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GENERAL PRINCIPLES OF ABSORPTION SPECTROSCOPY
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Ultraviolet Absorption Spectroscopy
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""" T 1 T n=a’ (halogens, N, O, S) AE smaller (3 150-250 nm)
iy e-32 200-2000 1 ‘molm

n-sa' nn® AE enall (L -200-700 nm) £ 10-10,000 [/'molcm

where M is the molecular weight, C the concentration (in grams per litre) and / is the

path length through the sample in centimetres.

c — o alkanes 150 nm

*
o —* n* carbonyls 170 nm

Energy n —* x* unsaturated compounds 180 nm

2 1F conjugated
n —¢* O, N, S, halogens 190 nm
n —* " carbonyls 300 nm
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The detector continuously measures the intensity ratio of the reference beam (/,)
compared with the sample beam (/). As the spectrometer scans the wavelengths in
the UV region, a printer draws a graph (called a spectrum) of the absorbance of the
sample as a function of the wavelength.

The absorbance, A, of the sample at a particular wavelength 1s governed by
Beer's law.

where
¢ = sample concentration in moles per liter
I = path length of light through the cell in centimeters
the molar absorptivity (or molar extinction coefficient) of the sample

™
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UV-Vis spectrum of aspirin and salicvlic acid mixture.
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Infrared Spectroscopy
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dipole moment decreased dipole moment increased
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Effect of an electnic field on a polar bond.
¢
+—
R—C=C—H C==C stretch observed around 2100 to 2200 em®

terminal alkyne

| a is small or zero |

I('
R—C=C—R C==C stretch may be weak or absent
internal alkyne
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Ew C—H
20
0 |
4000 3500 3000 2500
3300 always broad
amine, amide N—H may be broad. sharp. or broad with spikes
| alkyne =C—H always sharp. usually strong
= |
3000 alkane —(i.' —H just below 3000 cm™!
_~H
alkene e just above 3000 ¢cm™!
| acid O—H very broad
2200 alkyne —C=C— just below 2200 cm™!
| nitrile —C=N  just above 2200 cm~!
1710 [ carbonyl TC=0  ketones. acids about 1710 cm™!
(very strong) aldehydes about 1725 cm™!
esters higher, about 1735 em™!
= conjugation lowers frequency
amides lower. about 1650 cm™!
™7 b o7 z 3
1660 alkene C=C_ conjugation lowers frequency ,
aromatic C==C about 1600 cm™
imine >C=N""  stronger than C=C
amide SC=0  swonger than C=C (sce above)

Ethers. esters, and alcohols also show C—0O stretching between 1000 and 1200 cm=}.
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Wavelength (cm ~) Assignment
2300-2500 carboxyl OH pETe
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1610 e
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Typical Values of Chemical Shifts

Type of Proton Approximate § Type of Proton Approximate §
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- 2.3
alkane (—(‘Il—) 14 i
|
I
T') R—C—H 9-10
—C—CH, 2.1 S
—C=C—H 25 Rt 10-12
- R—OH vanable, about 2-5
R—CH,—X 34
(X = halogen, O) Ar—OH vanable, about 4-7
S
_Cu=( e 5-6 R—NH, variable, about 1.5—4
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(homotopic hydrogens) (diastereotopic hydrogens)
| | N/ H
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hY
Il A
vicinal cis trans
3J=2-12 Hz 3=7-12Hz 3J=12-18 Hz
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S H
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3C NMR Chemical Shifts
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lonization Methods

lonization Method

Electron Impact (El)

Chemical lonization (CI)

Fast Atom Bombardment

(FAB)

Matrix Assisted Laser
Desporption (MALDI)

Electrospray (ESI)

Soft lonization

Typical Analytes

relatively small,
volatile

relatively small,
volatile

carbohydrates,
organometallics,
peptides, nonvolatile

peptides, proteins,
nucleotides

peptides. proteins,
nonvolatile

H* (etc) + @ e @’

Sample
Introduction
GC or
liquid/solid
probe
GC or

liquid/solid
probe

sample mixed
in viscous
matrix

sample mixed
in solid matrix

HPLC or
syringe

Mass
Range

up to 1000
Daltons

up to 1000
Daltons

up to 6000
Daltons

up to
500,000
Daltons

up to 6000
Daltons

lonization
[mass]

hard, [M]™ if
observed

hard to soft;
varies with carrier
[M+H]*

soft, but harder
than MALDI, ESI
[M+Na]* [M+H]*

soft

(M+H]*

soft
[M+Na]* [M+H]*
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100 -
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80—
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25 S0 100 125

parent ion: molecular ion ( [M]** ) or quasimolecular ion ( [M+H]*, [M+Na]*, etc.)
base peak: the tallest peak in the spectrum
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AT S e gl e il Led Jlae Y Apaliie A8y (o g paal) S all i 5all (30 oy gkl

ZUNSE! | JPTINC [ SIpP S S PR RSN PUB Y (P S I EN JUITEN

CiHg C.H,0 co, CNH,

iC 3600000 2C 24.00000 1C 12.00000 1C 12.00000
8H 806260 4H 403130 4H 403130
10 15.99491 20 31.98983 2N 28.00610

44.06260 44.02621 4398983 44.03740
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Aflatoxin G2
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0CHs

331 [M+H]"

33
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\ [M+Na]"
]

120 160 200 240 280 320 30

Aflatoxin G1

€

35
IM+HT
Aflatoxin B2
<)
- 21 | iMeNal®
- :J,‘.l TR N
120 160 200 240 280 320
313
[M+H]*
Aflatoxin B1
CQé)b T s
- J (M+Na)'
skl [

120 180 200 240 280 30

(GC-MS )AL cilshaa - i) L) & gilag 5 -3

g petnal) LS ol (0SS5 (o Ja) (Al 3yl AU il S L2 e S et
Adilds (o Jeadl Jlgall ading Adlise 4y me Y LS je (e Al il ey pidaill ALY
sl g il shall (e uali g sanaa Ailine ) g3l aladiuly g ¢ & gumall LS all (e daid
sl 5o Aaloal) AL Aall ) () oY) apan Adas 5o Ll ol e S all e il
((EI) 55y ol

O Ao puall il s I aaliad (51 5k e @l sV Al 5548 5k s 1 (EI) Agishy) cplil
4520 ) (Aalall ddaids il i) Lgaadinl) 4dy Hhall 38 (a5 8alall Gl Ja ae 70V A
Ve st LUad e Jiasiddille



Jlia

lonization
R:R" + e S [R-RJ? + 2¢
radical cation
(molecular 1on)
Fragmentation
. ’
[R'R])f — R* + ‘R
cation fragment radical fragment
(observed) (not observed)
base peak (strongest)
Abundanon / defined to be 100%
mfz (% of base peak) 100 £
39 62
80
41 100 (base peak) )\/j\
42 24 Z e 2 4-dimethylpentane
43 90 '§
6 23 E 40 motecatar
- 5 ion/ M
85 1 | |
+ 0 L ':'II |'. A T T T T T T T
100 (M™) 10 1020 30 40 50 60 70 S0 90 100 110 120 130 140 150 160
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Jla
propane
lionizaiion
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miz = 15 A o W miz =29 5 % -
(molecular ion) £ 60
Heoll Loas 2 w0
H-C-C-C—H C-C-C® 5 7 a
| 1 g
HH HHH 20 = “]
miz = 43 m/z = 28 N il 1118 I.|||
o 10 0 30 0 @ 50
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Initial Loss of Electron

non-bonding orbital > n-orbital > o-orbital

from a non-bonding orbital
-e®

et (=]

from orbital
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from a g orbital
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Basic Fragmentation Processes

homolytic cleav
-2 . +
CH;~CH,-O—R —» CH; + H,C=0-R
(B) 285l

heterolytic cleavage

o

(i * 5
CHs—CHp—CH,—Br ——— CHy—CH,—CH, + Br

(@) sl

;m&\ dacal)

Stevenson’s Rule

* The most probable fragmentation is the one that leaves the positive charge on the
fragment with the lowest ionization energy

- fragmentation processes that lead to the formation of more stable
ions are favored over processes that lead to less stable ions

s
o ] i R ® ®
H-(;.‘ ® < H-(;J ® < R-(': ® < n-clz ® < AN@ < < o=
H H H R
least ». Mmost
stable ~  stable

- stability of the resulting radicals or neutrals

ot Al LS ) 8 adadl) AdLaia day) ) Bas L)



less fragmentation aromatics higher relative

abundance of M*
alkenes

unbranched hydrocarbons
ketones
amines
esters
ethers

carboxylic acids

branched hydrocarbons P —
more fragmentation alcohols abundance of M*

A 4

Stability plays a factor in whether or not a molecular ion is observed

Decreasing ability to give prominent M+:

aromatics > conjugated alkenes > cyclic compounds >
organic sulfides > alkanes > mercaptans

Decreasing ability to give recognizable M+:

ketones > amines > esters > ethers >
carboxylic acids ~ aldehydes ~ amides ~ halides

M+ is frequently not detectable from:

aliphatic alcohols, nitrites, nitrates, nitro compounds,
nitriles, highly branched compounds

McLafferty rearrangement s leaals i i salef clelii Juant phadill dlee

Rearrangements
McLafferty
R | R oy |™
\E J > | J
Y i

X,Y=C,N,O
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The Base Peak is the peak with the greatest intensity (usually set to 100% relative abundance) in
the mass spectrum, corresponding to the most abundant ion. (M and the base peak are only the
same if many of the molecular ions make it to the detector without breaking into fragments).
Since M+1 and M+2 are always less intense than M, they can never be the base peak.

M-+1 is next-door to M on the mass spectrum, and corresponds to the molecular ion with mass
one higher than M due to presence of “one atom that is a heavier isotope™°
v' EX: For 1-bromopropane, the M peak is at 122, so the M+1 peak should be at 122+1=123
v Only “C,"N, and **S contribute significantly to the M+1 peak, °C is most important
v' If M is scaled to 100%, then the M+1 intensity/1.1% gives an estimate for the number of
carbons in the compound. BE CAREFUL TO AVOID MATH ERRORS HERE!

Note about rounding:
v If remainder is 0.4 or less, then round down
v' If remainder is 0.7 or more, then round up
v" It is important to be conservative in mass spectrometry, so if remainder is between 0.4-
0.7, then consider two different carbon counts for formula candidates. Some of these may
be rejected later based on other data.




EX: If the relative abundance of the M+1 peak (relative to M) is 4.95%, how many carbons are
there in the formula?

ANSWER: 495/1.1 =4,5 There are 4 or 5 carbons!

M+2 is next-door to M+1 on the mass spectrum, and has a mass two higher than M.
v EX: For 1-bromopropane, the M peak is at 122, so the M+2 peak should be at 122+2=124
v' For our purposes, the elements that make significant contributions to this peak are **S,
37 81
Cl, and " Br.
v" The M:M+2 ratio indicates the presence of $(100:4.4), CI(100:31.9), or Br(100:97.2) in
the compound.

Getting the Formula from the Mass Sgcrrum?

The Nitrogen Rule states that if m/z for M is odd, then the molecular formula must have an odd
number of nitrogens. [f m/z for M is even, then the molecular formula must have an even number
of nitrogens (this includes 0).

v' EX: For l-bromopropane, m/z for M=122. The even number is in accordance with the
even number of nitrogens in the formula (zero).

The Hydrogen Rule states that the maximum number of hydrogens in the molecular formula is
2C+N+2. In the formula, C: # of carbons, N: # of nitrogens

v' EX: For CH;CH>CH:Br, there are three carbons, so the max # of hydrogens is 2(3)+2=8

Getting the Molecular Structure from the Formula

One Double Bond Equivalent (DBE) (also known as a degree of unsaturation) is one pi bond
or one ring. A triple bond counts as 2 DBE. Having 4 DBE indicates the possibility of a benzene
ring, since benzene has three pi bonds plus one ring. The formula for DBE is the following:

C: # of carbons
DBE =C - (H/2) + (N/2) + 1 H: # of hydrogens or halogens
N: # of nitrogens

* Formula®
Important Note; DBE can never be negative and can never be fractional! Beware of math errors!

v' EX: For CH;CH,CH,Br, the DBE equals 3-(8/2)+(0/2)+1=0. (No pi bonds, no rings.)



EX: Use the given mass spectrometry data to determine the molecular formula.

m/z Relative Intensity
M 59 100%
M+1 60 3.85%
M+2 61 0.0127%

nitrogen atoms is one.

Is the m/z value for the M peak even or odd? The M peak equals the molecular mass of
the compound, which in this case is 59 amu. This is an odd number, so according to the Nitrogen
Rule, there must be an odd number of nitrogen atoms in the compound. The minimum number of

Use the relative intensity of the M+1 peak to find the number of carbon atoms. Here,

3.85%/1.1% = 3.5. This means that there are three or four carbons in the compound.

in this molecule.

_ Subtract the isotopic masses of the known atoms from the mass of the entire compound
(m/z of M peak). The remaining value represents the amu left over for the other atoms. So,

Look at the M+2 peak to check for the presence of S, Cl, or Br. Since the intensity of the
M+2 peak is less than 4% (approximate relative abundance of S), there are no S, Cl, or Br atoms

M-Ci=N 44— Wemusthaveatleast3Cand I N

59-(3(12)+14) = 9 amu left over for O, H, more N atoms (must be odd), or another C atom.

In this instance, there is no need to construct a chart for the number of each type of atom. 9 amu
are not enough for oxygen (16 amu), nitrogen (14 amu each), or another carbon (12 amu). Thus,

the 9 amu must come from nine hydrogen atoms.

In conclusion, the only possible molecular formula is CiHoN

Zﬁja“i\@‘éjfut@_\\JMUA\JJ;}%&&}M\S}LLQAAMJ

Evaluate all possibilities for the molecular formula, and assess whether they are
reasonable.

Recognizable elements in the mass spectrum

Br
Cl
|
N
S

M+2 as large as M™

M+2 a third as large as M™

I™ at 127; large gap

odd M7, some even fragments
M+2 larger than usual (4% of M™)




abundance
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100 %
80 | | | | M" and M+2
CH,—CH,—CH,—Br similar suggests Br
g ' ~ - .
H 60 M
- 122 (C3H,1"Br) 1+2
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% of Molecular lon

% of Molecular lon

150
i
Misiing
M+2 M4 M+6 M+8§ M+10 M+12
~ ||/ / / / /
0 ‘ L l ] 1 | l
Cl a, a, L Cly L
500
i
by M4
00 § M42 M4 Mié ,/
100 ; M4 M+6
= 4
S0
: 1 /
Br Br B BrCl BrCl, Br,Cl

Predicted patterns of M, M + 2, M + 4, ... for compounds with various combinations of chlorine and bromine.
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Alkanes

Straight Chain Alkanes

* Molecular ion peak usually present but weak

« Clusters of fragments appear spaced by 14 amu (corresponds to loss of CH,)
« The largest peak in each cluster corresponds to an alkyl radical cation, C H,,.,
* A peak for M-CH; is often weak or absent

* The intensity of lower m/z fragments is greater in large molecules; relative
intensities decrease smoothly up to M-C,Hg



CH;— CH, l(u :I—cu‘:l—(n»lcm

100
M-29 = = = = =
M-43 CHy—CH; —CH; —CHs—CH: —CH;
80 57 \
a3 hexane
w
2 60 -
£ w0 29 =
20 M-15
71
0 > ! I L T T T T T T T T
10 20 30 40 S0 o0 TO 9 100 110 120 130 140 150 160
m/z
Branched Alkanes

» Smaller molecular ion peak; may be absent
» More fragmentation at highly branched positions

100
43
80 M-43 CH;
8 CH; —CH—CH, —CH,—CH;
s 2-methylpentane
-
Z 40 M-15
. 71
\l “‘)
20 | m My
86
0 I I ll = L] ;l L] L] L L] L] L] Ll
10 30405060708090[(!)210I30l30l40150
miz
Cycloalkanes

* Relatively large molecular ion peak
« Significant peak at M-28 (often the base peak) due to loss of ethylene

* M-15: from rearrangement

160



cyclohexane

100 —
-— even m/z
s O
| M-28| <— loss of H,C=CH,
80 — el |
M (84)

3\ =
‘©
et 41
2 60 M-43
= -— strong M*
W .
s
:g 40 69
o M-15

R H I
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10 20 30 40 S0 €0 70 80 90 100
m/z
base peak

Alkenes:

* Relatively strong M* ion

» Clusters of fragments appear spaced by 14 amu (corresponds to loss of CH,)
« Strong peak from fragmentation to form a resonance stabilized allylic cation

(m/z = 41 in terminal double bonds,)

« Difficult to identify position of alkene since the double bond migrates easily

Fragmentation Giving Resonance-Stabilized Cations

[R—CH=CH—CH::I—R'13 — IR—CH=CH—'CH: «—» R—CH—CH=CH,] +

allylic cation

R’



~allylic position

H H.SS  cul H CH, H CH,
>C-cf: E?(-_H:’ N —s >c—c( — ‘/‘c'——cf + CH,CH,
HJC H cleave here H;C H H;C H

methallyl cation, m/z 55

100
55 ARG
80 ! |
trans-hex-2-¢ne
2 e
|
54
2n 4 + 4 4 i .| +
0 T '| T T T T T T T T T
10 20 30 40 50 60 70 80 9 100 110 120 130 140 150 160
milz
Alkynes

* Relatively strong M* ion
« Strong M-1 peak is observed in terminal alkynes

» Strong peak from fragmentation to give resonance stabilized propargyl
cation (m/z = 39 in terminal alkynes)

100 —
| a 67
80— —_— M-1
- | 39
?:—», M-29
T 60
= 53
(3] 1 M-15
Z
-+
O 40
o4
20— ‘ M (68)
0 (ll'l'i'l'l‘([lll'l!l !ll:[l(ll!l ll:lll'l:![! ;llllll%!!'!! I;]tll'[ll'l"ll
10 20 30 40 S0 60 70 80
| m/z
H
I_MW=68 | base peak



Aromatic Hydrocarbons
» Strong M* ion
« Strong M-1 = tropylium ion

 Substituted benzenes can undergo McLafferty rearrangement
(substitutent = propyl or larger)

$
CH, R +CH, CH, CH, CH,
— > ©¢ <> @ o .1.@ + R
benzylic cation
100 —
CHa
4 91
M1 M (92
80
> 1 |Mw=92
Z ‘ |
3 60 —
=
° |
Z
-
D 40
4
20 m/z = 39 m/z =65
0 1 1 Ll L Ls r|‘||| 2 1 " 1
l||l|ll‘ll|llllll||I||IllllllIl|ll|ill||ll.l|||i'lll{llllllIllll||||l||||||||I|| LAN |
10 20 30 40 50 60 70 80 90
m/z ?

base peak



Relative Intensity

100 - | O/\/\
o
3 91
m&a M-43
l 92
60 — M-42
H
! [ @H] % L <— McLafferty
R
40 — H
| miz = 92 M (134)
20 -
G—mev‘ﬁwmwmmwwmmwu‘wmui T
25 S0 75 100 125 150
m/z
Carbonyl Compounds
mon F ntation M
G =H, R', OH, OR', NR',
o I
> R-C=0 G’
FIJ\G o
(two possibilities)
o] - . ®
— R -C=
RJ\G + G o}
(O 5 ® e,
R
R{‘AG — % %G
McLafferty rearrangement
(R__H -+ R Hyo “*
0
D¢ G] —_ o
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Ketones and aldehydes: loss of alkyl groups to give acylium ions
0 +
[R—!jqz] — R—C=0" + R
m/z 18 even acylium ion (odd mv/2)
Ethers
[R-FCH;—O—R‘F adeavage,  H,c=0—R’' + R

m/= is even stabilized cation (odd m/z)

or loss of an alkyl group

[R—CH,—OZI-R'F — R—CH=OH + -R

m/z 1S even stabilized cation (odd m/z)

Amines

+
|R:N—CH3:|—R'11 —s R,N=CH, + R

m/z is odd iminium ion (even m/s)
Alcohols

» Weak M* peak; may be absent
* Dehydration (M-18), sometimes with loss of CH,=CH,



H (I)H t
NG vl b
4| — Do+ o
even m/s even m/: lossof 18
OH : :OH *OH
| < n |
=T Ty T N
resonance-stabilized
Benzyl Alcohols
- Strong M* peak
« formation of tropyliol ions; then fragmentation to C¢H;*
100 OH M (108)
e miz=79
fragmentation of
b tropyliol ion OH
‘G
i = miz=77 -
L
% ; 107
S 40 M-1
4
20—
0 L .|1|| |||.1 ) |, |_|| |||||. Lo | | I|I Il
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10 20 30 40 SO €0 70 80 a0 100 110
m/z
H OH H H
-H - = -H
o O = - O
—_— ®
miz = 107 H miz=77




Phenols

« Strong M* peak

* May show strong [M-1]

* Loss of C=0 (M-28) and net loss of formyl radical (M-29)

100-| OH

-«— strong M*

M (94)
80—
m/z = 94
> 4
=
2
9 60
F=
]
2
+ 65
B 40—
&J M-29 66
1 loss of HC=0 M-28 loss of CEO
20 \ r'd
93
| | "
0 T T |I II!II; IIIE!IF| l' 4 T [LRRRE L |||||t||= T
10 20 30 40 S0 60 70 80 90

Thiols
» M+ more intense than that of corresponding alcohol

* Show significant M+2 peak
« Fragmentation patterns similar to alcohols
» May lose hydrogen sulfide (M-34)



100 | )9:
MW =76
80 '
> i M (76)
2
% 60 — -«— strong M*
@ i} 61
Z M-15
D 40
&
20 42
1 M-34 78
M+2
| ey o114 .I| | .. AR il " .
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Carboxylic Acids

* M* weak in aliphatic acids; stronger in aromatic acids

* Most important a-cleavage involves loss of OH radical (M-17)

* McLafferty rearrangement in appropriately substituted systems (m/z = 60 or higher)
* Dehydration can occur in o-alkyl benzoic acids (M-18)



100 ~ 5 " - M (150)
H -HO c©
. - T e
80 - H 132 -«{— strong M+
>, i M-18
* !
@
g 60 o
)
- OH
> - 133
4_5 . H,C CH, M7
gg MW = 150 mz=77
20 -
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Esters

* M* weak in most cases; aromatic esters give a stronger parent ion

* Loss of alkoxy radical more important of the cleavage reactions

* Loss of an alkyl radical by cleavage occurs mostly in methyl esters (m/z = 59)

» MclLafferty rearrangements are possible on both alkyl and alkoxy sides

* Benzyloxy esters and o-alkyl benzoates fragment to lose ketene and alcohol, respectively



Relative Intensity

100-] )0\
: o/\© o
80| MW=1ED _ S
cleavage . : 108
. um on
‘ o M-42
60 — 91
43 M-59
— 0@
277 w108
] M (150)
20- |
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25 50 75 100 125 150
m/z
Benzyl ester rearrangement
o LL 4 .t
o—(g O-H -
L — + O—C-CH;
O-¢ O~
H
can fragment further
il Bl 535 JnS o ja AU Al g3 i) S8,
Loss of alcohol



Amides

» M* usually observed; Follow the Nitrogen Rule (odd # of N, odd MW)
- cleavage affords a specific ion for primary amides m/z = 44

- McLafferty rearrangement observed when y-hydrogens are present

100 — 0
- 4CH3
©’)L'?‘ 105
80| H @‘9 M-29
- | MW =135 .
= mz=77
§ 60 —
L
.02) 7 M (135)
% 40 —
(17
M-1
20—
0 ||ll:u:uuu|ll!l:||uul:!||||l||||;llhllll|!l|||||iu|ll|l||!l! [I|llll|!llllll||||tll|llll LALL R R LR LRI RLEL) !||||
25 S0 79 100 125
m/z
Nitro Compounds

* M* almost never observed unless aromatic; follow nitrogen rule
* Principle degradation is loss of NO* (m/z = 30) and loss of NO,* (m/z = 46)
* Aromatic nitro compounds show additional fragmentation patterns



100 — NO,
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M-NO,
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Halides

» M* often weak; stronger in aromatic halides
= chloro and bromo compounds show strong M+2 peaks
3:1

Cl—-M:M+2
Br—=M:M+2

131

= principle fragmentation is loss of halogen
* Loss of HX also common

100 — O/Br
T mz =77

BO MW = 157
3\ E
= M (156)
_§ 60—
£ 158
< M+2
e
% 40 —
o

20—
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Peak

Fragment
lost

H.

Multiple H -

Multiple H*

CH3-

HO"

H,O

HC=CH

*HC=CH,

CH,=CH,

ALKl Cidal dala (3adla

Interpretation

aldehydes, 3° alcohols, cyclic amines
2° alcohols

1° alcohols

methyl groups

alcohols, phenals, carboxylic acids
alcohols

cyclic alkanes, alkenes
CH,CH,CH,C(=0)X [McLafferty rearr.]

Commonly lost fragments

Fragment fost Peak obtained Fragment lost Peak obtained
"CH, MT-1s *OCH, MY . 3
*OH M'.- 17 *Cl . a5
CN M CH,CV—O M?. &3
HC==CH, M7 -2 " OCH.CH, M? . 48
*CH. - v e
CH, M -2 @_cﬂ, o
Common stable jons
m/z values lon
miz=43 CH,—C==0
miz =91 . @
cn,
mz= M- E“ o
A gy ™ R—C=0
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S el A s ySI &l d e

dade (ja s 5 daa s M2 aadll )yl

Br M+2 as large as M”

Cl M+2 a third as large as M”

| IMat 127

S M+2 larger than usual (4% of M™)

sl el o ga 5 RS M2 (e AN aal) Jaa Dl ALSH Cala s ol

500 3
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i Mesaing
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cl 1, cn Cl o ClL

0
E -
; 250 Med
._§ 200 § M+2 M4 M6 /
L A AR
=
- 1 M+4 M+6
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Br Bry Bry BiCl BrCly Br:Cl

Predicted patterns of M, M + 2. M + 4, ... for compounds with various combinations of chlorine and bromine.

AW 5 glasll ) Jais 5 ) sall Ay ol JS Laa 8 () G

Laledl shliall Laadliy peal) conile cigla b haii-



VUi Sinides o —
1820-1660 cm™" (5.5-6.1 p) dak:ll & b Lolanl =0 55 oot
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. A lede G 1Y,

P ALl ol ) laig o el

Carbonyl Compounds

mon Fragmentation M

G =H, R, OH, OR', NR',

0] ble @
J.L —_— R-CE0 + G’
R™ G
(two possibilities)
o] = . ®
J - R" + G-CE0
R™ ™G

e

0 i o)
R(‘()LG — Rr® . %G

McLafferty rearrangement

R

‘R__H -+
z;—°] —_— I
G

o+

H‘O
Aa

Ketones and aldehydes: loss of alkyl groups next to the carbon bearing the oxygen
to give acylium ions

(l[) *
R—C +R’ — R—C=D* + R
m/z 18 even m:ylium ion (odd m/z)

The McLafferty rearrangement splits out alkenes

( .]'-h_\‘dmgm )
0 H |t o—H |t o
R (! (l‘t‘l Iﬁ ly " {l: W P
—C—C—C—C—NR’ — C =
/\&/
R C

m/z 1S even m/z 15 even



05259 0559 NMR ik (e ¢ gl A U L) daa (e asiid

C=0 253 f-\.l-'- Ao~

III II{ Ilt
R—0O—H R=N=—H R—=N=-—R’ R—=N=R’
akcobol primary secondary tertiary
ATTIAINC S

O—H and N— H stretching frequencies

alcohol O—H
axid O—H
amine N—H

3300 em™, broad
3000 ¢em™', broad
3300 cm™, broad with spikes

Alcohols: loss of water

_Cl_ —
m/z is even
cleavage

+
.

B

m/= 1S even

+

~ % 3
[/C_C.,\] + HO
m/z is even
i 1
—* > — *
| i

m/z 1s odd



Amines:

—

[R;N—CHA—R’] t

Ethers: loss of an alkyl group

cleavage next to the carbon bearing the nitrogen to give stabilized cations
RaN=CH> + ‘R’

imanium ion (even m/s)

IR—CH_,_—O:|—R']’ —> R—CH=OH + «®
Mz 18 even stabilized cation (odd m/s)
o R—CH—OfRT — R—CH~—)- + R

my2 s even

alkyl cation (odd m/2)

cleavage next 1o the carbon bearing the oxygen

—_—

(R -FCH;—O—R*F

m/z 1S even

H.C=0—R' + R

stabilized cation (odd mv/s)

052089 0592 NMR b e 81 931 il U L) daua (e a8l

sdalgd) adadl) Bali i g o) 0 il o Juand Laila ALY i A daly AB3adla

Alkenes and aromarics: cleavage to give allylic and benzylic carbocations

[R—CH=CH—CH3:|—R']’ g

O] ~ Ora

benzylic cation

m/z 91
& 0
= A Ay—H — ==X—H + A —4
\{(}.3)f \(0'3)/
onium-reaction

R—CH=CH—CH, + R’

allylic cation (odd m/z)

= K —F +'R

tropylium ion
m/z91

X heteroatom
Ay, A, A, any aton

052089 059 NMR b ) 835l U LS daua (e a8l



Relative Intensity

2O i) Jlia gyl

ALY Cia N B Y )

100

80 -

60 =

40

20

(Mass of molecular ion: 180)
M52014-05062CW
15.0 1.3
38.0 1.6
39.0 4.9
42.0 1.2
43.0 30.3
50.0 1.1
53.0 1.5
62.0 1.3
63.0 4.8
64.0 5.0
65.0 4.7
81.0 1.8
82.0 24.7
160 (100.0%), 181 93.0 3.4
(10.0%),182(1.3%) 120.0  100.0
121.0 14.7
122.0 1.2
138.0 65.2
139.0 5.1
180.0 1.6
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Relative Intensity
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{Nass of molecular ion:
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