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LnTYavYed SPectyoscopy 2
S d

— Al the ._joambj.ﬂh and  orvganic cermpounds containing covalent bonds obsoxbh electyo -

énu:min vadiatiens n  the infraved J.‘m@ﬂn.ﬁ.

Infraxed m_umntomnaﬂm gives Information acloout woleculay

detresmine "Molecdar Styucture.

— TInfraved opectryoscopy i

Jibratiens whidh 15 used to

simplest , Most vapid and most veliable method —or
Lm#ﬁnmﬁ Lanctioneal growps - I+ can ealse provide information an mbnq;n».cam,w&??afd.
pusity , _smn_ﬁummj Uojm._:m , Stauctuyal ana geometyical Tsomexs.

- Umts and vwa nge of 1IR- vodiations:

— The ..qu_.Tﬂj of an D.—D.m.o.d_uﬁ.uj mn the IR spectram is ﬁxﬁﬁmMmmnw in terms ot

Wwovenumbex (V), (-e- Mo. of waves per centi meter (em-).

— This unit ~ef|ects n__.__qmni.& the energy ot vadiationy (e, Tmm_fmd the wave numbey Tﬂmrﬁd
the enetgy of obsorptien.

— The IR ~egion of m,manogo,mﬁm.iﬁ vodiations is divided in thvee vegions -
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— The voost important Yegion fo¢  an 04@930 n_amqj,.m_ﬂ.m_ iIs 2.5 to LS M ﬁm&q o 4000 ')

in which wolecular Vibrations can be detected and -measuved I on  infrayed spec trum

omd N a Raman spectyum,

- -..ﬂ.m weiple 0 L=< _..u_w_,:_n”..\r. 1% ,u.. ..”__u._q..m.,_.,_ Q *™>

= Each wolecule ceontoins  electyonic | Vibvationel ond wotational energy levels. Each electrunic
leve)l is Qssodated with set of Vibrabional levels Tniam less enevyd sepaxotion ound each
Vibeotignel level {s associated with set of ~wotati snal levels 5953@ less  @neryy
sepavation. A

— Wwhen o wmMolecwle obsorbs vadiatien its enevyy ingeease

in propovtion to the enewgy of the photon obksorked Qnﬁoﬁ::m E
to the welotion.

vibration mje.d“

I\ leve)

heve h= planck's constant < Reotationa) enevg
V = frequen 4 level
C - 4221& of light
A= EDcl@Sm% ot .:‘&7*

T

E = he
E=hv LS

ENERGY

) — E, = Gyound
- The Ynolecule ™ay  Jeim electronic , Vibyational 0¥ ~votabhonal electrsnic
& , g g — leval
nevgy od absovpEon of Yodiabion. E{ — e
— ﬁjﬁﬁmam N nghﬁ,ﬂg._n mﬂm;ﬂ@m ﬁm(lu; _..5<o;€& _ﬁ:.mb.ﬁ A\C_Dﬁ#nf O‘Sﬁﬁﬂhv —— m_JI Fivst -
In Vibratieonal enevyylevel vequive smoller quanta amd Changes — n_ﬂmn”u.d?n
Cve

in  Totubion level vequive lesser quanta thon Vibvationel level.
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— The TR vodiation lhas smalles evnergy amnd herke can not cause electraomie transitbons

but can cause transitions bjw vibrabional and “rotational energy levels of vnolecule.
— The absowpfion in IR «.ﬁm._oj occars aue Yo excitation of yolecules

~om lower
4o _?;m_bmq Vibrationel level . since eoachh Vibrabiencal

level is associated with set

of ~vyototionol levels , +he TR spectra J.ﬁ.n.dwm censideved as vibrabtisnol — wotats snal
Spec bra.-

Each mMon ¥igid kond has a chavackersstics mgnf._ﬁm amd __omﬁmm:m ‘_u«mn_.ﬁmﬁnm . At -roam
#mgﬂ; .qjhrwa,n._.f.m 8f yolecwle of a Sample will e in the |owest Vibratonal _msm_h(u&
l-e. @;ﬁoc,jnr Sratre.

— 0n Iivwwadiction with IR Yadiation some of the volecule

@nuﬁ excited from lowest
to pext highev vibvational evevgy level (v=1) {re- Fivst exated

state .
~ “The chavactexistic ..m\maamﬂnm o Vibration of *the loond vemans the same in the

exdted etate bub awmplitude increases-

RBecouse of ncreased amplitude on omnwﬂnmﬁm_ » dipelke mwmoment s setup n ynolecule
— This dipsle ywement iptevact A SoYPH an of enevgy.
In +hig pPyocess, o.ém a Specfic _“-dmsnjom o+ 1R ~vadiabisn am_m;,. obsorbed . due o

+his Molecwle Wil show a Mvmnﬂb.ﬁ MNumbey of- peaks in Lthe TR nq.ﬁm«,,a.d.

With TR Yadia¥ions aumd cause
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—r HMOoKes LAl AlcUlletion

{ - ke ’ - . y % 28 a2 &
e = O JIDFQLICY O FequenNaes 0 LN C VLT

— A spying set into simple havmonic motion obey Hooke's law Which statec that +he
4mmuno«,,5m foxce (F) s Propovbional +to &m@.ﬁna of displacewent (3e) and octs In o
ditrection opposite to +that of displacement (-«

F o 22

oy | F = Kae

heve K= _sqo,uo_diojﬂ...& Constant omd is called Fowce
constant of .m._,&.J_Dm.

— Fosce constant s o Yneasuve of the stength of the Spring o¥ is o wmeasin

of ‘he ..Ejmﬂjm foxce bl the atems Iin case of bonds In « molecule.

~ The .__,,a.ﬂnwcﬂjn.m ot m.ﬁ,ﬁm*nf.ﬁbm vibyrabeyn of Djm bond can be calculaked Cm.?:& Hooke's
_nEinSa%_jm 1o Which

here wove Numbex Cemn-') of the mjm*hfwsm Vvibrations
/_m,R..}& of :mz = 2xlo°> cm/s

vV =
1 <=

Y= Nsnm I.@ K = Fovce constant (Bond m&.«mjm?u N mmﬁmm\ng
AL =

Reduced ™MAasSs = l-.......,l_,m_lml

Mi+My
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— Heve M| and M, ove masses of atems in groams xﬂo,ﬁj_Dm the boend which Cj.u_m.ﬁ.m_omw

Vibration.
- T4 m, ond Mgy are the atomic Masses ofF +he oatoms %Dﬂ.j‘.w_jm_ +the bond '\n amMmu
and G-:02 ¥ \0*® is +the 9<£amqo,m MNumbey | Hnen w= MM
- - M+ Mo
Lgm is cquvalent M, = : 3 omd M. = - ¥ Mi="M,/2 & M,=m, )2
te Avogadve No- 6-02 x |o*? g 602 X lo*? ™, Wa
602 X10%3 ppu T 2
YO YT |...<|._-+¢_5.—.
Theveloce A = - . =
Cmy+my) (6-02%10%7) —— mimMa
\ - m = 5
putting the value oF L in @w. O we fget ﬂ (m a2
- | K x (¢-02x%x|0%*)
_ 0¥ V=
n._ﬁ:.ﬁzmm .62 %10°) Cmnytma)
ALK
— 170 % |87 v oAb il
Y W E ey .H.f..llmwu i QM AM2)

Oon puthing values of W amd < In &q. @) we get

62 W 17 [k T TM
)T.., o¥ Vo= 42 | l.@

2% 22 % 3 X)0'©

vV =




Learn Chemistry Online

= The frequency (v) can be calculated by +he hozoﬂ.,:m eq.
we Know that

WV

1}

<
>

oY |w=3V¢C

Exomple:- Calculate tHhe wwave nuwmbery amd hdmm\z_m_:nm of m.T.‘m.wnTm:m Vibyat o for A-B

™ M

= 12X 2 24

La?l - T — - = _
QUURALPY 1242 |4 %

Yalue of e BN _om m&_dm\ng

on putting volue of ML am 1€ in Hookes eq. (D

4.+\2 _ § X5
' Na

2225 cm-)

Zl

2
("

b Tl
B

-

Fre n_\c.mﬁnu

V

bond given atemic weight of A=l2 and B=2 amu anad feree Constant nmx_owum_an\ﬁi

Y= VC

10
= 2228 K3X |o

13

= 6675 X106 Hz
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—> _..._......___r _: ¥ VIO £ atIonSs B Rl 0% wr.: -sl __ ey —,I._- ~ | _. u at ,._ _.... 5 =

- A §D_mn&m may be :ﬂmmnun_..mm_ o8 4 Ton- #,m_& mdmmmﬂg ot bolls ﬁD#qu of ditfewvent sizes
jolned wommi._a... _a.m_ a Em.wsimmm m._u.q.smm (bond) .

— When molecwle absorbs Infkroved vadiations, It shows two .Tm:umw of Fundamental Vibrabions-
@ mﬂmwnr._:@ vibra Hons @ m.ms.w._sm vibyations.

H_\.»_.,_,;., qur. [ I_J: = __. .t;___,.. 15 - 2

ol . () e —

- m_n%mmnr.?m = n_mmﬂﬁrumm as vhythmical movement of bonded atoms P_o.:m the bond
o¥i® I such a wannex that +he intevotemic distarce _5n,.\n..aw.:m (stretching)
ov dec¥eases (contrackion).

- uw:._vm_ mﬁm#n?am Vibrations +4he distance between two atoms ipcseases o
decveases but the atems ~emain in the same bond axis.

— As ole enevgy s requirved <o stretch +than to bbend a mv«w_ﬁm : m¢m+ns‘,5m,
Vibrations 4n§&ﬂm rﬂmrmﬂ energy amd occuy ot higher Hrequencys

—— Tu r.f - .,r.w_ STY

| e

~ They ave n:n twe .Ta_:wm

d_ _: 16 ..Lﬁ‘,ﬂ...ﬂ.,m

(1) Symmetrical mj\m&ﬁ?sm vibyotions @iy }maggm?._np_ mT‘m.wnS.:_._m v lovatione
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— In +this m,?mwnr._;m ode , both the atoms Meve in and oubk sSimul p.ojmo,hm_m_‘h..m. all
4the bonds ove Styvetehed ov Contracted w.,grr:.n.jno:m,m.

— T+ s denoted Tm_ dmdj:

m%ﬂ:«mgﬂ C-H mﬁmwﬁr..:m vibration mlth m;.‘.oc.ﬂv
( Voym W 5 2853 cm)

! AS AN & __f i Cal Styet ,iM N u. .

il

— Tn this .w#«.wf.nrﬂam mode, ©One otom mnoves in  while othey Mmoves out. (-e. one
bsnd s .om_.:@ stretched while the other one s fm,::m centracted.

- Dmd‘?JBmun«wnnL vibrations occurs at higher enexqy than msg«sn;n vibrations amd

hence oppear akb fﬂmsﬁ. wWavenumber,
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H H
/F, e \x

d -
7

?aéam?.ﬁ C-H mﬁn¢nr._5m Vibration (-ch, gvoup)
m<oua.3 C-H ; 2826 ¢ )

. ’ R s | Po e Rk e Ny
Eoending Vimtats NS ( a ml..fﬂ mathsns).~

———

L8 I..lm."

sucllie ¥ Gﬂjﬁ_.ﬁm vibsations , the distance
the posibon of +the atoms ﬂTDSmmm ~Yelative 4o Dﬂmwjﬁ_ bond oaxis.
- mmﬁmifw vibrations Yequive lower energy and occux at lower h«m@nmﬁnm than

bebween +he atoms ~wemains constant bet

Stret n‘T,.jm vibrab sns-

. ( T g \ s s 4 —
upes o oenNal | UQ VIBTantiors.

(iy TIn-—plone .omvmv:m vibrations ('y out - of - plane _.onﬁm?m Vibrations

pend \ng vibrabhieons:>
- .H.:ia.m rmsnzjm ™ode , the oatome of the yolecuwle ~vemcan N the 8sawme ﬂ_OSn
0s the Model plane of +he mam¢n§ due to which it is called In-plane kending

L 1) TN 4 ane

viosoBens
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~They ave of two types-

LT 18N ==l BN .n (& Y = AT MALIOE)
\ — - - - A

— In *his mode, bhoth +the atoms vnove in opposibte divectiom.i.e. +he atseme wWove

like the +two blodes of scssovws .

)_ | \
T, \Ix - 4, \\:n_y wn.__mmod‘_ﬁm vibrations
e | 1C i . a
v fI ,d \ﬁ NH ”_ hmnar .~ (450 Cm v
: (—cH, gvoup)
b) In plane <|t|_ ._I_g dedt osmaotion/->

NP el e s “
— Tn +his node, hokth the otoms wwowve in the soame divecHen ¢.e khoth ove

w._gre#oﬁmo;w_m clockise amd *Yhen antclockwise.

H ) ma vibrobi
_\@QD\ xu = %\S \\Ir_ ronx,ﬁm vibrotions
o a - |
~ 1 _ W~T720 €N
\/I\T 7 ) (fe-t ) )
. (v group)




Learn Chemistry Online

(1) out -of -plane bepding Vibvations:s> (hen the atoms bend out of the Modal plane of +he
system, I,.m Ubd&_jm ﬁ:on._m is called Ouk- of -plane amjm_sm.

— They ave of two #d_umml

_\u Out of - _ lanea Q9 9 .l,. = .hc.”._ﬁ.-.c

(e Hionio TIin this mode, both atoms move m1..53F_¢D5mocm_m

R — - w ¢ - _—

wp and down oc:q of +the _u_n:fm of the wolecule wikth ~espect to central atom,

H H H H
- M\\\P OF // \\\ Enmm.,vm. ﬁra_wman,_%_-c
m.? C
Z O (—CH, group)
ﬁmh ..mL_._aF -0 . - ﬁ._.. \ahn nm iHHLI_In..iml.,& c F-r,.w.,rﬁlaUmirLIal n.3 ' In .—.qru._;w gﬂlm f one Q*gﬁ M ove £v g.,n- .Tr..ﬁ

othex "ooves down vYelative to the _u_.PS.m of +the wnolecule with J\mmvﬂn.#. 4o cenbral
atusMm.

U / \\ /_\ |_.€._w..w.,.§m ﬁ.c._p.wo hﬁ.ﬂC
V!w.m.\c\r\frf._ V‘/‘V S ——] (-<H, qronp)



Learn Chemistry Online

F 1 ~ . g - | | =
S ICETTION (5 I =

- The selection wwes determine (whether a parbculay Vibration coould ke nfroaved active
6x Not.

T @mj.m.qo._ , all those +twansitions which axe joﬁ:nmﬁ_ﬁ.om%ﬁggn ( does not centain
centre ot mdééiu oxe IR active because only mcﬂjm suckh transitons ((vibrations)
therve will be o njpjmm n the dipole moment and obsowption of €n<rgy wn IR
dm.m.mvj will Yare pElace-

- 9:.«;5& the obsosption oF enewvgy +the wolecule can ﬁ_....o_ﬁm.m its L) {Q_Eﬁmﬁmc,apmuie,
quantum Mumber ) and its 'T' value (~votatismal quantum yuwber)

~ Fov 1R Spectmscopy

AV = * |  ond

Ad= %) (e only these Ftrxansitions Wil be TR active for which both AV emd

AT ave equel to T i



- AA - \
= MUtual oxcwusion |
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This 7wule detevmine weather o parbcular

vibration oould ke IR achbwve oF
Raman active.

TR and Ramen sSpectra  tend 4o be D%v._mﬁgmj_nb,qm because of Hheixr diffevent

selection ~ules Fov Qni,\}m_,

In IR mﬁmngmg_um.}jm eneryy obsorphien owurs due to intevaction betweewn

+he ~wadiotion and meo._m wement ﬁjﬂsmh. of *he molecde.

In Raman mvmnﬁ;ﬂomﬁov.&‘ the enegqy abSpwpkion occurs due to interaction betiueen
the Todiation ownd polav NO,_U.;..*M ot  the wolecule.

_D.nnod%jm o +this ~wule—

Fox oll "™Molecules with Ca centve of MdﬂismTM‘ , el Vibrabone & xe
Centrosgmmebric (ia. sgmmtricald oooul +he centre of ma‘gémJ of the olecule)
ave Raman active bub IR inactive @amd  +those vibyabons with avye mnot

Dm‘;gwa‘g;%nn ave “vamosy inactive bul IR achvwe.



T | e = - o~ ™
r Nt en 01 Hb

- Dﬁngmmjm +o Hooke's law , +he hﬂm@gmﬁhm of o mﬁ‘m*.nf..jm vibyation i-e. 4he .vo&io;) of

gbsovption hand

@ Reduced "mMass |,

— The Hovce constant For

sosption bands ;

Learn Chemistry Online

Is depend on  two

() Fosce constant , (-e-, hwﬂmﬁawr ot & bond.
masses of the atom Hovming the bond -

(-e.

ter
el

.,

L

ooNd :

factors -

-
7

mw.ﬁmsmi... of a bond m_nﬂm_nn..r._:m ?mﬂﬂmsnd\

single , doukle ond txiple bond ave -

Hydrocarbon Force constant Bond Bond length Stretching
series (dynes/cm) order (pm) frequency (em™)
L P i
—C—C— s
/s Y S x 10 1 154 1300-800
Alkanes
N 7
—C=C— 5
\\ // 10 x 10 2 133 1700<1600
Alkenes
N\ &
—C=C— )
P4 % 15 x 10 3 120 2300-2100
Alkynes
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— Fuythey Tifﬂnf.mniqj also affects the Horce constant (k) of bond ox ngm*.r o bond.

bond mfmamws
s - Chavactey

Elec Tdﬁmmorif

L_ww "
2960- 2870 cm

s 1ﬁ. o L

i ]
masses O i (._n....

Reduced mass of the m.amwmu._ L

sp? < sp* < sP
25. 333/. 5o
SP° ¢ spPr < SP

s L SpP

=C—H
2080Cm” 2300 ¢’
oo d . .I_Hm.fL ?

w*ﬁmmnrgm ﬁ.«méc«sng‘.

— (e. bsnd between otom of lower nasses will vibvate ok higher ._uwmn_.cmﬁom\ thoan 4he

besnds 594,5@( heaviey atoms.

— This effect is Tmmzm m.,md._‘ﬂ,.ﬁ0¢ when ovne of 41he abtoms hog‘,jm. m.,jm._n bend s Tam«omns
atom such as C-H ,0-H, N -H eifc.
Exomple ; - c—H bond c—D bond
2032 cw™ 2225 cm™!

- Tn such cases

bond ,mTR,Jm.I.. is same hutr YMass

of o 1s Move +than H.
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— Fox

prediction of octual treds, both Force constant and

yeduced wass Wuek be

consideved .TO.N_ ethewr.

C-H < N—H < O0-H & F-H

o’ — . ; -
3032c¢m™' 3300cm 3s70can 4138 cmM

-~

— Thexe is one Tmove Factsy [.e. type of wmoleculay vibration which affect the position

of

e

- ¥

memnT.E&

abssxprtien bands In the TR Spectyuom.

V.ﬂrmjm,_jnm‘

il m\nc,mmm > 4 J.Wm,ma

Example: - Yox  —CHy gwoup

— md,_igmuﬂmn _m&«m,ﬁnjﬂﬁm 2853 cm|
— Tmﬁggﬂgh m#ﬂﬂ..nﬁrﬂjm 292 <yn

— diffevent  bending Vikvabions  of CH,~ gwoupP opecurs at  different positioms

——

Vit acod = |450 cm~ v - =Y : = =
scissonng _ v gging = v isking 1250 <y
= e -\
é%onﬁ:a = 720 <0
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~-Factors aHech ﬂm“_ vibsagtional “xe quencies 12

- The calculated vikbralionel .T\Pn_\rpm.ﬁn& of oan obsowpbhon band Cmu.j_m Hooke's |law Is Q_Cuam\m

ot equal +to expedimental value. This vyoviation is due to ho:ocu,.jm fauctors -
@ Electyonic. effect @ Im_mmdmmﬁ Fcﬁmaﬂjm

| | =

— BRoth Inductive effect and <yesonance effeck wovk *Umm?md. to atect C=0 & C=C
steetchi ng feequencies .

— Som¥mes T eftect s mor= bthan R c fHectr ama Vice VETEA

— The obsoyption band s shifted to highex or lower Tﬁﬁﬁmjhm depending Lpon the fact
Whekher the Joyce cemstant s decwyeased g+ NCreaSed _um_ suclh electranic Foctovs.

case T - Inductive ettect i

(v The cCc=0 bend [enth inc¥eases with increase n nuwber of clectrem - Laﬁn.._...._s& al kgl
Qroups ?_cm o + L elfect) ond hence the obsovplion shifts to \ower (dave Yramber.

€g- CHy c
; If.h”b /.ﬁu.._D Iw/\.vﬁHD
H- A s My
Fosal 8¢ hyde bn.w#ﬁ_n_afamn Acetone
1TI5 em

n40 e~ (129 ewm



(1) The c=0 bkend

Qroups hmc_m.. to =T ellect) anad bhence +he obsovpbion shifts to Tﬂmfm.« wave Yumber.

e-g-

lenth

Learn Chemistry Online

decvease

Acetone
1115 crm—

Case- 11-

o o

Resonance =

As the Jfsrce coenstant decxeases

hence Gbossrph sn shifts i

eg-

CH
"
CH4 -

=0

Acetrsne

1S

W

cn-!
0
W
c—H

Benzolde lhyde
\700 <N

looer

With increase n nuwber of electven- (withdvawing
Cl< €H2 Cl<CHa
~N b
.\
CH, Cl< CHy
chloxoacetone aTchloyoacetone
1725 cw! 1740 <

With am Increase in +the ﬂ%@:%ﬁig (R-effect)

wavenumber _qa approX. 25-45 ™!
Il

ﬂ.Iw.i _ﬁ = CH=CH,
3@1&. <.§m_ ketone

{690 cm—)

Acetophensne

0
1\

(630 Cow-
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_._.“...._ Hyarxogen boNaiy 0 BSeg

Q- J : — O

— In IR Spectro. of alcohels , phenols, ﬂbdﬁoxm__.n acids and arm nes  +he absovption bomd
due to ©O-H amd N-H Shketching Vvibrations ove shilted to |gper wWavenumbey.

— This s due +o H- _uuj.%:m because the H- cuﬁm._sm incveases Hoe lbend _msm+7
+Tm.nm¢m decveasing the Lovce censtant-

— Some mpoxtant &hﬁm#ﬁv:mnmoﬁm about the efFfect of wn- bending on IR —spectra Qve—

(1 mfgmaa +the H-bend ,D,n..#mu is the downward shift in absowption h«mﬂ_.c.mﬂnm_.

1) Byooder bands indicate ipkewndeculax Iu_uujamﬂm while shavp emnd well detiped bands
indicate Intrawolecular H- _cqﬂn:ﬁmy

@) Intevmnolecwlar K- bonding causes Tnove downward shift than Intramoleculay Im_oqs&..._

(v For Intewrmolecudar H—bonding, e ._s_nm:m.,&m is  cenc” dependent (shich decyeas om
Allubon, but the ?Kﬁm.?m ofF Intraynolecular Ilgﬁmg@ 185 cendd  ndependent (e vemdin
Uneflected on dilubion.

Example  — Tn vewy diluke solution covborylic ocid exist as monomey (No H- bending)

free c=0o grovp = |760 cmn! free 0-1 qroup= 3600 cm

= Tn conc® sol. ox solid ckata Cavbaylic add exis ag dimer (H-bonding)
C=0 ¢oup = 170 cm O-H G¥ouUP 3400-2500 Cyn
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2 _lntensity ot ___i,;....h

e tY O sO¥ PEOION lband -

-

— The intensity of obsosption kand in the IR-spectroscopy s not yneasuwed w@ith the
Same occuvacy as n LV- Spectroscopy-

— In the case of TIR- spectvoscopy, it s Cm;o:m sufficient to Know that o bandis
Stwong, Wweak oy of varickle .,swogm,.wm.

— Fox this purppse the ynost intense peak is Ommﬂdﬁmn_ a +yelative intesity of 1007.
(bose peak) while the intensity of other peaks is ossigned as
Very strong ( intesity of g0 8f that of the base peak)
Streng ( 86°/. —c0o*/)
medium (60 -507.)
Weak (56-30%-)
Very weak (<30%)

—

r.

actess  alf m_FV__ _.,\u ntensity s+ peaks (absSo¥ P Ban boamds): -
— C — g — - —

® Mognitude of change in dipsle

.._._:.. _.ﬂq_.-)—..m. p“w 'y

- The ._S*mjm,.ﬂ,w o any fundaynente) obsovption depends (pon the difference bebtuween +the

dipole woment of the molecule in the gyound state and +the Vibvatiomally exdited
stote .
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change in Adipele moment o4 ms.ﬁmjm._.,@ of peak

= EE AnaEe i "o ﬂrﬂjmm \n dipele wWowment n_cd.._:m o Vibration , then it whl) be LR ipachive.

mxn_....ﬁmim *~

CH,

Spm— CH CH3
N= N
CH = "
3 nru\ CH,
Acetore 2,3 - Dimethyl - 2-butene
AL(.,. 20 V ﬁt.ﬂou )
)7 15 - ( No Tr absorption for c=c stretching)

- Cc=o0 mimﬁnf._jm\ produces a substantal ﬂjpﬁam in dipole mement thapn ¢=c m\.ﬂmwnr.,ﬁmy
e to this intensity of c=o mw.‘mmn?:m is always Much highet than that of
c=C wfmwns._ja and hence +he band of  c=o mfm+n5..sm s hvﬂ.qﬁm.

| L] \. - —~ - N
cConcem _,. rotoiom O r tne SQUIMPIETD

(< ) s

Loger the Mo- of G&mﬂ.rajm Ynolecule TN sample < Hs.rmdu.lum o+ abssyeEon band.

o™ 0 b 2 !
=) NUTNbey ()

r.:.._.WG.ﬂG." M_m_ |d.mn_._._.f N 7.“__.._,_.&...&_&.. "
rn.‘.mmﬁ the Wo. of PTno%r.,sm grOUPs n wolecule o .Hs+mﬁwl..m+ oF alosoxption bomad.
€3- Nonane (caHio) has fo,,ado M. of C-H bonds 1ihan butane (CoHKL) . Se & Wil Show o

Styongey o bsssption bamd fox  C-n Stvetching.
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) Fevm sesohanceg -2

— When o Fundamental absosption undewgoes Fexmi vesonance with on gvertone +fm1_5+m=m.?m.

of the fundowental peak is decweases while that of the overtone incyeoses.

B cvre TYs Bes - L
: > QYIS .__..,.L_..ar_l\._;r i.r..m,_,u.w..\.. ¥

|, _ﬁ..llu Ne 2 Apn oOVvestorne (s the s ple multiple Oﬂ (=Y &._dmj .ﬂCﬁ&Qgﬂﬁﬁpp .ﬁa.mnm.c.nujnm oY

woveNnumey wbhich oppeaxs ot twice | thwee Limes etc. ofF Hhe wWave numbey-

g - fundumental vibvation fos c¢c=o %ﬂr.&& - 1700 e’
Aist ovestore will oppear at - 3400 em- ( twice Hmes)

. - S
{ __.u_,._ Fevwrm eSO IAY|ICe - »
A\ J — -

-~ Fermi vesosnance (s the mechanical nuofu:_:&. blw Fjupgm-\uﬁpp ang overtene oy
combinatien bamds.

@ Comb\ma tien Samad -
~ These ohbsovption bends, which oppears as sum of the wavenumbers of +wo
fundamental vibratisns ave colled combinatisn band. Fegwn * V49,

(d) adit+iesence boand ;2

I Trhose absovption bavnds which oppears os diflevence ofF the wavenumbers ot two

fundamental vibhvation 0¥e C(olled diffence land. .ﬂm_ﬁ.n .ﬂ_l.ﬁu.
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|

A o R o e ~ 1 = De 11 A =
A .,.,.,_4_:.. 1S _.U__ -4 JPECLYUIN 2

r4w.m ms_r.._xm| IR spectrum can be divided nto  the ho:oﬁ.jm twoo Yegions -
O Guoup frequency w=gion ® Fingerprint vegion

——— e — ————— - - —_— d —

_.__.m\___ .. L1 T OUD TV 1w uen __.-._,,...\_ L e a o O« w v,.,,_h..u_, 1 ol - ﬂa ¥ Arh.vl.:lf| ~e m B L -

— The ~wvegion of +the IR sSpectrum frem 4000-1400 cn—! exmibits abssyption hands Qmm,..maim
te alwmost all funckHen gyveups  and hepce it jg  called group ﬁamﬁﬁmjnm Tegion ov
fupctional group vegiem.

— Tms part oF the TR speckrum éo%f& contains absswption due to w:ml_wﬁf_n_jnm\

Vibcation ond s yowe useful n.._,emjaminn:&.

Fingeypeywrt _¥egion 2

— This ¥egion of IR Speckum extends from 1400-800 cm-' and coptains any comii nation
and diffevence bapds apart frem some Fupdamental m._.d._m._.pﬁf._ﬁm oanda —oﬁsmmﬁm
Vibrotions.

— T4 is very difficult o onalyse all the bands Q.?m.mﬁ.....,sm_ i this #mm\,q_; but o peak
Y Peak compoxision of the IR spectra of two diffeyent compounds s am excellept
tos] +vo estmblish therr mmmq,_i_nm.lﬂfg.r is ET& Hnis J_dm._qﬁ is called as .Fs_m_pﬁ pVnt
veglem.
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Tdentity oF IR spectra of Ytwo compounds s Much yoowe chavactenistics tHhan Compavision
of theix physical pavameters.

Diffevent compounds _82,5& the same “Functonal Qvoup obsoxb m._g.:&a_a v the
functional gvoup ~vegion (above 1400 cm™) lout theve will ke Signmidicant  difference in
theix absowption patiemn in the .ij_m...ﬂ,ﬂmj._.. region.

1t 15 Mot ﬁo.mm._zm Yo intexpret each and every band in the IR Spectra . But fox
wjamjﬁhm._ﬁm the Funchisnal qrovp c.m,:_am_ IR spectra +the _Aﬁn_b_mnwn of the regions
of oabsssptien bandsS  due ke Vaxious Hfunchenal Froups s fm.n.mmmﬂdm~

The chavactesistic frequencies of vavious Functional guovps are given In toble.



Class of 33_!:.&
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b — — — — — — — — — — — — — — —

— — — — — — — — — —

- of vibration Range of absorption | Intensity
S - aled
C—H (stretch) () Alkanes 1.38-3.51 2062 2851
(h) Alkenes 1.22-3.32 L 100-30110)
() Aromatics 1.17-3.27 y 1 503050
(d) Alkynes 1.03 approx. 330) approx ;
(¢) Aldehydes 3.45-3.55 2900)-2%20) "
(two bands) 1.60-3.70 A 2775-2720 "
C=C (strerch) (a) Alkenes 5.59-6.25 | 6801600 m,w
(h) Aromatics 6.25-6.90 1600-1450 m,w
C=C (stretch) Alkynes 4.42-476 2260-2100 §
C=0 (stretch) (a) Aldehydes 5.75-5.81 1740-1720 5
(b) Ketones 5.90-5.86 1725-1705 s
(c) Carboxylic Acids 5.90-5.88 1725-1700 §
(d) Esters 5.71-5.78 1750-1730 s
(¢) Amides 5.95-6.13 1680-1630 |
(f) Anhydrides 5.40-5.55 1850-1800 |
(two bands) 5.58-5.74 1790-1740 | s
(2) Acid chlorides ~5.57 ~1795 5



e — — — —

Learn oﬁmapmﬁw osu.wzw

i — —— —— —

p— —— —

O—H (strerch) " Alcohols, phenols 2 w_ 278 316503590 sharp
(dilute solutions) (‘free’ OH)
Alcohols. phenols 2.81-3.12 3550-3200 broad, s
(hvdrogen bonded) (bonded OH)
Carboxylic acids 2700-2500
(Several weak bands
in dilute solution)

N—H (strerch) 1° Amines, amides ~2.86 ~3300 m
(free, two bands)
1° Amines, amides ~2.94 ~3400 m
(hvdrogen bonded,
two bands)
2° Amines, amides 3.80-4.02 3500-3310 m
(free, one band)
2° Amines 3.0-3.20 33204140 m
(hydrogen bonded,
one band),
Amides (Several bands)

C=N (stretch) Nitriles 4.42-4.46 2260-2220 m

Nitro (N—O) Two bands

(stretch) (a) Asymmetric 6.37-6.67 1570-1500 s
(b) Symmetric 7.30-7.70 1370-1300 3
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oA
i— sl LA
[AR] anes .-

— AlKkanes show -Most chayxacteyistic

Vibvabions as discussed below-

C-H Stvetchin L Vibyations .3

©® —cH, group (1° cavbon atem) > Two bands

= -1
<nma3 = 2962 CmM

J._‘Mﬂ_.._._d — 2872 _Hg_l..

© SCHy PIOP m.u.. Carbopn atsm) -2 Twe bapds

Vasym = 2926 cw!
Vegm = 2853 Cm-!

@ -

CH gQvoup hm. Cowbon n.w.u._ﬂu# oVe (weak band

absoyption due to C—-H

stvetching and bending

2890- 2850 ¢m-|
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__. _,__ ) C—H

g o .ﬂ_.r_.,.nl,.n.“.||.l._.|.|_:,”_.r.: _mx.._ ..,w.,|_ﬂ,u_.\_.\,_._{___,...;l.__ 1
— CHy shows two bonds <Qmmj3 = 137 cm™!
- -\
Vigm = 14850 <w

>, Shows mediwm band in 14B0-1460 cm™!

(M)

| CucloalKanes:>
S S _L o

- The IR speckrum ok cycloalicanes  ave elmost similar to +those of P_rpjmm..?md alse
Show C—H m.ﬁ.ﬂmmﬁr,.jm. oyd C-H fmsm.djm vibratisns.

(1) C=-MH w_,_T._,..wm;v.\_.S___,._& Vibrations 9

¥y

—The band due 1o -CH,;- Qroup |ie in the swme vegion as that ot olkarnes.

— Ip case ofF skyained ﬂaﬂoﬁiuﬁmh such as nmn_o propane +he band appears n the
Yange 3100 to 2940 cm- Yegien.

L1

\ S o % i & L3 T | -
c-H Ih-plane tendi :l vVigYations 12

- Jor  -cn;- , Scissowing  oppeavs N 1470-1440 cw

. C=C stxretcniMag

- vibratbens: >

1

— C€-¢ stretching vibvotion appears as weak bands in 1200 to 300 cM™ region wmd hene
has "o w.,afwrﬂoﬁw m,omjomT.n Value.



2.5
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Jam

=C-H styetChing vibyations:?

-

the Yonge

— PAppeass n of

alkenes (symmetvically substituted)

2095 — 3070 o™

Cyclohexane £ V
W
No straight
¢hain band
C—H bending
sp’ C—H stretch
—= — - - x - - - =k
4000 3000 2000 1500 1000 00 <M
* L E nu_ml.‘.r__.__. “p L =3 ak: -
|~ AlKene St >
( _ ) el 1 = S +.|_m.|m_:w....“.....ﬂ.,. ..“.,@.l___.\., DYa _Ja nNes 3
— C=¢C stretching Vibvations oppears n  1680- 1620 e Tegiom.
— The position ofF bond depends on the exktent of Subshbuten.
- ﬁguuaomqﬁ \owexs the Tmn_.nmjnm , ik \ncyease In ijmSm..rraT
— The obsowptien due to V.-, becomes Inactive in udﬁismfmh& tyans and

tetvas usbitued
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(i) .w ___. lape C b “,._,... ndinag JibY a ,_.rl__ ...... )

S mn.,wmoﬁjm Neas |420 cm™!

= CH, d‘on.f..sm Mmeas l07s !
- A weak band meax 1200 e

oy be due to Cc-H d.o.nx.,jm Vibvation of <..5uf_¢.\§w
and tisubstitued dowble bends.

yut O * - .._.._ Y= C—H ..p...:| NG ing VIDEah on

— Wagging Vibration occuvs in the vange 1000~ G20 oy~

~  The exoact psiion oF +he bands deperds ypon the substitution patiemn ofF the
double bond and its ﬁ.OﬂfmCJ.D.Ig acxoss &OC..FLQ benda .

— The positieon of difHerent types ofF olkenes (olefins) Lve given in +table:
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Types of olefins Modes of vibration ~ Position (em™) and
intensity of band
R H
.\/\/H-HGM\/ trans-CH wagging 1000-985 (s)
H Vinvl H CH, wagging 920905 (s)
. (Two bands)

C==C
R SH CH, wagging 900-880 (s)

Vinylidine

C=C
H SH cis-CH wagging 975-960 (m)
cis-Disubstituted
R _-H

cC=—=C
H SR trans-CH wagging ~690(s)
trans-Disubstituted
B i ™

et &
H TSR CH wagging 870-790 (s-m)

Tri-substituted
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Cyclohexene @

3020 =C—H 1In
=c-H Plame =C-H wogging
m.r.nwn_.._é r»__.,m:.d 30
2880 ~¢ - H wimwn_:.,am.
. x x e X —
4000 3000 2000 1500 1000 800
cm’
4] AKHNe +ia i | S P& Y Y ;;, - o ¢

C-H Stwet ﬁ...___,.__‘u v
e —————— |I|_.-1.|
— Appeass at meaw 3300 ¢em~!
— The sShawpness of +this boand prevents its confusion with other absoyption n this
xegion (eg- N-H, 0-H and <=0 Overtones)

(W) — out- of M..:np._.:,.._ oend| _sa v

— Appeoxs asS q miodm ond byroad band mear g80-<l0 Cyn-!

=1 StretChing 13

== ~ ——1

—  Simple P_xaozm = 2250—-2150 <wm™ Tevrminal G,xm\smm - 2|40-2\00 cm™
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|203+m§,5c._ nersmw mfoﬂm:poﬂwwm.oa.u_woﬁéi
I.L-I.I..lll|t||-|t|l|

- This absorption ™ay be ﬁc«jﬂ__m_ﬁm_u obsent Inh the spectvo of DnmJ_ndﬁ ama) Mdr.j?mgg_
o.:?%)mm,

-

= The IR .mmumnwd:,,:a af piT&xd,j.m k= shown n b;m

I-Hexyne

2110

3270 o | 670

=C-H stvetchi ng =C-H  waogying.
m.p.%».rnf.;m

C-H Stretching

4000 1000 2000 1500 1000 BOO
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chaxactexistc Absor pthion Ot NarIous runcthonal ,._m_ FOULPS -2

AxOomatic oy OUYNdSs ;5

— Ayomatic compounds sShow +the ho:oﬁ._:m five modes of vibrations:-

. \ - nd L 4. - Loar o e arvn s o
(1) _.P...mm.ul ..H..,J., X et 1 ..,:.:.L.»..__.:._m Vvib¥at ons

— Avyomatic jagnggm Show & (weak obsorpbion band In the 3040- 300 cm™ 4&55.

(I md—) stsetching yibrations:»
_ e () od 3

— Four chovoctewistic bands due b c=¢ istwmiching vibvations ave expected in |goo b

1450 cm vegion.

- The ﬂom..Ioﬁ of these bands ave (600 cw™ , 1580 ew-' (as o shouldes &n 1600 cm™ band)

1IS00 cm™ and 150 ol

— Two of thvee bands oxe sufficient enough to establish that the gwen compound
is avomakic.

— Pbsence of these four peaks indicotes +that +the compourd (s mot awomebc.

Wy TITnp-plone C-H rmf&i& Vibrabhens:s
LS — ——— . B

— These Vibroabions occuvrs in  1200-1000 cyn~" ;?m_,_qj With Wedium- (weak ._SISA.J‘

— These vibrations awe Yave useful because .I:mu ovevlop with stronger ahsorptiGns
oecurs in Fhis J.n.ma_.us (c-< mT..._:uﬂs..Sm Vibyations)



— These vibratiens ove

OU<T P.\.r. =

occuy
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plave c-H bending vilkyations :

in  -the dm&.:uj 900~ 630 cmwm|,

These bapds ave quite useful in detexmining  the substitubion pattewn.

p_%@&?y the assignment of su
H

H H
: &71 e
v y hm,_x Pm.._,.ummﬁ+
_ Idmadmm.vmv
_1
deniena
B
H H
795- 7170 <o
" o, (Thvee odjacent
H Tamuduhjuu

— Mm-disubstituted bengene
— Vicinal twsubshituted fb.suaﬁm

" R
H H H R
770-730 cm™!
b+ "M ﬁ.ﬂ(m thgﬁmﬂ Fl H :
H hydvogens) W

monosubstitued bengene

The numbey and position of these bomds due to C-w out-of -plane fumﬁn_.,im Vibvrations
bstitution Ppattern owve jllustrated below-

710 -735 cwn!
( Four adjacent

hydvogens)

O - disubsbitued benicrne

R 28

H H H
. 850~ 7195 cm™ .

( Two adjacent R
Ngdrogens)

H H
R
_ p-disubstituled benzemne

- unsymwhncal i, w?;*ﬁ,mq letva
unsymmirical -tetra and penta subskitued
ben geme

890 -8 3¢ ¢!
C lene Iaméfjp
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| ] Ay - . . -
W/, Ovexoones AN ComoDiation banpd

— Many weak overtene gnd cCembination bands oappears beboeen 2000 - 1667 <y

— The —welative mMumbey and Shope of +these bands awe useful 1n f,jofu;jm the
substi tution pattewn em the ij@m.

2.5 jm 15
e — e ——
subst, Out of
ring plane
(ovevteones) bending  p\fong
subst. A_uIH
Aromatic ring |
C=—C stretch
| fhﬁu O h O__
: e stretc
SP" C—H stretch Toluene
1 I
4000 cm™! 800 600
n - e - ( -1

cluene n __a B Pe e .



w 3+ V7 'alTa 7 1 ke - S T O -
ay O —=H oTgetaning VibYathons -

— These cesmpounds show o  Streng ond
.ﬁmm._oj.

Learn Chemistry Online

- The IR spectra of alcohols and phenols show the +0__oE_sw clavact evistic albsosptions
due to diffevent wmodes of vibvations of 0-H apd c-o bends:

byocaad absovpbion band 1w the 32400-2300cm

— Tpe position of this band depends upon the extent of rmm.ﬂom_pj bonding -

Extent of Iivg.i,.:m o

\

Wwavenumben

fov alcohols and phenol free 0-H gvourp = 3650-3600 e~

for

8 TIn-plape O-H

oenda ) »& VigyaTions =2

— These vibrotiens Oppear in

4+ he ,.‘m_mq.aﬁ
— This band (s

however , Mot Very useful
c.ﬁ_o,mn__iaj of the gw.sm_, nm.dorr_u ﬁ,wqm n,ﬁS\U

Sinece |t

intermolecular H-bonded O-H guevp = 23400~ 3200 ¢cm~!

1420 - 1260 cyn~!

overlops with the C-H bending



21k,
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>t -plane k 1_ [lo¥aTIoNs o9
— These vibvobens oppeaxs n 770-650 e vegion.
_Lw C -0 rr|- _.:rw C | \ ..I.__....A,Pw : ._.n_ -...,...F(”ul._ &5
— These Vibraliens oppeavs in |260- |00O om™ Yegion.
This band 1s used +o differentiate 1°, 2° | 3° aglcohels and m.rm.ﬁo,.m..
1 alcohels = 1050 bt 3° oalcohols = 1150 =
= o4
2° olcohols = 1100 ey Prapals = 1225 o
. Hm 15
e
" CH,CH,OH
i-thyl alcohol =%
. \
\ +iq° 17 5P oum O 1
\ C—H bending u
_f \‘ n.?mi._ﬂ__n:nu ﬂ thul o\ohe \
\; . . O-Hbending c—0 bending o
gly WO e R
stretch .unzsmu
( b¥ood
bond) : . . :
4000 3000 2000 1500 1000
cm

800
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5 um 15

Phenol

™

\

- 0w out of plane bending

0-H _um:m._:M\

3040 ) _&Oms.\c_wwa
(=c-H shrechig) el (-0 shetchig)
3340 R )
( 0-H stretching) C-H _Qmj&_ju\
- =
o M c=c Shreiching o
w R Spectvun t  phensl

“thexs 1
The wost impovtant bands due 1o mm,.‘ojm cC-0-¢C mfm_nnr,:)m olosprpbion ove found in Hhe
IR spectroe of ethevs n the -wange 1300-1000 <y

The band in this yegion is also obsewed Fox obther D#m compounds such as
olcelnels, Enrmyaammg Ke tores Doawnxahn acid. Thevefore , +he presence of ether s
confivyned O.jf if the oxml covopounds show Mo obsorption bapd in the Smmdoxmx

(3¢s0-3200 cvn™) o nb,iuaﬁm )..m&ﬂnj C1870-1650 cw™') Jmmﬂqs.
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D:Tmra‘ﬂﬁgogﬁ C—-0-C m_udmﬁnf._b& ,_5 &ﬂ.ﬁr—R% ethey = l1I30- 1050 n%DL
Dﬁimd?gmrmn c—0O-C mfdwn_;.:am %) @mnd_ ether = \250-1|1s0 cm-!

wmajamuﬁa‘.nﬁ mgm+07.,j® is inkaved inactive (mon polav)

In olkyl axyl ether - Dw%ﬂ?mgn o-preass at = 1270- 1230 <m-!

symmehic appears at = |120- |03 cyo

— Ketones show .no:oru.,jm abssyptions -

= o . .4*_;1 . .
n C =0 Stgetcmng .
-

e g —)

'

- Genesally appears ac a strong kond in the ~egion 1730-164S ¢~

== ?Sha&?mn#ﬂn_ Qndn_;‘n dialkyl Ketene absovbs at ~1720cm),

- csnjugation of c=0 qYOUP with an D&.mj,«o,rv ov o, p- dosble bond Shits the C=o
wﬁ.ownf_ﬁ_& te |owex h«mﬁ.ﬂmﬁqm Um ovout 20-30 nﬁau_

i For oaﬁﬁoﬁw\ffﬁfgﬂ.h s & =0 m*qm’.\hj.__j@ —Opa MT‘,%T L.IU Tﬂ&fﬁ.ﬁu bﬁ@chnN E.f._.lr._ Lmﬁ.ﬁmﬁmm in

the ¥Wng S5i& - This 1s due t© incyease in P\_Dmrm steaan  which In tum Nereases M
- chovactey of +the <c=oc bend.
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(e Qﬂw | . D=

1715 ¢ 745 < 1780 cyn™ 1815 ¢yn—!

(B) Kebeosres show weak obssrption in the Yegion 1300 - |l100 cevn~! due Yo c-— _h__l -
A

Stretching and ijnrjm vibratiens which way Sk <8 ity .
@ Adehydes:- b

tretching s

Fa' -
S ——

T
J = A\
(Q)

- Qmjmd.nzu oppear¥s as a ..mwna\%nm bond In +Hhe }q..w@.woﬁ 1740 - | 690 e
- TThe presence ofF =1 QVop shifts {he obsswpbien 4o  lowes %ﬁmmﬁmﬁnm while -1

geoup Shi{t the bapd *o Tw&fmd hﬂn@ﬁmﬁn&,

ca

(N

_ \ AV 5 %2 hevaAIna v by ah e -
IN-plane  C-H  bending_VvioYaTigNSs <3

i - . . , ¢
(® C-H Stretching ond

— (nenexally oppears as (weak .,5?39*_& doublet n the YeYITN  2840— 2800 S amd

2760-2700 cm-
~ The bhond 2760-2100 <~ is ynove xeliable as the bamd mMmear 28¢0- 2800 ey overlaps

with  the bamnd due 4o -y m{#nfwsm - The double i due 4o Heymi Yessnomce.



Band oppeass

—OH | —NH, ,
— MHR ; -C=C-H,
oxomatic System
ox¥e obsent
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o ﬁ e | 2 1N

— n._.

Qs wWeok bamada n the d.m@,,aj_ %qqg

975- 780 )

23 pm 15
CH,CHO
Acetaldehyde
band :
C—H
.ll..\_. ol stretch of )
CHO group C—H bending C—H
N of cH,3 in plane
\ bending
sp” C—H stretch Cc=0 of CHO
stretch group
4000 3000 2000 1500 1000 800
cm™!
g:- IR spectyumm ﬁ

__._.“. o - H .,.H__ .._T....__,._ m\._‘
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' ’ A Pty ] S 4 l,\ i . .
Chayacteyisnd LosoY T OV ot JaxidDus

+unctionNal gqroups 2
(N

) Cavxboxylic ocigs:->

S —— Y H———

— These compounds Show xﬂﬁ:_oﬁ,ém chavactexistic O._n.moa..fu.gaoj Jﬂ%mml,a.mﬁn__m.mi

@ O-H sitvetehing vibvation:-
— As alwhols, cavbexylic ocr\d alse  exhibit famad_mnj rqan:jm ond occu¥s as dimer.
— TIn Vapous Pphase (fvee -0H) = as20 em! (shaxp , medivm ov wWeak bamna)

— In condemsed phose (( Solid ox pure |iquid phase) -
- 7&?6@3 bonded -oH = 3400- 2400 cm} _
5> Ths band oveslaps the C-H sStyetching bands ((3100-2800C™7 ) and shows
distinctive shoulders b/ 2600-2500 cm™! Tegiom .
= These distinctive shouldess ave chsevved In Covboxylic acid dimer amd
ave due to ovextores | amnd nor%:jm betwoeen o-wH wmsn,._:m and C-o
mﬁm.wnf...sm‘

( m okl —: StixYe tching v 1 b¢a ten ne x5

e — d

|

Ketones.
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— Position of band is depend on the %o_,oﬁb..ﬁm factors.

() Monomexic - 1760 cvo!
i) Dimevic - 1720 - 1700 om” A;_Qbm« Tmnwcmjﬂm_ due to H- ,oaj&._jmv

(i) Do.acmnmud > 1710- 1680 cw™
@) -I gvouwp incxease +the T.mo_.r»mvn.& Sm 20-30 cyn-
v) Totva woleculay H-bond - |owes the hﬂm.ﬂcmjhm.
(vi) Ip_ownjoiad ok A - carbon incveases -the ?Umojuf.oﬂ ;ﬂ-mn_\cﬂﬁnm.
©) In-plane O-H kending ond C-0 _Stretchip g Vibrations:»
— Monowexic 0-H bending = I138Bo- (280 cw”!
c-0 Stretching = (180~ (082 ey~
— Diwmer 0-H bending = 1420 cm™' (weak baond)
c—=0 ww,nmr.n.f._:m = 1300 cm™'  (Iprense bamd)
@) ouk- o \ plane  o-n bending vibro Hens:o

- bonded -oH gqvosp of dimer = g3g ¢!
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g pum 15

Benzoic acid
COOH

T
Fl\_

Distinctive
shoulders

/ C—0 stretch i
c—C

C—H bending out of
Broad band e plane
jU—H stretch wﬁ_u —H stretch C =0 stretch Qﬂ:&:n
4000 3000 2000 - 5 1500 1000 800
fig:- IR Spectvum of bengoic acid

)_ Este¥sS 12

— Este¥s arxe chovoctexised _ox appearxonce of mﬁoﬁm obsospHion bands due to C=o0 and
C—0 m:mfhr._s& vibrations -

(o, ) (‘=0 _.L_.” el n._w_,. 12 _ \J _...u.,p. AT\0ONS °29
L. — ) -

- CﬁanpcmoKn_ esters Show a band n the range 950 -1135 e~ ATJTQ Hhan Ketone
ond D_n_nrmmmu.

— This is due o -1 effect of estes oxygen wWhich

m-ﬂwotw
0

<aise the Ffovxce constamt of <=0 bond.
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— EHect of conjugatien:s,

() ﬁqaj.._can_ﬂ,_% wn R lowess +the Txmnﬁcm.jhm. of c=o mj‘mﬁnf.,Jm vibyations.

| Y + ) o
ws | \ |

(v n.o,:.._CwQIqj in R' ¥aises the hamﬁcmjnm of c=o wﬁmwniﬁ@ Vibratens-
o - CH @ =
ﬂ.I.W|ﬂIFl..nn -_— 0 CH= gy Co—D nI@I FI_NI .ﬁ*.l..u nHIlﬁIN
o

Ly

— Similaw  phenomensn ot conjugation olso occurs v ndﬁ:n estexs.

- e=O mimwnf._:m %«mm;mjn& Increases with decvease W is& si3e.

Ring Sige effect B~ camjugetion conjugation with Qxygen
. 0o (9] o
173s ﬁ.sd._...l_ 1120 h;:._l_ _i_mnunéi_
& o 0

1170 ™ 1150 em™ lgoo <y~
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(b) c—0 stretching:
L - e — I‘.,_ -

- D:..‘,a_ olkavnoates - [300-1l0o e~ hmqng

— Vinyl estevs - 1300 -1150 et (strong )
— .D.,@._ esters 5 |150 - | 10D et

-

F,W.x._ _I ._L hyax _ deS:)

— Pcid Dir_w_ drides show the ho:nﬁ_jm two absosptiens-

@ c=c Stse tenn vibrations : 2

@) C=0 = tve tchir g /Ibyations oK nx\\
- Pmmaiﬁf._ﬁ C=0 mﬁqnznh_:.%m -~ |830-lgo0 em! — /fn,.\ e ?
— Symmethie C=0 Stre wns.‘?m = |715- |]740 ¢cm—\ — M\D/ﬁ‘.\\c

- ﬂo,a.,_;mmiaj with o, - double bond ox D....% Feoup shift the agbssrpbon to \lowex

A_ummnﬁm.__.ﬁjﬂﬂ
— Ring strain shifts the abssxption o lhigher Frequency.

L= =~ -
L y 5 r .
|9 | ,q..,m A= =3

ﬁrm.\v L n.‘” S m.ﬁml,w.n. DI l. W _r, {O

L= mndm.:m band is O-ppeas [N +the 4&@...9) \300 - 900 <y !
— cﬁmgbcaeﬁm straight <chodn G,:Samimmw = |oG0-|040 <o
— naﬁ:n Qﬁﬁdﬁ__&iﬂm = 950 —300 cvn' and |300-1180 ¢y
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r X um 15

Acctic anhydnde

3 o~

sp- C— H stretch

0 0
| I

/

C==0 stretc Anhydride group stretch

H,C=C—0—C—CH,

C—H bending

v

4000 3000 2000 1 1500 1000 800




F/,L.._ ————

@)
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QO.oscyptasn o f NOXIOUS 4unctional qQeowps 2

v - . \ \
1) Acid bholides :

ey stvetching = |8lo- V170 em-! (highev frequency due to - T effect of chlovine)
— C-C\ m..wﬂ_m.".nf‘.ﬁ& - @875 cm)

— In arxtmotic acid chioxides , oo sShowlder S oppeaxs on the lower ave Nunbey

gide of +the Dnﬁ_.ua.s% bond and it 1s due +v Fermivesonance bl c¢-0 ..m*...m.an.....Su.
bond and Hyst ovestone of c-c| etwetdmng:

I wan Jd oy =
Miags « —
'l

N-H Streteh ng Vibya tons :

A500— 3400 Cn~!
235D — 3180 ¢!

]

— P...z.ﬁ.qu amides = dilute solubben N.P.mm N-H)

Solid state (H-bended)

"

= mm.h%mﬁdd amides 2>  dilute mo?iajhh&ﬂ N-H) = Mear 3450 M| (trans Oas.racﬁ.__m_aé

solid state (H-bonded) = 3330-3100 ew™' (cis amd trans confi-)

- .ﬂaﬂio..m amides 2 due to absence of W-atem atowm, dovet sheow DS;,m N-H
mf.mm.n;s@ band.
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p w«.:.ﬁoqm ovmdes. = Solid state (doublet) (¢=0) -» 655 - \e30 crn~

dilute solution (n-r bending) > 1620 -1415 <)

. wmhoﬁmb;.& ayo\des - C=o mﬁqmwﬂ?:m > 1680 -l640 cm~\

— Amdio_qm amiaes - C=0 Stre ¢nf,_5m - |l6eé8o- 1656 Ccwm-|
_rJ C-N-—-H VvV ...r\“m_.lm.h., ﬁ.ﬁ“_.ﬁ.“ S T .. N=-H In plane peng\n 4 o A C~-N Stretch) _4 Jibrtations)
e o . a C

—  Pimay avmdes ((c-WN m_ﬁ«mbﬁr.smv - 1400 cm-!

— Twans Secondawy amdes — |55 e (stwong band) | due
1250 e (weald bamd)

C-N-H VYikyvyations

(d) Q C —N __.U.:w_ ﬂ,.,...u \ ._,_L vVigrathi&sns :a

— Oppeaxs Meax es5o0 cm-!

_ N~ Dut— OF- Pla e bendir w_ J 1 saticnNs 12

- ?._39& and Second oy amides show byoad and wedium .§mmﬁm._+m bamd at 7100 (M
due to N-H Eu.mm._ﬁ@ vibvations.
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— c=o stretching vibratien Tm@cmznm Incvreases with decwease in wng sige of ﬁmndﬂn armdes

QO )
N-H * | P
NCeH
— 1660 cm —1J05 cyp™ 145 e

-._.IJ —nﬂ. ".__ _w .“\._ .

— Amines show Jouw .Tavmm ot  olbssrplion bovnds:—

....r./. N - *._ — —.!A e TC ...J”u 9 “ViDXa ,.,J enNsS v
_ e S ol ¥ —0 e

— Primay avines - &d‘gﬁnfwn mim*or..sm‘nm».moquwo cyn~!

Pmaisﬁﬁmin. m?mwnr,_sm = 3550 - 3330 emt _

Aliphabic 1°* awine = 2400 -3300 ¢! and 3330- 3250 et

Avomatic 1° awine = 3500- 3400 <o

— Secon %& aniNes 5 3500 3300 <vo~!

=t n._u.m,ﬁio:m cmines 5 do Mot showo any N-H Vibrotien because Mo H-atow is oitached

t© N-atum.
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_.C ._..M . H In-plane benai Y &

— ?‘_39& omines - |650-1580 em!

— PAvomatic secondany amines 4 1515 em™ ( Vey weak imtensity for  aliphatic secondany
amnes which s not Wn.,m..:& detectalble)

oo e -l . - My Bt = —_—
e ) C—=N 2retcn .xru Jioyathars

- vw..%ﬁu& and mmnan_pqa aliphatic amines = |250- IB20 cvp!

- _D,&_ aynmnes - 1360 - 1250 ¢~

_L N-H DUT- L ﬂ - .1,_..., ne rm na |L

— Aliphabic ?,,39‘& oxones > 9039-66& <cm! ﬁmw..,ujm broad bamd)
— Aliphotic mmhqﬁmo:m oy nes 3 750-700 <! ﬁmqodm band)
— Amine salts - N-H qummhsﬂsm vibrabong 2 3000-2200 CGmt
N-H smﬁ&jm Vibraktiens 2 {elo-1500 cyn!
(@) Nitviles:

— C=N  stretching vibralions appear in the vamge 2260-2220 <y

— hﬂj,.__;@ommj with o p-double bond oy Q,.,m_ QqeoLps lower the %__»mn_\cmsnu. of 0._oma.%¢._a.3.
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| CreCCmMning \J -.Hw___.h \ )

-

- _Dm.%dﬁmgh N -0 mimwnf._sm - 1565-1510 ¢m™!

- md%ag_ﬁmeP N-0O m&«mwﬂf..:m 5 13806- 1300 <y

pliphatic compounds:- 1550~ 1320 ew™!

Asomatic compounds:- Is30-13s0 cm™ ( frequency lowers due to <conjugation)
ﬁ ~ i e -_ s m_.” CA __. a L -\ = O .p.,.. ending T

- C~N m?mmﬁf.ﬂaw vibvatHons - MNeax 870 oy~
- C&—-N-0 ijm.,sm vibyations 5 meax GO0 o}
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Interpretation of an 1R Spec truN 1=

-3 T

— Fo¥ interpretotion of an IR spectvum of an urknown compound , +he hb__n.,ro::m pdints
should be consideved

® Always start analysing the spectum Fyom highest fve quency vegion as most of the
funckional groups absoxb obove 1400 cw™ e. functeonal group region.,
® The Figevpsint vegion (hkelow 1400 am™) is used fox confoxmalion of identity ot the

compound.
@ T is Yeither mecessowy  TMo¥ possible 4o intespret  cach and every o.bsesxption band.

@ A ﬁm@pﬁﬁu evidence is wuch worxe conclusive.Le. gbsence of a4 chavackesctic bond
due to o pasticular Ffunchional Froup confrms the olbsenmce o Hat Functienal
maoc._v.

" A P Ay T
o ,.a“q",m.ﬂ,,.mm._‘\w...__ s .._|_m._, nesi?

— F o mamwm?pmn. eﬁn_.am,,m of on IR spectyum {o detexm i_jm. the presence or
obsence of functiemal groups, the .ﬂd:nr.m_jm. mchmm:ﬁmw Showld be folowed ~
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Step L : — ChecK the pvesence ovw absence of ¥OONY \ qyou

= CEE Py 1 MpesyE 0% mw..oﬁm band in the vw=gion 1820-1640 proend

_\w\_ C=0 qvoup (S pvesent :-

— check Hfoxr the presence of complemetory bands to ideptify the funckipral groups
502._5@ C=0 ﬁ.,n.,,mw.m.

(h Acids:

— check +the presence of —oH qroup in the J.mm,_oj fR00 - 2600 SM-' it Showldes peales
bliw 2600-2500 <y ﬁmIQ‘& bamd)

_ 1{ -on olso present then unknown <ompsund Ts cavborglic add ﬁlm..._...OI_

T._ ) AMides :»

. : nd
— check the presence of —NH, qvoup in the vegion 3400 -3200 erp-' (Mhedivm and Shaxp band)

~

— 34 -NH, gtoup is present +ihen UnKnown Compound s onMde (- &~ + —NHy)
o -
— Two bands indicate a P¥imay owmdes while ™Multiple band indicote mmmoaoﬂ aTnides.

(Nl) Estexs

- 05|m.ln...ﬁ|¢7m pPyesence ot Cc-o Jroup in  the .«mm._aj 24400 -3200 <y ﬁm.wqa.:m. KO&XC
- T§ C-O0 gwoup is pYesent then umbnown compound is estey m.. .@._. aoip
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(TR N L
uv ) a ,._:..f\_ I 1la€o o)
. | 3 | e

Nt

— Two obsovphion bonds mear |810- 1760 o™l

(v) Aldehydes 2

W

Check the presence to C-H band n the wvegion 2820-2720 e (two weak bands)

adoublet s due fewm ~Yesonance e ﬁDC.ﬂ.:ﬁ& between c-nH MT\mwnT‘;‘G omd Fivst
ovextene of CH W-plane .num..xu_,,ﬁm Vibvatien. The lattex band is %P.wjominx

1f  C-H is present then unkvowwm Ccowpound is cldebyde (-g— +-W)
S

, {2 -
INN1) RETONES -

— if o\l the obove functional grvoups (i ¥o V) ave absent , +he unknown coTnpound is
kekone.-

ept:»

(b) C=0 ﬂ%lﬁlﬁﬁ% s abs

—

() Alcohels and phenols 12

— check the presence of 0-H qroup \n the wegion 3400-3200 cyn~! (bysad bomd)
— Check the presence of C-06 Mear |200-100 <

— 1§ lboth obsowptions aw geen, +hen LN KpowN compound is am alcohol o¥ o phend.



(i)

— 1§ 4his 's so,

i)

Learn Chemistry Online

check fov  edium abscwption Mear 3400 e (N-H stretching)
1f +hese bands ave present then

ﬁ.a._ﬁpn.«m aymne - 2 bopds
Secondovy oMine » 1 band
._lm,.f.ﬁum_ aYine 5 No band
Ethers

-

Check o
of O-H

wNknown ma«dﬂocﬁ& s QU ) VLL .

C—0 mwﬁmwnf.,sm Vibrations mea¥ 1300 - 1000 e~ Jm&“q: wth the absence
mﬁ‘mﬁnj._jm. Neax 23400 <o)

Unknown s ethemn

Douwble bends or axomatc

check Lor "

..ﬂ—\ .. - Uw

\Yq .
——t

gvorp Veaw 1650 ¢! wegion
check Foe Tnedium ‘o ﬂ,ﬂﬂdjm band meaw

1600 145D ! ,Rm.#aj :uoc% baonds

and 1450 e | Two of Hnvee hamds
in 4his vegion conkvms the avxomalic mature of  Unknown.
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— check Ffox medium and Sharp absorption band mear 2250 om~l
if present, the uUnkpown has o -C=N gvoup.

_ checlk Fox weak ond Sharp obsovption hamd meay 2150 cw”

|¢ present , +he unknown has o acetylenie linkage. (- c=c)

— check Fox m,n..o:m abscyption bands TMeow 3300 cyn”! 9.@5@5,+r weak bamd ot 2150 o
i£ pyesent , +he unknpown s a Herminal D.,Ku\vm ﬁulﬁmnnllv

(V1) Nitro qvoupi-
: - Al
- check for two strong absoyption bands at 1600- 1500 cm ™' and 3g0-1300 e
— 1§ both ove pvesent ,+he UnKhown has Mite qwoup.
N Hydrocavbon:
Yyq
,I I.Hﬁ

all the obove classes oF compounds owe absent and theve avxe wejor absorption

hands neas 2000 oWt (o m¢ar§.imv olongwith 1460 omnd 1375 cm™ (bending iw«amih
toe unknown compound Ts  lhydwcarbom.
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25 pm Y g Hm $
pr—— — ¢ p— ™
CH,CHO CHCHONH
Acctaldchyde Ethyl alcohol N
/ C—H bendin, .w,._,__,_.
C—H plane
in n_n_” : #'C_H O-H unE_Bn n O bending
. A C=0 of CHO e
p' C—H stretch e group stretch
n.n_u“ﬂ“nﬂuun"uuﬁ-“"' |
4000 3000 2000 1500 1000 800 pr— |uﬂ..8 Na.g _ ug -% ﬁuﬂwllluu
cm”' amt .
2.5 pm - 15
Decane
CH,(CH,)CH, . .
—shavp band Indicates Yhe
- fia absence of ,movduvd_ om a
Excludes e No band C—H Chain - _uc.&_ Jrovp
Pyesence of -oH ,-NHa A bending of band
-NHR , H-C=C-R | - iy CH, group mmo_nx‘_s_m §0Lmv
Osornatic manfz.a etc. C—H
" C—H stretch bending of
CH, group
| ———— e - ————— — . s T = -
4000 3000 2000 1500 1000 800 600

cm !
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<2 Meaawewment of TR spectrum =2

- Fov the wmeasuvement of IR spechrum | infraxed speclrophotometer is used.
- Mcdewn double -beam infrared spectrophotoweter caonsist of %D__DE.,jﬁ componanents:-

ll_ Sarnple Uﬂo.;/
\

Savaple cell

Amplifer Detector

w&.o.&.& ™MYYST

( chopper)

Radiaton
Souvce

Refevrence cell

—y
Refevence beam

Recovder Mo ochromatoy
hmioIq.m )

- .

[ﬁu.\ BlockK diag wam oF o double beam IR Spechrophotometer

() Radiotion souiyce i

— The souvce of vodiatien s o Swall Cevewic vod, heoted &_mnI._no:a. in the Yamge

100 - (800"¢c and is Wode of either silicon cawbide (Gbwbav) or Neynst glower( a high
sesistonce , bsittle element composed of Wwixtuve oF sintered oxides of Zivcenium ,Haoyi um
ond cexibm held togethey by o .o..JL‘_jm mMete wial-
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The ¥odiation s divided wte two beams , one beam passes througlh sample wheveas other
passes theough se fevrence cell.

The ~efevence ond +he scomple beams avxe +hen passed D;mﬁsDIclm into o ™ono-

- chvomoatoY ot vewy short intervals by mweans ofF o vototing Mivror called <chopper.

Sample cell ond Saom ple pYepoxation -

The cell axe MMade wp of -—vock salt (Nacl) o% potassium byswide . m?.hmm. and quaxty

cells ave unsuitable as these wmoterials 4hemselues wbsork IR vadiction).

One %wamﬁjwemm of cm_.::m Nacl is 4hat it s ra%omﬂo?ﬂ and Yequive p¥otection fesm
oisture . This can be done w& Smnmjnm it absve ~Yyoom Jdemp.

Somple solution js pyepored by mﬂumo_c.ﬁjm it n swkable minmum ab sorb ng solvent
passed thvough the solvent selected.

14 sample (s Mok wcm?.ﬁ,,mﬁim soluble 'n these solvepts, o mMujol mMmull ¢ o KBy

pellet is o©btained —om pxessing the somple in o —.:am.«nc.:n PYess with KBr.

Nujel 5 wWhite miperal oil ﬁTngm poxafhn o1l o ik is ﬁfmg‘_ﬁh:& wnert)
wmull 5 a very +hick suspension.
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C _—. .q. [ N

Optical

OTo

, amphtiex

cr)a BEC
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peism  ox &,ﬁofﬁmw oxe used as wonochwyomatoy.
In high vess|ution ,q.uT._.:m nstruments

Detecton usually ade of 6 sensitive +thevmocouple.

This thevmocouple

The
the
The
The

%:Qmj_.d ‘tude

thevmo couple

sSense YodiotHen os bheat and

converted

, a Filkey is Used o veject unwanted ~yadiotions.

electric cuwsrent-

of  cuxrent is proportiemel 1o Ahe intensity of radiation Falling on

sighal from  detectsy is  awmplifed m,»anﬁmnb.:M.

Si mﬁn.._.

from

amplifier

-

1S

Yecovrded

,orﬂw Yecordey -



- Applications ot IR
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43>

rnU,. an .“.u.ﬂw..:;.,,”ull.

. spectyo scop:

ITdentidication Comnpoung :

- The fingewprint wegion of TR spectyum of an  oFganic compound

—

4 .

—_—

is very useful Ffor
mm*or:mrw:m its Emi.,.wmu

Two diffevent compounds ﬁo,nw.mrmj,_jm the same Lunctional uoup ._JJQN have similar bands
in funclional group wegion but theiv spectva differ mm&ﬁ._rnpﬁ_n_m in the .m..a%.uﬂdmsﬁl egion.

Stsuctuve dekewrmination:-

Styucture ofF an uUNknown compound cawn lbe estab\ised .om cm._:m IR mvnn*..dwnoﬁ&.
Hexe 3mmnic@ evidence (s ynove conclusive than the

positive evidence, (-e- obsence of
the peak vneans absence of +he

Functional  group.

Detection of J:.,_\.:,_‘.VL.«..E..NUW.,
IR spectvoscopy is used Hor Lhe detection ofF jmpurities in a compound r& Comparison of
its TR Spectvum with that of +the pume savnple-

Sometimes lboands due Yo tmpurities ave less intense , tnevefsve swmall omounts of inpurities
Temain Wndetected -

Studg o© + progress of weachion:-

Progress of o O¥ganic ~weaction Can be studied by examwining the IR spectra of swmall
amount of wixtuse (aliquots) withdvawn +ime 4o Lime.
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tey and intra molecular

i s ive ) on _f s L ee N \n s D<4Ae V) ponding*
Distinct er en | q&mo &mf oY ,G,
I+ the TR fyequengy changed om dilubion +hen ram... ogen bunding s intexmoleculax.

If the IR wepn_.:n_;nu Tot affected on dilution +Hhen ya@qomns Uadm._,am s intvamoleculaT.

Keto - enel taubtoymenism: -~

The Kete and enol fams exist as bFautovneric vnixtuve.

Chaevackeristics abSowphion in +the IR region.

TIn odditien +o +the expected (C=o Stretching ,ﬂ-ﬁﬁcnsnm
O-H Stretehing and band due to c=c

kets and enol formns showd

, o« byood obsorption bamd due to
stvetching Vibrations ove cbsexved-

Cneometncal 1SGMEY S |~

Gheometyicol isomess can be identified on +he basis of +he nfﬂﬁmm in their dipole ™moment

dusing olsoxpbion. Cis—isomer have some dipole moment while trans-isomer hovo zewo
dipole Mnomant -

Cig - 160Vnex sShows C=c m¢..n¢nr._5m vibrabion amd ™M trams -isGmevy <& =¢C mruqn*_nf._:m\
vibratiens ave 9&453&....& foxbidden.
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