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WHAT 1S IR RADIATION

- Natural infrared-

Sunlight, at an effective temperature of 5,780
kelvins, is composed of nearly thermal-
spectrum radiation that is slightly more than

half infrared.
sunlight provides an irradiance of just over 1
kilowatts per square meter at sea level. Of

this energy, 527 watts is infrared radiation,
445 watts is visible light, and 32 watts is

ultraviolet radiation.
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The Electromagnetic Spectrum

high =< Frequency (V) low
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IR regions

IR region subdivided into 3 sub-regions

A. Near IR reglon (Nearest to the visible)
80 nm 1 1 (12,800 to 4000 cm™)

(overtones reglon)

.é&o\e'
B. Mid IR region |
2.5 to 50 pm (4000 — 200 cm™)
The mid IR region is of greatest practical use to the
organic compounds. —5;3
C. Far IR region £
50 to 1000 pm (200 — 10cm-")
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Use of IR spectra

¢ ldentification of functional groups on a molecule — this is a
very important tool in organic chemistry.

¢ Corresponding with a known sample’s IR spectrum
confirms the identity of the compound.

¢ Since absorbance follows Beer’s Law, can do quantitative
analysis.

¢ IR alone cant determine the structure
¢ Some signals may be ambiguous.
NOTES:-

1. Since most “types” of bonds in covalent molecules have
roughly the same energy, i.e., C=C and C=0 bonds, C-H
and N-H bond; ;they show up in similar regions of the IR
spectrum.

2. Remember all organic functional groups are made of
multiple bonds and therefore show up as multiple IR bands
(peaks) 14-¢




Different energy means different effect

E
A
f
Electronic Vibrational Rotational
o Electronic transitions: UV-visible ]4)1'—
4
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o Vibrational transitions: IR 006

o Rotational transitions: Radio
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IR spec?oscc

Molecular Vibrations

Covalent bonds vibrate at only certain
allowable frequencies.

splinv 101(,6 spring force
- >
equilibrium stretched compressed

bond length

ome :
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Principle of IR spectroscopy

* Molecules are made up of atoms linked by chemical
bonds. The movement of atoms and the chemical

bonds like like spring and balls (vibration)

o

Vibration of a Diatomic Molecule
Approximates an Oscillating Spring

* This characteristic vibration are called Natural
frequency of vibration.

14-A



* When energy in the form of infrared radiation is
applied then it causes the vibration between the
atoms of the molecules and when,

Applied infrared frequency = Natural frequency of
vibration

Then, Absorption of IR radiation takes place and a
peak is observed.

Different functional groups absorb characteristic
frequencies of IR radiation. Hence gives the
characteristic peak value.

Therefore, IR spectrum of a chemical substance is a
finger print of a molecule for its identification.




Infrared Spectroscopy

Background
« Absorption of IR light causes changes in the vibrational
motions of a molecule (from Vito V... V)

« The different vibrational modes available to a molecule
include stretching and bending modes.

 When the frequency of IR light matches the frequency of
a particular vibrational mode, the IR light is absorbed,
causing the amplitude of the particular bond stretch or
bond bend to increase.

* The vibrational modes of a molecule are quantized, so
they occur only at specific frequencies which
correspond to the frequency of IR light.

14-) .



Simplified Infrared Spectrophotometer

/ NaCl
focusing plates

mirror

Detection Electronics

/
— % and Computer
\ ( ’

Determines Frequencies
of Infrared Absorbed and

Infrared plots them on a chart
Source Y
|

Infrared

Sample \ / Spectrum
_ | — intensity of
Absorption —— | absorption

“peaks”
frequency ] 14-\ )

(decreasing) V)



The unit used on an IR spectrum is
Wavenumbers v

V = wavenumbers (cmly = _1

A

wavelength (cm)

C =speed of light

V = frequency = \_/ C
= 3 x 10! cm/sec

or
V:(—I)C:L cm/sec 1
A A

cm sec
wavenumbers are directly proportional to frequency

VY
14 VY



Transmittance (%)

The IR Chart
Spectrum

n

Micrometers: = 20

-

o

o
N

0!
4000 <V avenumber (cni! ) s 400

Please “know” this

Y axis might be Transmittance (T) or Absorbance (A); the
T is most common

14-1Y



P UTm0oaT )

0.90 :
025 -3
2 notet 1696.358
: STANDARD batch PRS 00605
0.75 - Tue Nov21 08 27:05 2006
T PHARIMOS

0.70 = Ph2200R

o Absorbance Vs Wavenumbers

0.60 =
2931 258 R

58 .686 f

an

;

151.787

=862 397

¥ &

.

1623 598 1023978

!

U P SRR PP P e e e e e e P s e g e e —v*r-o-g-v-v-—v-r-o-m-j-o-t-o—r-v-wv-r-o-o-t-—'-o~ --t-r—c-e-t-f
4000 3800 3600 3400 3200 3000 2800 2600 2 2200 2000 1800 1600 1800 1200 1000 200 600

Wave numbers (cm- 1)

3396 960

o
3

©
g5

L] .......l...'l......'...'...

-n
-
L7 ]

o
=3

-V ¢
14 \$



AR R AR AN A OSERROOOOOONE
e A O G Gttt

LoD
-
w
=
=
50
) =4
o
=
=
-
-

D

@fL mﬁ [p

o)

Absorbance Vs Wavenumbers

— - - . v T . - - - T - . - - T
2000 1500 1000 500
NAVENUNBER! -1

4000 3000

AR /E rnte A\ Arrnimn tha nanlie in tha infrarad anantriim Af calimidin Aanid Thalau) woith framinnnaines Aran tar than



Stretching

Change in in
atomic distance.b
remain same
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iii.) Types of Molecular Vibrations

Bond Stretching

symmetric

asymmetric

as

Bond Bending

In-plane rocking

In-plane scissoring

G
It ape
OQut-of-plane wagging - o

D
T +
@]

Qut-of-plane twisting



Degrees of freedom and molecular vibrations

Linear molecule D.o.F=3N-5
[CO2 (3X3-5)=4]

Non-Linear molecule D.o.F=3N-6

[H20 (3X3-6)=3]

14-) A
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DO ALL COMPOUNDS ARE CLASSIFIED
AS IR ACTIVE 2!

NO !!

Raman
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IR Absorption Conditions

¢ Only Polar bonds are IR active and can show a clear
absorption in the IR spectrum

¢ Symmetrical nonpolar bonds do not absorb in the IR.
This type of vibration is said to be IR inactive.

¢ For a bond to absorb in the IR, there must be a change in
dipole moment during the vibration.

¢ For these non polar compounds Raman spectroscopy
can do the job

Stretching along the bond axis
does not change the dipole moment.

CH;—C=C—CH,

nonpolar bond 14-YY
IR inactive



INFRARED ACTIVE BONDS

Not all covalent bonds display bands in the IR spectrum. Only polar
bonds do so. These are referred to as IR active.

The intensity of the bands depends on the magnitude of the dipole
moment associated with the bond in question:

« Strongly polar bonds such as carbonyl groups (C=0) produce strong
bands.

* Medium polarity bonds and asymmetric bonds produce medium
bands.

« Weakly polar bond and symmetric bonds produce weak or non
observable bands.

0/ ) ) l

! —C=N HC=C—CHs; H:C—C=C—CHs

NOT
STRONG MEDIUM WEAK OBSERVABLE



Increasing polarity means more absorption

Most (jhangeln Most
polar dlpole Int|ensc

C I I Least Change in Less
polar dlpole Intense

14-Y ¢



Factors that influence in determining the locations of
the spectrum peaks various

1. Atomic Masses

Frequency decreases with increasing atomic
mass.

C-H > C-C > C-O > C-Cl > C-Br
3000 1200 1100 750 650

14-vo |



Hooke's law

_ 1 K m,;.m,
U | c— p=

2x 1 m,+m,
v = frequency p=reduced mass

Two factors affect the IR absorption according
to Hookes law

1- bond strength (Directly proportional)

2- Atomic mass (Inversely proportional)



IR Stretching Frequencies of two bonded
atoms:

What Does the Frequency, v, Depend On?

k
V= - " m,+m,
m,

v = frequency
k = spring strength (bond stiffness)
m, = reduced mass (mass of largest atom)

14-vY



2. Bond Strength

Frequency increases with increasing bond energy.

C=C > C=C > C-C
2150 1650 1200

3. The coupling between bonds different groups.

C=0 O0=C=0
1800 to 1650 2350

4. stereochemistry effects.

5. Solvents, Temperature and Sample
state. 14-Y A

YA



Band Intensity

1- The greater the dipole moment, the greater
change in dipole moment when a band stretches.

2- The greater the change in dipole moment,
the more intense the absorption band.

14-Y4



INFRARED ABSORPTION BANDS

POSITION REDUCED MASS LIGHT ATOMS HIGH
FREQUENCY
BOND STRENGTH STRONG BONDS HIGH
(STIFFNESS) FREQUENCY
STRENGTH CHANGE IN STRONGLY POLAR
- ‘POLARITY’ BONDS GIVE INTENSE
BANDS
WIDTH HYDROGEN BONDING STRONG HYDROGEN

-|->

BONDING GIVES
BROAD BANDS

14-v




-

spe ctrum.

less of the y-axis.

Transmission

4

100 %o

o

weak

0 %

’

medium

CLASSIFICATION OF IR BANDS

# IR bands can be classified as strong (s), medium (m), or
weak (w), depending on their relative intensities in the infrared

» A strong band covers most of the y-axis. A medium band falls to
about half of the y-axis, and a weak band falls to about one third or

\f

strong

14-T)



Describing IR Absorptions

IR absorptions are described by their frequency and appearance.

= Frequency (v) is given in wavenumbers (cm™')

" Appearanceis qualitative: intensity and shape

= conventional abbreviations:

VS
S
m

W
br
sh

very strong
strong
medium
weak

broad
sharp or shoulder

14-1Y
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Intensity of C=0 vs C=C

Don’t get confused=Don’t miss-match
MICRONS

%
S — . . A e ° 1¢C
o - - .. P
' - - '
!
§ < 11 )
3 - ; ,
S0 ‘. : )
2 c=C
= & - X
—
® so
x C=0
1C
¢ ! 4 2 .
200C 180C 1607 140C 120¢ Y000

WAVENUMBERS (Ca--



INFRARED BAND SHAPES

Infrared band shapes come in various forms. Two
of the most common are narrow and broad.

JNarrow bands are thin and pointed, like a dagger.
JBroad bands are wide and smoother.

A typical example of a broad band is that displayed
by O-H bonds, such as those found in alcohols and
carboxylic acids, as shown below.

.

N/

100
0%
0%
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IR Absorption Regions

In general, the IR spectrum can be split into four regions for

interpretation:

4000 — 2500 cm™':  Absorption of single bonds formed by hydrogen
and other elements e.g. O—H, N-H, C—H

2500 — 2000 cm™':  Absorption of triple bonds e.g. C=C, C=N

2000 — 1500 cm™':  Absorption of double bonds e.g. C=C, C=0

1500 — 400 cm: This region often consists of many different,
complicated bands, called the fingerprint region.
It is rarely used for identification of particular

functional groups.



The four primary regions of the
IR spectrum

Bonds to H Triple bonds Double bonds Single Bonds
. TN fn,..«xf’ﬂﬂ o AN RSN e
| [ N/
70 f u - - U
= | | Fingerprint
: Region
OrH €=C Cc=0 c-C
. N-H C=N C=N C-N
CtH % c=¢ C-0
4000 cm-" 2700 cm' 2000 cm-' 1600 cm-’ 600 cm-
WAVELENGTH (1um)
2.5 v | 5 5.5 6.1 6.5 15.4
O-H C-H C=N CcC=0 | C=N c-Cli
- Very C-O
X=C=Y bands Cc-C
(C,O.N.S) N=O|NF=O™
4000 2500 2000 1800 1650 1550

FREQUENCY (cm™)



Base Values

(+/-10 cm™)
O-H 3600
N-H 3400
C-H 3000
C=N 2250
C=C 2150
C=0 1715
C=C 1650
C-0 ~1100 —large range




The C-H Stretching Region
Base Value = 3000 cm!

WAVELENGTH (um)

29 4 5 5.5 6.1 6.5 15.4
O-H C-H C=N C=0 | C=N C-CI
: Very C-O
N-H C=C | fow c=C o
X=C=Y bands c-C
(C,O,N,S) N=O|N=0*
4000 2500 2000 1800 1650 1550 650

FREQUENCY (cm-)



increasing frequency (cm-)

y

3300 3100 3000 2900 28T50 2?50

=C-H O =C-H| -C-H -CH=0
(weak)

sp-1s sp?-1s sp3-1s aldehyde

increasing s characterin bond

increasing CH Bond Strength




C-H STRETCH




Hybridization and S-character affect bond length;
consequently the bond strength

=CH




Shortest Srongest Higher
Bond Bond Wave no

=C—H A A A
—C—H
_C_ H Longest Weakest  Lower

Bond Bond Wave no




—C—H  -3300cm"
—(C—H 3100-3020 cm"!
—(C—H  2960-2580 cm"!
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Aromatic
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AlKkyne

1-Hexyne
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Aldehyde
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The O-H Stretching Region

O-H C-H C=N C=0 | C=N C-ClI
_ Very C-0
X=C=Yy | bands c-C
N=O|N=0"
4000 2500 2000 1800 1650 1550 650

« O-H
* O-H

FREQUENCY (cm-)

3600 cm! (alcohol, free)

3300 cm™! (alcohols & acids, H-bonding)



% TRANSMITTANCE

Effect of Hydrogen-Bonding on O-H Stretching

\

broadens

=

shifts

FREE

3600

(a)

4000 3600 3200 2800

Andige ke arkindbe

Pure Liquid

% TRANSMITTANCE

-

3300

H-BONDED

1-Butanol

% TRANSMITTANCE

o I LJ.:,\.

4000 3600 3200 2800

4000 3600 3200 2800

(b) Dilute Solution (c) Very Dilute Solution



Hydrogen bonding brings about remarkable downward frequency shifts.

Stronger the hydrogen bonding, greater is the absorption shift towards lower wave length
than the normal valuel Why??

* There is 2 types of hydrogen bonding

a) intermolecular »broad bands

b) intramolecular - sharp bands

HO
O\H :o
= Intramolecular HB 0.
40 - e H.." 0
N H
b

Intermolecular HB H

hydrogen bonding in O-H and N-H compounds deserve special attention,

Eg: alcohols&phenols .......enols & chelates



IR of Alcohols

cyclohexylcarbinol
(cm™")
O-H non-hydrogen bonded ¥ P . v s
or free OH 3650-3584 “ITTT] K
(sharp bands in gas phase) NEB P
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In solution increase with

bsorbance
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Alcohol

R
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Cyclohexanol
pure solution
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80~
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Carboxylic acid

DO+ =TF I ~—- R

Butanoic Acid

pure solution

100+
80+ O-H

H-bond
60~
40- 938

C-0

20+ 1417 1286 4,5,

29?32883 1914 C H 2 (|D
g C-H C=0 CH3—CH2—CH2—C—OH
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The N-H Stretching Region
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FREQUENCY (cm™)
= N-H 3300 - 3400 cm™!
=  Primary amines give two peaks
= Secondary amines give one peak
= Tertiary amines give no peak



The N-H stretching

region
N-H 3300 - 3400 cm

Primary amine

- Primary amines give two peaks

1-Butanamine o o
x}H ":\\H

symmetric asymmetric

Secondary amines give one peak
Tertiary amines give no peak

o 0
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Symmetrical and asymmetrical stretch

Symmetrical Stretch Asymmetrical Stret
. ZH
Methyl C—H — 2872 cm’ C—H<~— 2962c¢
\\. H \\H
. I ﬂ I 1760 cm™ l)T\ ﬂ I 1800 c
Anhydride )T\ g P
O O
) ~H oA
Amino — 3300 cm — 3400 c
\H \ H
) /. O O
SRR — N 4 1350 cm™! — N 4 1550 c
e o



Secondary amine
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Tertiary amine

N, N -Dimethylaniline

100~ —
- el Ar-HVV\.W\ U |
A
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" 40-
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The Triple Bond Stretching Region

. - CEN 2250 cm"
. — -1
WAVELENGTH (um)" €€ 2150cm
2.5 5 5.5 6.1 6.5 15.4
C=0 | C=N C-Ci
Very C-0
few C=C C-N
bands C-C
(C,O,N,S) N=O|N=0"
4000 2500 2000 1800 1650 1550 650
FREQUENCY (cm™)

= The cyano group often gives a strong, sharp peak

due to its large dipole moment.

= The carbon-carbon triple bond gives a sharp peak,

but it is often weak due to a lack of a dipole.
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1-Hexyne

PO mre=—=Feas~-4 ¥R

Mmrr '

2128 1248
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| Jim CH,, CH,
3308 2964

=c.y ©H HC=C—CH;CH;CH;CH,
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The Carbonyl Stretching Region

O-H C-H C=N C=0| C=N c-Cl
N-H Cc=cC Xeﬂy C=C C?';O
X=C=Y bands C-C
C,ON,S) NzO|N=0"
4000 2500 2000 1800 1650 1550 650
FREQUENCY (cm)

This region stretches from about 1800 to 1650 cm!.
The base value is 1715 cm™! (ketone).

The bands are very strong !!! due to the large C=0 dipole
moment.

~ C=0 is often one of the strongest peaks in the spectrum.



How to distinguish between
aldehyde and ketone?



IR SPECTRUM OF ALDEHYDES AND
KETONES

7 In aldehydes, C=0 functional group is at the end of a carbon
chain, whereas in ketones it’s in the middle of the chain. As a result,
the carbon in the C=0O bond of aldehydes is also bonded to another
carbon and a hydrogen, whereas the same carbon in a ketone is
bonded to two other carbons.

}Aldeh}'des and ketones show a strong, prominent, stake-shaped
band around 1710 - 1720 cm™. This band is due to the highly polar
C=0 bond.

7 Because aldehydes also contain a C-H bond to the sp® carbon of the
C=0 bond, they also show a pair of medium strength bands
positioned about 2700 and 2800 cm™. These bands are missing in the

spectrum of a ketone because the spz carbon of the ketone lacks the C-

H bond.
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How the Factors affect C=0

acid carboxylic
chloride ester aldehyde ketone acid amide

-
_—

-

-

- o o e o
| I | | |
_C A

o)
|
R—C R—C R—C. R R—C R—C.
~cl “OR' ~H R ~OH NH,

1800 1735 1725 1715 _1710 1690

anhydride f
@) (@)

| || BASE
R—C-\.O..-—C—R VALUE

1810 and 1760

(two peaks) Resonance‘lf

E-donating "f
© H-vonging ¥

E-withdrawing f



Carbonyl stretching is
affected by

1. Conjugation and Inductive effect
2.Angle strain
3.Hydrogen bonding



resonance lengthens

(weakens) C=0
= : 0 :-
O: \
<] |

AR +
R—C—CH=CH, <——> R—C=CH—CH,

6: 0 1650 == 1625 cm-! \
| | C=Cis also
R—C—R R—C—CH=CH, lengthened
(weakened)
1715 1690 cm?' = e and

polarized !




1] Conjugation
by resonance, conjugation lowers the energy of a double
or triple bond. The effect of this is readily observed in the

IR spectrum:
LS.

0
1684 cm™’ 1715 cm™
C=0 C=0



C=0:1715-30=1685 Ketone conjugated
C=C :16350 - 25 =1625

4-Methyl-3-penten-2-one

R

T
’
a
n
S
m
i 967 L
t
t 1449 1359
M (222 1167
a
0 . doublet=
e C=0 C=C gem dimethyl
-20- only one
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers



Factors that influence the C=0 absorption

Inductive and Resonance effects on the Carbonyl

il

A)R=>C—

R = Me, Et, etc.

_ |9
B) —C=>X

X=FCl,Br,O

Frequency

Electron-donating groups
weaken the carbonyl and

lower its absorption frequency

Electron-withdrawing groups
strengthen the carbonyl and

raise its absorption frequency




Resonance

weakens the carbonyl and
Y=N, O, or C=C

.l( lowers its absorption frequency

Hydrogen bonding

lengthens and weakens
the C=0 bond and

.ly lowers its absorption frequency




Sample Problem |) In which molecule below would we observe a higher
wavenumber due to the carbonyl group?

R R

"

O @,

e P N

 Less Double bond
character
* Longer bond
* Weaker bond
* Lower Wavenumber

* More Double bond
character
e Shorter bond
* Stronger bond
Higher Wavenumber



Sample Problem 2) In which molecule below would we observe a higher
wavenumber due to the carbonyl group?

o O

O @

Less electronegative More electronegative
More donating Less donating
Greater resonance Less resonance
More single bond Less single bond
character character

Lower Wavenumber Higher Wavenumber



;

TitLance

% Trans:

4000 3500 3000

—

% Transmittance

4000 3500 3000

W

W

C=0

2000

C=0

2000

=L

T . EE Em mm omm omm m

|

1500 1000 500

Wavenumbe} (cm')

O

1500 1000 500

Wavenumber (cm'')



ample Problem 3) In which molecule below would we observe a higher
wavenumber due to the C=—=0O bond’

""H /\éH

X X
©

O
\SCDDXH X X

Less single bond More single bond
character character
Higher Wavenumber Lower Wavenumber



2] Effect of HB on carbonyl stretching

MeO O Intermolccular hydrogen bonding
COOCH,

0 OMe
OH OH-~" =

Stretching 1710cm-1
P- hydroxy methyl benzoate

OH
Stretching 1740-1780 cm-1

OMe
Intramolecular

P il hydrogen bonding

o—"

Stretching 1680 cm-1



Infrared
Spectroscopy

Part “6”
Absorption regions



Conjugation of C=0 with C=C

* Conjugation of a carbonyl with a C=C bond
shifts values to lower frequencies.

" For aldehydes, ketones and esters, subtract
about 25-30 cm for conjugation with C=0.



3] Angle Strain raises The Carbonyl Frequency

@ In response to more p character
in the ring bonds, there is more s
character in the bonds to C=0.

' (3)
O More s character

‘ ‘ | | leads to a shorter and

C stronger bond and a
O / \hlgher frequency.
120° angle
is normal @ A smaller angle requires

more p character in the
hybrids forming the ring.



ooy

Conjugation and Ring Size Effects

0 0 0 0 0
1815 1780 1745 1715 1705 1690

s Hs THs Hs Hs EHs 3 Hs EHs e Ee e THs THs THs THs E Hs Es T TEe

RING STRAIN 0 CONJUGATION
I |
|Q"(L\ |Q"ék\

R CH=CH,

normal ||
aliphatic R—C
ketones

l"""lll"ll“ll",




i\




Carbonyl containing compound

overtone of strong C=0 peak

1719 x 2 = 3438

DOV ~~=3030~= R

U

Ketone
Base =1715

100+

80~

60

40

20+

0-

204

|
overtone

A T

2982
1370 1175

C-H U CH bend

1719 O
2-Butanone <=0

CH;C—CH5CH,

4000

3500

3438

3000 2500 2000 1500 1000 500
Wavenumbers




Aldehyde

Base = 1725
Nonanal
10
< 1 M A\
T 80 CHO SAC
r 2717
a
n 60+
S 1466
L CH bend
i 40+
t
* |
a 5o C=0
n 2859 1730 0
: 2929 |
0+ CHgCH?_-CH?—CHz—CHz-CHZ—CHz—CHZ—C—H
40'00 35l00 3(;00 25'00 20'00 1 5l00 1000 500
Wavenumbers

3460



R

e = I R 7 e I R W |

Acid Chloride

Base = 1800
Dodecanoyl Chloride
100+ Wt W (-'
80 \
60~ 1468 953
CH bend
40+
“ 0O
20“ ‘e 1804 ||
2929 C=0 /C\
0- C-H B CH3-(CH,)7, Cl
4000 55'00 30'00 25l00 20'00 15'00 10l00 560
Wavenumbers

3608




Ester

Base =1735
Ethyl Butanoate
100+
% ! 1_\ ‘—'W
T 804
r
a
n 604
S
T 40- 2972
{ C-H | ©©
a 204 “ 1188
n @)
c 1741 ||
e O C=0 JC.
CH;CH;CH, ~O—CH5CH,
40'00 35'00 30'00 25100 20'00 15'00 10l00 560

3482

Wavenumbers




Carboxylic acid

DPOSV =030 ~— X

100+

-20-

Base =1710

2-Methylpropanoic Acid

80+

60+

40+

20+

O-H

2983

C-H

.

1477

1709

1244

C-O

938

Cﬂﬂg

CH
CH,

0
]
C

S

OH

4000

3500

3000

2500

2000

1500
Wavenumbers

1000

500




Amide
Base = 1690

Propanamide
100+

% \
T 80
"
a N
n 60-
s
m
i 40+ “
t 2980
t A
a 20~ /\' C-H X 1299 | |
2 3369 3206 C=0 e C -

0+ o
" NH, CH bend CH:CH, NH,

40'00 35100 30l00 25'00 20I00 1 560 10l00 ;

Wavenumbers



Anhydride

Base = 1810 and 1760

Propionic anhydride

W TRANSMITTANCE

2 8 5§ 8 8 2 8 B 8

-

o

—_
=1

L=J

4000

%00

C-H

0 20

400

2000

MCRONS
f Pt

~

CH bend

1820

|
1800

1750

(I |
1600 1400 1200
WAVENUMBERS [CM+)

AV

f

IP \1 iF iP !‘4 115 ll‘

600

1'0 %5




Aromatic Ketone C=0 - 1715 - 30 = 1685

conjugated
Acetophenone
100{———amy e
% I A \
80- 3068
T
a 958
n benzgene 1601 1451 h
; 40- C-H stretch
’i‘ 204 1362 “ 762 693 591
; 5 |C|) 1svss 1268 ’
. —C—CH, C=0 benzene
e -20- C-H oops
-40-, — , , v , . .
4000 3500 3000 2500 2000 1500 \ 1000 500
Wavenumbers

benzene bonds
1400 - 1600



[nfrared
Spectroscopy

Part “7”
Absorption regions



The C=C stretching region

O-H C-H C=N C=0 | C=N C-ClI
- Very C-0O
X=C=Y bands C-C
O,N,S) N=OQ N=O*
4000 2500 2000 1800 1650 1550 650

FREQUENCY (cm™)

= C=C double bond at 1650 cm! is often weak or not even seen.
= C=C benzene ring shows peak(s) near 1600 and 1475 cm!, one or
two at each value - Conjugation lowers the value.

* When C=C is conjugated with C=0 it is stronger and comes at a
lower frequency.



Alkene

DOV~~~ —3 M3 —

1-Hexene
100+ v
) s
80-
60- =CH 3082 1
2865 CHS
bend
20 911
29632931 \ CH CH oops
0_
CH,=CH-CH;CH;CH;CH,
-20—1_ I 1 : ' : .
4000 3500 3000 2000 1500 1000 500

Wavenumbers




Aromatic

Toluene
100~ v
%
T 804
r 1606  ||1462
3 . 2925\ CH
n  60- Ar-H 3
s
m 3030
| 40+ 1497
: 696
t CH, C=C
a
n 207 benzene
c
e N 731
Ar-H oops
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers



The C-O stretching region

O-H C-H C=N C=0 | C=N C-ClI
N-H C=C :’eewry C=C C(_:';O
=C= bands C-C
N=O|N=0*
4000 2500 2000 1800 1650 1550 650
FREQUENCY (cm™)

* The C-O band appears in the range of 1300 to 1000 cm™'.
* Look for one or more strong bands appearing in this range!
» Ethers, alcohols, esters and carboxylic acids have C-O bands.



Ether
Base = 1100

DOV ~~—F 3~ — R

Dibutyl Ether
100+ —-\\/’—\
80~
60~ 1379
1467
40- CH,CH;
C-H bending w
20+ 2368 1127 C-O
2962
5 CH;CH5yCH;CH;-O—CH;CH;CH5CH,
40l00 35l00 3(;00 25100 20'00 1 5T00 1 ObO 560

Wavenumbers




R

DO+ —=F WD = —

Aromatic Ether
Base = 1100

Anisole
100+ _ ‘hr""_h‘\
BO—W n
2956 2838
- C-H |
aromatic
404 i 694
O_CH3 1603 1043
204 757
1500
|
1249 00 S
o benzene P
C-0
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers



Alcohol
Base = 3600

Base = 1100
Cyclohexanol
% 100~ /\/J V- v
I 80+
2 C H 2
§ bend o
m 1453
i 404 3342 O H
: 0 H 1070
a 20 2858 C- 0
n
C 2935
> 9 C-H
40'00 35100 3(;00 25'00 20'00 1 5'00 10100 560

Wavenumbers



Carboxylic acid

R

DO SV r+rrme—F 030D —

2-Methylpropanoic Acid

100+

80+

60+

40~

20~

OH

2

1477

2983 1709

CH C=0

938

3500 3000 2500 2000

1500

Wavenumbers

1000 500




Ester

Ethyl Butanoate
100- “a "
T 80+
r
a
n 60~
S
m
i 40+ 2072
t
: 20+ o &
a
" “ 1188 O
c 1741 C-O H
e Oq — G
C=0  cH;cHzcH, “0—CH;CH,
40l00 35100 30'00 25100 20l00 1 5'00 1 0100 560

Wavenumbers



The N=0O stretching region

O-H C-H =N C=0 | C=N C-CI
_ Very C-0
X=C=Y bands C-C
N N= Oi N,=O*
4000 2500 2000 18001650, 1550 650
FREQUENCY (cm™)

» N=O stretching : 1550 and 1350 cm™! asymmetric and

symmetric stretching.

= Often the 1550 cm™! peak is stronger than the other one.



Nitroalkane

2-Nitropropane

100+ v
% \
T 80
:
a 2981 ¥
:‘ 1388
t
1201 NO, “ :
. | gem-dimethyl
c C H 1557
0+ N
e CH3 CH3 N=0O
'2 T Y T T T T . e T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers



The C-X stretching region

O-H C-H C=N C=0 | C=N C-CI
_ Very C-O
X=C=Y bands C-C
N=O|N=O™
4000 2500 2000 1800 1650 1550 650
FREQUENCY (cm™)

= C-Cl 785 to 540 cm!,

often hard to find amongst the fingerprint bands!!
= C-Brand C-I

appear outside the useful range of infrared spectroscopy.
» (C-F bonds can be found easily, but are not that common.



B

POV ~+~—=FOOD - —

Chlorobenzene

80+ 3072
60~
40+

Cl 56
20+ oo oops

benzene e

% C=C C-ClI
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers
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L
Cl
strong peak 747 cm-1

Cl UCHS

strong peaks 866, 773, 682 cm-1

/O/CHs
Cl

strong peak 806 cm-1

=




