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Ah MR -S}:’E‘.CT‘:_:C; are dcetermined m-iha adu'.roi sotvents amd

in  there situations  enatiotopic protons have Sowne chemicol shift),
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An Alphabetical Listing of Some Functional Groups and

with Their Absorption Frequencies in the Infrared

Classes of Compounds

e

Groups or Class

Frequency Ranges
{em ) and
Intensities*

Assignment and Remarks

O
A V4
Acid halides P‘_”C\
X
Aliphatic 1810-1790 (s) C=0 stretch; fluorides 50 cm ' higher
965-920 (m) C—C stretch
440-420 (s) Cl—C=0 in-plane deformation
Aromatic 1785-1765 (s) C=0 stretch; also a weaker band (1780~
1735 em 1) due to Fermi resonance
890-850 (s) C—C stretch (Ar—C) or C—Cl stretch
Alcohols
Primary —CH.OH 3640-3630 (s} OH stretch, dil CCL, soln
1060-1030 (s) C—OH stretch; lowered by unsaturation
Secondary —(CHROH 3630-3620 (s) OH stretch, dil CCl, soln
1120-1080 (s) C—OH stretch; lower when R is a branched
chain or eyelic
Tertiary —CR,0OH 3620-3610 (s) OH stretch, dil CCl, soin
1160-1120 (s) C—OH stretch; lower when R Is branched
General —OQOH 3350-3250 (s) OH stretch; broad band in pure solids or
liquids
1440-1260 (m-s, br) C—OH in-plane bend
700-600 (m-s, br) C—OH out-of-plane deformation
Aldehydes 0 2830-2810 { rn}} Fermi doublet; CH stretch with overtone
§2740~2720 (m) of CH bend -
. i 1726-1695 (vs) C=Ustreten; stightly higher in CCi, saln
1440-1320 (s) H—C=0bend in aliphatic aldehydes
695-635 (s) C—C—CHObend
565-520 (s) C—C=0 bend
Alkenes
Monosubst —CH=CH, —_ See Vinyl
Disubst —CH=CH— — See Vinylene
\
/C CH, - See Vinylidene
RS
) C=CH—
Trisubst  / 3050~-3000 (w) CH stretch
1690-1655 (w-m) C=C stretch
\C='~C/ 850-790 (m)} CH out-of-plane bending
Tetrasubst  / \ 1690-1670/w) ™ C=C stretch, may be absent for symme-
—~ trical compounds
Alkyl 2980-2850 (m) CH stretch, several bands
14701450 (m) ion
1400-1360 (m) "CH, deformation
740~720 (w) CH, rocking
Alkynes RC=C—H -3250 (m-s) Terminal =C—H stretch
2250-2100 (w=m) C=C, frequency raised by conjugation
680-580 (s) ‘qzcrﬁ%ang
Amides
Primary —CONH, 3540-3520 (m) NH, stretch (dil solns); bands shift to
3400-3380 (m) i 3360-3340 and 3200-3180 in solid
1680~1660 (ys) C=0 stretch (Amide | band
1650-1610 (m) NH, deformation; sometimes appears as a
D s shoulder (Amide 1] band)
1420-1400 (m-s) C—N stretch {Amide || band)
Secondary —COINHR 3440-3420 (m) NH stretch (dil Boln); shifts to 3300-3280 in
pure liquid or solid
1680-1640 (vs) C=0 stretch (Amide | band)
1560-1530 (vs) — o NH bend [Amide Il band)
1310-1290 (m) C—N stretch
e 710-620 {nj_}___l “Assignment uncertain
fkEy steonig m o medivm; w waak; v vary: br = broad ’
ORI ek T
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TABLE 8-2 : An Al
An Alphabetical Listing of Some Eunctional Groups and Classes of Compounds with 7
with Their Absorption Frequencies in the Infrared—cont’d ' —_—
Frequency Ranges l
(em ') and
Groups or Class Intensities” Assignment and Remarks —_—
Diazwo
Arnides—dont'd
Ter!iar:]. —CONR, . 1670-1640 (vs) C=0 stretch
Genaral —CONR, 630-570 (s) N—C=0 bend Ester
616-536 (s) C==0 out-of-plane bend
520-430 (m-s) c—C=0 bend
Amines Ether
primary —NH, 3460-3280 (m) NH stretch; broad band, may have some
structure
2830-2810 (m) CH stretch
1650-1590 (s) _ IH, deformation il
Secondary —NHR 3350-3300 (vw) NH stretc
1190-1130 (m) C—N stretch cluoi
% 740700 (m) NH deformation :} -
450-400 (w, br) c—N—C bend 180C
Tertiary —NR; 510-480 (s) C—N—C bend
th
Amine hydrohalides  RNH,*X™ 2800-2300 (rm-s} NH,* stretch, several peaxs ‘;o‘{
o S 1600~1500 (m) NH deformation (one or two bands) =
R'NH,R X
NH,
Amino acids —C—COOH 3200-3000 (s) H-bonded NH, and OH stretch; v broad band
| in solid state
+ Lac
{or —CNH,C00") 1600-1590(s) -——* COO- antisym stretch
15501480 (m-s) — —NH,* deformation
142521390 (w-m) COO~sym stretch »
560-500 (s) COO~ rocking Me:
Ammonium NH,* 3350-3050 (vs) NH stretch; broad band
1430-1390 (s) NH, deformation; sharp peak
Anhydrides -—-c\o {1850-—1780 (variable) i = tch
1770-1710 (m-s) Sym C=0 str tch
L/O 1220-1180 (vs) c=0—C stretch (higher in cyclic anhydrides) Me
—CO
Aromatic compounds 3100-3000 (m) CH stretch, several peaks L,
2000-1660 (W) Overtone and combination bands A
1630-1430 (variable) Aromatic ring stretching (four bands) .~ P

—N=N=N

Bramo —C—Br
tert-Butyl (CH4),C—

Azides

Carbodiimides
—N=C=N—

Carbonyl \C-—O

=

Carboxylic acids f
R—

You

l
cnioro —C—Cl

Cycloalkanes

7y, 900-650 (s)

580-420 (m-s)
2160-2080 (s)

650-500 (m)
2980-2850 {m)
1400-1370 (m)

and 1380-1360 (s)

2150-2100 (vs)

1870-1650 (vs, br)

3550-3500 (s)
3300-2400 (s, v br)
1800-1740 (s)
1710-1680 (vs)

700-590 {s)
550465 (s)

850-550 (m)

580-430 (s)

Out-of-plane CH deformitions (one or two N
S pans depending on ubstt stitution)
Ring deformations (two yands)

N=N=N stretch )

C—Br stretch
CH stretch; several bands

CH, deformations

N=C==N antisym stretch

C=0 stretch

OH stretch-tmgmmﬂ..ml_sﬂinl—f
H-bonded OH stretch (solid and li uid states)

=0 str sf monomer (dil soln
C=0 stretch of dimer (solid and liquid states)
960-910 (s) C—OH deformation
0—C=0 bend
¢—C==0 bend

C—Cl stretch

Ring deformation




TABLE 8-2

with Their Absorption Frequencies in the Infrared—cont’d

An Alphabetical Listing of Some Functional Groups and Classes of Compounds

Frequency Ranges
fem~') and
Groups or Class Intensities*® Assignment and Remarks
Diazonium salts —N=N 2300-2240 (s) N==N stretch
Y
Esters R—C 65-1720 (vs) . —C=0 stretch
N 1180 (vs) C—0—C antisym stretch
OR 645-575 (s) 0—C—O0 bend
Ethers. —C—0—C—" 1280-1220 (s) —+C—0—C stretch in alkyl aryl ethers
1140-1110 (vs) C—0~—C stretch in dialkyl ethers
1275-1200 (vs) C—O0—C stretch in vinyl ethers
1250-1170 (s) C—0—C stretch in cyclic ethers
1050-1000 (s) Rlalkyl)—C—0 stretch in alkyl aryl ethers

Fluoroalkyl
—CF,, —CH,—, ez,

Isocyanates —N=C=0

Isothiocyanates —N=(C=S§
Ketones R
C=0
R’ :
&h 0
—C
Lactones o  ?
B\
CH,—O
d.
Methyl —CH,

Methylene —CH,—

Naphthalenes

Nitriles —C=N

Nitro _EQZ.‘

Oximes =NOH

Phenols Ar—OH

Phenyl C,H,—

1400-1000 (vs)

2280-2260 (vs)

2140-2040 (vs, br)
1725-1705 (vs)
1700-1650 (vs)
1705-1665 (s)

and 1650-1580 (m)

1850-1830 (s)
1780-1770 (s)
1750-1730 (s)

2970-2850 (s)

2835-2815 (s)

2820-2780 (s)

1470-1440 (m) ¢
1390-1370 (m-s) ) 7

2940-2920 (m)

and 2860-2850 (m)

3090-3070 (m)

and 3020-2980 (m)

1470-1450 (m) ———>»
645-615 (m-s)

and 545-520 (s)

4380-465 (variable)

2260-2240 (w)
2240-2220 (m)
580~ {m-s

1570-1550 (vs)
-1366-
1480-1460 (vs)
1360-1320 (
0-830 (m)
650-600 (s)
580-520 (m)
530470 (m-s)

3600-3580 (vs)
3260-3240 (vs)
1680-1620 (w)

720-600 )
B

3100-3000 (w-m)
2000-1700 (w)

C—F stretch

N=C==0 stretch

C=N==S§ antisym stretch

C=0 stretch in saturated aliphatic ketones

C==0 stretch in aromatic ketones

C=0 and C==C stretching in
o,f-unsaturated ketones

C=0 stretch in B-lactones -
C=0 stretch in y-lactones -
C=0 stretch in -lactones

CH stretch in C—CH, compounds

CH stretch in methyl ethers (O—CH,)
CH stretch in N—CH, compounds
CH, antisym deformation

CH, sym deformation

CH stretches in alkan=s

CH stretches in alkenes
C_Hz'ileformation-
In-plane ring bending
Out-of-plane ring bending

C=N stretch in aliphatic nitriles
C==N stretch in aromatic nitriles
C—C—CN bend

NO, stretches in aliphatic nitro compounds

NO, stretches in aromatic nitro compounds

C—+l stretch

NO, bend in aliphatic compounds
NO, bend in aromatic compounds
NO, rocking

OH stretch (dil soln)
OH stretch (solids)
C=N stretch; strong in Raman

O—H out-of-plane deformation
C—0OH deformation
CH stretch

Four weak bands; overtones and combinations
— e

-

Continued
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TABLE §-2
An Alphabetical Listing of Some Functional Groups and Classes of Compounds
with Their Absorption Frequencies in the Infrared—cont'd

Frequency Ranges
(cm~') and
Groups or Class Intensities™ Assignment and Remarks
Phenyl—cont'd 1625-1430 (m-s) Aromatic C=C stretches (four bands)
1250-1025 (m-s) CH in-plane bending (five bands)
770-730 (vs) CH out-of-plane bending
710-690 (vs) : Ring deformation
560-420 (m-s) Ring deformation
Phosphates (RO),P=0 :
R = alkyl 1286~1256 (vs) P==0 stretch
1050-990 (vs) P—0O—C stretch
R =aryl 1315-1290 (vs) P=0 stretch
1240-1190 (vs) P—0—C stretch
Phosphines —PH, —PH 2410-2280 (m) P—H stretch
1100-1040 (w-m) P—H deformation
700-650 (m-s) P—C stretch
Pyridy! —CgH,N 3080-3020 (m) ' CH stretch
¥ 1620-1580 (vs) i e
and 1590-1560 (vs) . C—C and C—N stretches
840-720 (s) CH out-of-plane deformation (ong or two
bands, depending on substitution)
635-605 (m-s) In-plane ring bending
Silanes —SiH, 2160-2110 (m) Sl—H stretch
—SiH,— 950-800 (s) Si—H deformation
Silanes (fully substituted) 1280-1260 (m-s) Si—C stretch
1110-1050 (vs) Si—O—C stretch (aliphatic)
840-800 (m) Si—0—C deformation
Sulfates R—0—S80,—0—R 1140-1350 (s) 23 ;
? and 1230-1150 (s) S—0 stretches in covalent_ sulfates
R—0—S0, M* 1260-1210 (vs) _S=0 stretches in alkyl sulfate salts
(M = Na~, K*, etc.) and 810-770 (s) C—0—S stretch
Sulfides C—S— 710-570 (m) C—S stretch
Sulfones —S0,— 1360-1290 (vs) _ SO, antisym stretch
1170-1120 (vs) S0, sym stretch
610-545 (ms) S0, scissor mode
Sulfonic acids —SO,0H 1250-1150 (vs, br) S=0 stretch
Sulfoxides \S=O 1060-1030 (s, br) S=0 stretch
/ 610-545 (m-s) SO, scissoring
Thiocyanates —S—C=N 2175-2160 (m) C=N stretch
650-600 (w) S—CN stretch
405-400 (s} S—C=N bend
Thiols —S—H 2590-2660 (w) S—H stretch; strong in Raman
700-550 (v/) ‘ C—S stretch; strong in Raman
Triazines  C3N,Y, : 1600-1500 (vs) d Ring stretching
1,3,4,5-trisubst 1380-1350 (vs) Ring stretching
820-800 (s) CH out-of-plane deformation
Vinyl —CH=CH, 3095-3080 (m) =CH, stretching
and 3030-2980 (w-m) =CH stretching
1850-1800 (w-m) Overtone of CH, out-of-plane wagging
1645-1615 (m-s) C=C stretch
1000-950 (s) CH out-of-plane deformation
950-900 (vs) CH, out-of-plane wagging
Vinylene ~—CH=CH— 3040-3010 (m) =CH, stretching
16651635 (w-m) C=C stretch (cis isomer)

C==C stretch (trans isomer)
CH out-of-plane deformation (cis isomer) ]
730-665 (s) CH out-of-plane deformation (trans isomer)

676-1665 (w-m)

Vinylidene \C———CH 3095-3075 (m) =CH, stretching B
/ 2 1665-1620 (w-m) C=C stretch
895-885 (s) CH, out-of-plane wagging

o

Vo>
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A Numerical Listing of Wavenumber Ranges in Which Some Functional Groups and

classes of Compounds Absorb in the Infrared

A

Range (cm™7)
and Intensity* Group and Class Assignment and Remarks
3700-3600 (s) —0OH in alcohols and phenols OH stretch (dil soln)

3520-3320 (m-s)

and amides
3420-3250 (s) —OH in alcohols and phenols
3360-3340 (m) —NH, in primary amides
3320-3250 (m) —OH in oximes

=CH in acetylenes

26 3300-3250 (m-s)
—NH in secondary amides

3300-3280 (s)

3200-3180 (s) —NH, in primary amides

3200-3000 (v br) —NH," in amino acids I

3100-2400 (v br) —OH in carboxylic acids

3100-3000 (m) =CH in aromatic and unsaturated
hydrocarbons

2990-2850 (m-s) —CH, and —CH,— in aliphatic
compounds

2850-2700 (m) s H, attached to O or N

—NH, in aromatic amines, primary amines

NH stretch (dil soln)

NN OH stretch (solids and liquids)
' NH, antisym stretch (solids)

O—H stretch

=C—H stretch

NH stretch (solids); also in polypeptides
and proteins

NH, sym stretch (solids)

NH,* antisym stretch

H-bonded OH stretch

=C—H stretch

CH antisym and sym stretching

CH stretching modes
Overtone of CH bending (Fermi resonance}

2750-2650 (w-m) —CHO in aldehydes
27502350 (br) —NH,* in amine hydrohalides

2720-2560 (m) —DH in phosphorus oxyacids
2600-2540 (w) —8H in alkyl mercaptans
2410-2280 (m) —PH in phosphines

2300-2230 (m) N=N in diazonium salts
2285-2250 (s) N=C==0 in isocyanates
2260-2200 (m-s) C=Nin nitriles

2260-2190 (w-m) C=C in alkynes (disubstitution)
2190-2130 (m) C=N in thiocyanates
2175-2115 (s) N=C in isonitriles

~N=N=N in azides’
C=C in alkynes (monosubstitution)

2160-2080 (m)
2140-2100 (w-m)

2000-1650 (w) Substituted benzene rings
1980-1950 (s) C=C=Cin allenes
1870-1650 (vs) C=0 in carbonyl compounds
1870-1830 (s) C=0 in B-lactones
1870-1790 (vs) C=0 in anhydrides
1820-1800 (s) C=0 in acid halides
1780-1760 {s}‘ C=0 in ylactones
1765-1725 (vs) C=0 in anhydrides
1760-1740 (vs) C=0 in o-keto esters
1750-1730 (s) C=0 in &-lactones
1750-1740 (vs) C=0 in esters

1740-1720 (s) C=0 in aldehydes

1720-1700 (s) C=0 in ketones

1710-1690 (s) C=0 in carboxylic acids
1690-1640 (s) C=N in oximes

1680-1620 (s) C=0 and NH, in primary amides
1680-1635 (s) C=0 in ureas

1680-1630 (m-s)
1680-1630 (vs)
1670-1640 (s-vs)
1670-1650 (vs)
1670-1630 (vs)

C=C in alkenes, etc.
C=0 in secondary amides
C=0 in benzophenones
C=0 in primary amides
=0 in tertiary amides

NH stretching modeés T
Associated OH stretching

§—H stretch; strong in Raman
P—H stretch; sharp peak

N=N stretch, aq soln

N=C=0 antisym stretch

C=N stretch

C=C stretch; stong in Raman

C=N stretch

N=C stretch

N=N=N antisym stretch
C=C stretch

Several bands from overtunes and
combinations |

C=C=0C antisym stretch |

C=0 stretch

C=0 stretch

C=0 antisym stretch; part of doublet

C=0 stretch; lower for aromatic acid
halides

C==0 stretch i

C=0 sym stretch; part of doublet

C=0 stretch; enol form

C=0 stretch

C==0 stretch; 20 cm-' lower if
unsaturated

C==0 stretch; 30 cm~' lower if
unsaturated

C=0 stretch; 20 cm~! lower if
unsaturated

C=0 stretch; fairly broad

C=N stretch; also imines

Two bands from C=0 stretch and NH,
deformation

C=0 stretch; broad band

C==C stretch

C=0 stretch (Amide | band)

C=0 stretch

C=0 stretch (Amide | band)

C=0 stretch

*Kev: s = strong, m = medium, w = weak, v = very, br = broad.

Continued
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TABLE 8-3 TABE
A Numerical Listing of Wavenumber Ranges in Which Some Functional Groups and Al
Classes of Compounds Absorb in the Infrared—cont’'d Clas
e
Hange (cm ') Ra
and Intensity® Group and Class Assignment and Remarks anc
—
1655-1635 (vs) C=0 in p-ketone esters C=0 stretch; encl form 1186(
1650-1620 (w-m) N—H in primary amides NH deformation (Amide Il band) 115I
1650-1580 (m-s) NH, in primary amines NH, deformation 12!
1640-1580 (s) NH,* in amino acids NH, deformation
1640-1580 (vs) C==0 in B-diketones C=0 stretch; enol form 112
1620-1610 (s) C==C in vinyl ethers C=C stretch; doublet due to rotational 110

1615-1590 (m)
1615-1565 (s)
1610-1580 (s)

1610-1660 (vs)

1590-1580 (m)
15751545 (vs)
1565-1475 (vs)
1560-1510 (s)
1550-1490 (s)
1530-1490 (s)
1530-1450 (m-s)
15151485 (m)
1475-1450 (vs)
1465-1440 (vs)
1440-1400 {m)
1420-1400 (mm)
1400-1370 (m)

1400-1510 (s)

1390-1360 (vs)
1380-1370 (s)
1380-1360 (m)
13751350 (s)
1360-1335 (vs)
1360-1320 (vs)
1350-1280 (m-s)
1235-1295 (vs)
1330-1310 (m-s)

1300-1200 (vs)
1300-1175 (vs)

1300-1000 (vs)
1285-1240 {vs)
1280-1250 (vs)

1280-1240 (m-s)

1280-1180 (s)
1280-1150 (vs)
1255-1240 (m)

1245-1155 (vs)
1240-1070 (s-vs)
1230-1100 (s)
1225-1200 (s)
1200-1165 (s)
1200-1015 (vs)
1170-1145 (s)
1170-1140 (s)

Benzene ring in aromatic compounds
Pyridine derivatives
NH, in amino acids

COO- in carboxylic acid salts

NH, primary alkyl amide

NO. in aliphatic nitro compounds

NH in secondary amides

Triazine compounds

NO, in aromatic nitro compounds
NH,* in amino acids or hydrochlorides
N=N—0 in azoxy compounds
Benzene ring in aromatic compou nds
CH, in aliphatic compounds

CH, in aliphatic compounds

OH in carboxylic acids

C—N in primary amides

sert-Butyl group

COO- group in carboxylic acid salts

S0, in sulfonyl chlorides

CH, in aliphatic compounds

Isopropyl group

NO, in aliphatic nitro compounds

S0, in sulfonamides

NO, in aromatic nitro compounds

N=N—0 in azoxy compounds

S0, in sulfones

CF, attached to a benzene ring

N—Oin pyridine N-oxides

P=0 in phosphorus oxyacids and
phosphates

C—F in aliphatic fluoro compounds

Ar—O in alkyl aryl ethers

Si—CH, in silanes"

c—C . .
\0/ in epoxides

C—N in aromatic amines
C—0—C in esters, lactones
tert-Buty! in hydrocarbons

’
SO,H in sulfonic acids
C—0—C in ethers
C—C—N in amines
C—O0—C in vinyl ethers
$0,Cl in sulfonyl chlorides
C—OH in alcohols
SO,NH, in sulfonamides
§0,— in sulfones

108
10€
106
106

isomerism
Ring stretch; sharp peak
Ring stretch; doublet
NH, deformation; broad band

0 105
—Cé — antisym stretch 103
i 0L
NH, deformation (Amide Il band) %
NO, antisym stretch 9t
NH deformation (Amide Il band)
Ring stretch; sharp band gl
NO, antisym stretch
NH,* deformation
N=N—0 antisym stretch g8
Ring stretch, sharp band 8i
CH, scissors vibration 8
CH, antisym deformation g
In-plane OH bending g

C—N stretch (Amide 11l band) v
CH, deformations (two bands)

0
—Q%; sym stretch; broad band

SO, antisym stretch

CH, sym deformation

CH, deformations (two bands)
NO, sym stretch

SO, antisym stretch

NO, sym stretch

N=N—O0 sym stretch 'D
SO, antisym stretch -
CF, antisym stretch

N—O stretch
p=0 stretch

C—F stretch
C—O stretch
CH, sym deformation

C—0 stretch

C—N stretch

C—O0—C antisym stretch

Skeletal vibration; second band near
1200 cm ™!

§=0 stretch

C—0—C stretch; also in esters

C—C—N bending

C—0—C antisym stretch

SQ, sym stretch

C—0 stretch

SO, sym stretch

S0, sym stretch

S 15—
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A Numerical Listing o° Wavenumber Ranges in Which Some Functicr-nal Groups and
classes of Compounds Absorb in the Infrared—cont'd

A
Range (cm™7)
and Intensity*

Group and Class

Assignment and Remarks

1160-1100 (m)
1150-1070 (vs)
1120-1080 {s)

1120-1030 {s)
1100-1000 (vs)
1080-1040 (s)
1065-1015 (s)
1060-1025 {vs)
1060-1045 (vs)
1055-915 (vs)

. 1030-950 (w})

1000-950 (s)
980-960 (vs)
950-900 (vs)

900-865 (vs)

890805 (vs)

860-760 (vs, br)

860-720 (vs)
850-830 (vs)
850-810 (vs)~

850-790 (m)

850-550 (m)

830-810 (vs) gdisubstituted benzenes
825-805 (vs) Z,4-trisubstituted benzenes

820-800 (s)
815-810 (s)
810-790 (vs)
B00-690 (vs)

C=S in thiocarbonyl compounds
C—0—C in aliphatic ethers
C—0OH in secondary or tertiary
alcohols
C—NH, in primary aliphatic amines
Si—0—Si in siloxanes
SO,H in sulfonic acids
CH—OH in cyclic alcohols
CH,—OH in primary alcohols
§=0 in alkyl sulfoxides
P—0O—C in organophosphorus
compounds
Carbon ring in cyclic compounds
CH=CH, in vinyl compounds
CH=CH— in trans disubstituted alkenes
CH=CH, in vinyl compounds
R

CH,=C in vinylidenes

Rl .
1,2 4-trisubstituted benzenes
R—NH, primary amines
Si—C in organosilicon compounds
1,3,6-trisubstituted benzenes
Si—CH, in silanes

R
CH=< in trisubstituted alkenes

C—Cl in chloro compounds

C=S stretch; strong in Raman
C—0—C antisym stretch
C—0 stretch

C—N stretch

Si—0—Si antisym stretch
80, sym stretch

C—0 sfretch

C—0 stretch

§=0 stretch

P—0O—C antisym stretch

Ring breathing mode; strong in Raman
=CH out-of-plane deformation

=CH out-of-plane deformation

CH, out-of-plane wag

CH, out~?&plane wag

CH out-of-plane deformation (two bands)
NH, wag

Si—C stretch

CH out-of-plane deformation

Si—CH, rocking

CH out-of-plane deformation

C—Cl stretch
CH out-of-plane deformation_, "

Triazines

CH==CH, in vinyl ethers
1.2,3,4-tetrasubstituted benzenes
m-disubstituted benzenes

785-680 (vs)
775-650 (m)
770-690 (vs)
T =

5

740~720 (w-m)

730-665 (s)
720-600 (s, br)
710-570 (m)
700-590 (s)
695-635 (s)
680-620 (s)
680-580 (s)
650-600 (w)
650-600 (s)
650-500 (s}

650-500 (s)
645-615 (m-s)
645-575 (s)
640-630 (s)
635-605 (m-s)
630-570 (s)

- CH out-of-plane deformation

CH out-of-plane deformation

CH, out-of-plane wag

CH out-of-plane deformation

CH out-of-plane deformation (two bands)

1,2,3-trisubstituted benzenes
C—S8 in sulfonyl chlorides
Monosubstituted benzenes

CHout-of-plane deformation (two bands)
C—S stretch; strong in Raman
CH out-of-plane deformation (two bands)

LCHoO = !

C—Cl alkyl chlorides
—(CH,) — in hydrocarbons

CH=CH in cis disubstituted alkenes

Ar—0OH in phenols

C—S in sulfides

O0—C==0 in carboxylic acids

C—C—CHO in aldehydes

C—OH in alcohols

C=C—H in alkynes

S—C=N in thiocyanates

NO, in aliphatic nitro compounds

Ar—CF, in aromatic trifluoro-methyl
compounds

C—Br in bromo compounds

Naphthalenes

O—C—0 in esters

=CH, in vinyl compounds

Pyridines

N—C==0 in amides

C—CTStretch -

CH, rocking in methylene chains; intensity
depends on chain length

CH out-of-plane deformation

OH out-of-plane deformation

C—S stretch; strong in Raman

0—C=0 bending

C—C—CHO bending

C—0O—H bending

C=C—H bending

S§—C stretch; strong in Raman

NO, deformation

CF, deformation (two or three bands)

C—Br stretch

In-plane ring deformation
O—C—0 bend

=CH, twisting

In-plane ring deformation
N—C=0 bend

Continued
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TABLE 8-3

A Numerical Listing of Wavenumber R

Classes of Compounds Absorb in the Infrared—cont'd

Part Il / Vibrational Spectroscopy ‘ TAI

anges in Which Some Functional Groups and

Range fem ')
and Intensity

Group and Clas ;

Assignmer it and Remarks

630-565 (s)
615-535 (s)
610-565 (vs)
610- 545 (m-s)
600-465 (s)
£80-520 (m-s)
580-520 (m)
5a0-430 (s)
580-420 {m-s)

C—CO—C in ketones
C=0 in amides

SO, in sulfonyl chlorides
S0, in sulfones

C—1in iodo cornpounds
C—C—CN in nitriles

NO, in aromatic nitro compounds

Ring in cycloalkanes
Ring in benzene derivatives

C—CO—C bend

C=0 out-of-plane bend
S0, deformation

S0, scissoring

C—1 stretch

C—C—CN bend

NO, deformation

Ring deformation

In-plane and out-of-plane ring
deformations (two bands)

Chi I

—

Alk |

1-530 (vs] 50, in sulfonyl chiorides S0, rocking

S65-520 15) C—C=0 in aldehydes C—C=0 bend
a0 tav-mil C,H., ,inaikyl groups Chain deformation modes (two bands)
580-510 1) C—C==0 in ketones C—C=0 bend
0 0

LAG-500 1s) —C — in amino acids -—(‘/\— rocking
. 0 0
555-545 (&)
=CH, in vinyl compounds  =CH, twisting
550-465 (s) C—C=0 in carboxylic acids C—C=0 bend
545-520 (s) Naphthalenes In-plane ring deformation
530-470 (m-s) NQ, in nitro compounds NO, rocking
520-430 (m-s) C—0—C in ethers C—0—C bend
510-400 (s} C—N—C in amines C—N—Cbend
490-465 (variable) Naphthalenes Qut-of-plane ring >ending
440-420 (s) Cl—C=0 in acid chlorides Cl—C==0 in-plan2 deformation
405-400 (s) S—C==N in thiocyanates S—C=N bend
[ABLE 8-4

Characteristic Frequencies of Funct

ional Groups in the Raman Spectra of Complex Molecules

Frequency Ranges

Fl

(em~7) and
Groups or Class R Intensities* Assignment and Remarks
Acetylenes =CH 3340-3270 (s) CH stretch
{alkynes) R—C=C—R 2300-2190 (s) C==C stretch in disubstituted acetylenes,
sometimes two b: nds (Fermi doublet)
R—C=CH 2140-2100 (s} C==C stretch in monoalkyl acetylenes
650-600 (m) C—C=CH deformation
0
_,{-—'
Acid chlorides  R—C 1800-1790 (s) C=0 stretch
cl 1
Alconols R—OH 3400-3300 (vw) OH stretch; broad band
1450-1350 (m) OH in-plane bend
1150-1080 (m-s) C-—0 antisym stretch
970-800 (s! C~—C—0 sym stratch
0
V4
Aldehydes R—C\ 1730-1700 {rn) C=0 stretch
H
n-Alkanes (general) 2980-2800 {vs) CH stretch
& 1475-1450 (s! CH, antisym deformation
13501300 (rn-s) CH, bend
340-230 (s) ~=C—C—(— bend
*Kev s = strong; m = medium; w = weak, v = very; br = woad :
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