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Overtone and combination bands
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Acid anhydrides
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percent transmittance

Summary of IR Absorptions
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13.53 Explain why a carbonyl absorption shifts to lower frequency in an o.p-unsaturated carbonyl compound —a compound having a
carbonyl group bonded directly to a carbon—carbon double bond. For example, the carbonyl absorption occurs at 1720 cm” for
cyclohexanone, and at 1685 cm™' for 2-cyclohexenone.

(== )=

cyclohexanones 2-cyclohexenons
(an o, f~unsaturated
carbonmyl compound)




: 4 guand) plaassll 8 dagall g 45V cilaglaall o Jpandly rand Lad jaal) caali Le dilihl zeade

4y guianl) ciladiial) 44 8 Liaae

700-1500 zual) dauay Ablaia padindy ¢ (pfiillaia Legi oS () Jogaa RT3 pslaa S o (b Gl judise
Apymﬂ\wMM\oMJhud\cﬁY\ 3l dgbdaay 4 gant) LS sl 4 ga daad Jab o 1dSem-1

vy ) <l ) e ) Culs Lalg ¢ RLsil) c_al.mLu.m\uaou\ AL Aal) < 3) Ay ailall clalatia) (pa dand)

U"PQJSL‘3P°JMU";~9 UAWY\HUMGJ\eJMMUJSAMMH& Ol Jalatial) <l 3 A0 opa Sy

W Jaal gl S pal) Sl 45 ga daad 3068 Aad (L8 Lgda (I AYY duald g S jal) Cilidal (L) Jiladl) ol gLy

LA e ha

[ s ) o el Aol
O Gl s g Cre 28U (S LaS a9 381 aSLail) a9 G el jaa¥) ciali La Cilda) ddadd gy (iSage
D sl g A Gl

O H O 9 c|>|—|
S~ _ A - _C_ -C._
L= — H,C~  ~C CH,

H3C H CH3 Ill




: 4 guand) plaassll 8 dagall g 45V cilaglaall o Jpandly rand Lad jaal) caali Le dilihl zeade

Aadala gl a3l Jlsa oo claglra Ao Jganl) O
ﬂ\.habl\u& Md\d\ﬁ%h\\g}\hm&aﬂwﬁ&&u‘!hﬁ\wdxgﬁ\!\ caal La i) asLudie
@yﬂ\d&.@i\huumdhs m\J-\AJAQJi&ﬁ\ﬂl{-ﬁﬁﬂﬂwuﬁw\ﬂeﬁd)&wu&dd\ «C=0

CJ\ MM‘PMS

Ay guanl) 4 glasl) b i) a5 O

C paal) Gad e calbdal (5 sk e 4 sandl A glasSl e Ll Aaglia (Sage

AlanS g 5l 3 g 30 ailal) aliaiaV) claial g5k e @lld g Jelal) 4l aaad "Dlie (Say Y1 300SY) Jelis de
uJ.cb.J\ C_\)Aﬂ )A;Y\ Caad Lo u\_da\ uﬁcm'l 3620 4 uﬁO—H




: 4 guand) plaassll 8 dagall g 45V cilaglaall o Jpandly rand Lad jaal) caali Le dilihl zeade

Aadala gl a3l Jlsa oo claglra Ao Jganl) O

Aoy 1) & Sia Jlad) g LaS Jaul g ) Jasaa (e B S8 (oS Jo Al (e dde B jaal) caali L dilih) aslude
@yﬂ\d&.@i\huumdhs ‘\AQUMJ-GJi&ﬁ\ﬂ\{-ﬁﬁ‘uﬂwuﬁw\ﬂeﬁd)&wu&ad\ «C=0
&L MM‘PMS

(o subed) s ) A gougd) Bl g Al 2 - O

“LiCaa Jay) g ) 032 MUJJ&AALgﬁ\JAY\@AgAJJM@J\JMULMJMJMW 3 le il A O
LAY i o i laS Gl sda e alalie Y




A polar bond is usually IR-active.
A nonpolar bond in a symmetrical molecule will absorb Weakly or not at all.
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How can the two isomers having molecular formula C2H60 be distinguished

by IR spectroscopy

Solution: First, draw the structures of the compounds and then locate the

functional groups. One compound
is an alcohol and one is an ether.

cC—H oO—H
! !

CH4CH—OH
ethanol

» C—H absorption at ~3000 cm—?
« O—H absorption at 3600—3200 crm—1

C—H
CHy;—O—CHy~— Neo OH group
dimethyl ether

« C—H absorption at ~3000 cnr! only

Although both compounds have sp3 hybridized C — H bonds, ethanol has an OH group that
gives a strong absorption at 3600-3200 cm-1, and dimethyl ether does not. This feature

distinguishes the two isomers.
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What functional groups are responsible for the absorptions above
1500 cm-1 in compounds A and B? 'dd“
(a) Compound A (b) Compound B
100 “\"W F—H\ 100 m rmjrﬂ_\
d 5 p‘ﬂn 5 - 1
B - |
o = \. -
i I j b}
ﬂ_ rr1rrq1rrrrrrrprrr11 1117171 rrrrpnrrrnrpnrirnrunmqg .E;'DD';]I I:l:I‘E:D::'I IEI'D:I:H;]I I-EIEID'::'I IEID!I:H:I]I I-IIEID::'I I1ID!I:H:I]I | Iﬁ"&lﬂ
4000 3500 3000 2500 2000 1500 1000 500 Wavenumber (cm™)
Wavenumber {cm— ) I I .
Solution

a. Compound A has two major absorptions above 1500 cm™': The absorption at ~3000 cmi™ is due
to C—H bonds and the absorption at ~1700 cm ' is due to a C=0 group.
b. Compound B has two major absormptions above 1500 cm = The absorption at ~3000 cm™' is due to

C — H bonds and the absorption at ~2250 cm ' is due to a triple bond, eitheraC=C ora C=N.
Because there is no absorption due to an sp hybridized C—H bond at 3300 cm ', this IR spectrum

cannof be due to a terminal allyne (HG= CH) but may still be due to an intemal allkgymne.

p __ A
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Functional Group

Molecular Motion

Wavenumber (cm™?)

alkanes C-H stretch 2950-2800
CH, bend ~1465
CH; bend ~1375
CH, bend (4 or more) ~720
alkenes =CH stretch 3100-3010
C=C stretch (isolated) 1690-1630
C=C stretch (conjugated) 1640-1610
C-H bend (monosubstituted) ~990 & ~910
C-H bend (disubstituted - E) ~970
C-H bend (disubstituted - 1,1) ~890
C-H bend (disubstituted - Z) ~700
C-H bend (trisubstituted) ~815
alkynes acetylenic C-H stretch ~3300
C,C triple bond stretch ~2150
acetylenic C-H bend 650-600
aromatics C-H stretch 3020-3000
C=C stretch ~1600 & ~1475
C-H bend (mono) 770-730 & 715-685
C-H bend (ortho) 770-735
C-H bend (meta) ~880 & ~780 & ~690
C-H bend (para) 850-800
alcohols O-H stretch ~3650 free

or 3400-3300




ethers

C-O-C stretch (diaryl) ~1250 & ~1120
aldehydes C-H aldehyde stretch ~2850 & ~2750

C=0 stretch ~1725
ketones C=0 stretch ~1715

C-C stretch 1300-1100
carboxylic acids O-H stretch 3400-2400

C=0 stretch 1730-1700

C-O stretch 1320-1210

O-H bend 1440-1400
esters C=0 stretch 1750-1735

C-C(O)-C stretch (acetates) 1260-1230

C-C(O)-C stretch (all others) 1210-1160
acid chlorides C=0 stretch 1810-1775

C-Cl stretch 730-550
anhydrides C=0 stretch 1830-1800&1775-1740

C-O stretch 1300-900




amines N-H stretch (1 per N-H bond) 3500-3300
N-H bend 1640-1500
C-N Stretch (alkyl) 1200-1025
C-N Stretch (aryl) 1360-1250
N-H bend (oop) ~800
amides N-H stretch 3500-3180
C=0 stretch 1680-1630
N-H bend 1640-1550
N-H bend (1°) 1570-1515
alkyl halides C-F stretch 1400-1000
C-Cl stretch 785-540
C-Br stretch 650-510
C-1 stretch 600-485
nitriles C,N triple bond stretch ~2250

nitro groups

-NO, (aliphatic)

1600-1530&1390-1300

-NO, (aromatic)

1550-1490&1355-1315




