3. Infrored spectroscopy.  ([ILLLLL
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S’Mdj OfF moleawdar Ehe,ﬂor’ﬂ,’gﬂt)ﬂ of rad jation

The infrared spedrym Ifes benveen

Visible and mMicTowove for convient EltS

divided into 3 region .

12,500 - 4000 667 50
l | , \ %

Near TR MiddleT@ | Fqr Tr

0-3 25 A+ tds o 200

IR studies of organic CoMmpbund gre

Catvied  ouwt N middle infra red region For

8o Far. all practcal pPUrpPose 4000 — 687 ¢y’

radiation vange is Simply called s inbare
egjon .. ¢ |

- The 1nfraired radiation are obtained

heating a rod of oxides, glass and pote

absorb TR rTadiation

IR radiation are less: energytics to

Couse eledionic tansition put +hey are

energyHes Tn a to induce both vibratfong

and volatjonal transiHon.

4108200z

“* || Fandormental modeg of \ibration
At all temperdyre  absolube 2ero,
’ ije Constituent atoms of 4he molecde
viPrate and rojake Tn o varfely oF t@ve .
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| The motion |eading 4o change in Bong

| distance CQW*@Y\Y%)W bond angle

|(bending) js called  Vibratonal mom

H S"TQ”FO}WL){)Q\ and bending Vfbm)’foﬂ%iﬁ

\ 1= I
are Knpwn AS Fundamental mod es Op\
ibratong. 00 o

The number of Fundamental mog A
Q pobm’mmic molecuwle Can be Can Caw

from the Number of adoms (N) present jp e
mblecwde and thejr degree’ of MOM’.WQ

Number of degrees of PRreedom 18 equal +y 4

Sum poP the coordinates Necagsary hw

a)) bthe atoms of the Moleule in Space Thy

for o non-linear molesule having N Numbe,

No. of Pundamental modes of vibradion =an-g

3N s degree of Beedom because thep

Carteslan coordinajes are Needed to  loake

each a4dm in space. Ot of +hease atomi

desyree OF freodom, three deoribe Hranslation

of the moleewle as a  whole and Ahree descib

rotatipn 0 Ehe moleude as. o whole. These

S degree  canmot |ead 4o interna) wibration
g0 they are gubbocted.

for linear moleaulo Hheee ane olnlz/@

aus 0bOwk which +he mplecile as o ohole

Can vofade, So,

[ The number of Puﬂdqmentcu Mmodeg = gn~-5.
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Coa s l|inear huoijqd: mMdleaule, S0, as per

the formuwia,

No. of Pundqmeﬂbcu modes DfF '\ubrahor) =8%X43- 5

The%e Fbur MDC{&S can be ‘rePT‘eGQﬂ‘f‘Qc’ Osqbelﬁ‘fa
O=c=( O =—Cl=x C)): 2:(}) 5—::@:':0
< — = ooy - e el

Vi Vo il - & | . On

The arows indicate rmovement of

afoMs along bond omis. shereas +ve and vy

Sion _Signify vibrtions perpendicuder to Hwapkmf

of paper-

The Fundamental nTbrations ave gIoUped

oﬂél Suwho QTDLLPQ.d Qs under

\/rbrahons
L AT . | ¢
BondSfrexching C0). Bond bendmg
=7 S A , 1
(Ol o Topladed In p\aneCcf ) outof p\ane[v
e e NN W N
! Rocking S<ciSsoyiNg.
Syimed| - unsymmetic | 007) ey 1GS) S
waga /q AT'—OI’SHH\Q}\.
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4. ||Bond streteohing

There wvibrationg tohere iN a pai, o
adoms CDﬂSWLOﬂHy vibrate along ’Hwe:—fm

QxS Choﬂqmg +he bond ?eﬂq*rﬁ bt~ mquﬂm

congtant bond ™ angle, Show 'H‘»e*/ CaD ’hug\(}
a] | Tsolated : \"'X@

Two qu'om\g UﬂdQ\CC}D bOﬂd G"‘T@'}‘Ohln

vibration with respect fo each other. . 0
| eg. C=0, O-H bonds.

O

0

Cam

bl - coupled @i ot w0 kot At

T}]Q\/ are S’h’QQ)ﬁlﬂg \ltbmi‘vons of tux

atoms with FeSped’ do g~ Common cenfral odun

They @n be of two types.

1 COUPI@J %mmghy

- Both the' atfoms enmuli—aneous!y fove

Quay o m ’rowards the central odom.

R @

\)‘ RN,
O

1) || coupled  unsymmehie : |

khen ane od\bm. mMmoveas +owovd8 fhe

other moves chw Prom Centrad atom .

n
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|
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Sh@a _Nibratons are yespeoted

LW) Followed Chemlcod group in bmcke,t
vCc=0) 1600" crv! The s’rreJmhmj Vibradions

9\7@““‘”‘\”@\'\‘3"\@ Reegqu- energy t+han

the beﬂdl[}g Vibrations. so 9ive the absorPﬁOﬂ
bands at higher quency (4000- 1400 Cm")

BDﬂd b@,ﬂd;ar
The contral adoms remain Red 40 q

point 00 a Fxed plane but the two cdoms

bound to it vibrate 1o Change the bond ang|.

\<ee1r>m9r the bond length constant. go, the

Shape "oP the molecte changes hence it is

also kaesn Called olePormmgr wbrmhor) 'Uwey

are of 4uo types.

al

In- plane benolln,q 'V\brOd‘\Oﬂ

The v(b‘rcuhng atomMsS remain in Same

P'Oﬂe aJong with bhe Common oadom, Th@y are

of +wo +ype8

(h)ckmpr vibratons -

“The ~fbrating atoms move simwitaneoy.

sly back ov forth (lf\ m)r\ S /@ 7oy

L\ /
SC\Ssonr}q Vibrations : O

D

The '\(zbﬂvhﬂ% adomyQ move back and

Arth dowards  Cach oHher,

&P P

\_/ \/
O O

A=
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bj | Owt of plane |
. A The Nibrating atoms meove oot op

o= o cond aton Ty con b o ¢

l’b’pe@. - o

) waggomg Vibyation : - IR I

“The ibrating - adomg @‘imum%w‘
move back () or Foteh () oF the comm ot
N + _orhasd Fao 2P
8 P QP *
JLM?L‘%/% ration : |
| S | ' e N |bratn ‘ ;
| direction to the Cg%’wxooﬁr::b'mli nzove%
| SEE— + ‘E\

—_— [Orahong uf
than . sfretehing e legser enery,

L Vibyations <o i o ’
absorption bang at lower ' —IE the

, P]._he r”‘teﬂé‘? D(L Q.bSOr y
Mm Vibyation 7s
4’0 depmmfr) Vibrations.
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4_*» kC\ndutlD[}‘siPor the albsor Hon OP TR- vadiation .
W The natural %equin_cj of \/nbrcmoﬂs of tho

__ moleeule musk be equal fo the @requew
of \ﬂCld@(\t radiationg .

/fiLhO”SQS N Nibrafions must skmuate ChQT)G)-Q'

10 d!pote moment of the moleaule
| The non-polar like Mo G5, 0, ¢,
Cannot absorb TR- rad{ation Qs *l*hefy do nNnot
_have permanent djpole moment
3i A Po\yoiomlc mo\ewe (ke Co, LS Hh
No \oermoﬂeﬂt dipole moment alsd abso rb
| IR- radiation becquse: when {+ vibrades its
“ dipole Moment char@es
}‘3) The pq+eﬂsl+7 of absorption must be -
__poportiona) 1o the rate oP change of dipole.
-I{IF the rate of change of dipole 18 Slow,
| obsorption of radiadion (s weak and i Tt io
| ek abSOYp+fDﬂ of radiadion is Strons .

Seleckion Rule -
|| | TR-achye transition-

The ~ibratong that generate OSCIUOJ‘H’)}
d\po\e moment absorb i TR and are Hr)c,wo
as IR- achve transitions.

6., H-J, T- c\, C=0, QHCJQ“ C=N |

IR - inachive fadies fvansitiong-
The vibradjons does not generate and
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. Losclllating. dipole Moment: do not aboogh l,q
IR Qre Iknown a8 TR- inackive  tramame
’f \ QQi‘\Ve Mﬂg{’«hons

eq . Do, Ca, Nao, Hyp ‘ehe. - .

8) | Allowed and Rorbidden transitons -

O0nly the danscifions Rom Vo 4o
nenxs higher level (Vo — vi) or @«m
Ove allowed and Called Pundqmenkd Mﬂ@]ﬁ‘
They form an {deatized aystem by cHn ’
perPectty hormonic  oscillator: T

€0, overfone bands are algo

. u Seam
their frequency  will e 0w 8y ofe. m

known as Forbidden 4ransitons detestel of
wWeak  overtone Tﬂ: the Gped'mm.»i

X | Regions of TR gpestrams . |

- TR ‘a,bSDr!ohgoﬁf"m 4000-'860 cm!l .o (ge.
i |-5 1) Pre:quencT Yange 1S Called iPundoménM
¥ | Joup -Tegion- ag it SHmulate Pundameonte
Vibratjons of odse almoat adl +he  commoy
i d| atomic J¥0uUps of Ofsqr)lq OornE our);{ @Gﬂﬂ
n' P@m GNalyticay polnt ol Visew, 'ov:ganic'chemf@k
divide 4his puﬂdqmgn‘rfu ™ON (ndo qrog
@requeﬂ vesion and. [ JerT  printd- rE;ion "

N . . /
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| The "high e ik |
e \B ener Or hlﬁh R‘%L{pﬂc
| Y8900 that 1ngjeem 000 - (400 Qn\A/fs
Called PLlﬁChDﬂOJ Jroup resion. A Punctionay

ST;):P 1S a diatomic unit joined by o covalent-
D

1l
_‘A
I

l

|

The Qbsoqotpor) bands Seen in 4hig
T\fgcijﬂ of Th- gpeojyc Qre duwe 4o Gb’efehm,g
modes of Pundamental ~ibrotions of dfatomic
o 0ups like C-0, C-N, N-H, C=0 C=n o4,

The ~ibrational Prequency of each

one of these group S characteristic of ite

own type only and 18 called group Feyuency.
(ﬂwe qﬂ)up P{Bqu@nw rE};lDr) S QSub- divided /

0o Pour. amadler P@quenoy ranges CoiTeSpondy,

1o bonds of hydrogen, single bonds, double

bonds and tsjple bonde

Correlatfon chart. T

C-H — 8000 ony! C—H — 9700 - B3overd
=e—H —.8300 - ot A 0N

— C-H — 3100 Rermi RaS0 nance

— C—-H — 8000  (2700-2300) (9 g61-2900)
c-c—-» l{oo .. & -

=C=C — 650

C=c 5 9150

. (9300 3400) Cgmm ggoo)m»f

C=nrn-— 2250

D*‘Prmb\—ewﬁﬁg “ENWQMO\QQL,LJOT
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o/ &en /w5 100 - 5 e

— Y —
C-O0R — (785~ (76D cm! -

O o
\
&—og — | 760 - { Q10 ol .

C—NHy — 1650 — 1520 ol

o

-X — 1310 oyl

I ; '
a) | Ringec print vegion:i= , -~ -
’ Ir s low energy or Joo Requen,

| Yemion behween {400- 667 om'. (7.5 -I5 thn)
!! The absorpiion band (N this region are
J’ due +D bD’H’) m‘dﬂr)g_ 7Qﬂcl B@ﬂd?r)g Moele
' of Nibration, THE ¢ =
| oSt Single bond gives absorpHon band
[N AhiS vange, but becatsk of thoir mear obodt

| Same energy and stong interaction with

| Neighbouring  bonds, the-bands cnnor be assig
|fo o particdar 91oup. Hence they qre called
| Combination bands. Small difference (n Fhe
Hwﬂ%wqﬂ of a Molecudo Yeswt in Qignificant
[Changes (n peak distitbution in 4his vegion of
- ‘ —
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/’%—“ T e
‘/EJQ@‘&‘E%S called H’nge‘r ‘Pﬂ“ ntof
A Pew fmpbrfoni— Punchiomal group
Prequencies  ({ie Cec~0-c (oster, ether) c-c
|Calkane, alkyl group) and c-cf (allkyl halide)
_ave aise Pound in this resion, |
The resion 909 - 650 crm” CH-15 um) Js
oo UV“OLU,” AS aromatic reqion. Tt IS Valuceble 4o
Lolen’nR/ XomMatics  and  ovtho, para, meta
Subshifution patterns in arpmotic ring .

J

—

¥ || Hooks Low -
, The wibrafions of o dictomic group
|.e Magses. My oand My Joingd by Q oov\ﬂen{—
bond act os Simple hormonic  oscillator. T+ iq
Just ke a vibmting a gpring ,joined 1o +wo
balls. &S Shpwn 'mVP\'g. e YT

U
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____ The force which tends +o bring the
“v\bmhng UoMS  to the  equilibrium pous;“h‘oo
Is called rvesoring Rorce CP) and it is direck,
proportional to  the displacement () |
ok P = ke | :

= -k ((When »=1)
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“7 7 The restoring force is negative o
T W ags in direcion opposite  to Cthat p\%
_displacement. The !OTDprHDﬂOd\‘r\/ Constqpy Qv
called Pore constet debined aS  +ho p”“e
| Yequired o QT%“@’rth Q Ioor\d t+h roygh UMR
;d\sfﬂf\cg |
" Hook's haw Sfates that ‘\/(bYQj?OnQJ

Frequency (V) of a covalent bond dladomi ™
pair_is direcHy proportional o Hﬁe%
|

root of the yotio of fore conskant (< an
veduced mass (M. ‘J\q\

U A [K < Porce conshant

CJM <« Reduced mass:

V=1 [¥

Q7 | A

~,

The ~{brational quuenw (N terms of

vave number (S & in o' or by it wqvelow

1S given by Hooks haw

I v =1 |k

( Q'ﬂ‘c:\]/(JL

u T |
e Tl (] Tansg —
E I
I
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~ T s change in diatomic pair changes
I 1;@«-’“\&“@3\ So chon es +h@7}99‘5‘? NOo.
A Théw forms the b Sic

|_Statement.

&% torms the baSic o LI?,T‘SFP_MS%RT.
he Following illustrations will_support this

d The Yedyced mass () remainin a CDﬂSJFq"\g,_

vibrational. Pregugno\/ INCreasas with INoreasny
the bond  Strenath (k= Vvalue)

€q .  yom'! 0150 1650 1100
~  Bond Types C=c @se C—c
Bond Strength Strongest Stdnger Shong
= d

/] The bond S’T\ref)cy}'h remaining constant

vibrad(onal R@que\r’\o\/ Tncreasss with decseqging

reduced mass (u). eq. assume the Single ¥

bonds shown belbe. have neorl; same K valye .

v aw! 3000 1200 Hoo
Bond Type - C-H C-C Cc-0
M Value least mMod erate hl,q}\@é‘%

The ~ibrations are quanteed between

Specific energy levels . Hopoks &" s given

below - The \ibratonay qQuantum Number (v})
Can have e Vvalue 8 Op 0. {, Q,S.» R < s

—

D

Eve

i [
N, +_L\ ny
o]

L~

b &

Br ahSorbing TR - vadiation +he moleewo

underﬁoé transtion’ - Fom \bwest  vibrational
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: N
[evel (Foyv=0) 1o succeeding level <?\
~ The Frequency of ?ffc(ﬂw&_‘ lgdraj{g;;g“”_é;)
| i u_‘?fggaf ' T f\;ef)'
) Wf;,,,,w,,, N = ‘El - ED . ‘ e
h

a Chemjcal bond depends on, bond

¥ | Factors affeching TR qbsorpﬁon%
87 HOOl—k{\JS kaLOS’{'T’@J”Chlﬂ/Or uen Oﬁ
Ston

reduced mMass. Tk means eog. Carbony| %

N o geries of Saturated \;IOJTPhQﬁC ketones

i U r—

PN

Hﬁ/ \Ckig Lo tHe . CoHs HsCo 2 He

acetone ~ butqnpne  Pentanone-

- The Qarbony| ﬂmup C=0 Prequeno, in

all these Kefones isveaped‘@d to Pe sade

Ci7to- 1715 ens' ). Bur actually e \value 15 ndt

Hzed but waries in o reasonable range,

[Many Factors either Tntemal or oxtermal

which inRluence the bond - Shropgth @ Phect- bond

trequency and Cause minor ehifk in TR-band

I,Pogft'gbn‘ The mejor _influencing Radors are
| disscussed below, b el

) [Iﬂducﬂfve offoot !

The Qledrbn mjeqeing (+T) Arbup  LdeakeNs

&‘:

e bond by lengthening . This lowers

Strefching Frequeny, and IR band shify 4o
lower Side (red ghiPt). . e

—
\‘_\,\4"‘%

3

I /

e
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— - A 36 NUASAS St
a HQ,C/ H  + HsC. CHj
Qc,@ﬂudehyde

Qcetone

AN entra methy) (4T) ) group, 8 in

QCQ:l'Uf\G’ decrease double bDﬂoI charactrer of

C=0 bond. This raises the ~ibyafional
Pfequcnoy and push TR- obsorption to Jooer

\710 oo side

AN elechron LOl‘r)ﬂdmwm;? (-T) group,

ctabilizas the bond (raise ) by Shottening iy

This |owers the @’Frémhm;r P)eunnu/ and

Qhift IR band to hlgher Side Cb“«kg Shlpl:)

eg . Notice the c=0 Eond fYQqueﬂw n

Po\\owmg kejroﬂes

21893 o’ T 1928 e
5\6\76‘90:» )'\““ Y /‘?\q
Hed™  Cfa a  d F E
TYy{MHum- Carbony| Caybony|
acelone Chioride Pluroide

Huorine and chlorine are hno\hlry

ejecj\roneoLcur\ve afoMs exrert h'ghest ( i)

Indugtive ePfect. so  when they ove d,r@&,y

linked fo C©=0 group oxtereme ghilt i/

obSeivg],

Resonance (R) ©RRect -

Resonance wee |Qn\quens SO wekans
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r N

ﬁhe bond of RincHonal (Om)up )owermg s
W@!OA pf\equenoy A (n Qcefone «H\&
| elechon dDﬂQﬁﬂg (+r) ePfect oOF meHch\%'

assist_resonancs’ gnd Stalbilize the Single bond |

Shucture (b). As a single bond is weaker they |
a double bOﬂd the ¢ =0 bond Requency des, |

o 1710 em! as oomporgd with Gtce:fQJe,hfde

(1720 em!)
< 1

FZeeonance eP-?th g \arommenﬂy Seen ip |
? i Acid  derivatives Camide, asters, acid halide

etc). In amides the (+R) ePfeet of Nitrogen %
Far muore than 8 C+1) offect oo +he smm
ling Requency deorenges cm@pdem.bly (= 1650um
”Compared ‘o ol o+=her COrbONy| Qompound&

N

< s
[T I
C//\ : H3C7L

2. The c=o0 sHefchmgr Pr@;uenc,, s Jooored
] b7 Con)ugaﬁon with double bor\d a3 doub)e
bond  enérts + R ePRod 10 Increage 1E€Sonamce .
So double bond  Characker deorencas -and

| obepiption  shifted 4o |ower Side.
Ueq J-B QﬂOﬂQS

o

CHg

I ,\TI00m e T \685CH
I T N = >
I ov\ql'b/h.ewﬂoﬂe-. . X-PB - uUngturated ketone.
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Jn amines 'th AR efPects OP all
 Far erceeds than {ts +T offect This ,
_decw_ases the Shpkdur}a anquency Con9|d0~

~,

/ LMYM ‘0@ as 630 o COmpafed to
g OJ\ OH\QI COYQOJ\—POuhdS B
o Poiegoer’ R, 1660 o tezoem
N /\ =
| Hse  NHo HonN  NH, NHS [

| acetamide urea benz2amide |
|

(|
|

T+ +h@\r Conjugation is extended the
| carbony) S*TeffCh\rﬁ Pvrequenw decreases 4o

| longer Side. ¢ 3] |

‘ Py ﬁ \635cm ® (?C—B-
HQC‘—OH C CHa «— HpcC-— CH—/Q/"Qﬁg

Ho '~ ) ‘670 ) @ _ o
\-—\Qc—-CH C—Ud=cH, «<— HQc-—u—{ &_QH CHy

dvo,q@,n bond;ng

- Hydroaen bo(\dmg lowers &he Qbsorption
frequen., of RuncHonal aroup. The H- bording
fneseased the bond lergth do oeaken the
bond and pushes 4he  absosption 4o |ower
Side. Thus it affeds +he sﬁ@hhua bequende
of ogoups Ifke S>C=0 - Coon - O, —NH,
ere. ANd  assists +helr jdenti Fication.

S
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m#(*arboayﬁc Qcidg ¢

| Tn solid or _pure liquid POTPO Shrg

__hydwgen bonding Dccurs and exists ol
dimmers. This affects 4he ghretchin,

Requencies 0fF both Ca rboryl a ”_‘g__bid;k\/!

g‘muFS . N

L0 H—D
R:— c\/ /\C—-Q ' -

00— H-2¥ 1 bonding. .
@)

Carboxylic acid dimer.

|
|

f The involvement of >¢=06 both jn K-

_bonding  weakens +he Cc=o bond 'Hﬁerebp

Jowerihg 4he Carbony| gtretching Pﬁeopﬂ)L

T

H,_rh | P 4 i - o .
| [Ne appearance 0OF peak at 172] o’ Tndiceh

|the acdid enigkc as dimer.

| H- bonding s¥retching oH bond dece.

Lasing the bond “Siength. s shiPhe absorprh

H’D e |ower Qide.

[

| O-H  H-bonded OH stretching 2700~ 2500w

| F?nequenoly

!
|

| 0-H _Ree OW elefchina - 3500 o !
H ~ begueney, -
| Irﬂfamlo\e;z&ua‘r h'd | odj
I 7drogen bonding shoss
| greater dhan %@*OﬂéOiom

|
i
II than intermolesuwtar H- bonding eg. p-ityde

s M

H /: 4 1 1 1 1 N U W L

Ibe{)qo{c acid, O- }ﬂydmrxxfbenqofc acld -
I

1
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P- Hydvyo=y benzoic qeid Cintgamolecular
H - bOﬂdTr\;\,) 32300- 3400 e

o
X
/\ylc\
\:( OH
T
O - HYdTD’x?’ lbengojc acid CT"H‘PamoKéM@r
H- bonding ) 3200-3200 cons

Effeck of diluHon on K- bonding :

Diludion with aprotic solvenk
prevents intermolecular H- bonding . Thig
grabiliree DO-H bond and Shifc the TR-
0bsSofpfion 4o higher Side, go it is called
dilution efPeat. & - L ack OP H- bondmgr Shibke

»Cc=0 and “‘O H group Qﬂwenu@& to Dighey
gide 1760 em' qnd 2650 cns! resPec:HveJy

b) | Alcohols and PhenOB
S’rrorm \nter or intramolecwar H-
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