 1 - L] : B
¥ o 60 80" - 100 120 & .
A2 — m/e Values P ng e i
. Fig. 7 17. Mass spectrum of 2-Butanol .
< L

. < - % s 2 . - A 5
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. is the most significant and is th
" (2-methyl, 2-propanol).

Th. Cps k ; A
© Vvarious f'agmentatloqs shown in the figure can be explained as follows:
OBy Cyon—cn, S, oy G

’ 8 g
&

+ OH ; m/e_4-5c(lBa::'pcen}<)
M" (Parent ion) R
l—(éH,) ot '
+ 3 .
CH,~— CH,—CH=OH
m/e 59

(a-cleavage)

Exercise Dra§v the : ; .
- mass spectrum of 2-methyl butanol-1 and also mention the relative
abundance of the various fragment ions, '

In case of tertiary alcohol, the molecular ion peak is not formed. ‘Thc signal due to ct-cleavage

¢ base peak. Consider the mass spectrum of tertiary butyl alcohol

‘ CH, CH,
. os —(CH,) +
CH,—-cl:J- OH ———> CH,—C==0H
CH m/e 59
5 3 (Base peak)
M -molecular ion) .
Not detected ¥
In case of cyclic alcohols, the fragmentation patterns are quite complicated. In case of ;
cyclohexanol, molecular ion peak appears at m/e 100. It loses a hydrogen radical to form ‘

M" — | peak at m/e 99. This, in turn loses a molecule of water to form a signal at M* —H — H,0
at m/e 81.

In allyl alcohol, ( M — H) ion is formed due to its high stability. |

+: ut +
CH,=CH — I(EHJ— QH ——> CH,= CH— CH=OH
; m/e 57

H (Base peak)

M+(Parcnt ion)
The McLafferty rearrangement ion peak has also been reported in these compounds. -

It i
+ MR |

Y

HC 0 —=> CH +R-—CH==0

N |
CH-Cf?I/i CH R
st i §
R R’ R |

. Fragment ion)
(M+molecul:u'|0n) Frapns ;

Aromatic aicohols : ;

Some ixhportant features of the mass spectra 0f+aromatic alcohols are: 3

(@) The relative abundance of the parent ion (M) of aromatic alcohols is fairly large.
" (b) Some of the fragment modes of benzyl alcohol are loss of one, two or three hydrogen
atoms. :

(¢) The fragment ion, (M" —H) further eliminates CHO radical.




~ the elimination of
- hydroxy tropylium ion. Hydroxy tropylium ion further loses a molecule of carbon monoxide to

T T

CeHls— CHO === CH;—C w0 ~.
“ g ’,

A : CH; <2 fv‘H,; <0 .

m/e 51 . mle77 e

(¢) The —OH group in the benzylic ;ositions fragments in a way which favour charge

ntion on the aryl grou
'EXAMPLE.Co

nsider the mass spectrum of 1-Phenyl ethanol. The base peak corresponds to
methyl radical, The peak at m/e 107 is the base peak and is represented by

give fragment ion at m/e 79. Its relative abundance is fairly large. ’
Further it loses hydrogen to form phenyl cation (m/e 77) which in turn eliminates a molecule
of acetylene as usual. The various fragment ions are shown below :

@— (’ZH —CH, -
/ +OH M’ (Parention)

OH
HS-H
+ —[CHy]
ECOS ——> CgH, s, C,H,
: mle 77 m/e 51
mfe 79
m/e 107
(Base peak)

EXAMPLE. Deduce the structure of the compound with molecular formula, C.H,,0. There

IS a metastable peak at (m*) 43.3. The spectrum of the compound is shown below:

P——

¢ 7 i °§ 100-- 42
i 31
'é 60 - 70
©
m 40.!
4 ,
< 88 (M)
20 UDT 5 60 80 100 120

~——3% m/e Values
Fig. 7.18. Mass spectrurn of 1-Pentanol.




"M _ﬂ_§$ SPECTROMETRY
SOLUTION. The appearance of a sxgmf'cant peak at m/e 3l reveal

be primary alcohol. It is due to CH,:OH ion.
Another peak at m/e 70 is M'— 18 signal. Clearly, it is rom,ed by the los

tha't th e

from the parent ion. This also supports that the component is prima ary aleq h Wate,
m/e 42 is of even mass number. It is formed by the rearrangement Process T’he b%%'eq
H e
H C/(')f H .
2 i R m(SUN
H,C CH - 6
\C/ ' “CH ‘ ‘ Mgy
H, CH, Ml (Base Peak)
M*—(Parent ion)
* m/e 88 ~

We know that a primary alcohol also loses a moleculc of ethylene after ¢, 4
water molecule. (M"™—18—C ,Hy). %

The signal at m/e 55 is due to the elimination of methyl radical
at m/c 70 The metastable peak (m*) at 43.2 is explained due ¢t

hmlnatlon

0 the fragmemano "fonne

m” — m," (i.e., 70 to 55) in the second field free region. Teagyj,
y ;
5
m* = 2= Ldh = 43.2
m, 70

The structure of the compound is thus, 1-Pentanol, The various fragmentatiop,
. patte

shown below: ar

+ :
CH;—CH,0H —— CH, + CH,=0p
M*—{Parent ion) m/e 31
m/e B8 =
l—HIO l 1+
It H=— cm=r)
CH; — (C}{z)z_ CH= CH, m/e 29

m/e 70 |-CH, m*43.2
(Mcta Stablc)‘

v
CaH,
mfe 55

Frﬂgmentﬂtlon of l-Hexanol The various ﬁ"'lgmﬁ"ﬂt At modes of 1-Hexanol are showi
below: _

1-Hexanol



Cﬂa—(ﬂp.—ca :
- m/e 100

,

g -u
g . * *” . 3 0
. - T (CH)—cH=cH,
o m/e 56 (Base peak)
us fragmentation patterns of sec-butyl aloohol are shown below:

3 CH;—CH,~CH— (O — - ' +
" B . 5 2 TH + 8 — cH,—cH,— ?H-—-Q-—-H
'. . Molecular ion
i ' _ Lossof CH,
2 Base Peak fwe 45
B« 14 ' vy A Loss of H ! ", o+
| CH,—CH,— cl:H— O—H {———> CH;— CH,—C=OH
: -CH, | °F nﬂeC‘II;ls
. L-———-»“"“ i CH,— CH,—CH=Q—H
B - % ' 4 m/e 59
" The various fragmentation ions formed in the case of 4-octanol (M. m/e 130) are shown
. | _ s
CH,— CH,— CH,—CH,—CH—CH, =1,
- ~ 4-octanol (m/e 130) o H '
- (M+‘QO) l/-\
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[ Unsaturated Alcohols. In unsaturated alcohols, the loss of hydrogen radigal from the hydr::a)":

p.fis most likely and the resulting ion-possesses high stability. Thus, in allyl alcohol, a
\ H T :

; + —-H .
H,C = CH — CH X OH —=> CH, = CH—CH = OH
m/e 58 m/e 57 (100%) !
Alicyclic al Consider the mass spectrum of cyclohexanol. The base peak in this case
is formeg at m/ecg;l.o':‘s};e molecular ion peak is of low abundance. Loss of water molecule produces

an ion radical at m/e 82 is fair abundance. The mass spectrum of cyclohexanol is shown in figure.

o 57
g 100~
§ H
{ o 80/ /o
: e
) \
© -
¢ 60 M.W. = 100 >
=)
[
£ 9"
g l Cwvelohexanol
# M(100)
|
i ___4.;].”.“ L._r_x., 088 .._,g_g | S S
i, N, i 3 v ' ' s ’
10 20 30 40 50 60 70 80 90 100
m/z

Fig. 7.19. Mass spectrum of Cyclohexanol.
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The various fragmentation modes are shown below :

+

Y : OH *OH
H JOH N | |
CH, CH; _c.H
S H e Ly
m/e 57
Cyclohexanol - H,0 8

(M?) mfe 100 ——==_ ot .
O

Y% Phenols
Some important features of the mass spectrum of phenols are:
(a) ‘The molecular ion peak (M+. ) is intense.
() The peak due to the loss of hydrogen radical, M"—H is small.
(c) The fragment ion due to the loss of carbon monoxide is most significant. M-29 is less
intense than M-28.
(@) Crc.esols form’ Vvery intense (I\.'I—{{) peak du.e to ihcz formation Of hydroxy tropylium ion.
-(e) In catechol (M — 18) peak is intense while M—28 and M-—29 ions are formed in
abundgnce in resorcinol and quinol, . |
The mass spectrum of phenol is shown in figure 7.20.
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m/e 78 v m/e77

)

Also in general.

+

O Ol
CH, CH,
H H CHR
\ m/e 94 -
(iif) Thioethers : Some important features of the mass spectra of thioethers are :

(a) The molecular ion peaks of thio-ethers are more intense than aliphatic ethers.

. (D) a-cleavage of C—S bond with positive charge on sulphur is the favoured mode of
fermentation. The smallest alkyl chain is lost compared to the usual behaviour in

which bigger chain is lost. =
(c) PB-cleavage of the bond form RCH=SH ions giving rise to peaks at m/e-46, 61, 75,
89.
Consider the fragmentation pattern in the mass spectrum of sec-butyl ethyl ether.
CH, :
CH3—CH2—CH—S—CH2—CH3—’ CI'I3—CH2—CH = S—CHz—CHz
, m/e 118 m/e 103 H-
—C,H; s
—CH, — (CH, = CH))
CH,—CH = §_\cry-cn2 s f“s CH,—CH,—CH = SH
m/e 89 }lﬂ CH,—CH,—CH—S = CH, m/e 75
E l__((:H2 = CH,) m/e 103 ‘
CH,—CH = SH
m/e 61

iXAliphatic Aldehydes and Ketones
(a) Aliphatic Carbonyl Compounds
Some important features of the mass spectra of aliphatic aldehydes and ketones are:
(a) The intensity of the molecular ion peak decreases as the alkyl chain length increases.

(b) The major fragmentation processes are o- and B-cleavage. In a-cleavage, the bigger
group on either side of the carbonyl group (ketone) is preferably lost.

(¢) In aldehydes and ketones containing y-hydrogen atom, McLafferty rearrangement ion is

‘most significant. In an aldehyde, which is not a-substntuted a peak due to this is formed at m/e

44, It may be base peak.

(d) The McLafferty rearrangement ion in methyl ketones which are not o-substituted appears
at m/e 58 and is quite abundant. .

(e) In lower aldehydes, a-cleavage is prominent with rctentxon of charge on oxygen
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Consider the mass spectrum of Pentanal. fearly
100 A
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& :g ) (MRion) | ‘ | CHaCH, CH, CH, CHO
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o 40 - m/e = 57
T' 30 - 25 Ay 86 M
- 20 o - l
ol . ‘
l_l l . 1]1 ' lh h' lllll . hll . -
20 40 60 80 100 - 120

-

—p m/e Values

Fig. 7.24. Mass spectrum of Fe nranal
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‘The various fragmentation modes of pentanal are :

t a-cleavage A

CH,CH,CH,CH,CHO :
m/e 29

M* m/e 86
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Fig. 7.25. Mass spectrum of 3-pentanone. ,

The various fragmentation modes in the spectrum of 3“pentanone are shown below :

O (o) It
3-Pentanone ' m/e 86
l—cu,c;'x2
-+ *CO +
m/e 29 m/e 57

In 3-Pentanone there is no y-hydrogen afom and thus, no McLafferty rearrangement ion peak

ormed.
Consider the various fragmentation modes of 2-hexanone.

<+

B | :
*

e |
‘ (M* - Molecular ion) (B:;/:pgk)
. . l:m,c 100 -[CI:IJ) . 2 o Wi . 3
+
m/e 85 ’
' +
; H . H .
C_CH l | C, m/es8
: Sl | i
E | Hzc S Ay
: Hzc CI{3
B " (MR ion fairly
by o o
y: g : 1- abundan
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I ’ | e , ‘ Benzaldehyde
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Fig. 7.26 Mass spectrum of Benzaldehyde.
H
CH;—C=0 < CHLCHO —220. Gl 00
(M+'_ l) +) ﬂ‘\/e 78
(C,Hy)
Gl Szl C.H,
m/e 77 m/e 51
@ + o
@ i - =[]
: e it —
S Filmess ,
m/e 77 H H ; m/e 51

in ketbncs, the loss of larger group is preferred by an q-cleavage.
Consider the fragmentation of alkyl phenyl ketone:

+
ﬁ]
C C= O
SR '/\/ Q-Q H,
\ ~=CO ; C4H3
M (Parent ion) mle 105 mle 77 mle 51

~ Cyclic ketones

Some important features of the cychc ketongs are :

(a) The molecular ion peak of cyclic ketones is quite intense.

(b) A base peak in cyclopentanone or Cyclohexanone is formed by a-cleavage followed by
hydrogen transfer rearrangeément. A peak due to CH2=CH—-CEO is fonned at m/e 55.
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(c) Peaks are formed by the loss of ethylene, carbon monoxide molecules in fair abundance
in case of cyclohexanone.

The mass spectrum of cyclohexanone is shown below :

100 ~ i b 55
42
80 -
g _
B 60 | By Vim0 Cyclchexanone
c
2
Q
©
. M (98)
1000
M i
) 20 70
, 83
Hlll Al Il l| YlJ'l‘ Huj‘l‘—rﬁ—l |l T lr I T ) el
‘10 20 - 30 40 50 60 70 80 90 100
m/z

Fig. 7.27. Mass spectrum of Cyclohexanone
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The fragmentation pattern in Cyclopentanone and Cy

e -

clohexanone are shown

—(CH,—CH,) Qu <~

I
=5 C=CH ——=3 C

Y S
CH, CH

)

CH, m/esSs
; : ; ;
| : —(CHCHCH) !
: T ———50=C—CH= CH,

m/e 55 (Base peak)

Significant peaks in Cyclohexanone are due to the foiloy
!

Hlowing -:'--:mentazion modes :
» y
0 ﬁ 0
H

e \—"l
_— }@CH: *(CHJ = Chw‘ ((-—1
Y ———ryy,

05
K MR o CH»-—CH ~CH

ey C
mve 98 rwl 98 e m/e 42
o
. g
- CH3 /C
e CH3~CH2——CH2 + HC
m/e 98 m/e 43 Hzg



r ion peak in aliphatic acids is less intequc

»

-« (@) The molecula
acids. i e et ' ;
(b) Carboxyl group is directly chmmatcf! by a-cleavage and a signal jg
(¢) If a-carbon atom is not substituted in aliphm'l'c acids contaj
McLafYerty rearrangement ion is formed at m/e 60. It is often the bage peak

. ]
(@) In short chain acids, M—OH and M-—COOH peaks are Promineny

The various fragmentation modes in butanoic acid are -

0
l ¥
CH,— CH, — CH,~~ C~— OH ——> COOH
(M‘) m/e B8 . m/e 45 :
j M— (OH) ML Goom
+ +
m/e 71 m/ec 43
OH

H
Hzcd?+ CI‘
LN
Hzélc«d: NoH H,C OH
H

(M.R. ion) (Base peak)

m/e 60)

M)
Consider the mass spectrum of Pentanoic acid, -

~

Pentanoic Acid 60 ! (MR ion peak)
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 MASS SPECTROMETRY , o |
“ Aliphatic and Aromatic. Acids R s

(A) Aliphatic Aclds : Some important features of the magg a:pecm o'%
Compare 4,

5
it o

.
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arious fragmentation modes of pentanj; goiq o

0

' LS Pentanoic acid b
S - \ :
i
m/e 102
+
-CH,CI-H
OH
CH,=CH— é<
m/e 73 OH
(Resonance stabilised)
B It | ul*
HJC—%{ ?
R 2
H C LN
N3 on HC OH
H, ‘
| 1\1" m/e 60
®) Aromatic acids. In aromatic acids, the_parent ion peak is intense. °
e other prominent peaks are M — 17 and M —45. If an alkyl group is

t or any other hydrogen bearing group is present ortho to —COOH
up, then a signal due to M—18 (loss of water molecule) is also observed, Q.
F.called ortho effect. -

| Consider the various fragmentation modes in benzoic acid. In benzoic

4, (M" - OH) peak is quite prominent. It is followed by another peak due
the loss of CO molecule. It appears at m/e 77. This in turn loses a molecule
scetylene.

. : /—.’
COOH g 0 | o
| > L /LV‘.\/\ x \Cj=—0 - e
—Tf; OH —OHEQ —CO ©—Qﬂz \ ‘
i acid . mle 122 we 105 e 77 m/e 51
When an aromatic acid is orthosubstituted, a water molecule gets eliminatid from the molecular
povided hydrogen atom is suitably located in the ortho group. Consider saticyclic acid.
_ ﬁ 7
C L RETDT Céo
+ —H,0
Bl
o>~ : | 0 L
M’ m/e 138 m/e 120

’ | Esters

€ important features of the mass spectrum of esters are: |
? The molecular ion peak is weak.
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NOCH, H,  OCH,
5 " MR.ion (me74) . .
Base Peak ; A
(e) The molecular ion peak is comparatively more intense. Benzyl acetate and alkyl acetate
| eliminate neutral ketene molecule to form a base peak. :
‘- The mass spectrum of 1-propyl ethanoate is shown.

med3 m/e 31

100 - - - - A - ; ‘

w g :
R} 80- ~ o 0 3 {

i ' Il

60- : CHy—C—OCH,CH;CH,

61 m/e 102 :

L ] [ ol ]| ‘,___,_.l_l__.l_._m.__._ TS

30 50 70 90 110 ,
—— m/e Values +

Fig. 7.29. Mass spectrum of n-Propyl ethanoate (
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e

It can be distinguished from. methyl butanoate by a peak at 61 It 15 due to McLafferty -
rearrangement 10n.

]“f - t
*
H e s &¢0H]
C —'C’—"'OCI{zCHzCHa —_— le 5 + LH-’ -y (,\OH | "v
Mt me 102 ] 1 g | t
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M H\_ HR Alkene

Uixter
: In aromatio esters in which ortho position is occupied by an alky!l group, the hydrogen atom
ot f"'&\’ 1 group interacts with the ester function resulting in the elimination of an alcohol molecule.
{t iz called ortho eftfect. This fragmentation mode is shown below :

O

“ O)f
N 2
. (~ CI‘:\ C/
A ’ ,"'l ‘
R CH,

.-

I\'l? 1on




The various fragmentation modes as observed in the spectrum of
(/) Molecular ion peak is observed at mfe 121. B
(if) Benzoyl cation peak is observed at m/e 105 as the base pe

(iif) Further loss of CO forms another peak at mfe 77 due toc‘ﬂ;

molecule of acetylene.

/‘.,
,'/,’:/k) -
L /\/":C to
it ” - >
,0/\' \\*t.;-. —NH, e ” —CO
| ; > | ——
xS X
“‘f on. mie 121 mie 105

Halogen Compounds
Some important features of the mass spectra of halogen compe
(@) The molecular ion abundance of a particular alkyl halide s
of the halogen substituent decreases. E
(b) The relative abundance of the molecular ion decreases with in
increase in branching. f
{¢) Compounds containing chlorine and bromine show characteri
containing one chlorine atom shows M + 2 peak which is one M 1 int
(d) A monobromo compound shows (M + 2) peak \vlndl sd’r : Sam
to the parent peak. o
(€ lnmepmnuon,chaxgemonmehmm 4
(/) Important fragmentation mode is a-cleavage with ct
t‘ragmenLAnodmrmodelead:tomeloaothom
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CODSIdCI' the fl’agmentauon ques of n-alkyl hahde 7

" R—CH, — oy, — x 1

. 1 + 1 . -
: - X + RCH,CH, [RCH=CH,] + HX
L 2SI (Br,I) . . 7 , HCI)
RCH, + CH,=Xx | -(m?. ‘
R, X W& Y OER.
ek \c;a7 AR
) | i CF
| | — =R ?H, ?Hz 5
CH,— CH, CH,—CH, X=CLBr
The mass spectrum of 1-Bromohexane is shown below: ! '
iy mle| 43  (M-29)
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Fig. 7.31. Mass spectrum of 1-Bromohexane. .
, The xanous fragmentatlon modes of 1-Bromohexane are shown below:
R 3 It :
i -CH,CH,
e ~CH -r--CHz--CH;——CHz cH,w-CH,Br w'!r—ré
it m/e 166, 164 :




