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Fig. 3 12-

tom(‘t(‘
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N el
|
Sourcé © ﬁ ™ Entrance

Sample  Chopper  slit

showing the optical pathina singlebm

» 4 m
Fig. 3.12 Schematic dil:%rt:red spectrophotometer.

m system, the radiation is emitted by,
d then through a fixed prism andsy
Littrow mirror. Both prism and Littrow mirror select the:

' to the detectr
th and then allow 1t to pass on . Y
bave £ intensity of radiation after it paset

detector measures the sl . . it p ‘
he original intensity of radiation,

the sample. Knowing the
measure how much radition has been absorbed. By meau:

degree of absorption at wavelengths, the absorption spectiz:
sample can be obtained. '
Disadvantages : The various disadvantages

are as follows :
disadv?.

the 1 (i) This type of instrument has the basic b
¢ Intensity of the emission of the radiation SOV ™
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ol bsor ption spect .
. R absorp pectrum ; therefore, the resulti
bly deformed. The necessary cc;rrection by ltr}:%.

oint ~ .
oP idera i
ant! n i8 cons ‘on of <lit is cumbcrsome.
f‘fcclf"' 8 yariatl
" pu0 5
, t1 ¢ p
ot n the sample 18 ﬂn{ilyzc.d in solution, the bands of
("'1 Lear in the spcl;:trur?.. nlthls case, the spectrum of the Py
mh,fnt‘gpobmincd by sul trzflc mg. the spectrum of the solvent from
‘smPl' limnt gpectrunt, the formes must be recorded under identical
e e pickness of layer, etc.)

1(1“ jons

In order
_beam spectrop

o0
to overcome the above mentioned difficulties, a

hotometer is used. This is shown in Fig. 3.13.

w Recording unit

doﬂbl S

~Servo |Mmotor
‘Beam sttenuator From defactor by
Rotsating section
mirror - Reference cell
Reference
Entrance ohtoh o A _Df N beem path

monochromstor! *

Radiation source

=11
| C N

Cell contalning,
the sample

Fig. 3.13. Schematic Diagram of a Double-Beam
Infrared Spectrophotometer.

~ The energy emitted by the radition source is split by the
Instrument into two beams, which are energetically and optically
identical. One of the beams passes through the sample and the other
through the reference sample. The sample is placed in the sample
beam and a reference material, such as the solvent used in the
sample, is placed in the reference beam. The two half-beams are

recombined and pass along the optical path to the detector.

When there is no sample in the reference beam, it arrivesat
the detector unabsorbed. When there is no sample in the sample |
¢ell, the half.beam travelling along the sample beam is not absorbed
and is equal to the ceference beam- When these two equal half

tams recombine, a steady signal reaches the detector.

W e cell contains the sample, the half-beam
tra\v'ellin}ée?h:}gﬁg;a{?rlendergoes a decrease in intensity. After the

, they produce an oscillating signal

wo 1 bined
alf.beams are recom n ¢ "
ich is measured by the detector. Yhe signal from the detector 1s
: i . it thl'Ollgh a servomotor.,

Passed on to the recording ut

. S e ¥ 2

|3 o %,

E. & a 4

g 3 T *\‘)" -
g ‘% @ 4
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108/ . : o
3 W/ Modes of Vibrations of Atoms in Polyatomic Molew‘gﬁ'ﬂ
i ' -« molecule, each atom is having three !\ ‘
./ Ina PolYatcl)lrrnclg}g?r:Ctions which are perpendicula, tigre“*szgic

.of freedom in t mic molecule 1is requir; 0,

‘ . ly a polyato g rin L
another. Cons(;qu:cr::ts};f f{‘)cegom as the number of its atomsg_ 'IE}""* _'s);
times as many Aegreet - Lo qegrees of freedom. For a non.lih"*’ P

lecule of n atoms ‘ba : o
r::l(;?c()cxxlc, three of the degrees of freedom describz rotation apq %

. . A = i = r“
describe t;?-nSIStl?nn(;rt?gndar;lemal vibrations. In a linear mole'c‘);l]a
s of freedo ; . : \
gg%nﬁvo degrees of freedom are rqqmred to descr;l}e rtcaitatlon, Thy|
a liz’xear molecule has 3n—3 vibrational degrees ol freedom.
According to the character of vibration, normal vibrationg Caa;:.

be divided into two principal groups.

ration : In this type of vibratiom,u.;_f

atoms move essentially along the bond axis, so that the bond leng;
increases or decreases periodically, .e., at regular intervals. As th)
type of vibrations corresponds to one-dimensional motion, it mey
that there will be (n—1) stretching .vibrations for non-cycl;
ib

systems. |
During stretching vibrations, bond angles change only ifity.
required to do so by the centre of gravity resisting displacement,

1. Stretching Vib

2. Bending Vibration : In this type, there occurs a changei:
bond angles between bonds with a common atom or there occun
the movement of a group of atoms with respect to the remainder o
the molecule without movement of the atoms in the group wit
respect to one another. For example, twisting, rocking and torsiondt
belong to this type. In these, there occurs a change in bond angl
with reference to a set of coordinates arbitrarily set up within .
molecule.

In bending vibrations, bond lengths wi :
.ed to do so by the centre of éravity reiis:i:glcli iz:;ila!l%!; Zglt)’ if reerE

The bending vibrations are also . N
As these vibrations are describing two c(?ilf::gndff ormation mbratw”r'ej |
will be 2n—5 bending vibrations for ‘n0n_cycli550nac} motions, th‘;&_,
These appear at lower frequencies, whereas stre?nh- lmea'r mo.leC il
higher frequencies. The force constants of d fC 1ng' vxbx:atlor{Sr‘:.
are generally less than those of the stretchip clormation v1brat10;§:
the smaller force constants, the .deformatig g .Vlbranons. Dﬂetf'--
sensitive to environmental influence., +ON vibrations are mO"g

Types of stretching and deform
polyatomic molecule, the same bond can
deformation vibrations simultaneously.

{
"L‘.
rati - In’k
PEFform ations @ 3

Stretching a E

Stretching vibrations are of two type i

asymmetric. These are denoted by v’. In F; S U osym ic a1

y F . 2 lg‘ metrlc

the symmetric vibration and (b) the asymmetpi, .. (@) illustra’}
_stretching vibf (, .

; § )

Tt ; ».'Z‘i"lt In.
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AV

i, 3.14, (¢) and (d) illustrate the
‘trIi::] \{;lbgrations of the AB, molecule res-

(5) (<) (d)

(a)

Fig. 3.14. Stretching vibrations.

i i ibration of molecule AB,
metric stretching Vi : :

aﬂsymmmetric stretching vibration of the AB, molecule
b etching vibration of molecule AB;

_Symmetric Str ; .
f;._,q:’symmetric stretching vibration of the AB, molecule

Deformation vibrations are more
The most important defo

as compared to stretching
rmation vibrations are illus-

(€)

Fig. 3.15. Deformation vibrations of the AB; and AB,

molecules. In plane deformation vibrations of
AB, molecule : (a) scissoring, (b) rocking vib-
rations of the AB, molecule : (c) twisting, (d)
wagging vibrations. Deformation vibrations of
molecule : (¢) symmetric (f) asymmetric.

D . . .
| eformation vibrations are of two types @

: In-plane deformation vibrations.

Out. A ;
ut-of-plane deformation vibrations.

)l gy Plane deformay;

tion yp Fockin on vibrations include scissoring [(Fig. 3.15
rati

iong ign‘é{baation,s [(Fig. 3.15 (b)]. Out-of-plane deforma-
tde twisting [(Fig. 3.15 (c)] and wagging vibra-
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