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Wave number (cm™?)
C-H stretch 2950-2800
alkanes CH, bend ~ 1465
CHjs bend ~1375
CH2 bend (4 or more ) ~720
=CH stretch 3100-3010
C=C stretch (isolated) 1690-1630
C=C stretch (conjugated) 1640-1610
alkenes C-H in —plane bend 1430-1290
C-H bend
(mono substituted) ~990& ~910
C-H bend di substituted -E 970
Acetylenic C-H stretch ~3300
alkynes Triple bond stretch C=C ~2150
Acetylenic C-H bend 650-600
Functional Group Molecular Motion Wave number (cm™)
C —H stretch 3020 — 3000
C=C stretch ~1600 &~1475
aromatics 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) ~3650 or 3400-3300
alcohols O-H stretch ~3650 or 3400 - 3300
C — O stretch 1260-1000
Aldehydes C-H aldehyde stretch | ~2850&~2750
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C=0 stretch ~1725
Ketones C=0 stretch ~1715
C-C stretch 1300-1100
O-H stretch 3400-2400
Carboxvlic acids C=0 stretch 1730-1700
y C-O stretch 1320-1210
O-H bend 1440-1400
C=0 stretch 1750-1735
C-C (O) —C stretch 1260-1230
esters (acetates)
C-C (O) —C stretch (all 1210-1160
others)
. . C=0 stretch 1810-1775
Acid chlorides C-Cl stretch 730-550
_ 1830-1800 &1775-
anhydrides C=0 stretch 1740
C-O stretch 1300-900
N-H stretch (1 per N-H 1300-900
bond)
amines N-H bend 3500-3300
C-N stretch (alkyl) 1640-1500
C-N stretch (aryl) 1360-1250
N-H (oop) ~800

Functional Group

Molecular Motion

Wave number (cm?)

N-H stretch 3500-3180
amides C=0 stretch 1680-1630
N-H bend 1640-1550
N-H (bend (1) 1570-1515
C-F stretch 1400-1000
. C-Cl stretch 785-540
Alkyl halides C-Br 650-510
C-I 600-485
_ triple bond stretch ~2250
nitriles
C=N
Iso cyanates -N=C=0 stretch ~2270
Iso thiocyanates -N=C=S stitch ~2125
Imines R2C=N-R stretch 1690-1640

Nitro groups

-NO; (aliphatic)

1600-1530&1390-
1300

-NO; (aromatic)

1550-1490&1355-
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Sulfoxides S=0 stretch ~1050
Sulfones S=0 stretch ~1300& ~1150
sulfonates S=0 stretch ~1350&~11750
S-O stretch 1000-750
Phosphines P-H stretch 2320-2270
PH bend 1090-810
Phosphine oxide P=0 1210-1140

«l 31 3 U Ualail Jaa St Al Jslaadl DA (e s
Jil @l Juat A @l e e d @ilas yi die 285 Caal) @l A duad ) jeal s¥) ) Jial %%

slas¥1 o) Al ) pia) Aaliag Lae " e aa i ST A8 )z lias LlaiaY) <l i sia) *
A i 3 a5 e LAY gl W) 00 55 e aSTAGEN ol Y1 20 55 ) *
oy A Jang A Y1 el dans yé Galiaiel) aa aae o)) LS Tagiad o g all a5 o) LS *%

O Lo Aibaiall (3 (ppme (st (8 e m ) sela (1 Ay sl 1l 1 el s sl 5l ) paliatlal) 3l
e Laandds By JSG) "alal) pds o) dad) dalaie" e Al Aslaiall a5 ¢ Ly & 715- 1500

S all iale
Triple bond
I
I
single bonc Pouble Fingerprint regian
stretch baond 2= 2
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
4000 3000 2000 1500 1000 kOO

Wnsenumber (o)

CSal Laaaal ik s 108, o8 (2 il Siad Gl e Cilacay Lo ol g anl) g Cusale g
g Yl el cany Sl () St SIS Adlaiall s3a 3 Gty Leghh 2 g5 Al s Al JAYI 5 o5 jaa
38 gl 00 IR lidh Lagsd (3aldaiy (LS 5

C-H Stretching Region ~ C-H e <) il (shalia

: A e e 2 LS5 3300-2750 cmrt i C-H 3 pead dladll <l 31 5a¥) & 51 s

3300 cm'? 3100 cmt 3000 cm? 2850 cm & 2750 cmt
(3.03p) ( 3.22w) (3.33p) (3.51p) (3.64p)
Acetylenic Vinyl =C-H Aliphatic C-H Aldehyde
=C—H Aromatic =C-H (See table below)
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NITRO COMPOUNDS
0 Aliphatic nitro compounds: asymmetric stretch (strong), 1600—1530 cm™!:
—+NZ/’ - symmetric stretch (medium), 1390-1300 cm™.
\~O Aromatic nitro compounds (conjugated): asymmetric stretch (strong),

1550-1490 cm™; symmetric stretch (strong), 1355-1315 cmL.
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NITRILES R-C=N

—C=N Stretch is a medium-intensity, sharp absorption near 2250 cm™ ! Conjugation
with double bonds or aromatic rings moves the absorption to a lower frequency.

Examples: butyronitrile (Fig. 2.62) and benzonitrile (Fig. 2.63).

ISOCYANATES R-N=C=0

—N=C=0 Stretch in an isocyanate gives a broad, intense absorption near 2270 cm ™.
Example: benzyl isocyanate (Fig. 2.64).

ISOTHIOCYANATES R-N=C=S$

—N=C=§ Stretch in an 1soth10c:yanate gives one or two broad, intense absorptions center-
ing near 2125 cm™!

IMINES R,C=N-R

—C=N— Stretch in an imine, oxime, and so On gives a variable-intensity absorption
| in the range 1690-1640 cm™!
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0
|
CARBOXYLATE SALTS R—C—O0- Na*

0 Asymmetric stretch (strong) occurs near 1600 cm!; symmetric stretch (strong)
—c? - occurs near 1400 cm™.
\\O Frequency of C=0 absorption is lowered from the value found for the parent

carboxylic acid because of resonance (more single-bond character).

AMINE SALTS NH;® RNH3;* R;NH;" R;NH*

N-H Stretch (broad) occurs at 3300-2600 cm™!. The ammonium ion absorbs to the
left in this range, while the tertiary amine salt absorbs to the right. Primary and
secondary amine salts absorb in the middle of the range, 3100-2700 cm™. A
broad band often appears near 2100 cm™".

N—H Bend (strong) occurs at 1610~1500 cm™. Primary (two bands) is asymmetric at
1610 cm™, symmetric at 1500 cm™'. Secondary absorbs in the range

1610-1550 cm™. Tertiary absorbs only weakly.

AMINO ACIDS
0]

|
R—CH—C—OH — R—CH—C—0"
NH, "NH;
These compounds exist as zwitterions (internal salts) and exhibit spectra that are combinations

of carboxylate and primary amine salts. Amino acids show NH;" stretch (very broad), N—H
bend (asymmetric/symmetric), and COO™ stretch (asymmetric/symmetric).

& o

“% TRANSMITTANCE

=1

N
0 [[
0 0 S

00 B0 20 20 240 M0 1600 160 140 200 w0
WAVENUNBERS (M-

75



Al Z1Hd auly 5 .0 G oaal! (aduicd| Cod - (dedal! aglal! udsa

o TRANSMITTANCE

MERCAPTANS R-S-H

S-H Stretch, one weak band, occurs near 2550 cm™ and virtually confirms the presence of
this group, since few other absorptions appear here.

Example: benzenethiol (Fig. 2.68).

SULFIDES R-S-R

Little useful information is obtained from the infrared spectrum.

SULFOXIDES R—S—R

|
0

S=0 Stretch. one strong band, occurs near 1050 cm™..
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SULFONES (i)

R—S—R
|
o
S=0 Asymmetric stretch (strong) occurs at 1300 cm™, symmetric stretch (strong) at
1150 cm™.

SULFONYL CHLORIDES (")
R——ﬁ—C]

S5=0 Asymmetric stretch (strong) occurs at 1375 ¢cm™!, symmetric stretch (strong) at
1185 cm™.

Example: benzenesulfonyl chloride (Fig. 2.69).

SULFONATES (")
R—|S—O—R

1

S=0 Asymmetric stretch (strong) occurs at 1350 cm™, symmetric stretch (strong) at

1175 cm™,
S—0 Stretch, several strong bands, occurs in the range 1000-750 cm™.
SULFONAMIDES O O
(Solid State) I |
R——.T;—-—NHZ R——ﬁ-—-NHmR
O O
S=0 Asymmetric stretch (strong) occurs at 1325 cm™!, symmetric stretch (strong) at
1140 cm™.
N—H Primary stretch occurs at 3350 and 3250 cm™!; secondary stretch occurs at

3250 cm™!; bend occurs at 1550 ecm™!.

Example: benzenesulfonamide (Fig. 2.71).

SULFONIC ACIDS o)
(Anhydrous) |

5=0 Asymmetric stretch (strong) occurs at 1350 cm™!, symmetric stretch (strong) af
1150 cm™ 1,
S—0O Stretch (strong) occurs at 650 cm ™.
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PHOSPHINES RPH; R,PH

P—H Stretch, one strong, sharp band, at 2320-2270 cm ™.

PH, Bend, medium bands, at 1090-1075 cm™! and 840-810 cm™!.
P—H Bend, medium band, at 990—885 cm .

P—CH, Bend, medium bands, at 1450-1395 cm™! and 1346-1255 cm™L.
P—CH,— Bend, medium band, at 1440—-1400 cm™'.

PHOSPHINE OXIDES R3;P=0 Ar;P=0

P=0 Stretch, one very strong band, at 1210-1140 cm™ L
PHOSPHATE ESTERS (RO);P=0

P=0 Stretch, one very strong band, at 1300-1240 cm™ .

R—0O Stretch, one or two strong bands, at 1088-920 cm™ 1.

P-0O Stretch, medium band, at 845-725 cm™!.
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FLUORIDES R—F

C—F Stretch (strong) at 1400—-1000 ecm™!. Monofluoroalkanes absorb at the lowerfre-
quency end of this range, while polyfluoroalkanes give multiple strong bands in
the range 1350-1100 cm™. Aryl fluorides absorb between 1250 and 1100 cm™.

CHLORIDES R—CI

Cc—C1 Stretch (strong) in aliphatic chlorides occurs in the range 785-540 cm™!. Primary
chlorides absorb at the upper end of this range, while tertiary chlorides absorb
near the lower end. Two or more bands may be observed, due to the different con-
formations which are possible.

Multiple substitution on a single-carbon atom results in an intense absorption at
the upper-frequency end of this range: CH,Cl, (739 cm™), HCCl, (759 ecm™),
and CCl, (785 cm™ ). Aryl chlorides absorb between 1100 and 1035 cmi—.

CH,—Cl Bend (wagging) at 1300-1230 cm™L.
BROMIDES R-Br

C—Br Stretch (strong) in aliphatic bromides occurs at 650-510 cm™, out of the range of
routine spectroscopy using NaCl plates or cells. The trends indicated for aliphatic
chlorides hold for bromides. Aryl bromides absorb between 1075 and 1030 cm™!.

CH,—Br Bend (wagging) at 1250-1190 cm™!.

IODIDES R-1

C—1 Stretch (strong) in aliphatic iodides occurs at 600—485 cm™, out of the range of
routine spectroscopy using NaCl plates or cells. The trends indicated for aliphatic
chlorides hold for iodides.

CH,—1I Bend (wagging) at 1200-1150 cm™!.
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