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01 Silverstein, R. M., Bassler, G. C., & Morrill, T. C. (2015). Spectrometric lIdentification of Organic
Compounds (8th ed.). Wiley.

This textbook is a cornerstone in organic spectroscopy, offering detailed methodologies for identifying
organic compounds using UV-Vis, IR, NMR, and MS techniques.

nbert, J. B. (1998). Organic Structural Spectroscopy. Prentice Hall.

vides a thorough introduction to the principles and applications of various spectroscopic methods in organic
cture elucidation.
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‘ Woodward-Fieser Rules for Diene

Woodward (1941) predicted A max values only for the lowest energy transition (z - n*) from

HOMO to LUMO.
Base values:

Base value for an unsubstituted, conjugated, acyclic or heteroannular diene 214 nm

Base value for an unsubstituted, conjugated, homoannular diene 253 nm

Increments for;

Each extra double bonds in conjugation ................

ceeerseen T30 nm

Exocyclic double bond (effect 1s two fold if the bond is exocyclic to two rings) + 5 nm

Substituent effect:
A. -OCOR or -OCOAr

C. Halogen (-Cl, -Br)
D. OR (R=Alkyl)
E. SR (R=Alkyl)
F. NR, (R=Alkyl)

B. Simple alkyl substituents or ring residue

+ 0 nm
+ 5 nm
+ 5 nm
+ 6 nm
+ 30 nm
+ 60 nm

0 O N

Homoannular heteroannular acyclic
Transoid (base): 214 nm Cisoid (base): 253 nm
3 Ring residues: +15 1 3 ring residues: +15
w\ 1 Alkyl substituent: ~ +5 (;6; 1 exocyclic C=C: +5
1 Exocyclic C=C: +5 3 Total: 273 nm
Total: 239 nm Observed: 275 nm

10
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Acetone and ethanol
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Carbon-Hydrogen Stretching

Bonds with more s character absorb at a higher
frequency.
* sp3 C-H, just below 3000 cm (to the right)
* sp? C-H, just above 3000 cm™ (to the left)
*sp C-H, at 3300 cm™




An Alkane IR Spectrum
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The IR spectrum of alkene is shown below :

C=C stretch from 1680-1640 Cm!

=C—H stretch from 3100-3000 Cm!

=C—H bend from 1000-650 Cm!




An Alkene IR Spectrum
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The IR spectrum of alkyne is shown below:

—C=C- stretch from 2260-2100 Cm!

—(C=C—H: C—H stretch from 3330-3270 Cm’!

—C=C—-H: C—H bend from 700-610 Cm!
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IR Spectra of Aromatic compounds

e C—H stretch from 3100-3000 cm-1

e overtones, weak, from 2000-1665 cm-1

* C-C stretch (in-ring) from 1600-1585 cm-1
e C-C stretch (in-ring) from 1500-1400 cm-1
* C-H "oop" from 900-675 cm-1

The spectrum of toluene is shown below. Note the =C—H stretches of aromatics (3099, 3068, 3032)
and the —C—H stretches of the alkyl (methyl) group (2925 is the only one marked). The characteristic

overtones are seen from about 2000-1665. Also note the carbon-carbon stretches in the aromatic ring

(1614, 1506, 1465), the in-plane C-H bending (1086, 1035), and the C-H oop (738).
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O-H and N-H Stretching

* Both of these occur around 3300 cm™, but they look
different.
* Alcohol O-H, broad with rounded tip.
* Secondary amine (R,NH), broad with one sharp spike.
* Primary amine (RNH,), broad with two sharp spikes.
* No signal for a tertiary amine (R;N)




An Alcohol IR Spectrum
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The spectrum of alcohol is shown below :

O-H stretch, hydrogen bonded 3500-3200 Cm'!
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The spectrum of amines are shown below.

N—H stretch 3400-3250 Cm™!
e 1° amine: two bands from 3400-3300 and 3330-3250 Cm’!
e 2° amine: one band from 3350-3310 Cm!

« 3° amine: no bands in this region

N—H bend (primary amines only) from 1650-1580 Cm''

C—N stretch (aromatic amines) from 1335-1250 Cm!

C—N stretch (aliphatic amines) from 1250—-1020 Cm!
N—H wag (primary and secondary amines only) from 910-665Cm’™!




An Amine IR Spectrum

wavelength (um)
4 4.5 : 55 6 | . | 1213 14 1516

d-ipf.op},;l.am.ihe-
1(CH;CH,CH,),NH [T

saturzitéd
— H stretch-

4000 3500 3000 2500 2000 1800 1600 1400 1200 1000
wavenumber (cm I)




IR spectrum of phenol

G Transmittance

2000
Wavenumbers (em™)

FIGURE: Phenol (Melt). Broad intermolecular hydrogen bonded,
O-H stretch. 3244 cm™! Aromatic C-H stretch, 3052 cm’!. Overtone
or combination bands, 2000-1667 cm'! C-C ring stretch, 1601,
1501, 1478 cm™. In- plane O-H bend. 1378 cm' C-O stretch. 1231
cm!' Out-of plane C-H bend. 815.753 cm!' Out-of-plane ring C-C
bend, 699 cm’'. (Broad) hydrogen-bonded, out-of-plane O-H bend.,

about 650 cm.




Carbonyl Stretching

* The C=0 bond of simple ketones, aldehydes, and
carboxylic acids absorb around 1710 cm.

* Usually, it’s the strongest IR signal.
* Carboxylic acids will have O-H also.

* Aldehydes have two C-H signals around 2700 and
2800 cm™.




A Ketone IR Spectrum
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An Aldehyde IR Spectrum

wavelength (pum)

5.5

0

89 10

11

100 =

4.5

ma mi wdﬁnjtrhk s O vk 0553l s, o A 8 8 ] e A o S S S i T 0 v S A0 S 0 B
il 45 ald

12 13 14 15 16

80|

40|

saturated

6¢i?§cjuﬁmm“

Eup

/??\‘:

— MOZPHH-—Z0ZEIAR D

2070

= |

ALHHHEHIEE T L) CHLCH,CH,— C —H [
0 ??ﬁmmTﬁmw@?;mm+@m_mm__

. is
|

(b) butyraldehyde

i 5?f#€1u'

N i
4000

3500

3000

2500

2000

1800

1600

wavenumber (cm [)

1400

1200 1000

800



O-H Stretch of a Carboxylic Acid

This O-H absorbs broadly, 2500-3500 cm™?, due to
strong hydrogen bonding.
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Variations in C=0 Absorption

* Conjugation of C=0 with C=C lowers the stretching
frequency to ~1680 cm.

* The C=0 group of an amide absorbs at an even lower
frequency, 1640-1680 cm™.

* The C=0 of an ester absorbs at a higher frequency,
~1730-1740 cm™.

e Carbonyl groups in small rings (5 C’s or less) absorb at
an even higher frequency.
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Carbon - Nitrogen Stretching

* C- N absorbs around 1200 cm1.

* C =N absorbs around 1660 cm™ and is much
stronger than the C = C absorption in the
same region.

* C= N absorbs strongly just above 2200 cm™2.
The alkyne C= Csignal is much weaker and
is just below 2200 cm™.




A Nitrile IR Spectrum
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Summary of IR Absorptions

wavelength (pum)
3D 4 45 5 55 6 65 7 8 9 101112 14 16
I 1 1 I | |

I | | | I | I | I

Q
Q
(9o}
—
=
oo
o
i
+—
—
c
Q
Q
—
Q
(o8

fingerprint region

3500 3000 2500 2000 1800 1600 1400 1200 1000 800

wavenumber (cm™!)




2585220000000
e

3 ' .

.

EST.2011-2012

\dsels ~ s L)

grieiie 2135520
serrrairriiiiiiiiiy

pigets
tiseaeets
TN

133

e n s

23 22
st aiiiitiiiniianiiiiy



1edium (m
(m), weak (w); Broad and Narrow

. "'&_.~.~
ajall dad rrua ¢

Transmission

weak Y\

medium

100 °©




IR Spectroscopy : Aromatics

The =C-H stretch In aromatics Is observed at 3100-3000 cm-1. Note that this is at slightly higher
frequency than is the —C—H stretch in alkanes.

This Is a very useful tool for interpreting IR spectra: Only alkenes and aromatics show a C-H
stretch slightly higher than 3000 cm-1. Compounds that do not have a C=C bond show C-H
stretches only below 3000 cm-1.

Aromatic hydrocarbons show absorptions in the regions 1600-1585 cm-1 and 1500-1400 cm-1 due
to carbon-carbon stretching vibrations in the aromatic ring.

Bands In the region 1250-1000 cm-1 are due to C-H in-plane bending, although these bands are
too weak to be observed in most aromatic compounds.

Besides the C-H stretch above 3000 cm-1, two other regions of the infrared spectra of aromatics
distinguish aromatics from organic compounds that do not have an aromatic ring:

e 2000-1665 cm-1 (weak bands known as "‘overtones')

e 900-675 cm-1 (out-of-plane or "'oop" bands)

Not only do these bands distinguish aromatics, but they can be useful If you want to determine the
number and positions of substituents on the aromatic ring. The pattern of overtone bands Iin the
region 2000-1665 cm-1 reflect the substitution pattern on the ring. The pattern of the oop C-H
bending bands In the region 900-675 cm-1 are also characteristic of the aromatic substitution
pattern. Detalls of the correlation between IR patterns in these two regions and ring substitution
are available In the literature references linked In the left frame (especially the books by Shriner
and Fuson, Silverstein et. al., and the Aldrich Library of IR Spectra).



Summary:

e C—H stretch from 3100-3000 cm-1

e overtones, weak, from 2000-1665 cm-1
C—-C stretch (in-ring) from 1600-1585 cm-1
C—-C stretch (in-ring) from 1500-1400 cm-1
C—-H "oop"" from 900-675 cm-1

The spectrum of toluene Is shown below. Note the =C—H stretches of aromatics (3099, 3068, 3032)
and the —C—H stretches of the alkyl (methyl) group (2925 is the only one marked). The characteristic
overtones are seen from about 2000-1665. Also note the carbon-carbon stretches in the aromatic ring
(1614, 1506, 1465), the in-plane C-H bending (1086, 1035), and the C-H oop (738).
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IR Spectroscopy: Alcohols

Alcohols have characteristic IR absorptions associated with both the O-H and the C-O stretching
vibrations. When run as a thin liquid film, or "neat", the O—H stretch of alcohols appears in the region
3500-3200 cm-1 and is a very intense, broad band. The C-O stretch shows up in the region 1260-1050
cm-1.

e O-—H stretch, hydrogen bonded 3500-3200 cm-1

e C-O stretch 1260-1050 cm-1 (s)

The spectrum of ethanol i1s shown below. Note the very broad, strong band of the O—H stretch (3391) and
the C—O stretches (1102, 1055).
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IR Spectroscopy: Ketones

The carbonyl stretching vibration band C=0 of saturated aliphatic ketones appears at 1715 cm-1.
Conjugation of the carbonyl group with carbon-carbon double bonds or phenyl groups, as in alpha, beta-

unsaturated aldehydes and benzaldehyde, shifts this band to lower wavenumbers, 1685-1666 cm-1.
Summary:

e C=0 stretch:

o aliphatic ketones 1715 cm-1

0 alpha, beta-unsaturated ketones 1685-1666 cm-1

The spectrum of 2-butanone is shown below. This Is a saturated ketone, and the C=0 band appears at
1715. Note the C—H stretches (around 2991) of alkyl groups. It's usually not necessary to mark any of
the bands In the fingerprint region (less than 1500 cm-1).
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IR Spectroscopy : Aldehydes™ ™ %

The carbonyl stretch C=0 of saturated aliphatic aldehydes appears from 1740-1720 cm-1. As in ketones, If the carbons
adjacent to the aldehyde group are unsaturated, this vibration is shifted to lower wavenumbers, 1710-1685 cm-1. See
also:

o carbonyl stretching frequencies

e unsaturation/saturation refresher

Another useful diagnostic band for aldehydes is the O=C—H stretch. This band generally appears as one or two bands of
moderate intensity In the region 2830-2695 cm-1. Since the band near 2830 cm-1 Is usually indistinguishable from other
C—H stretching vibration bands (recall that the C—H stretches of alkanes appear from 3000-2850 cm-1), the presence of a
moderate band near 2720 cm-1 1s more likely to be helpful in determining whether or not a compound iIs an aldehyde.

If you suspect a compound to be an aldehyde, always look for a peak around 2720 cm-1; it often appears as a shoulder-
type peak just to the right of the alkyl C—H stretches.

Summary:

 H-C=0 stretch 2830-2695 cm-1

» C=0 stretch: o aliphatic aldehydes 1740-1720 cm-1

0 alpha, beta-unsaturated aldehydes 1710-1685 cm-1

The spectra of benzaldehyde and butyraldehyde are shown below. Note that the O=C stretch of the alpha, beta-
unsaturated compound -- benzaldehyde -- Is at a lower wavenumber than that of the saturated butyraldehyde.

Note the O=C—H stretches In both aldehydes In the region 2830-2695 cm-1, especially the shoulder peak at 2725 cm-1 In
butyraldehyde and 2745 cm-1 In benzaldehyde.
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IR Spectroscopy: Carboxylic Acids

Carboxylic acids show a strong, wide band for the O-H stretch. Unlike the O-H stretch band observed In
alcohols, the carboxylic acid O-H stretch appears as a very broad band in the region 3300-2500 cm-1, centered
at about 3000 cm-1. This Is in the same region as the C—H stretching bands of both alkyl and aromatic groups.
Thus a carboxylic acid shows a somewhat ""messy'" absorption pattern in the region 3300-2500 cm-1, with the
broad O-H band superimposed on the sharp C-H stretching bands. The reason that the O—H stretch band of
carboxylic acids is so broad Is becase carboxylic acids usually exist as hydrogen-bonded dimers.

The carbonyl stretch C=0 of a carboxylic acid appears as an intense band from 1760-1690 cm-1. The exact
position of this broad band depends on whether the carboxylic acid is saturated or unsaturated, dimerized, or
has internal hydrogen bonding. See also:

e carbonyl stretching frequencies

The C-0O stretch appears in the region 1320-1210 cm-1, and the O-H bend is in the region 1440-1395 cm-1 and
950-910 cm-1, although the 1440-1395 band may not be distinguishable from C—H bending bands in the same
region.

Summary:

O-H stretch from 3300-2500 cm?
C=0 stretch from 1760-1690 cm-?
C-O stretch from 1320-1210 cm
O-H bend from 1440-1395 and 950-910 cm™!

The spectrum of hexanoic acid is shown below. Note the broad peak due to O-H stretch superimposed on the
sharp band due to C—H stretch. Note the C=0 stretch (1721), C-O stretch (1296), O-H bends (1419, 948), and
C-0O stretch (1296).
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IR Spectroscopy : Esters

The carbonyl stretch C=0 of aliphatic esters appears from 1750-1735 cm-1; that of a, B-unsaturated
esters appears from 1730-1715 cm-1. See also:

e carbonyl stretching frequencies

The C-0 stretches appear as two or more bands in the region 1300-1000 cm-1.

Summary:

e C=0 stretch

o aliphatic from 1750-1735 cm-1

0 a, p-unsaturated from 1730-1715 cm-1

e C-O stretch from 1300-1000 cm-1
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CH,CH,—O0—CH,CH,

The CH; groups are equivalent and the
CHj; groups are equivalent. = 2 signals
in either the 'H or ’C NMR spectra

CH3;CH,CH,Cl

The CH, groups are inequivalent. =
3 signals in either the 'H or “C NMR
spectra

CH3CH2_O—CH3

The CH; groups are inequivalent. =
3 signals in either the 'H or "C NMR
spectra

CICH,;CH,;CH,CH,Cl

There are two distinct sets of CH,
groups. => 2 signals in either the 'H or
*C NMR spectra
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The band at 1716 indicates a carbonyl, probably a ketone. The bands
at 3000-2850 indicate C-H alkane stretches.
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Formula: C,H,,0

The broad band at 3339 indicates an O-H stretch, probably an
alcohol. The bands at 3000-2850 indicate C-H alkane stretches.
The band at 1041 is C-O stretch, consistent with an alcohol.
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ne band at 1689 indicates a carbonyl, probably an acid.
ne broad dip at 2924 indicates the OH group of the acid.
ne band at 1589 indicates an aromatic ring.

2 C
AN oA i
B
B 2 —aH
B

11: 3-methylbenzoic acid
A
M J\ }\ A




C10H140

100

\

s

3250
ﬁ

: 2963 qﬁiw\k’

1599

—
—ﬁ!!!!’"_’_'__"f-“p—”
SR

1450

1514

™
e

1361

1184

1244

1 827

2500

T T
2000

P

T T
1000



C10H140

e A
A J

l]lllllllll]llll;lllI[IlIIllllllllIlgllIIIIIIIlliIllllllllllillllllllll|Illllllll]

B b : 3 ¢ { PPH




C
1H 16: 4-t-butylphenol
e =

A )

LB L LI L LI LI L B LI L ) LIR L LI LI LB B T LI T LI L LI
T I T T T

B 1 b b 8 3 2 i PPH



Qsbuand () il jal) o 19835 Algial) g aally (A5 A 0d Jo oo il o) £ LS dade (ud alal)
Gl il o) $latioie ¢S al 13) Zladll dad Lad La Lo gy aSliine o U i g2 by Lgle
o Al A G35 Bl 3 yaa aSBan | plaai Y alall aSa) fial g aSagad (ulSail A o caldf 3 e

Al Lgle 53 68 alal) | ghaa
Gl 5 80 13 Ll Ol g adAL W 9255 O i Al glpana il (o Cirday (A1) ALY 2
) laas ¥ Bloat) cilpaas alaf cjale @il g gy LIS ¢ oS ¢l 0 ) gale B il 3 pladll g Jgud)
(=il A jrally aS i) ) g8 g agad) ) 1Al o o) A i) ) geadiS) St el o o Laild a8l us

Llaldl e eﬁébﬁu

M.Sc Ameena Naeem



	الشريحة 1: SPECTROMETRY INFRA MERAH
	الشريحة 2
	الشريحة 3: Carbon-Hydrogen Stretching
	الشريحة 4: An Alkane IR Spectrum
	الشريحة 5
	الشريحة 6: An Alkene IR Spectrum
	الشريحة 7
	الشريحة 8: An Alkyne IR Spectrum
	الشريحة 9
	الشريحة 10
	الشريحة 11: O-H and N-H Stretching
	الشريحة 12: An Alcohol IR Spectrum
	الشريحة 13
	الشريحة 14: An Amine IR Spectrum
	الشريحة 15
	الشريحة 16: Carbonyl Stretching
	الشريحة 17: A Ketone IR Spectrum
	الشريحة 18: An Aldehyde IR Spectrum
	الشريحة 19: O-H Stretch of a Carboxylic Acid
	الشريحة 20: Variations in C=O Absorption
	الشريحة 21: An Amide IR Spectrum
	الشريحة 22: Carbon – Nitrogen Stretching
	الشريحة 23: A Nitrile IR Spectrum
	الشريحة 24: Summary of IR Absorptions

