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Analvtical Chemistry

[answERS |
1) less Io
2) log IL 3) N 4) uv 5) quarlz
6) ch i
) chromophore /) aro 8) - OH 9) donors

10) hyperchromic

lll. State the following are TRUE or FALSE

1 IC spc
7) Atomic spectrum is a band spectrum.
2) v=cl

3) The S I unnt for cnergy is erg
4) 1 Emnstein = Nh © B |
5) Energy 1s inverscly proportional to wave number.
6) The wave length of uliraviolet region 1s 400 nm.
1?') The energy of visible region is about 300 kJ.
8) Rotational transitions require morc cnergy.
¥) Becr’s law 1s deviated in concentrated solutions.
IIU) Tungsten lamp is uscd in visible spectra
1;)) (’;’ht_ rr_lonuchrnm.atﬂr gscd in mnfra red region is quarlz prism.
uartz cclls are used in ultra violet region’

13) The enecrey 22 iti 1 "
) ¢ cnergy of o — &” transition is higher than for a 7 — &
transilion.

14) NO:2 1s an auxochrome.
15) Emax depends an Amax
16) Mecthanol is used as a solvent in electronic speclira
17) The enhancement of €,.x is called blue shift
18) During a red shift, Amax 1s shifted to higaer wave length.
19) An auxochrome changes a molecule mto a dye.
20) Compound with one chromophone is usually colourless.

|ANSWERS |
1) False 2) False 3) False 4) Falsc 5) False
6) Truc 7) Truc 8) False 9) True 10) True
11) False 12) True 13) True 14) False 15) False
16) True 17) False 18) True 19) True 20) Falsc.
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INFRA RED SPECTROSCOPY

Infra red spectroscopy 1s an mmport
chemists. Using this, the structurs of all ¢
compounds can bc wdenuified Compoun
red region and exhibit 1nlra red spectra.

In the previous chapter we have scen

red regions,
elcctromagneuic sp
is called infra red region. In the infre
modes accompamecd by
important informations about afra red specira arc

vibrational

(1) Wave number, ¥

(1) Wave length, A

(in) frequency, Vv

(iv) _ Encrgy, E
The infra red region may be

ant ool in the hands of orgamc

ompounds, cspeaally, organic

ds absorb cncrgy in the mira
e

among, uv, visible and nfra
st cnergy. The region of

infra red rcgion has the lowe
< reguon

cctrum in between the visible and microwav
y ted specira, wc oblain usually
rotational  lransisuions. The
given below —

102 o 107 em ™!

0.01 o 0.0001 cm (or)
100 u o 1 u CCle =1X 10 % cm)

3 % 10'2 to 3 x 10" Hz ,

10% 10 10° J mol ™'
divided into the following three

sections for convenience —

(i) The very near Infra red region

This is known as overtone region

and ranges from 1.2 to 2.5 u

(ii) The near Infra red region : This is also known

as vibration

rotation region and ranges from 2.5 to 25 u

(iii) The far Infra red region : This 1s known as rotation reglon.
This ranges from 25 to 300 w.

Note : When an analytical chemist speaks of infra red spectroscopy,

he usually

means the region from 25 to 25 u or 4000 o 400 cm .
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195 arvalytical € hemistry

This range prves hem the vahd imlormations alroul the vibrations of
molecules and hence about the structure of molk cules

Principle : The absorption of radiation by a samplc requires that -

“ A ff} the cncrgey conmnlenl of radiation should tllrri'\.p(:nd to the
, W cncrgy chillerence between the two vibrational states
(11) there should be strong coupling interachon heiween the

sample and the radiation

_ This coupling intcraction takes place only 1l there 1s a change in
dipole moment during the absorption process. If there s no t'h;tnhc in
_‘"Ih‘lk‘ moment during the vibration process, there will be no coupling
interaction between the sample molecule and radiation and therefore

no absorption is possible, even if the first condition s satisfied.
The essential condition for a molecule to have infrared spectrum
is that it must have change in dipole moment during vibratign or
rotation. Thus,

(1) Molccules hke H0. N#H 3 which have permanent dipolc
moment exhibit infra red spectra
(11) ‘Mulcculcs which absorb infra red radiation alone will have
infra red spectra. Homonuclear molecules hike Hz, N2, X2
can not absorb infra red radiation and they do not have infra
rcd spcctra.
(111) HL‘I:'L:rnnuclcar molecules like HD, HX, CO, NO arec able to
exhibit infra red spectra as they absorb infra red radiation.

(iv) Though carbon dioxide moleculc docs not have permancnt
dipole moment, yet it gives infra red spectra. The reason is that
the a.symmc_[ncitrctching and bending modes of vibrations of
carbon dioxide creates some changes in dipole moment

Hence, infra red spectrum is possible for carbon dioxade.

W§mtinn Transitions : In a polyatomic molecule, cach atom 1S
having threc degrees of freedom in three (x, y and z) directions which
are perpendicular to one another. Consequently, a poly atomic

molecule 1s requiring threc times as many degrees of freedom as the _
number of atoms. Thus, a molecule of 7 atoms has 3n degrees of freedom.
This total degrces of freedom is composed of the followang:

(i) Translational degrees of freedom
(11) Rotational degrees of freedom

1i1) Vibrational degrees of freedom

- T

Analyiic al T hemistry L9

—————

e, 3n irans. deg. free. + ol deg. free. v b deg,. (rec

The translational degrees ol recedom Tor any molecule will e

always threc
rot. deg. free. v wib. deg frec ( In %)
lincar molecule, three ol the degrees of frecdom

lincar molecule, the number ol

For a non

describe rotation Hoence, for a non

vibrational degrees of freedom (dn — B) 3
(3n — 6)
(3n — O) called the fundamental vibrations for a non — lhincart

molec ule
In a lincar molecule, only two degrees of freedom are required

1o descnibe rotation.,
Thus, a lincar molecule has (3n — 1) — 2= (3n —9J) vibrational
degrees of freedom.
Types of stretching and bending vibrations
According to the characteristic of vibration, normal vibrations can
be divided into the following WO principal groups —
(1) Stretching, vibrations
(i1) Bending vibrations

Stretching Vibrations : In this type of vibrations, the atoms move

essentially along the bond axis, so that the bond lenglh Increases ot
decreascs periodically. As this type of vibrations correspond o onc
dimensional motion, it meéans that there will be (n — 1) stretching

vibrations for non — cyclic systems.
During stretching vibr ations, bond angles change only i s
required 1o do so by the centre of gravity resisting displacement.

Stretching vibrations arc of two types —
(i) Symmetric stretching
{i1) Asymmetric stretching
—  “These are denoted by v. These are given for a AB, molecule n

i
-
-
L

the figures 1 and 2
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. . o = v ror. deg, (ree v wvibh. deg. Irec
Fhis range gives him the valid imformanons about the vibrations of e, N trans. deg. lree v

molecules and hence about the structure of molecules e translational degrees of Tree dom for any moled uwle will b

Pﬁl‘“'iph- : The absorption ol racdiatvon by a sample requires that - alwayvs threc
NJL'H} the cnergy content ol radiation should corrcspond 1o the rot. deg. free. vibh, deg. lree { 3o V)
' » o ¥ » - — . e . . : - - ¥ § . =
h = Sifrerance Iowec (he 1e R S - 1 For a non hincar molecule, three of the degrees ol frecdom
(S Sharm. Khoitd: e ‘“"."“ “‘"pl"“! BUSERCAION: DETRTAN the : desenboe rotalion Hoence, for a non lincar molecule, the number ol
sample and the radiation i _ \ 2 y
v _ vibrational degrees ol freecdom (dn — 3) .
Thas t'l'llphn.l.‘. intcraction takos pl.u ¢ only if there s a ch.-:ngr n i
dipolc moment during the absorphion process Il there s no change 1in T On = 6)
dipolec moment during the vibration process, there will be no coupling g (3n — 6) is called the fundamental vibrations for a non — lincar
interaction between the .'\..‘_il“l'll"!h‘ molecule and radiation and therefore ; nolecule
- - . . il - - t
no absorption is possible, even if the first condimon is satishicd. : A
- ' s - n In a linear molecule, only two degrees of frecdom are requirec
The essential condition for a molecule to have infrared spectrum _ ;
is that it must have change in dipole moment during vibratign or : to describe rotation.
rotation. Thus,

Thus. a lincar molecule has (3n — 3) — 2=(3n—-3) vibrational
(i) Molccules like HzQ, NHi; which have pcermancent dipole

moment exhibit infra red spectra ndi ibratio

) _ 1 _ . 3 vibraulons

(11) ‘M{}IR‘C‘UI{.‘S which absorb infra red radiation alonc will have Types of stretching and be "9
infra red spectra. Homonuclecar molecules like Hz, N2, X2

can not absorb infra red radiation and they do not have infra
red spectra.

degrees of freedom.,

According to the characteristic of vibration, normal vibrations can
be divided into the following, (WO principal groups —

: 1) Stretching vibrations
(iii) Heteronuclear molecules like HD, HX, CO, NO are able o {‘) - & el
exhibit infra red spectra as they absorb infra red radiation. (i1) Bending wibre s |
(iv) Though carbon dioxide moleculc docs not have permancnl : Stretching Vibrations : In this type of wvibrauons, the atoms move

dipole moment, yet it gives infra red spectra. The reason is that

essentially along the bond axis, so that the bond length increascs or
the asymmetric stretching and bending modes of vibrations of

decreascs periodically. As this type of vibrations correspond (o onc

carbon dioxide creates somec changes in dipolc moment. dimensional motion, it means that there will be (n — 1) stretching
Hence, infra red spectrum is possible for carbon dioxide. vibrations for non — cyclic systems.
: -tchi : ; nly 1f 1t s
Vibration Transitions : In a polyatomic molecule, cach atom is During, stretching vibrauions, bonf} angl?.s‘cha;gcla :mnt
having three degrees of freedom in three (x, y and z) directions which required to do so by the centre of gravity resisting displace .

arc perpendicular to one another. Consequently, a poly atomic
molecule is requiring three times as many degrees of freedom as the_

Stretching vibrations are of two types —

number of atoms. Thus, a molecule of n atoms has 3n degrees of freedom. j (1) Symmctricaslrclchin_g "
This total degrees of freedom is composed of the followang: {ii1) Asymmelric stretching ‘
(1) Translational degrees of freedom | —  “These arc denoted by v. These are given for a AB, molecule m

(11) Rotational degrees of freedom the figures 1 and 2

1i1) Vibrational degrees of freedom
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ve regron SO — SN ¢ The
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Bending vibrations
rles betwod
¢ en bonds with a4 comn

- MTon aldorm

In (}
s | .
ype, there occurs a change wn bond

l' . .

w bending vibirations are also called deformati

| £ - -l aw ik oin
.

vibrations

asional MoOLIONS, there

As thosco vihr
‘ alion -
ns  arc describing two dime
.l
wolecules.

wiall be (In
Those appcar yvche m
e b & al ’l U r .
frequencies, whercas sretching vibrations
-

S) bends .
ng vibirational modes for non C

appcar at higher frequencies
_|.u:.nclu||y less

alhywns a e
force

I'he .
¢ force constants ol deformation -
Due 1O the

e

smallcr

those ol the T L v I ns
\'I —
1O

than
fhe del :
(xrmaton vl sl sOnNs arc “.Zl"l"hill'h'l‘.'

ns arc mMorc yn number as

constants,

environmental influence. Bending vibratio

comparcd (o dretching vibratnions
following Two lypes -

Deformation vibrations arc of the

(1) in plane deformation vibrations

(i1) out of planc

In planc deform

deformation vibr alions.

ation vibratsons include

a) sCissonng

b) rocking vibrations

forrmalion vibr ations include

Out of planc d¢
a) twisting

) waggpng Vi
also  comprise

sy alroOnNs
This may (1) symmelne
vibrations.

Few dcformation vibr al TRl 1100

jons are shown

and (1) ..ymmcllu

p i)

Chiemistry
____.—-'--_

< 7

apnasly tin anl

i

ScissoNM
."]H 3 I W 4
6\/3 B\/’-v 5
Twisung Wagaing
Fig 5 Fig ©
es ol vibr atvions of molccules

The number of possible bending mod

can bhe unh:ulmcd as below -
(i) lLancar molccule

() Non lincar molecule
hem by taking

. =S~ =2 — ¥
= (3n— 6) — = 1)=(2n — )
Wwe can explan t suitable cxamplcs.

C mnluculus
flence, the pumbhes ol

1) Diatomi
s will be lincar.

Al dintomic molecule

LA
!
: vibrational modes for them will be
\ (In—3) = (‘-x’l—ﬁ‘j - 6—5=) \*
U hus, «oll dratomic molecules exhibit only oOne w\ht‘m.inna\ '
frequency 0 the nlra red reglon. This vbratonal mode will be @
siretching mode as per (0~ W)= Q- W) = \
The stretchiog fre quundch of fow datoms molecules are as
follows .
, P (3958 cm Y HC) (28RO cm Yy
\
'- FiBr (2559 cm 1223 cm )
. \
N (V780 om ' CO M) em )
ecules .
ules can e classiticd

2) Triatomic mol
ALOINMAL moled

Pascd o thewn
following twa YRS

RTIGL LAl uuﬂrulhw
moles wles

witable exampic

stractiune, R

TILLE the

i)
Non hincal LE Al

v thoem withh &
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Linecar tristomic molecule, CO,
The aumber of possiblc modes of vibration s
Ba—5) = (3xX3—-—95) =9—5 = 4
The rumboer of stretching modes of vibration s
a— 1)=(35 — = -
e T T S b
bending vibratson =4 — 2 = 2 : A

These arc shownn the figurcs 7 to 10

-— - —_— — — — ; t ‘ — - =
Sym. ASyR.
Swretching Stretching -
Fig 7 Fig & Fig. 9 Fig. 10

The bending vibratioas (figures 9 and 10) have the samC CnCrgy-
so they arc callcd degenerate. Thus, there are only threc differcent
normal vibrations in the case of CO, or any hincar triatomic molccule
as follows —

(i) Onc symmctric stretching vibration.

(ii) One asymmelric stretching vibration

(iii) two dcgencralc bending wibrations at Itwo pe

dircctions.

The first selection rule for vibrational spcctra is that the molecule
should have a change in the dipolc momcnt. If we consider CO,, the
symmetric stretching vibration (figurc 7) 15 inactive in the infra red
because the dipole moment is not altered by symmetrical
displacements of the two outcr atoms- Thus, CO, will cxhibit two infra

red absorption bands corresponding O —
(i) asymmetric stretching at 2350 cm ™
(ii) degencrate bending al 667 cm ™

H,0, SO, and NO,

rpendicular

Non linear triatomic molecules
The number of possible vibrational modcs is,
(3n—6) = (3x3—-6) = 9-6 = 3

Among them. the numbcer of stretching modces arc

e g,

ARBISRACEA == i
B e e
i Wt = n__-, 2. These are (1) <symmCliG ircichang and
() a:.-ﬂﬂl“clric streiching
The remaimng 3 — 2) = 1 is the bondaine v Tation

tions for walcr molccule are @ven W Gipures 11, 12

Throc wvibra
and 13

3
g
nr

He N S
Sy ASym.
Stretching Stretching Bending

All the threc vibrations involve change in dipole moment. These

ibrations arc infra red acine and can be noticed 1 the mnfra red

specirum of walcr.
Similarly, it is possibic 10 calculic the numbor of ‘possibic
vibrational degrees of frccdom for higher atomic molccules and thew

vibrational modcs can be identilicd wathout much difficalty from thear

infra rcd spectra.

vibrational frequencies and force constant
It is possiblc 1O calculate the frequency of a bond using Hooke's

law as below —

S BV B e '
e O e = A —
Here, k = force constanty, v = frequency 2 l
m, m,
u = reduced mass = - -
(m, + m,) N k=

arc the atomic mass of two atoms connected by a

m, and m,
en in alOMIC Mass unit, amu.

bond and are gw
N = Avogadro number = 6023 X 105

B, ¥ = Y o it 2)
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Ll y il

Llsinge (1), cquatiom ()
) Can ha w
Filis n an

Gy - l Vk.
."/l' ;' LY | (3
')

[(R]) vV - ! k g
L N ¢ 14 i (4)

Here, ¢ In

ih
¢ vielow l[} il I'F.-hl -y I |Ill“- 1T s

I roviy cgpunatiog
“ ] {l] Il "
y The loree oo
2 waonstand
s an’ v*
l-" | 5 i 'Iyllll I I I'Jj
From i
¥ caguation (4), the lorce constant
L]

K e B
An” v* ¢ M dyne om i (6)
(strengh)

Force constla
. anl is re (L

- giftjl:ll A% a - 4 . - o
of the bond. measure of the stiliness

«
y —— -
[HQF_KED EXAMPLES
il 1. The fundamental vibrational frequency of HBr is 2559 cm
“alculate the force constant. Given that the amu of H and Br are 1
and B0 respectively.
Use : k = 42 u dyne cm
Given: ¢ = 2559 em™ Y ¢ = 3% 10" em sec’ :
o - M, 0 1x80
(m, + my) N (1 + 80) x 6.023 % 107
() -
- — . = 164%10 Ap
81 > 6.023 x 10
22 2 24 =4
.k = 4% T XT X (2559)% % (3 x 10'°)* x 164 x 10 dyne cm
s
Force constant, kK = 382 x 10° dyne cm .
7. Bbr molecule absorbs infra red radiation at the ‘Wfl'\"t length
of 3.77 X lU'ﬂm. Calculate the force constant of HBr. Given that,
c = 2.998 x 10° ms -1. 4 = 1 amu and Br = 80 amu
A i - “ -- . _____.,

Analytieal ( ety
——— L ———————————— - -__________.__—-——-—‘._——-—
oy el II" iy e b_.wﬂ‘ | 1Y ‘r#j the syl e _at ¥ «dl 1.#!-_ a5 v e - 1 wai=E
flonce, W have o o 2l ulats the Girey camclast & u4 gl S
i " \
{ine b 4axn” v p M
- 5 e w WS . o o
L L] W . : 1 i v w Y
% 1. T7 = L4 A
my s o _ g
o lm.;-#m._-’./jf'* & 4
Hore iy atomic mass of H = 1% W kg _'f:-..'-" :
N o
m, = 2A0mMIC mans A Br = 8 x W0 kg
% Sk e
p = X J-}{-‘-j-—--j.jhg = 164 x ¥ ~ kg
(1 + BD) = 6023 7 VO
k = 4 % 2= ” z w (T95L 10°35 = 164 » 20 =" Nm
7 7
-1
Force constant, k = 410 Nm
T 3. Calculate the fundamental vibrational (requency o C=C
stretching in cm . You are given that the {urn:‘:m&m:_. K=987>
10° dyne cm I .nd velocity of light, € = 3«10 ocms -

AT R 1,[\‘;&1“#1l
a8 = . PEe [

_ 3%x10™ems Lk = 9B X 10° dyne cm

|

-
]

Idven - € =
s St - 12 x 12 = 124 A
@ = —_— = =3 3
| : (m, + my)) N (12 + 12) 6023 X 02 24 x 6023 x ¥
\u! — 996x10 g
- 1 98 X 10) = |
. i -
e ! 996 x 19

22
x—-—x}xlﬂ
z 3

= 1663 I(:.ll'l“1|l

The fundamental vibrational irc

<

C s 1663 e

quency of C =
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!PHOBLEMS FOR EXERCISE

.l. (‘illi:lllﬂ'c th‘: 5 1 |- (‘l ‘( —
- ll'ull;:hln - - 1? s l

the atomic mas
ass of H = 16 X T
. 10 g (Ans : 3086 cm )

2. Calculate .
S Cmt Illu-... force constant of CO molecule if it absorbs at
z Ans 8 8( 6 AN -__,_‘
L S o . : ( : 1L.86 x 10" dync ¢© 1
culate the force constant of HI molegule in S MR )
an absorbtion band at 6.6 X 10135(:{:”' I(:Lb'l‘ unit. HI hl{&
ns : 290 Nm )

Factors influencing vibrational frequencies

It has bcen
frequencies. In lhiiﬂzﬁgp::ftwma;?;l factors influence the vibrationa
g S < - s €
following two factors — confine our discussion with the

(l) changes in the molecular structure
(ii) intcraction of functional groups
(i) Bond strength

(1) :thn bond strength increases — the frt:qucncyF (v) and the
orce constant, (k) also increase as v & vk.

(i) The strength of bonds depends on the bond order. It increascs
in the following way — .

e triple bond > double bond > single bond
This is reported in the following table.

TABLE 9.1

Frequency (cm:'l) Nature of compound
: !C = 1300 — 800 : alkanes
2 fc = C 1670 — 1640 alkenes
3 / - - C 2260 — 2100 alkynes
4 / C =0 1050 alcohols
3 /C i 2 1740 — 1720 laldehydes
2140 carbonyl complexes

-—

e

Anualytical Chemistey

207
;; Reduced massgt 3 AS the reduced mass ol the system deccreascs —
y and (W) (he force constant increase because,
<

(1) the frequenc

p o= ‘J]“- For example, the stretching vibrational frequencices ofC —

[z :
and O — H arc higher than that of C -
ey VRN ROVEICT dircction. The following table will

— C and C — Q), as thear reduced

mass increas

suhslanlimc thas qlatement.

TABLE 9.2
Molecule Reduced mass Erequenc o)
2 ux10" Mg = y ( )

ISR S = e

ST e 3
. HI A 1.64 \ 230
. CcO 11.38 \ 2140

NO \ 12.40 \ 1780

There are few excepuons for this obscrvation also. Few cxamples

arc discussed below

() s stretching frequency of X — H must decrcase m the
following way on the basis of their reduced mass = :
e e B 1 SR F— H

case actually. The reason for the Increasc is that U

But, they ncr
[ X increcascs in the above order which makes |

clectronegativity ©

bond stronger.
(1) Similarly, Vo — 1 = YO -

VoD T0=H

3. Hydrogen bonding : When hydrogen bonding, 1S present

molecule, it decreases the vibrational frequency considerably ar

decrease depends on the strength and nature ol hzck’_gggl.bs:

It is possible 10 ascertain the hydrogen bonding, as —

(1) mtr amolecular

from their infra red spectra. The difference between the two
hydrogen bonding arc given in the table.

» Buy, it is actually

(1) intermolecular
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TABLE 9.3

b)) On the olh

erhand, if we introducce clectronegative BROSS o
oup in the molecule, duc s — 1 cffect, the following arc

creasing, =

S.Nﬂ‘.. Interm
i '“:Eulnr hydrogen (i) strength of bond
e . bonding Intramolecular hydrogen 2 :
1. [t exhib (1) force constant
__;.,_ _‘__"-—'!—'?—Er—'_’_"!___dhandq bonding PR ; fre ATt
2. It depends on the oo ___ |1t exhibits sharp bands. S e ;L:“L: ey
e, 0." diluting (h ncentration. It docs not depend on the s 18 caplained SR T
intensit ¢ solution
oY of the band decre the [concentration., : ) : Lo - P : B
_|band finally vanishes ccreascs Formula CHL,COCH CICH, COCH, Cl C\, CHCOCHC),
3. |The differenc > Compound acelone dichloroaccrone tetrachloroacelone
frequencie €€ n absorption I -1
ASSOCH s between discrete and LOW, ve = O(em ) 1715 1740 1750
Th. h .:;md Molecules is high No. chlorine
¢ hydro : ' :
difference in vil%ﬁ'::it?,?l}dmg present in amincs usually shows small et ot e fous
that oxygen is more c‘;- frcqucncics than i alcohols. The rcason is
hydrogen bonding nrcic;?'mncgﬂlwu than nitrogen and thercby the
i in alcohols is more stronger than in amines. C) Exiended conjugation decrcases the absorplion frequency -
clectronic effects
g S S hﬂ : When we change a substituent ncar 10 @ . N - N —cn
I group, the frequency also changes. The change in Irequenc Fermuia \ \ s
may be due to ~ B v Leasein | CH, — C — CHj CHy = C —=Ckim= CH,
(i) inductive clfect h\ Compound acelone methylvinyl ketone acclophunonc
! Ve w0 (cm_l) 1715 1705 V695

(i1) mecasomeric effect or resonance effect
(1i1) hicld effect.
I'hese are explained below with suitable examples.
#)  When an alkyl group is substituted in (the molecule, due to its ‘

i 1 effect, the bond length increases and the bond strength

decreases. The force constant  as well as the absorption
This is illustrated with formaldchyde,

wher

frequency also decrease.
acetaldehyde and acetone,

cas n
aromatic ring, °

(hese  compounds,
compounds.

) Vield effect

duc toa, unsaturation

njugation 1s
ue W an

In methylvinyl ketone, the co
acetophenone the extended conjugation w d

tve effect is ol less important n

It can be poted that the induc
plays vital role I these

The mesomernc cllecy

« 1n the ortho cum\munds., the

Q) ) )
| lone pair ol electrons present on the atoms
I Il I i interact with peighbouring, groups and cause
Formula M-C-+-H ('||3 - 2 M CH, - C - CH, *. rmmiduu?hlu changes 0 the  absorpuon
C d {requencies,
‘ompour : erone
poun formaldehyde acetaldehyde | Aeeton Example 1.0 kaloeacontvereeie
- - ; 'l i
Ve -0 1750 c¢m 1745 cm 1715 ¢m |
No. methyl |
Iwo

/¢TI0 ongd

Rgroups
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5) B« les - =N
) Bond angles : In cyclobutanones, the v o ¢y valucs are muaamum
Ihe strain is high i i : . ’

i 47 1n "ILNL ml)l{:{_'“lt-lh This can 1»e ".xl“ sined in the

following way.

fe)
The b i e
ond angle of || should be 120°. 11 : g
there il e A i s
.;_L _;—_ '“ Ry decrease in  this value, then the r s
t ( wracter IHI.".I"L-:-ISL-‘R. This in turn increascs the bond =
l.'\- rc,::grl.: and absorption frequency by decreasing the ! G _
bon §d:~.mncr:. On the other hand, if the band anglc -I £l 2t
is higher than 120°, the absorptuon Irequency The light emerging from <ource S is divided o two beams. (}n!c
decreases. { e oy he s; . @l (SEY, The other 1s
beam of light 15 passing through the sample cell (SB). & -
LFxample - : passing through the reference. The two beams are reflecte (“-:' Z "
‘ {? | [requency reflector. This reflects the becam of Light of the sample ‘“‘:1
[ ' dively to  a monochromator MG, - From. e
diterti; . ) . i o reference  alternatively € A ; i :
itertiary butyl ketone, (CHz)z C C—-C(CHjy), i nonochromator, light rays go 10 the frequency deteclor D. There, “:"“d
ced energy 1S converted nto clectrical energy. The detector receives
the high 1ntensc reference beam and  less : tense sample becam
. alternatively lrom the frequency reflector The delecltor arranges lor
h 1 - - < — p - = - ¥, 1'-:
i P the flow of altcrnaling current in the amphfier AL When the samp
Instrumentation — Block diagram does not absorb light, the intensity of both beams will be the samc
The important components of an infra red spectromeler arc . Thc signal obtainced from the detector is fed mio a motor, M. This
(i) Source of radiation E_ sends an nplical wedge (W) 10 the reference beam so as Lo gel samc
(ii) Monochromators intensity of light from both beams The oscillation of optical wedge
irs - -

- (i) Cell i operates the recorder, R which has a pen on a printed chart paper.
(i IJ '  The movement of pen on the chart paper gives the infra red specira.
1v) Dctectors X . - ; B -

(v) R d We shall now discuss the important components of mfra red
ec =yl g ;
f cordcrs spectrophotometer n derail.
The infra red spe .
spectrophotomelters arc oG : e ' o 5o :
(i) Si P P rs arc ol two Lypes 1) Radiation Scurce : The various radiation sources used in inira
i) Single beam spectrophotometcer red spectrosphotometer are = L
(1) Double beam spectrophotometer a) Incandescent lamp
The block diagr: : et
wek diagram of a double beam spectrophotometer is given b) Nernst Glower

in the fig. 9.14
* ¢) Globar source

d) Mercury arc

a) Incandescent lamp : In the near infra red instruments, an ordinary
‘ncandescent lamp is generally uscd.
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Analytical Chemistry

However, this fasls |
s R > m the T,
a5 a low spectiral cmissivity.

30 mm ;

28 2im o "‘-‘-ﬂgﬂ'f- The glower s composed of rare
Comia, vitria and thoria.

alion over wide wave length range. The

of time. ns stcady and constant over long periods

c) Globar source - - -
R N ey i ]c' Ilh!s a rod of sintered silicon carbide which is
ngith and 4 mm in diamecter. When it is heated (o a

lemperaturc bet 2
radi:fion, ween 1300 and 1700°C, ut strongly cmits infrared

carth oxidcs such

It works at wavelengths longer than 650 cm .

d) Mercury ye - In the far infra red instruments, high pressure
micrcury arc i1s generally employed.

2) HQHOCMtors : The radiation source cmits radiations of
various frequencies. As the sample in the infra red spcctroscopy
ﬂbsf“ bs only at certain frequencies, it becomes necessary to select
dﬁS..ll'Ed frequencies from the radiation source. This selection has been
achieved by means of monochromators which are mainly of two types —

a) prism monochromators
b) grating monochromators

a) Prism monochromators : In both mono - pass and doublc pass
monochromators, sodium chloride (rock salt) prism is employed for
the entire region from 4000 — 650 cm ). Prism of LiF or CaF, give
more resolution in the region where the significant stretching vibrations
are located.

b) Grating monochromators : If a prism in a prism monochromator
is replaced by a grating, higher dispersion can be a_clm:vcd. The grating
is essentially a scries of parallel straight lines cut nto a phne

Grating can be made with materials like aluminium which are ¥

o Tt

.

to etching from atmospherc mo
3) Sample cells : As infr

ar infra red region because it is glass

of a hollow rod which is about 2 mm

Y Sk ‘-.T' .
-1 iat

= i =T

Analytical L'Iu-’lislr}

sampling of different phascs is that the material contaning the sample —
must be transparent 10 the infra red radiation.

only certain salts like i
Il depend on the wave

This condition restricts our sclection 10
NaCl or KBr. However, a linal chace of salt wi
length range to be studied.

4) Sampling Techniques © As infra red spectroscopy jhaﬁ- been
used for the study of solid, liquid or gas samples, It 1S evident thatl E
different techniques have 1O be used for different phases. We shall gy,

discuss sampling techniques for solid, liquid and gascous samples. __ S
a) Sampling of solids : Thc following four techmiques are gencrally 8 ..,
employed for solid samples —

(1) solids run In solution

(i1) sohd films

(i1i) mull techmque y

(iv) pressed pellet techmique
(i) Solids run in solution : If the solution of solid can be prepared in
a suitable solvent, then the solution is run in one of the cells for liquids.

When the investigating solids arc solutions, the absorption duc : e
to solvent has to be compensated by keeping the solvent in a cell of |
same thickness as that containing the sample, in the path of the e

reference beam of double beam spectrophotometer.

(ii) Solid fitms : 1f a sold is amorphous in nature, the sa'fnp‘le. 1S

deposited on'the surface of the KBr or NaCl cell by evaporation of a .

solution of the solid. -
This teclnique is useful for rapid qualitative analysis but becomes

useless for carrying out quantitative analysis.

(iii) Mull techrmique : In this technique, the ﬁne:ly ground 5n}id slamE\c

is mixed with Nujol (mincral oil) to make a_lhmk‘paste which 1s t thin ;

made to spread between infra red transmitting windows. This is then
N :__ ,!‘1.1_ ot .._a.“ _ ol . ‘ . ' ..:._-'-_u_n.:_::i: : ;.-h. _ 3 ; e o : :‘.‘%‘F#‘ . ; | d

. o
STk = 5

o
‘ 1 1inl

| L]

-_'1*"""‘ DTN

g ol
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along with far and nca
the compound. The

following table the

(-0 Streich

absorplion frequencics
oups arc accurately determined and arc ava
tables (as below) n the lncrature. Comparnng the cxper

with the hiterature valu
details ol

functional groups arc gaven.

c, WC

216
R s s Analstical C hiemistry
R G o _‘_"] analytical  Chemistry 227
Y e | — s

o i finger print region T S St and C =N stretching vibrauons along,
with many bending, vibhrations take place. Using thas fingcr prnt region

¢ infrared regons, it becomes p(mihlu o wdentily
{unc‘litm.ﬂ

of important
lable in the form ol

ymental valuc 1
can casily Wdenuty the wmpound_ in the ¢ p
absorpuon frequencies ol few important

TABLE 9.4
ncies of few functional groups

' :
1 s
y = £°
1 S -
4 3 The vibrational {freque
g S.No. Bond Type of Compounds Wwave number
) \ V (m'-“j
4000 3600 3200 2800 24 : H d 2870
Sdo 3000 3500 2000 1200 1400 1100 "800 1. |c—-H Alkancs, — CHj 2960 an
: e — CH, 2925 and 2855
e e Ring 3100 - 2990
Fig. 9.15 Alkencs = 3000
y e Alkyncs 3333 - 3267 -
Identification of organic compounds from characteristic Aromatic 2100 - 3000 G
absorption bands
- . : . g - Alk \1 — 800 \
T_hf ﬂl-!ﬂ'lbfvf of possible infra red absorption bands of diatomic = \(" = \ o 300 .
and triatomic molecules have been calculated using (3n — 5) and / or 3. {C=C Alkenes 1670 — 1640
. e 6) formula. We can usc this formula for pulyulumic molecules Cnniugalcd dicnes 1650 — 1600 N
also. But, pu!y atomic molecules, the actual number of modes ol Aromauc 1600 — 1500 :-..q
vibrations will be altogether  different from thosc caleulated \ \
theorctically. The main recasons for this arec — 4 \(" mC Alkyncs 2260 —210
(i) The over LONES (multiples of fundamental frequency) and | g, 1C=0) 1° - alcohols 1050
combination of over LONES may INCreasc the number of modes ' 2 — alcohols 1100
of vibratons. ‘3;’“—- a’:cuhu\s
.t " : cno
(ii) Some other phenomenon may reduce the number of bands. e
exhibils s Ether

However, cach molccule 10 the infra red _rcgiun ;
characteristic peaks. The nature of the absorption bands and s
bosition serve as finger P int of the molecule in the region 1400

print d’ Y D P

Acd
Aldehydes

i e by
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Analbytical  C hemistr
[ Jo-n  [Akcholwrhenons |60 — 3sa:
| . .”. — :,.u-“;h”l“ Phoenols : MOS0 3585
; | Without H hond | 3250 3200
| b ih-_"\_'n'_’_d ' 3300 25(H)
f.' N _.‘\ = _ll L :An?l_ln-..'x | 23500 — 3300
[ | ; £ " |
I'J - ! : _ _ %
R P C Cl ;{ hloro compounds 0. o S

Selection rules for Infrared spectra

1) The molecule must have a permancnt dipolc moment
ic.. Ha N2, O X2 arc infrarcd inactive whereas
H>O, NHiy, HX, CO arc infra red active
2) During transition, change in vibrational quantum numbcr can
be =1, 1Le - Ay = =1

Applications of infra red spectroscopy
1)

This is uscful to identify the compounds, particularly organic
COIT ywunds

i) It is useful in the detection of impurnucs

F-xtra absorpuon
bands will appear if impuritics arc prescent

i11) It 1s uscful to ascertain the presence of hydrogen bonding in

a molecule as hydrogen bond causcs broadening and shifting
to lower wave numbers.

w) Diapole moment can be measured using thas specira

v) It is used to cale ulate the force constants, bond lengths and
bond angles of molec ules

vi) It can be used to study the structure of coordination
compounds

vir) Quaniiialive determnation of tnm;mun:ln i a rmaxiure can e
donc . <
I\l{lr ‘. (1 " II r
Note orr-rotationat-spectra . [\ U0 U r

Pure rotational absorption specira arc obscrved in the lar infra
red and microwave regron. It s also called microwave spectroscopy
It »s proving in recent ycars a preal asscl n the studhes ol vanous
problems in physics, chemustry, clectromcs andd even astronomy

Particularly, this has been found to be very uscful in the determinalton
of the structures of those molecules which do not give good results by
using other spectroscopic methods. The ability to measure frequencics

——

Z19
Analytical Che milslry

e ——

. W uralc
more preciscly o the mMicCrowave region allows the very aCETEC
calculations than in other types ol speciroscopy.
. B " -
The rotational encrey levels of a diatomac molecule, Ej 1 gven €
B

———— l:z
g. = — 10 * 1) Joules (1)
3 Hﬂz |
where J = 0, 1, 2 - . rotational quantum number
h = Planck’'s constani
1 — momenl ol mcrua e}

In rotational spectra, the cncrgy 1s expressed in lerms of wavc

number, ¥ and we know, E=hv = hov
E, -
5 A — D
hc :
JI' on (2) h Ml h” 1) + 1) em s
Using cquation we have v= — = — i
% i he  gr’ihe
h &
v = i-]t]-‘-l}cm‘ i ) Y
gt” lc : .
where, ¢ = velocity ol hght. It is common 10 write B lor '1-:;._11 ‘l
<0y that the equauon (3) becomes, c
s = BI(J+Dem ' e (&)
where, B is the rolational constant and is given as,
B el B 1. )
Kr” 1c
when J 0. the equation (4) becomes,
Vo Bx00O©+*1) Q0 )
when J 1. the equation (4) becomes,
V] Bx1(1+1) e T P SRPMECTERE GRS (M)
when ) 1 and Y 0 usang, cquation (6) and (7) we have
- 2B - 0 B em e B)

From equation (8) i follows that an absorption line will appcar
at 2l cm

- : \
Il the molecule 18 raised from ) =1 0O )

2 \evel by the
absorption of more encrgy and the cquation (8) DCCOMCES.
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5 B

ghe S 2 T PR

—

— OB - on
In general, when
cquation (8) becomes

I+ 1)yecm™!
= 4B c¢m !

the molec
CCule is raiscd from J 1o (J + 1), the

V
J = J =
F Beti EIE 1) Y e
“rom Lhe cq._]atl(

. A (10 -
rotational encrgy gives r:: ): 1 is clear that a step wise raising of the
of lines at 2B, 4B, gRp S€ o an ahaurqlitm spectrum which consists
T e T with a constant interval of
4 Simular lower; »

entical wenng of rotational energy would give
Cal eémission spectrum.

Selection rule for

_____ (10)

rotationatl Spectra

1 I Y -
D ecomes Gt mtecue o g rc o oot spcieum
moment. Thus, HX l-mL the molecule must have a dIPUL
S, » CO and NO would have rotatuional spectra
- whercas Hy, N2, Oz, X5 would not have rotational spectra.
(11) All transitions arc not permitted and only AJ = =1 arc

permutied. It is  evident that only those transiions arc

permitted in which there is an increase or decrease by unity
in J value.
.~ Applications of rotational spectra
From the rotational spectra of a molecule, the following - arc
determined ~
(1) moment of inecrta, |
(ii) bond length, r. This is explaincd with carbon
molecule.
The first line corresponding to J U appearns
spectrum of CO at 3.84235 cm

ic., 2B = 384235cm '
B = 192118 ¢cm
h
$ut B =
e R’ lc
: h
or, moment of mertia, I o’ Be

A R
Substituting, 72 6625 x 10 Crf sc

monoxade

in the rotational

. L : .

I
(¥
-

Analytical  Chemistry

: (A ]
3 % 10" em see !

= =

B = 192118 cm™ !
| B 73 6.625 x 10~ % ” o o
22\* iR .
8 &?) * 192118 % 3 % 10\°
I = 145 % 10 gcm? - :6‘})
Burt, 1 = u rt and r = V 1 E
u
Whl.'.[t, M = f{:duc‘_ud MAass — == _[T\‘l ml -
(m,; + m,) N
where m, and m, arec the atomic mass of atoms. Here
m, = 12 amu; m, = 16 amu and N = 6023 % 10
LS 12 » 16 -7
e e ety L S S
(12 + 16) x 6023 x 10
4 = 35 :
. Bond length, r = V -1: = V L0 A = 113 % 10" " cm
; 1138 % 10”8
r = 113A (S 1A = 1 x107% cm)
| WORKED EXAMPLES @\

In. 1. Hydrogen iodide molecule exhibits rotgtional spectrum with
an interval of 13 ¢cm ' Calculate the moment of inertia and band
length in S units,

h \
Use : B = s Cm
B a'lc
h 2
| . g, Cm
Bor” B¢
L
and I i cm
A
\ 1 \ 29 % 10 ) sec
Given: 2B= 1em B = 6Scm 1 h =66E
15
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