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Molecular Vibrations and IR Spectroscopy
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Modes of vibrations

Stretching: change in bond distance.
Occurs at higher energy: 4000-1250 cm™.

Bending: change in bond angle.
Occurs at lower energy: 1400-666 cm-?.
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A molecule composed of n-atoms has 3n degrees of freedom, six of which
are translations and rotations of the molecule itself. This leaves 3n-6
degrees of vibrational freedom (3n-5 if the molecule is linear). Vibrational
modes are often given descriptive names, such as stretching, bending,
scissoring, rocking and twisting. The four-atom molecule of formaldehyde,
the gas phase spectrum of which is shown below, provides an example of
these terms. A ball & stick model of formaldehyde is displayed below. We
expect six fundamental vibrations (12 minus 6), and these have been
assigned to the spectrum absorptions.

Gas Phase Infrared Spectrum of Formaldehyde, H2C=0
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IR spectrophotometers

Dispersive instruments.
Double beam instruments are the rule.

Only significant difference is that the monochromator
is after the sample - not before like in UV/Vis

equipment.

source |—» sample —» monochromator —= detector




instrumentation:s jaY!
source of radiant energy (A g<all aaialle

1000-1600 4s ol AL <) opaals Nernst filament-
Zr&Ce&th wus 5 binder Ly ) ce 5 ke a5 4 g

1000- J Aen oSl an S e 3 ke globar rod-
45 1800

A selector « monochromator :¢sll) s ga e

Alaind Cudlia g o3 NaCl (e g sian ) 5 sa-
fundamental IR Zumlal) 43 Jlae &

near IR J il [iIF s sa -

)yl wlSd —far IR J cuulie KBr ) 5 5 -



@) Osl a ga Bale i (e As glas CUVELTES: LAY
NaCl & LiF& KBr

¢l dila uldl aadiuy detector wslisal o g anall e
thermocouple detector »aaiwy —:dusll e Ll

Golay detector -

UV&VIS J 5 el Lain o5l aa se J8 IR 5 el il g
sy iy s2ill 4 jall diclias IR 5] JS 05l aa 50 a2y
. recording  Jaswe (550 1S 55 55K edlal il



1Ay 98 Jogad ¢ jaal) cad ikl ulida
Fourier Transform Infrared Spectrometer(FTIR)

dispersive aiidal 5 jeal¥l Ladstl) jeaal) cad Gunlla il
<3 paa ) cad Gl (e LgilSa cula 388 Caulal) ) 9¢ds aag

Gl aaga o Lage FTIR J) Jlga aadiey (FTIR) 4y 4h Jagas
cdiphl) e Jgandl JANS Gullac( @) aly) Al o) 9 ga)

gldy) audy :interferometer  Aaaill (uldall g3 Slgad) Ja
daja anld dacd g9 sa Ao O ppe Onand ) IR aoda (pa 3 ) g
AY adyy &l 57 ja ) cusbeall sl cadc beam splitter

g rdd) Glany Laalaa) #1380 Gliajadl (usSaii Lasic g. 4S jala 3] e )
JAIN Jaad plaey oliajad) aami A A4S jadall 31 jal) qusy sAY) e
ALl el JB el B Aa gall ) gkl arend



1A 68 Jagad ¢ yaal) caald Cidal) ulida

JAIA zigad ity okl A gall J) sl aaan Al 5 55
%ﬁkﬂdeﬁthS‘ﬂ‘ ed&AUAJJ‘ 3

hhil” eun lid pladdd dall alaid 4ai 035.13

Crip Jbal) (GA1 2US (alatial) 5 $\ “JA) Al

Lobars 5155 Y ) Al gy 138 5 2 cCia )

s JAH‘ SHA C MJ“LJﬁ d{gﬁ” e.u.nl.\ dﬂ L.u'al.u

g Adal) o 5 FTIR ) i . g a8l 5 jelia; aaYl

MDJUJ U"“ RYS S35 G_MJ\J‘ @Auﬁuﬂ\ J\JL\J\

Md‘}auahu.\sdw\ 2 1388 g maaall ) 5 L&Y

S| (5\) z) Ay A @hu A ciphll ALy A

(B yeal¥) cad bl (e Apulua g de



IR spectrophotometers

FT-IR instrument st disad @ Jaall cad Gubia
moving . .
s . \ . \ 6 - T
6_,}.4] c—‘-"‘j | /m'"“ Ala ) s

source

N
®

e beam /

. fixed 230537 54
mirror

sl splitter «——— sample 4ul
detector R
processing

- ‘
gl A5 i say dallaal



IR spectrophotometers
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The resulting data is called an interferogram.
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FIGURE 8.28 The Peak ID and fingerprint regions of the IR spectrum.
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BASE VALUES These are

- the minimum
(+/- 10 cm 1) number of

values to
memorize.

2250 C=N
2150 C=C
1715 C=0
1650 C=C

~1100 C-O
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Problem 3: indicate the IR absorption for the
following compound :H,C=CH-CHNH,-OH

A strong O-H St band at 3750-300cm-1and C-H st

bands at 3000-2700 cm-1 characteristic for CH3-
and CH2-

Problem4 :What regions will the following compound

be expected to absorb IR and what band gives rise
to each absorption? =

CH_-CH_-C-H

C-H st(CH3-,CH2-,C-H of aldehyde), 3000-2700 cm-1
C=0 st ,1900- 1650 cm-1

C-H bending(CH3-,CH2-) ,1475-1300cm-1



IR absorption

Due to the large number of vibrational states, IR
spectra can be very complex.
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