Group Frequencies

Functional Group Analysis



To Do’ s

* Read Chapter 12. Skip Raman.

 Complete the end-of-chapter problems,
12-6, 12-7,12-8, 12-9 and 12-10



IR Peaks are Associated with Separate
Functional Groups

Although all the bonds in a molecule vibrate, to a first
approximation, they can be treated as if they vibrate
iIndependently.
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TABLE VII.

IR Group Frequencies

Typical Absorption Regions for Some Common Functional Groups

T . 1 |
b O-H str. alcohols, phenols
. N-H stretch amines |

bnewewsy N-H stretch amides
® spC-H stretch alkynes

.+-=.

EErEossGmesmm  O-1 stretch acids

T

C=0 stretch

sp“C-Il stretch olefins, aromatics
sp3C—H stretch alkanes
wm (C=0) -H stretch aldehydes

v ¥ M v L LR I ] v Tr T

L D L ]

T
carbonyl compounds
C=C stretch

C-C stretch aromatic ring

v

olefins {

N-O stretch nitro compounds ' -

CH -X stretch

C-N/C-0 stretch

C-H oop bend trans~oléfin

C-H oop } oop bend cis-olefin
C-H oop bend aromatics

4000

3500

3000 2500 2000

1800

1600
cm“l

1400

-
mxs CZC/CEN stretch alkynef, nitriles [- —-{-—
| {
800

1200 1000

}
LI S A |

600 0 200



Hydrocarbons (overview)

(a) C -H stretch
R -C=C-H3300 cm™!, more s-character

& shorter bond length i
R,C=C-H 3000 ~ 3100 cmT
C-C-H(alkane) 2800 ~ 3000 cm™" ||
s-charactor
(b) C-C Too week to observe

C=C medium 1620 ~ 1680 cm"’

C=C medium 2100 ~ 2600 cm"’

aromatics 2 sharp peaks 1500 ~ 1600 cm’
(c) out-of-plane bendings

Diagnostic to identify substitution patterns



LoD

TRANSHITTRANCEI %1

SD

Hexane

HIT-HND=1737 [SCORE= ( 1 [SDBS-N0=2118 [IR-NIDA-14110 : LIOUID FILH

HEXANE

CoHys

0

CH -\ |
ﬂstretchings CH bendings

HAVENUHBER! 11

3187 a4 1466 34 1z6 4
3176 34 1379 48

1 | CH; — (CHy), — CHj
2375 13 1138 8B
236z 15 §91 &4

2734 41 984 84

http://www.quimica3d.com/EN/IR/hexane.php



Hexane vs Hexene




%Transmittance

1-Octene

90+ v -
i note that
' this band

is greater

: than 3000

70 = 3083
{ =C—H stretch

80 < alkene C-H

stretch scissoring

2663 =C-H

1-octene

- 4+ H H H
i —C—H stretch C\\ }l }I }l lI Iﬁ 'ﬂ
104 alkane C-H Ay

. HHHHHH

" - . . ' . .

4000 2000

Wavenumbers (cm-1)
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TRANSHITTANCE! %1

Cyclopropane

HIT-HND=4931 [SCORE=

(

) [5DBS-ND=15263

| IR-NIDAR-24553 : LIGUID FILM

CYCLOPROPYLMETHANDL

[ 4Hg0

50

40

—r7 77T
a0 3000

HAVENUHBER! -11

T T T T T T
1500 1000

3330 4 1647 84 13z1
jo082 20 1468 52 1256
300 14 1432 32 1240
2919 21 1421 42 1197
2373 18 1413 41 1156
2059 a4 1333 62 1124
L6B2 34 1326 62 1103

1031
960
924
900
852
&30
799

770 B8
EE0 B2
435 77

[}CHQ—OH

3100 ~ 3070 cm’
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Epoxides

HIT-ND=1382 |[SCDRE=

(

) [8DBS-N0=1308

[IR-NIDA-61451 : LIOUID FILM

1. Z2-EPOXYCYCLOHEXRANE

SD —H

O

3060 ~ 3040 cm’

CeHiol
1
T T T T T
4000 3000 2000 1500 1000 S00
HAVENUHBER! 11
2987 16 1491 72 1323 74 1160 66 877 Z8
24936 4 1460 31 1274 64 1087 &0 838 12
236l 16 1437 21 1260 41 1058 72 Slz 5Z
2674 74 1426 38 1249 82 1038 b4 T8z 10
L637 84 1368 70 1189 &5 9490 44 746 28
Lgzo @6 1357 57 1177 72 966 16 636 72
628 46 1346 B0 1168 B7 89) 2D B3E 49




Alkene Substitution Patterns

Viayl cis trans
1648-1638 cm ™! 1662-1626 cm ™' (v) . 1678-1668 cm ™' (v)
995985 cm ™ (s)® 730-665 cm ™" (s) 980-960 cm ™' (s)°
915-~905 cm ™' (s) .
. H R R R
AN N N, S
/5N AN /=N
R H : H R R R
Vinylidine Trisubstituted Tetrasubstituted
16581648 cm ™' (m) 1675~1665 cm ™! (w) 16751665 cm ™' very weak
895-885 cm ™! (s) 840790 cm ™! (m) or absent.

«s = strong, m = medium, w = weak, v = variable.
*This band also shows a strong overtone band. .
“This band occurs near 1000 cm™! in conjugated trans~trans systems such as the esters of sorbic acid.



1-Hexene and 3-Hexene

al




Other Alkenes

LoD LoD
» =
] i}
=50 o = S0
£ =
5 3
£ =
x =
o T T T T T o T T T T T T
4000 3000 2000 1500 1000 500 4000 3000 2000 1500 1000 500
HAVENUHBER! -1| HAVENUHBER! -1|
LoD
»
I}
E
=50+
£
I
£
E
=
E /
o T T T T T T
4000 3000 2000 1500 1000 500

HAVENUHBER! 11



Methyl Pentenes

p—

iy

T T T T T T
3000 2000 1500 1000 500
HAVENUHBER! -1

/CH3
—Ckl 1370 & 1385 cm™’
CHs
/CH3
—C—CHs 1370 & 1395 (weaker) cm™
CH,



Exocyclic Alkenes

A ogd o

v (C=C) 1780 1678 1657 1651 1655

cm-’

S ol == p-character!

'\ @

then, s-character !

4

ring

s “1go 00 stronger C=C bond
sp2 120
sp3 109 —

v 1



TRANSHITTANCE! %1

Exocyclic Alk

ene Examples

HIT-ND=4769 [SCORE=

(

1 [50BS-N0=-13449

[IR-NIDA-18356 : LIOUID FILM

METHYLENECYCLOHEXRNE
CHz
Lop
B
o T T T T T T
4000 3000 2000 1500 1000 500
HAVENUHBER1 -1|
3089 44 | 2789 81 | 1434 GO | 1223 @8l 688 9 CH
3071 49 | 2669 81 | 1400 74 | 1143 79 854 36 G
305z 34 | 1761 79 | 1341 74 | 1103 78 759 B4
2981 49 | 160 &1 | 1322 4l | 1090 &4 621 68
2933 4 | 1649 30 | 1279 41 | 1025 74 472 77
2356 17 | 1598 &6 | 1256 17 984 6B
2839 31 | 1446 20 | 1247 4l 937 7B

LoD

TRRNSOLT THNLET %1

LoD

TERMDILL T LT 4

@

@

—

1667

00

T
3000

T T T
2000 1500 1000
HAVENUHBER! 1|

N\

1676

00

T
3000

T T T
2000 1500 1000
HAVENUHBER! 11




Hexane vs Hexyne




1-Hexyne

%Transmittance

k 2879
3324
C=C—H
stretch
2971
C-H
stretch

212%
stretch

1-hexyne

Hi;iH

| |
H-CmO—G =G

H HH

1

2000

Wavenumbers (cm-1)

1383
C-H
methyl rock
1470
C-H

scissoring
A 636
9-?—H C=C—H
H H bend
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TRANSHITTANCEI %1

@

1-Hexyne and 2-Hexyne

HIT-NO=1068 [SCORE= ( 1[5DBS-NO=568 [IR-NIDA-05748 : LIOUID FILH HIT-ND=4049 [SCORE= ( 1 [8DBS-N0=10231 [IR-NIDA-02550 : LIDUID FILH
I-HEXYNE 2-HEXYMNE
CeHio CeHio
Loo
%
o
E
Eso -
=
3
2
T T T T T o T T T T T
4000 3000 2000 1500 1000 500 4000 3000 2000 1500 1000 500
HAVENUHBER! 1| HAVENUHBER! 1|
3926 77 | 2679 8L | 143z 39 | 1260 48 | 740 6O 3468 @4 | 2739 77 | 1340 36 | 1073 77 | BOE B6
3455 72 | 2120 48 | 1380 46 | 1107 62 | 730 72 3354 86 | 2671 8B | 1333 S5 | 1033 72
3311 7 | 2097 84 | 1366 B85 | 1063 &4 | 630 7 2964 4 | 2054 84 | 1279 S0 | 863 74 i
2962 4 | 1717 BB | 1344 64 | 983 Bl BEE 64 HC=—=C—(CH )ES—CH 2936 6 | 1466 23 | 1229 41 | 806 72 H3C—CEC—(CH %_CH
2937 5 | 1690 &l | 1328 §2 | 93¢ 78 | 509 66 2 3 2922 7 | 1456 24 | 1144 86 | 740 84 2 3
2376 11 | 1467 26 | 1320 58 | 895 &l 2375 1z | 1438 34 | 1120 B84 | 679 &4
2738 79 | 1461 20 | 1300 63 | 793 84 2944 36 | 1380 41 | 1096 a8l | B14 84




Aromatic Substitutions

 Mono-substituted

2 peaks
~ 700 cm-’
730 ~770 cm™
« Disubstituted

ortho- 1 peak 735~ 770 cm™

meta- 2 peaks
680 ~ 725 cm’
750 ~ 810 cm-

para- 1 peak 790 ~ 840 cm’



Benzene Substitution Patterns

TABLE VI. Idéalized,?atterns Usefgl for Establishing the Subétitution Pattern in Substituted Benzenes

2000 1600 cm~! : 950 ' 650 em~! 2000 600 cm-! : 950 650 cm~}
A 1 N 1

[

monosubstitution 1,2,4-trisubstitution

1,2-disubstitution 1,2,3,4-tetrasubstitutiog

-

1,3-disubstitution 1,2,4,5-tetrasubstitution

1,4-disubstitution 1,2,3,5-tetrasubstitution

NEEKE

1,2,3-trisubstitution 1,2,3,4,5-pentasubstitution

[ 4

1,3,5-trisubstitution 1,2,3,4,5,6-hexasubstitution:

Z=ni2Hll

RiwnEs

EEEEE

P

2000 1600 em~! 950 650 em~! 2000 1600 cm™! ' o 950 650 em~!
- Both regions may be obscured by other absorptions and the beft fit for both regions should be sought. Note
that the intensity of the absorptions in the 2000 to 1600 cm * reglons are exaggerated for clarity.



Toluene and p-Xylene

~

W

e [\
m
5 1|

2000

1600

950 ! 650

—\V

S




Propyl Benzene and Isopropyl Benzene

[ e

@—{CHE L — CHs

o T T T T U T
4000 2000 1500 1000 500
HNAQVFMIIHRFRI .1
LoD
2 CH
£ 3
=50 -
c
e
£
=
=

I (O

CHg

HHHHHHHHHHHHHH



Alcohols & Phenols

 O-H Stretch

— 3650 ~ 3600 cm-1, sharp (monomeric)
— 3500 ~ 3200 cm-1, broad (hydrogen bonded)

Usually concentration dependent
Some exceptions H
O

_H..
O O

.8

Always H-bonded Always monomeric



Hexane vs Hexanol

LoD
w
[
z
E SD
2 /\/\/
w
2
£
H
3
o T T T T T T T
4000 3000 2000 1500 1000 500
HAVENUHBER! -1
Lop
w
g HO
=
H
5
=
=
3
o T T T T T T T
4000 3000 2000 1500 1000 §00
HAVENUHBER! -1l



Tert-Butanol, Neat and solution

H-bonded

il

LoD
=
I
=
£
S

S0
c
=

|

monomeric|

-

\P

|

| —

L

Neat

CCl, solution



Alcohols & Phenols

e C-0O Stretch

— Phenol 1220 cm-"
— Tertiary alcohol 1150 cm-"
— Secondary alcohol 1100 cm-~
— Primary alcohol 1050 cm-"



1-Butanol and 2-Butanol

(:}{3 - ((:}{QJg ___'(>f{

1073

v

CH,— CH— CH,— CH,

O
I

1122




Tert-Butanol and Phenol

1202

:

e

1234

CHjy

HyC—C~OH
CHs

QOH



Ethers

e C-0O Stretch

— Dialkyl 1120 & 850 cm-1
— Diaryl & vinyl 1250 & 1040 cm-1

ioj Three bands

1250 cm-’
950 ~ 815 cm!
850 ~ 750 cm1

-O-CH, a sharp peak ~ 2830 cm™’



Diethyl Ether and Diphenyl Ether

CHy— CH, — O— CHy — CHa

10D
*

I}

o

5
=50
=

w

=

£

=

o T T T T T T
4000 3000 2000 1500 500
HAVENUHBER! -11
LoD
w
I}
o
g
=50
=
w
£
=

| 1237




Anisole and Ethyl Phenyl Ether

—

2836

WW | ﬁ /m WW

i

o T T T T T
4000 3000 2000 1500
HAVENUHBER! -11
10D
=
I}
£
=50
£
w
£
=




Cyclohexene and Cyclohexene Oxide

DT o

o T T T T T T T
4000 3000 2000 1500 1000 §00
HAVENUHBER! -1
LoD
H W
d
2
H
- SD
H
£




C=0 Stretching Band

A B C
©0 ©0
J - | > |
/C\ ®C *e C
®
I
double bond single bond

Increase v._q Decrease v._g



Ketone vs Amide

[

1715

R

1648

ZT

~



Carbonyl Compounds

)OI\ @) O @

H,C~ “Cl HSCJ\O-CHS H3CJ\CH3 HSCJ\NHQ

ve-o(em™) 1800 1740 1715 1650
< .

stronger bond

Inductive effect

O 0®
)kx H/@DKX O>N>Cl>C

3.5 31 28 25

o
O Resonance effect

N ‘_’/& s N>0>Cl



« C=0
« C-H

Aldehydes

1725 cm-’
2820 and 2710 cm1,

Fermi doublet
Important for ketone vs aldehyde



Hexanal & Benzaldehyde

/TN

2820

2736

1703

CHy— (CH, y —C—H

C—H



Ketone vs Aldehyde

/\ﬂ CHy— (CH, y —C—H

|
QO




Ketones

« C=0 1715 cm’
Conjugation and ring size

A B C
i ? 0o
—— > | ®
/C\ / ®C / C P

double bond single bond



2-Hexanone & Benzophenone

w\ ﬂ(\]\(\m CH.(CH %O CHL

Saal

HHHHHHHHHHHHHH



LoD

TRANSHITTANCEI %1

]

Ring Size Effects

v (C=C)

1780 1645

Ve & )CI)\

1615

HIT-ND=1052 [SCORE= ( 1[S5DBS-N0=817 [IR-NIDA-06896 : CCL4 SOLUTION HIT-ND=6565 [SCORE= ( 1[SDBS-N0=23370 [IR-NIDA-42345 : LIOUID FILM
3,5.5-TRIMETHYL-Z2-CYCLOHEXEN-1-0ONE 2,3.4.5-TETRANETHYL-2-CYCLOPENTENONE
CoHy140 CoHy140
LoD
g
£ 50 -
=
£
T T T T T o T T T T T
4000 3000 2000 1500 1000 500 4000 3000 2000 1500 1000 500
HAVENUHBER! 11 HAVENUHBER! 11
2960 44 1672 4 1379 46 1246 62 860 B1 HLC CH 33186 4 14899 74 1164 74 911 72 480 B1
2941 64 | 1637 S5 | 1369 53 | 11ea 86 525 70 3 2964 16 | 1456 32 | 1110 68 | 852 &84
2905 85 | 1468 74 | 1360 B2 | 1148 79 435 B4 2929 23 | 1440 33 | 1080 A0 847 @b HE CHj
2893 68 | 1460 74 | 1316 81 | 1129 86 2873 26 | 1386 26 | 1032 70 | B26 Bl
2369 64 | 1437 70 | 1297 62 | 1121 &4 2739 a1 | 1325 20 | 1002 S8 | 750 62
2319 a1 | 1412 72 | 1276 S8 | 1020 &6 1899 4 | 1268 74 955 47 678 &4
1714 74 | 1387 74 | 1262 4l 03 64 o CHz LGB0 16 | L1184 B3 938 66 | B71 64 HC CHy
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@

pha-substituents

o
Cl
/'

H

equatorial
Veo = 1745 cm ™1

A
H

o

axial
Veo = 1725cm ™!

HIT-HD=4813 ISCDRE= [ |SUBS—NU=15187 | IR-NIDA-24474 : LIOUID FILM HIT-ND=8985 ISCDRE= [ |SUBS—NU=571 | IR-NIDA-08656 : CCL4 SOLUTION
2-CHLOROCYCLDHEXANONE CYCLOHEXANDONE
CgHCLO CgH, o0
LoD
| W
3
ESD -
/ —
T T T T T T o T T T T T T T
4000 3000 2000 1500 1000 500 4000 3000 2000 1500 1000 500
HAVENUHBER! 11 HAVENUHBER! 11
3436 66 1360 6B 1196 37 936 60 KLER ] 2940 26 1430 6B 1113 &7 491 72
2946 a8 1338 &8 1122 25 917 52 715 43 2887 52 1422 70 10s0 79 485 70
2367 13 1311 38 1095 8z §93 S5 700 55 [n] Lano4 as 1347 70 1015 al
2671 a1 1302 33 1066 41 863 78 662 T4 L7117 4 1338 70 q08 74 (@]
1723 4 1263 4B 1029 66 831 BB S44 26 L1677 81 1311 SB 896 a4
L1450 21 1227 53 98z 86 §23 ©B 43z 74 L4635 79 1265 &4 a63 77
1433 34 1209 64 971 36 798 24 Cl 1449 B3 1221 B3 662 86




Carboxylic Acids

» O 3400 ~ 2400 cm-"
» C=0 1730 ~ 1700 cm”’
- C-O 1320 ~ 1210 cm”’
0 O-------H-Q
/
2 R%O_H R_<O_H ------- O/>—R

1760 cm1 1710 cm1



Hexanoic Acid and Benzoic Acid

CHy— (CHy ) — C—OH

|
@]

7 \
O-H Cc-0
stretch 1298

1711

[\ C—OH

'\C-O
1294




« C=0

« C-O

Esters

1755 cm-?
Conjugation & ring size

1300 ~ 1000 cm-"



Ethyl Acetate & Isopropyl Benzoate

(2

Q

Cc-0
- 0.l 11048
4

1743 C
124

[

conjugation

AN
1104 Secondary alcohol

Y m RTATIA
“ n CHy

17167} 4276
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TRANSHITTRANCEI %1

Methyl Acrylate & Vinyl Acetate

HIT-ND=1315 [SCORE=

(

) [80BS-ND=1220

[IR-NIDA-01645 : LIGUID FILH

HIT-ND=1373 [SCORE= ( 1 [S50BS-ND=1239 [IR-NIDA-00750 : LIGUID FILH

METHYL ACRYLATE

VINYL RCETATE

S0

40

C4Hg0p C4Hg0p
LoD
=
i
I
E
F 50 -
=
E
3
3
T T T T T T T o T T T T T T T
a0 3000 2000 1500 1000 500 4000 3000 2000 1500 1000 500
HAVENUHBER! 11 HAVENUHBER! 11
3632 86 | 2866 77 | 1621 44 | 1070 16 309 79 | 1431 77 | 961 44
3444 81 | 2836 81 | 1516 77 | 983 21 CH2:CH—C—O—CH3 3121 81 | 1372 25§ 377 49 CHB_C_ O—CH:CH2
3107 79 | 2061 84 | 1440 12 | 971 3l 3095 74 | 1295 SO | 845 82
3031 66 | 2037 BB | 1404 10 | 866 46 H 3002 84 | 1217 B | 714 86 ||
2998 58 | 1945 &4 | 1279 10 | &1z 21 2931 84 | 1138 11 | 633 79
2956 31 | 1732 4 | 1209 7 | 663 S5 O 176z 4 | 1021 35 | 5§95 Al 0O
2910 74 | 1636 27 | 1183 11 | 626 sI 1649 16 | 977 B2

NG

<—>®

O\/
0O

Ethyl acetate
1743 cm™!

&)
S
N4 - YO\/
O




oo

0

TRANSHITTANCE! %1
@

L actones

HIT-ND=1398 [SCDRE=

(

1 [5DBS-N0=1325

[IR-NIDA-59834 : LIOUID FILN

GANMAR-BUTYROLACTONE

T He02
LoD
=
o
g
- Esp
H
2
E
T T T T T o
4000 3000 2000 1500 1000 500
HAVENUHBER! 11
3ezz 74 1462 B3 1169 7 801 &0
2992 52 1424 55 1083 64 E76 E&D
2916 S5z 1377 30 1037 12 637 64
2031 86 1318 77 992 17 636 74
1770 4 1291 72 931 44 492 40 Q0
L1865 79 1280 64 485 a4 (j
L4866 72 1241 B3 870 47

Ring sizel —

HIT-ND=330 [SCORE= ( 1[S0BS-NO=10602 [IR-NIDA-07896 : CCL4 SOLUTLON

DELTA-VALEROLACTONE

CsHelyp

1747_,
T T T T T
4000 3000 2000 1500 1000 500
HAVENUHBER! -1|

2961 47 1433 77 1236 13 1166 28 930 66

2900 66 1399 53 1213 74 1143 SO0 877 81

238z "0 1342 S0 1208 74 1084 z8 83z Bl

1747 4 1329 70 1203 17 1071 BB az7 19

L480 74 1276 B2 1197 77 1061 31 B51 84

L1461 83 1z54 48 1131 74 1056 24 563 B6

L444 0 1248 44 1184 68 Q84 81 464 B4

O
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@

Methyl m-Hydroxybenzoate

HIT-ND=923 ISCDRE= { ]|S[]BS'NU=1492 |[R‘NIDH'051$9 : CCL4 S0LUTION HIT-ND=1502 ISCDRE= ( ]|S[]BS'NU=1492 |[R—NIDH'81091 i KBR DISC
METHYL H-HYDROXYBENZOATE METHYL M-HYDROXYBENZOATE
CgHg03 CgHg03
LoD
g
£ sp |
Z
£
T T T T T o T T T T T
4000 3000 2000 1500 1000 500 4000 3000 2000 1500 1000 500
HAVENUHBER! -1 HAVENUHBER! -1
3607 70 | 1669 95 | 1160 74 | 680 6B HO 3398 3z | 17668 84 | 1367 60 | 1076 47 | 797 &0 HO
3450 70 | 1489 81 | 1105 50O 3330 21 | 1695 6 | 1317 21 | 993 S5 | 7al 84
3000 36 | 1458 27 | 1077 74 3064 a4 | 1600 21 | 1310 11 | 972 S0 | ez 14
2063 79 | 1437 6 | 997 64 3045 86 | 1634 84 | 1242 4 | 913 78 | 688 62
1728 34 | 1285 4 | 984 a1 C—0—CHz 3030 ag | 1504 74 | 1188 68 | 911 8l | &79 &2 C—0—CHz
1707 34 | 1228 26 | a%6 77 I 3016 @4 | 1455 51 | 1160 74 | @86 S2 | 614 57 |
1602 68 | 1176 BD | @91 70 0 2062 81 | 1430 20 | 1108 47 | 816 8l 0

CCl, solution

KBr pellet

H-bonding —> ;c=oi



Methyl o- or m-
hydroxybenzoate

HIT-ND-1502 [5CORE= ( 1[00BS-N0-=1#32 | IR-NIDA-61031 : KBR DISC HIT-ND=1156 [S5CORE= ( 1[G0BS-NO=727 [TR-NIDA-00971 : L10UID FILA
METHYL M-HYDROXYBENZOARTE METHYL SALICYLATE
CgHg03 CgHg03

2]

TRANSHITTANCE! %1

Loo

TRANSHITTANCE! %1
2]
-]
L

1695 _, 1678 _,

T T T T T T T o T T T T T T T
00 3000 2000 1500 1000 s00 4000 3000 2000 1500 1000 s00
HAVENUHBER! 1| HAVENUHBER! 1|
3398 32 1766 84 1367 6O 1076 47 797 B0 HO 3180 47 1679 4 1329 13 1033 39 726 38 OH
33s0 21 16495 B 1317 21 998 &S 7al 84 3074 64 1615 13 1306 S 964 S5 702 15
3064 34 1600 21 1310 11 972 S0 %z 14 2956 52 1588 25 1254 @& 865 66 667 34
3046 86 1634 84 1242 4 919 79 688 62 C—0—CH 2898 19 1487 1D 1217 7 849 22 663 67
3030 a8e 1504 74 1188 68 a11 8l E79 62 = 2855 19 1441 B 1188 12 810 62 531 38 C— 0—CHg
3aie a4 1455 31 1160 74 886  S2 614 57 ” 1936 a4 1403 48 1135 30 g0] S2 51z 55 "
2962 41 1439 20 1108 47 816 81 Q L1als a4 1338 14 191 12 767 13 431 70 a

Methyl benzoate
1724 cm-’



LOD

TRANSHITTANCE! %1

Keto and Enol Forms

HIT-ND=1071 [SCORE=

{ 1[8DBS-ND=573

| IR-NIDA-00054 : LIOUID FILH

ETHYL RCETORCETATE

SD —+

l:l'>|-|10'33
Keto form
—_—
W  enol form

e =T " T ™ T T x ' x T ' T x ' T

4000 3000 2000 1500 1000 500
HAVENUHBER! -11

J634 79 1731 7 1391 49 1163 14 6zZ6 79

3438 7 1719 4 1368 20 1116 &2 S43 57

2985 135 1651 S0 1319 15 1097 S8 CHB C CHZ C O CHZ CHB

2941 &6 1634 B3 1266 21 1042 21 || ||

2910 B2 1467 §7 1245 23 935 77 O O

2476 74 1448 48 1189 25 g53 77

L7456 4 1413 34 1179 23 803 74




Diones

HIT-ND=1274 [SCORE= ( 1[50BS-ND=1030 [IR-NIDA-24815 : LIOUID FILH HIT-ND=2760 [SCORE= ( 1[SDBS-N0=4729 [IR-NIDA-63624 : LIGUID FILM
2,4-PENTANEDIONE 2,5-HEXANEDIDNE
[ CeHio02

@

TRANSHITTANCE! %1

LoD

0 -

TRANSHITTRANCE! %1
2]

keto—

“~—enol_

T T T
2000 1500 1000 500
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3619 77 | 1401 26 | 1073 70 [ B21 74

2964 72 | 136117 s 37 CHB G CHZ C CHS 3414 77 | 1362 15 | 1033 62 449 BB
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Amides

« C=0 stretch (amide 1) 1680 ~ 1630 cm-’
« N-H bending (amide Il) 1640 ~ 1550 cm-’
I and 1I° amides only
often overlaps with amide |
* N-H stretch 3350 ~ 3180 cm-'(H-bonded)
|° (two bands) and I1°(one band) amides only

Other bands
— C-N stretch ~1400 cm’
— N-H wagging 800 ~ 660 cm-' broad
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Butanamide and N-Methyi
Acetamide

HIT-NO=2030 |SEGRE=

(

) [soes-ND=3782

|[R—NIDQ—127§2 ¢ NUJOL MuLL

HIT-N0=2452 [SCORE= ( 1[5DBS-ND=4002 [IR-NIDA-63942 : LIGUID FILN

-

3364 B | 2T2B 72 1377
3187 1B | LBBZ 7 1388
2361 B | L6332 4 1343
2946 9 | L466 16 1312
2928 T L460 17 1263
2873 11 L431 18 1181

2866 12 | L4188 17 | 1146
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316
2]
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468
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63
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HAYENUMEER1-Q

BUTYRAMIOE
N-METHYLACETRAMIDE
C4HgHO C5HAND
N-H Amide |
. X wagging N-H N-H
o .

N-H A1 ¥ Amide 1 & 112y oy stretch ‘Enidel wagging
“’StretCh a0t ' 2000 T Looo &0 saa0 ' 2000 ' 2000 1500 1000 510

HAVENUHBER! 11

CHy— ( CH5 3 — C— NH,

o

3294 14 1372 20 7zZ1 &8
3098 35 1293 2B 629 53
2946 41 1161 38 599 41

2697 84 1096 72 440 66 H
L6SE 4 1042 EE

1565 11 991 62 O

CHy— C— NH—CHj

412 21 981 84
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N-Methyl and N-Pheny!
Acetamide

HIT-ND=2452 [SCORE=

(

1 [8DBS-N0=4002 [IR-NIDA-63942 : LIGUID FILN

HIT-ND=1095 |5CORE= (1 ]50B5-N0=729 [IR-NIDA-61373 : KBR DIaC

N-METHYLACETRAMIDE ACETANILIDE
C3H-ND CgHgMND
Loo Loo
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]
=
50 E 5o
=
2
&
3
o T T T T T T o T T T T T T T
4000 3000 2000 1500 1000 500 4000 3000 2000 1500 1000 500
HAVENUBER1 -11 HAVENUBER1 -11
3294 14 [ 1372 20 | 721 &8 3294 30 [ 3022 79 | 1489 33 | 1180 79 761 23
3099 35 | 1299 2B 629 53 CH3—C—[\]H—[:H3 3261 46 | 1665 4 | 1436 29 | 1042 74 754 13
2946 41 | 1161 38 | 599 4l 3196 8z | 1620 44 | 1393 74 | 1014 72 594 43 N C—CH
2697 44 | 1096 72 | 440 66 H 3137 66 | 1699 16 | 1369 38 | 993 77 607 74 —C—CH;
L6554 | 1042 BB 3083 74 | 1857 10 | 1324 22 | g8z T4 534 B0 "
1565 11 991 62 @] 3059 74 | 1538 49 [ 1307 7z | 908 70 511 50 a
1412 21 981 84 3045 79 | 1601 26 | 1266 43 | 788 62 BO6 70

ConjugationtoN —) ;c=o
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Lactams

HIT-NO=351

[5CORE=

(

1 [50BS-N0=491

[IR-NIDA-07133 : CCL4 SOLUTION
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1 [50BS-N0=26545
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4000 3000 2000 1500 1000 500 4000 3000 2000 1500 1000 500
HAVENUHBER! -1l HAVENUHBER! 11
3466 84 1700 4 1287 62 H 3436 &6 1383 44 12z6 62 1104 B7 80z B1 H
3207 66 1493 79 1267 74 3275 44 1376 47 1213 68 1089 44 757 T4 Hyo CHg
3108 74 1468 73 397 @6 N Q 294z 6 1368 SB 1200 A0 1077 S8 637 74 oH,
2982 74 1449 8B 686 81 2868 18 1331 BB 1168 62 1066 64 692 79 HyE B
2966 79 1425 81 630 88 1695 4 1289 70 1138 77 laz7 77 B3z 70
2953 717 1378 &4 433 88 L4686 44 1268 77 11z4 86 1004 70 597 BB Hefl—
2378 14 1309 sl L1447 49 1261 &B 1112 &8 966 8l 433 77 H '

N-Ethyl acetamide

1655 cm-1

NH

O

1673 cm-1
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Acid Chlorides and Anhydrides

 Acid chlorides
—C=0 1800 cm', Fermi doublet sometime

» Carboxylic acid anhydrides
— C=0 Two bands, 1830 ~ 1800 cm"’
1775 ~ 1740 cm’
—C-O 1300~ 900 cm-



Acetyl Chloride and Benzoyl Chloride

|

T
1000
T
1000
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CHy— C—C|

C—Cl
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Hexanoyl Chloride & 3,3-Dimethylbutyl chloride
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3680 A1 | 1468 2B | 1288 7z | 997 24 | B9z 42 3683 77 | 1966 81 | 1393 30 | 1174 36 | 898 23 CH
2061 6 | 1461 31 | 1269 74 | 955 1B | S84 43 H3C—(CH221—C—C| 2061 4 | 1813 7 | 1369 12 | 1145 6B | 772 20 3
2935 7 | 1427 64 | 1239 B0 | 918 22 | 577 4z 2906 15 | 1748 36 | 1331 25 | 1120 70 | 7IS 17
2676 14 | 1406 2B | 1199 64 | B840 6B | 669 3@ H 2674 16 | 1708 11 | 1267 42 | 1064 2B | 687 33 HLC— C— CHy; —C—Cl
2364 15 | 1381 52 | 1132 42 | 801 S2 | 491 74 2760 70 | 1480 21 | 1252 35 | 1023 21 | S84 41
2733 81 | 1342 60 | 1119 42 | 730 22 | 438 41 O 2723 85 | 1468 1B | 1233 35 | 981 17 | 483 47
1300 4 | 1308 6B | 1089 72 | EBO 2B 2708 72 | 1449 45 | 1207 43 | 933 37 | 442 43 CHz
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Acetytic Anhydride & Benzoic Anhydride

HIT-ND=1061 [SCORE= I

) [S0BS-ND=1034

[IR-NIDA-08651 : CCL4 SOLUTION

ACETIC ANHYDRIDE

C4Hg03
1832 1761 y C-0
T T T T T T
4000 3000 2000 1500 1000 §00
HAVENUHBER! -11
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HIT-ND=3725 [SCORE= ( 1[5DBS-N0=7284 [IR-NIDA-20654 : LIGUID FILM

BENZODIC ANHYORIDE

CiaHia0s

T T T T T k /I T

4000 3000 2000 JRVENUHBER! 1 1500 '\c 01.000 500

3440 81 | 1973 81 | 1492 &0 | 1173 1D 874 6

3088 72 | 1912 79 | 1452 15 | 1099 48 850 T4

3065 80 | 1788 4 | 1408 @4 | 1076 2D 80z B4

3048 72 | 1726 B | 1344 74 | 1041 7 779 28 —0 &

3034 72 | 1g4d 77 | 1315 46 | lo16 7 mz 7 " ||

3010 79 | 1593 18 | 1280 29 | 997 6 656 25

1979 a1 | 1686 47 | 1213 4 | 938 40 617 29 O o




Amines

* N-H stretch 3500 ~ 3300 cm’

— Primarytwo bands
— Secondary  one band
— Tertiary no N-H stretch

 N-H bending ~800 cm-’
« C-N stretch 1350 ~ 1300 cm"’
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Ethyl A

nilines

HIT-ND=1585 [SCODRE=

(

1 [50BS-NO=1626
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.
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346z 46 2873 41 1317 60 1060 6B 760 6 3403 43 Z696 8l 1461 &Z 1147 34 BzZ6 B1 u
3377 34 1622 7 1298 47 1035 72 707 57 3083 70 2576 81 1431 43 1100 EB 749 a8
J2zo 84 1584 34 1276 41 963 78 535 B6 CHE—CHa 305z §50 1913 8l 138z §5 1075 66 633 10
3066 &8 1498 4 1236 19 930 72 BZ6 B4 3021 &6 1604 4 1321 19 1060 70 629 T4 NH—C:Ha—I:H3
3023 S50 1466 43 1157 66 857 78 520 E0 2970 28 1585 42 1280 139 lo2a 74 Bl& 70
2966 21 1458 14 1147 86 g42 72 474 BZ 2929 §3 1509 5 1256 19 983 S0 510 43
2933 42 1376 74 1076 19 793 6D 469 B2 NHa 2372 47 1480 3D 1179 33 869 62 BOE 46




Amino Acid

Exist as zwitterions

o /COZ'
N

NH,*

C
NH;" : very broad 3330-2380
(OH + NH;")

. 1600 — 1590 strong
~Z0 Asymmetric stretching



CH, o}
| "
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FIGURE 3.30. (*)-Leucine. A. Broad (—NH;*) N—H stretch, 3100-2000 cm-!,
extended by combination band at 2140 cm-!, and other combination-overtone bands. B.

~ Aliphatic C—H stretch (superimposed on N—H stretch). 2967 cm-'. C. Asymmetric

(—NH;y) N—H bend, 1610 cm~'. D. Asymmetric carboxylate (C==0), stretch. 1580 cm-'.

E. Symmetric (—NH3;) N—H bend. 1505 cm-'. F. Symmetric carboxylate (C==0), stretch,

1405 cm~'. G. Torsional (—NH;3;) N—H oscillation, 525 cm-'.
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Nitriles

~ 2250 cm"’

S0

HIT-ND=9581 |SCORE= ( 1]50BS-N0O=383 [IR-NIDA-57451 : LIOUID FILM
VALERONITRILE
CsHoN
T T T T T
4000 3000 2000 1500 1000 500
HAVENUHBERI 11
3633 a1 2683 8B 1367 77 1204 84 787 B4
3542 41 2672 8B 1347 72 1110 BB 781 84
3165 34 2247 3B 1326 72 1004 &6 740 B4 C H ( C H C
2964 4 1627 B84 1306 77 932 7D T3l 68 —_— )3 — p—
2938 7 1468 23 1254 34 Q15 77 877 84 3 2
2377 13 1428 2B 1245 64 §95 &l 571 BB
2742 94 1383 E3 1241 41l 826 7B 430 B4




2- or 4-methoxybenzonitrile

WWMﬂ W”MW 5%

N=C O— CHg




Nitro Compounds

* Two N-O stertching bands
— Aliphatic 1550 and 1380 cm-’
— Aromatic 1520 and 1350 cm-’

HIT-ND=2403 [SCORE= ( 1 [50BS-N0=3904 [IR-NIDA-01528 : LIQUID FILM
F-ETHYLNITROBEMNZENE
CgHgNDs

Lop

=

o

g

=50

=

2

=

o T T T T T T T

4000 3000 2000 1500 1000 500
HAVENUHBER! -1l

3111 79 | 1927 @4 [ 1460 49 | 1064 &0 | 732 B2
3070 70 | 1797 8B | 1346 4 | 1016 B4 | EQE 47
3055 79 | 1680 &4 [ 1317 49 | 967 78 | 632 79
2971 30 | 1606 24 | 1242 81 | ©67 13 | 6l6 63 O, CH,— CHs
2937 47 | leoo0 23 | 1180 60 | 852 1B | Sl12 70
2d77 §7 | 1S17 5 | 1117 §5 | 772 &0
2461 81 | 1495 38 | 1110 31 | 748 40




Sulfur

Mercaptans S—-H : weak 2600-2550 cm!

Since only few absorption in that range it confirm its presence

Sulfides,Disulfides : no useful information

O

R R

O
1f : soal ~ -1
Sulfones - U 2bands: <[Asymetrlcal 1300 cm

Symetrical ~ 1150 cm'!

Sulfoxides: Strong ~ 1050 cm!

9]

O



% TRANSMITTANCE

Sulfur: Mercaptan R-S-H
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» FIGURE 2.68 The infrared spectrum of benzenethiol (neat liquid,
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KBr plates).
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%% TRANSMITTANCE

Sulfur: Sulfonyl Chloride

S=0 : Asymmetrical stretch: 1375 cm-1
Symmetrical Stretch : 1185 cm-1

o e
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» FIGURE 2.69 The infrared spectrum of benzenesulfonyl chloride (neat liquid, KBr plates).



%% TRANSMITTANCE

Sulfur: Sulfonate

S=0 : Asymmetrical stretch: 1350 cm-1
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S-0

Symmetrical Stretch : 1175 cm-1

several bands between 1000 — 750 ¢cm™!

WAVENUMBERS (CM")
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» FIGURE 2.70 The infrared spectrum of methyl p-toluenesulfonate (neat liquid, KBr plates).
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% TRANSMITTANCE

Sulfur: Sulfonamide

S=0 : Asymmetrical stretch: 1325 cm-1
Symmetrical Stretch : 1140 cm-1

NH, stretch: 3350 and 3250 cm! NH Bend: 1550 cm!
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» FIGURE 2.71 The infrared spectrum of benzenesulfonamide (Nujol mull, KBr plates). Dots
indicate the Nujol (mineral oil) absorption bands (see Fig. 2.8).



Halogens

C—F : 1400 - 1000 cm!

C—Cl : strong 785 — 540 cm"!

C—Br : 650 — 510 cm! (out of range with NaCl plates)

C—I1 :600-—485 cm™! (out of range)
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» FIGURE 2.72 The infrared spectrum of carbon tetrachloride (neat liquid, KBr plates).
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Chloro- and Bromo-benzenes
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Fluorobenzene

LoD
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o

=3
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= 5D
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QF
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C-Br
C-Cl
C-F

650 ~ 500 cm?
850 ~ 550 cm1
1400 ~ 1000 cm’




Silicon

Si-H : 2200 cm™! (Stretch)
950 — 800 cm! (bend)

Si-O-H : OH: 3700 — 3200 cm™! (Stretch)
Si-O : 830 — 1110 ¢cm?!
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Chlorodimethylysilane

bending

HIT-ND=2373 |GCORE= ( 1|50B5-N0=3863 | IR-NIDA-01480 : LI10UID FILM
CHLORODIMETHYLSILANE
CHCLGI
LoD
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<—— Si-H
0 ————r—r—r—r—r—r——r—r—r— e ———— —————————
4000 3000 2000 1500 1000 500
HAVENUHBER! -1]
2968 43 | 1266 11 | 667 27 H
2906 74 | 1077 &1 | 631 &7
2176 9 | 905 B | 490 12 |
1922 a4 878 4 CHz3—S|1—Cl1
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La07 &8s | 78 14
1335 a4 | 726 =28 CHs
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Triphenylsilanol
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(
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Analyzing IR
or “What You Can Tell at a Glance”

(1) Is a carbonyl present?

f C=0 is present, what type?

f C=0 is absent, check
Alcohols, amines, ethers

4) Double bonds and/or aromatic

(4)
(5) Triple bonds
(6)
(7)

N

~~~
W
~—"

6) Nitro compounds
/) Hydrocarbons, sulfer, silicone etc



