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Table5.1. Summary of the Characteristic Absorptions Due to Alkane Linkages

Frequency

Functional Group em™

Remarks

—CH, 2962=10(s!*
2872=101s)

1450 =20 im*

1380 —13701s)

—CH— 2026 513

2853 =5 ts)

1465=15(m)
1350 - 1150

1100-700

C—H 2890 =101 w)*

—CI(CH,) 1397 (m)
1370(s)
1250
1208 =6

—CH':CH;ﬂ; 1385 ':S‘}
1370(s)
1170
1145

1

—C—0—CH, 1442 - 1435

—CH,—CO (6-ring) 1440—1415
—CH~CO (5-ring) 1411 ~1404

—(CH.)- 740-1720

('r‘H; (FI'L

C—CH—CH—C  1140-1110

C—H stretching-doublet
asymmetric and symmetric
mode, independent of size of
molecule

Asymmetric C—H deforma-
tion

Symmetric C—H deformation;
higher frequency if on C=C

Asymmetric vibration ol H
atom

Symmetric vibrationof H
atom; independent of size of
molecule

C—H bending; sharp

C—H twisting

C—H rocking; intense

C—H stretching

Doublet —C—H deformation

C—C skeletal vibrations
C—C skeletal vibrations
Doublet —C—H deformation;
equal intensity
Skeletal vibrations;
C—C stretch and C—C—H
bending

Similar to the 1380 cm ™! for
—C—CH,

x = 4; C—C vibration, singlet
in liquid; doublet in solid;
(may actually be due to CH,
deformation)

C—C skeletal vibration

*(s) = strong intensity; (m) = medium intensity; (w) = weak intensity.
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Asymmetric methylene stretching Symmetric methylene stretching
vibration; 3090-3070cm™, 3.24.3.26 um vibration; 2985-2965 cm1, 3.35-3.37 um
(overlapped with the asymmetric
methy! and methylene absorptions
of saturated groups)

Fig.5.11 Olefinic methylene stretching vibrations.
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Fig. 5.12 Typical olefinic spectrum indicating the separation of alkane and alkene
C—H stretching absorptions.
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Table 5.3. Out-of-Plane Carbon-Hydrogen Bending Bands of Alkenes

R, H 995-985cm™! R, R,

;. Se—c”  (10.05-10.15um) o Ne—e” | 840-790 cmt
4 ., 910-905cm™ S .. (11.90-12.66pm)
H H (10.99-11.05um) R. H
R, H R, R, —690cm™!
2. \{’_‘,:C/ 980-965 cm™* 5. \C C-/ (14;1_9,;:m) .
. (10.20-10.36am) > “~ ambiguous in
H R. “ H H certain cases
R, /H - R, R, ——
C—C 895-885 cm™! No C— a-
2 P . (11.17-11.3pem) & /C_C\ formation
R. H R, R,
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Fig. 5.13 Spectrum of methylmethacrylate. This is a typical example of the effect of
conjugation on the position of the out-of-plane C—H bending vibration.
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Table5.4. Summary of Typical Vibrational Frequencies

of a Number of Common Alkenes

8w Seplout- Overtone
Molecule S e lin-plane)  of-plane of &
A. Monosubstituted Alkenes
Propylene 3082 1646 1417 996,919 1831
3013
1-Butene 3087 1645 1420 992,911 1832
1-Pentene 3075 1647 1420 992,915 1835
1-Hexene 3083 1642 1416 994,909 1820
1-Heptene 3082 1645 1400 995,910 1825
3.3-dimethyl- 3094
butene 3000 1646 1416 1000,911 1827
B. cis Disubstituted Alkenes
2-Butene 3029
2987 1662 1406 675
2-Pentene 3018
2972 1657 1407 692
2-Hexene 3012 1654 1407 693
3-Hexene 3016 1653 1408 715
C. trans Disubstituted Alkenes
2-Butene 3021 o 1302 962
2-Pentene 3029 e a 1296 963
2-Hexene 3027 1668 1300 8965
3-Hexene 3030 .... 1289 965
D. Asymmetrically Substituted Alkenes
Isobutene 3086
2987 1662 1420 887 1790
2-Methyl-
1-butene 3092 1652 1416 850 1788
2-Methyl-
l-pentene 3079
2969 1652 1414 B90 1787
2-Methyl-
1-heptene 3076 1654 1415 888 1790
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Table 5.5 Summary of the Characteristic Absorptions Due to Alkene (C=C)

Linkdges
Frequency Wavelength
Functional Group (cm™) (pm) Remarks
C=~C (noncorj.) 1670-1615 5.99-6.19 C=C stretching; intensity
quite variable
C=C(conj.) 1600-1590 6.25-6.29 C—=C stretching; intensity
enhanced
—C=CH_. (vinyl) 3080 =10 (m) 3.25 C—H stretching-doublet
299510 (m) 3.35 asymmetric and symmet-
Tic
—CH=CH—1trans) 3040-3010 (m) 3.29-3.32 C—H stretching
965 =5 (s} 10,36 C—H out-of-plane defor-
mation
1300 =5 7.69 C—H in-plane deformation;
intensity variable
RR'C=CH. 880898 is) 11.36-11.14 C—H rocking; strong char-
acteristic
R—C—H
H—'&i‘r—R‘ 965-975 (s) 10.36-10.26 C—H rocking; strong char-
acteristic
1325=1275 (m) 7.55-7.85 C—H bending, medium
16001650 5.25-6.06 C=C stretching, may be
absent
R—C—H
R'—(I.L:-——H 675-729 14.81-13.72 C—H rocking; not too
dependenable
RCH=CR'R" B40-800 11,80-12.50 C—H deformation
1650 5.99 C=C stretching
R H
\C=C/ H
s N P
H C=C
P ~
H R G988 10.12 C—H rocking
(trans-trans)
R H
\%C/ R 982 10.18 C—H rocking
H/ \C=C/ 948 10.55
/ \ 1020 9.80
H H
(frons-cis)
CH,(CH=CH),CH,
n=3 1615 6.19 C==C stretching; strong
n=4¢4 1592 6.28
n=>5 1570 6.37
n==8 1561 6.41
Cyclopentene 697 14.35 C—H cut-of-plane bending
or wagging
Cyclohexene 667-625 14.99-16.00 Same as above
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aromatic spectra. (Courtesy of Sadtler Research Laboratories.)
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Fig. 5.15 Symmetry of the benzene molecule. (A) One of three planes of symmetry

through the carbon atoms of benzene. (B) One of three planes of symmetry through

the bonds of benzene (between the carbon atoms). (C) A single plane of symmetry;

all 12 atoms lie in the same plane. (D) A point of symmetry; all carbon atoms are
equidistant from the point.
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Fig. 5.16 Fundamental vibrations of benzene. (Courtesy of Sadtler Research

Laboratories.)

Bands labeled 2 and 3 are not fundamental vibrations of
benzene; rather these bands are combination bands. Band
2 is the combination of wy; +¥15; both are Raman active
vibrations. Band 3 is the combination of w45, also
both Raman active vibrations.
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Table 3.5, Summary of C—H Out-of-Plane Bending

Bands in the Spectrum of Substituted Benzenes

Phenyl Substitution Frequency(cm™') Wavelength (pm,

Benzene 671 14.90
Monosubstitution 770-730 12.99-13.70
710-630 14.08-14.49
Disubstitution
12 770-735 12.99-13.61
13 810-750 12.35-13.33
710-690 14.08-14.49
1.4 833-810 12.00-12.35
Trisubstitution
1,23 780-T60 12.82-13.16
745-T05 13.42-14.18
1.24 B25-805 12.12-12.42
885-870 11.30-11.49
135 E-Eflr-ﬂlﬂ. 11.56-12.35
T30-675 13.70-14.82
Tetrasubstitution
1,234 810-800 12.35-12.50
1285 850-840 11.76-11.90
1,245 870-855 11.49-11.70
Pentasubstituted 870 11.49
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Table 5.7 Correlation of C—H Out-of-I’lane Bending
to the Number of Adjacent Hydrogens
on the Aromatic Ring

MNumber of

Adjacent
Hydrogen Atoms Fregquency(em™') Wavelength (pm)
5= T70—-730 12.99-13.70
4 TT70-7T35 12.99=-13.61
3 810-750 12.35-13.33
2 560800 11.63-12.50
1 S00—Bs0 11.11-11.63

*An additional band also appears between 745 and
690 em™"' in  monosubstituted cases, 1,3-disubstituted
cases, and 1,2 3-trisubstituted cases.
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Fig. 3.19 Typical monosubstitution band pattern in the 2000 to 1667 cm ™' region

(3 10 6 pm), In the normal spectrum these absorptions are very weak. The enlarged

view indicates these absorptions when a sample of increased thickness is examined to
develop spectral detail in this region.
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Fig.5.20 Typical examples of functional group abserptions that interfere with the use
of the 2000 to 1667 cm™ region (5 to 6 um) for interpretive purposes. (Courtesy of

Sadtler Research Laboratories.)
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Fig. 5.21 Spectra-structure correlations of benzene ring substitutions in the 2000 to
1667 cm " region (5 to 6 gam).
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Fig. 522 Summary of characteristic alkane, alkene, and aromatic absorption bands,
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Table 5.8 Summary of Characteristic Absorptions of Triple-bonded and Cumula-
tive Multiple-bonded Groups

Frequency Wavelength
Functional Group (cm™") { germd Remarks

Acetylenes

—C=C— 2250-2150 4.44-4 65 C=C stretching (absent in
symmetrical cases)
H—C=C—R 21402100 4,67—4.76 C=C stretching (medium)
R—C=C—R- 22602190 4.49-4 57 C=C stretching (very
weak or absent)
R—C=C—C=CH Near 2040 1_90
Near 2200 4.55 C=0C stretching {doublet)
=C—H 3310-3200 3.02-3.12 CH stretching (sharp,

characteristic and of
; medium intensity)
TOO—-600 14.29-16.67 CH bending
Nitriles
R—C=N i(saturated) 2260—2240 4.42_ 4 46 C=N stretching
imoderately strong)

R—CH—CHCH.C=N

taliphatic,

nonconjugated) 22602240 4. 42 3 46 C=N stretching

imoderately strong)
R— CH=—CH—C=N

(aliphatic, conjugated) 2230-2220 4.48 -4 50 C==N stretching
{moderately strong)

R—C=N (aromatic) 2240-2200 4_46—42 50 C=N stretching
{moderately strong)

N=C—CH.CH=—CH—C=N 22602240 4. 424 46 C=N stretching

(moderately strong)
2230-2220 4.48—4 50 C=N stretching

{moderately strong)
Diazonium Salts

R—MN.,* 2280-2240 4.39 4 46 N=N stretching
{moderately strong)

Isonitriles
R—N=C 2200-2100 4.55—4.76 N=C stretching
{(moderately strong)
Azides
CH,—MN, MNear 2143 4 .67 N, asymmetric stretching,
strong
Near 1295 T.72 N, symmetric stretching,
weak
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Tahle 5.8 — Cont.

Frequency Wavelength

Functional Group fem=") [ gern Remarks
R—IN. 2169-2080 4.61-4.81 N,asymmetric stretching,
strong
1343-1177 7.45-8.49 N,symmetric stretching,
strong
Allenes
CcC—C—C 2200-1950 4.55-5.13 C=C stretching, strong;
sometimes ocbserved as
doublet
—CH==C=—CH. MNear 1970 5.08 Two C—C stretching fre-
quencies due to coupling
Near 850 11.76 C—H deformation, termi-
minal allene only
C—C=—=CHCONH. Near 1950 5.12 C=—C stretching; doublet
Near 1830 5.18 due to coupling
Isocyanates
CH.—NCO 2232-2230 2. 48 Asymmetric stretching of
NCO(N=C—0), strong
1412-1377 7.0B-7.26 Symmetric stretching of
NCO, weak
R—NCO aliphatic 2275=-2263 4.39-4.42 Asymmetric stretching of
or aromatic) NCO, strong

1390-1350 7.19-7T.41 Symmetric stretching of
NCO, strong
Thiocyanate

R—S—C=N (aliphatic! Near 2140 4.90 C=N stretching. strong
R—S—C==N (aromatic) 2175-2160 4.60—4.63 C=N stretching,. strong
Isothiocyanate .
R—N=—C=—=S (aliphatic) 2140-1990 4.67-5.26 —N=C—S stretching,
s_tmng
R—IN=C—S (aromatic) 2130-2040 4.70-4.90 —N=C—S stretching,
strong
Carbodiimide
—N=C==N—— (aliphatic) 2140-2130 4.67-4.69 N=—C—N stretching.
strong
—N=—C=—N— (aromatic} Near 2145 4._66 Stretching vibration
2145-cm™" band
Near 2115 4.73 Stronger than
2115-cm ™! band
Hetene
C=C=0 Near 2150 4.65 Stretching vibration
Near 1120 8.93
Ketenimine
C—0C—N Near 2000 5.00 Stretching vibration

The Alkynes (RSN Aad 1) libcbaa ¥ 3 SLLSIY
2222CNT £oll 2 fe gamdl odd sy amdl cond Lad¥l Ca s
ot Wi dadid sy d elid o N Gl iy Y Lis 09 prwaill 3uaag
Lalaill od e B 55 gls i ¥ Il 48l oy 1085 5 panll
2 ifsus oy da g ¥ dasdy SLEN Jilell o Laayd Sl
Tuaiall Lajondl O s 4uliled MU bl wa¥| e lane 25 gadl laa
da Dy (390,501 550 e 3T Jlatwl s Lalsog las Lo s
Gl el @ 5 ugmall o aly (olate¥| Ll 2 ulasl
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Fig. 5.23 Spectrum of acetylenic compounds (alkynes). Particular note should be

made of the positions of the =C—H stretching vibration and the weakly absorbing or

nonabsorbing C=C stretching vibrations (indicated on the spectrum by the arrows),
(Courtesy of Sadtler Research Laboratories.)
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Fig. 5.26 Typical absorptions of the alcohol and phenol functional groups. (Courtesy
of Sadtler Research Laboratories.)
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Table 39. Variations in the Position of the C—{ Stretching Vibration
Due to Structural Changes®

Approximate Position

fem™') (pm}
Primary Alcohols
where:
X.Y,andZ=H — 1065 —9.39
X X —alkyl,and Yand Z=H 1050 9.52
Y44}—CH=—O}1 Xand Y=alkyl,andZ—H 1035 9.66
z X,Y,and Z = alkyl 1020 9.80
X = unsaturation (vinyl or
aryl),and YandZ=H 1015 9.85
Secondary Alcohol=
where
N XY.Z X' .Y, andZ"=H 1100 —9.09
)‘( ?H X X = alkvl: 1085 g9.22
v C—CH—C—Y each additional alkyl —15 —0.13
il 1. Xand X" = ring 1050 9.52
z “ X = unsaturation 1070 9.35
X and X' = unsaturation 1010 9.90
Tertiary Alcohols
where:
- = X N X N,
X 1 b ' J
e andZ'=H ~1150 —8.69
Y*‘?—C—'{—‘* N = alkwl 1135 881
Z 7 X and X* = atkyl: 1120 8.93
e 1 each additional alkyl —15 —0.13
!72 X = unsaturation 1120 5.93
Y X and X' = unsaturation 1060 9.43
X.XN .and X" = unsaturation 1010 990
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Table 5.10 Summary of the Characteristic Absorptions Due to the
C—O—H Functional Group in Alcohols and Phenols

F’rzquency Wavelength

Functional Group {cm—1t) ey Remarks
Primary alcohols® Near 3640 2.75 O—H stretching vibration
(sharp and weak}
Near 1050 2.52 C—0O stretching vibration

(broad and strong)
13S0—1260 T.41—7.93 O—H bending vibration
(broad and medium

intensity) .
- alcohols™ Near 3630 275 ©O—H stretching vibration
i - (sharp and wealk)
MNear 1100 o.09 C—O stretching vibration

(broad and strong)
1350-1260 7.41—-7.93 O—H bending vibration
(broad and medium

intensity)
i 3 s Near 3620 2.7T6 O—FH stretching vibration
Tertiary alcohols’ P o
Near 1150 8.69 C—O stretching vibration

{(broad and stromg)
1410—-1310 7.09-7.63 O—H bending vibration
(broad and medium
intensity)
Phenols® Near 3610

N
s
&)

O—H stretching vibration
tweak and sharp)
Near 1230 8.13 C—O stretching vibration
(broad and strong$
1410—-1310 TO09-T7.63 O—H bending vibration
fbroad and medium

intensity)
Hydrogen-bonded system

1. Intermolecular

hydrogen bonding

Dimers 3600-3500 O—H stretching vibration
weak and sharp. overlapped
by polymeric hyvdrogen-
bonded O—H

Holyvmers 3400-3200" 2.94-3.13 A

strong. broad absorption
with solids and pure liguids
the only band cbserved;
N—H free and hydrogen-
bonded also appear in this
region 1 Table 5.12). The
carbonyl overtone ( very
weak absorption) also
absorbs in this region

With other functional

Egroups IECO-_3500 2.TE-2.86 — O —H hydrogen bonding to

ethers. ketones, amines, and
other polar solvents that
absorb in this region
2. Intramolecular
hydrogen bonding

Peolyhydroxylic
materials 3600-3500 2.78-2.86 Sharp absorption position,
dependent upon the H—O
bond distance: critical
distance for such bonding
appears to be —3.3A
—OH with other
functional groups 2200-2500 2.86—4.00 Broad, diffuse band often not
easily distinguished; typical
of enol systems such as
acetoacetic esters. and
amides
w-hydrogen bonding 3I600-3500 2.78-2.86 Interaction of w-systems such

as olefins with hydroxyl
proton: useful for structural
information

*Summary is based on typical spectral data obtained from compounds in dilute
nonpolar solvent (CCL, or CHCIl:).
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Fig. 5.27 Effect of hydrogen bonding on the O—H stretching vibration in cis-cyclo-
pentane-1,2-diol.
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Fig. 5.28 Steric hindrance to hydrogen bonding as exemplified in the spectrum of
6:4-butyl-2.4-dimethylphenal (compare with spectrum of mesital), (Courtesy of Sadtler
Research Laboratortes.)

_ 141 -



2-r-butyl-4smethyviphenol 2. 4-di-r-butyl-6-methviphencl

OH oy, = OH ¢y,
' CH;,
CH;
CH; CHy
CH;
vo-H 3380cm~!, 2.96am ¥0—H 3570 cm™!, 2.80um
ishoulder at 3462 em™!, 2.8%um)

2, 6-di-t-butyl-4-methylphenol 2.6-di-r-butyl-4-cyvclohexvlphenol

cu. Y cH, CH; OH cH.

CH:

CH;

CH;s

vo—H 3510cem™i, 2.85um ¥o—H 3530 cm™1, 2.83 um

Fig. 5.29 Typical O—H stretching absorption bands in hindered phenolics. All values
were measured in Nujol.
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Fig.5.30 Example of the change in band position with different configurations.
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~0-CH,-CH, or CH,=CH-0-CH,-CH,

1020CN" , 11 1075CNT (cutl 2 &y 315 5a¥1 12,
ialad¥ st 2. O-CHs e gama (Lo dd)) ja=all jo,aly
Mokl e spaall 2. Lo sels A sgmy 1089 Lo guads daga pad &y pdasdly
2815CMm" > g 2850CNM" (s ialaitl 2, gtni —CHg ic gams MWiad
(071D Jouadl 2 clyi¥l e pand 65T ar Ll uad

Table 5.11. Characteristic Absorptions Due to Ethers and
Related Functional Groups

Frequency Wavelength

Functional Group em™'} (pm) Remarks
Ethers
Aliphatic 1150-1070 8.69-9.35 C—O—C asymmetric stretching
vibration, intense
Aromatic and vinyl 1275-1200 7.85-8.33 C—O0O—C asymmetric stretching

vibration, intense (C=C of vinyl
also increased in intensity)

1075-1020 9.30-9.80 Symmetric stretching vibration
(weaker than asymmetric band)
O—CH,, 2850-2815 3.51-3.55 CH, symunetrical stretching vibra-

tion tasymmetric band is over-
lapped with saturated C—H
vibrations}); 2850-cm™' region
charactenstic of arematic
—O—CH, and 2830- Lo 2815-cm™"
region characteristic or aliphatic
—O—CH, group
O

Cﬁ_‘_\'c

(epoxides) 3040-3000 3.99-3.33 C—H stretching of the methine
group shifted to 3040 cm "' in
strained rings

3050 3.28 CH. stretching vibration of
terminal epoxide
1250 5.00 Symmetrical-ring breathing mode
(frequently referred to as the
8pm band)
950-810 10.53-12.35 Asymmetric ring bending mode
{referred to as the 11xm band}
840-750 11.90-13.33 Called the 12um band, due to the

C—H vibration

Acetals and Ketals
1190-1160 8.40-8.62 C—O—C—0—C characteristic

absorption
1195-1125 8.37-8.89 C—0O—C—0—C characteristic
absorption
1098-1063 9.11-9.41 C—0—C—0—C characteristic
absorption
1055-1035 9.48-9.66 C—0—C—0—C characteristic
absorption
1116-1103 8.96-9.02 Characteristic of acetals only
Peroxides
Aliphatic 890-820 11.24-12.19 Both aliphatic and aromatic
Aromatic Near 1000 absorption are very weak
and difficult to assign with
certainty
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Fig. 5.31 Typical symmetrical ethers epoxide and peroxide spectra. (Courtesy of
Sadtler Research Laboratories.)
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Fig.5.31 (contd.).
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Fig. 5.32 Spectra typical of 1°, 2° and 3° amines. (Courtesy of Sadtler Research
Laboratories.)
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Fig.5.32 (contd.).
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1250Cni" i 1300CN" ot 2 C-N oyl U 5 aag imgayll —
s 1280CNT gutl uic jaaiia sy S by 5yl iajons
 (5-12) Sl ptait C-N abaul 31 y345 I SSle 12ag 1180CmM*

Tahle 5.12 Characteristic Absorption Bands Found in Amines and Imines

Frequency  Wavelength
Functional Group iem™ i wmi Remarks
Amines
—NH. tnonhydrogen-
bonded) 3550-3420  2.82-292 N—Hasymmetricstretching.
weak
3450-3420  290-3.01 N—H symmetric stretching,
weak
1640-1560  6.10-6.41  In-plane bending, strong
900-650  11.11-15.38 Out-of-plane bending, broad
diffuse band
—NH inonhydrogen-
bonded! 3450-3310  2.90-3.02 N—H stretching, weak
1550-1490 6.33-6.71  N—H bending, weak, sometimes
undetecied because of overlap
with aromatic ring bands
—NH and —NH,

{hydrogen-bonded)

Intermolecular 3300-3000 3.03-3.33  N—H stretching. stronger than
the nonbonded vibration; some-
times gquite complex lappears
as more than a single band)

Intramolecular 3500-3200 2.86-3.13  Similar to intermolecular bands;
usually quite complex

C—N i=zaturated carbon)

C—NH. 1230-1030  §,13-9.71  C—N stretching (a doubletin
tertiary amines)

C—N—C 1150-1100  §.70-9.08  C—N stretching

C—N tunsaturated car- 1360-1250 7.38-8.00 A doublet due to double bond
bon; vinyl or phenyl)  1280-1180  7.81-8.48 character of the C—N bond
when conjugated
CH,—N 1370-1310 7.30-7.64
Imines
R—C=N—H 3400-3300 2.94-3.33 N—H stretching, weak
1590-1500 6.29-6.67 N—H bending
R—C=N—(aliphatic) Near 1670 599 C=N stretching
R—C=N—{aromatic) Near 1640 6.10 C=N stretching
R—C=N—
(extended conj.) Near 1618 6.18 C=N stretching
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Table 5.13. Characteristic Absorption Rands Found in Amimonium
Compounds
Fregquency Wavelengeh
Functional Grouap cm ") { perm) Remarks

,_VAmmnnium Ion
MNF, S3300-3030 3.03-3.30- ‘“»IF—Ii stretching vibrations
1430-1390 T.00—-7 .20 ‘\I[{ bending vibrations

Amine Salts _
—NH, Near 3000 3.33 NH:, asymmetric and NH
symmetric stretching as a
broad band overlapping
C—H stretching bands

Near 2500 £ 00 Owvertones {(sometimes absent)
Near 2000 5.00 Ovurtcnes {sometimes absent)
1800—-157T5 6.25—-6.35 NI—I1 asymmetric bending
Near 1500 6.67 NH. svmmetric bending

o (analogous to CH, bendings}

—IMNH. 2T00—2250 3.70—4.44 Broad, stretching band (usually
a group of bands)

Near 2000 5.00 Overtone, usually ahsent

1600—-1575 6.25-6_35 NH. scissoring tanalogous to
=i CH. scissoring)

—INH 2T700—-2250 2. TO0—<4.44 MN—H stretching plus overtone
ard combination bands;
clearly distinguishable from
C—H wvibrations

— = No characteristic bands

74

Imine Salts
— C—N—H 2500—-2300 4 00—4.34 MN——H stretching; overtones and
combinations: a group of
broad, sharp bands
2200-1800 4.55—5.56 One or more medium intensity
- bands; clearly distinguishes
imine salts from amine salts
Near 1680 5.95 C—MN stretching vibration
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Fig. 5.33 Typical ammonium salt spectrum. (Courtesy of Sadtler Research Labora-
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Table5.14. Effect of Ring Size on the Position of the Carbonyl
Stretching Vibration in Ketones, Lactones, and Lactams*®

Carbonyl Stretching Vibration

Ketones Lactones Amides
Ring Size (cm™) (pm) (em™) (pm) (em™) (um)

1780 5.62 1818 5.50 1745 5.73
1745 5.73 1770 5.65 1700 5.88
1715 5.83 1735 5.76 1677 596
1705 5.87 1727 5.79 1675 5.97

=] & v

*Values given are approximate only; variations due to o-
substituents are averaged to obtain a value for the effect of the
nng.
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Fig. 5.35 Changes in the position of carbonyl stretching absorption as a function of
the state of the sample exemplified by propionic acid.
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Fig. 5.36 Vibrational coupling in anhydrides (note acid-impurity, band in carbonyl
region, 1700 cm™*). (Courtesy of Sadtler Research Laboratories.)
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Table 5.15. Summary of the

Absorption Characteristics of Carbenyl-containing
Compounds

Fregquency Wavelength
Functional Group tem ™t i Remarks
Standard », _,,
(w] (9]
1 1
Anhvdrides A-»(J;—O—C—) 1830-1810 5.46—-5.53 Asvmmetric stretching,
C=0 isymmetric at
1770-1750em ")
o
0 1] - -
Peroxides \ —C—O0—0—C— 1520-1750 5.49-5.62 Asymmetric stretching,
C—=—0 isymmetric at
1796-1769 em™")
O
|
Acid Halides (—i:—x) 1510-1790 5.53=-5.58 C=0 swretching
(8]
i
Acids —C'—-OH) 1770-1750 5.65-5.71 Mlonomeric stretching,
C=—0
o]
Esters \—C—O— 1745-1725 5.73-5.80 C=0O stretching
L]
j
Aldehydes |\ — H 1735-1715 5.76-5.83 C=0 stretching
o
Ketones --3—-) 1720-1710 5.81-5.85 C=0 stretching
o x
: lé 4 - :
Amides \ — NH. 1700-1680 5. 88-595 C=—0 stretching
"amide [ band"
Anhydrides
Linear
O o
Il
R—C—O—C—R 1830-1810 5.46-5.53 (=0 asymmetric
tAliphatic) stretching (strong)
1770-1750 5.65-5.71 C=0 symmetric
stretching (weaker
than asymmetric
stretching band)
3 3
H—C—O0—C—R 1795-177a 5.57-5.63 C=0 asymmelric
1Vinyl or aromatic) stretching (strong
1735-1715 5.76-5.83 C=—0 symmetric
stretching tweaker
than asvmmetric
stretching band |
Cyclic 4
G-membered ring 1S 101790 5.53-5.59 C=0 asymmetric
stretching (weaker
* than symmetric
stretching band)
1760—-1740 5.68-5.75 C=—0 symmetric
strerching (strong
S-memhered ring 18751855 5.33-5.39 C=0 asymmetric
stretching (weaker
than symmetric
stretching band)
17951775 5.57-5.63 C=—0 symmetric
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Table 5.15 —Cant.

Functional Group

Frequency
fem—"

Wavelengriv

Cprrml

Remarks

Other cases
Maleic anhyvdride

Phthalic anhydride

Peroxides
O

(o]
B g‘, O— 0—&‘-—R
faliphatic)

R—E——(}—O—E—R

{aromatic)

Acid Halides
o

R—E’—Cl
taliphatic}

o
rR—C—Cl
jaromatic or unsaturated !
Acids
O

i,

R—U—OH
taliphatict

a-halogen substituent

1850
1790

1850
1770

18201811

1796—-1784

18051780

17941769

18101790

1780—-1750

1765-1750

3000-2500

Near 3550
Near 1420
Near 1250

Shift of
“+ 10-20

164 -

5.41
5.59

5.4
5.6

5.49-5.52

5.57-5.61

5.54—-5.62

5.57-5.65

5.53-5.59

5.62-5.T1

5.67-5.71

5.81-5.85

3.33-4.00

o =iy
gok

=X
ol

11.15-11.65

Approx.
0.05

C—0 asymmeiric
stretching iweaker
than 1790-cm—*
symmetric stretch)

C—0 asymmetric
strewching iweaker
than 1770-cm™*
symmetric stretch)

C—0 asymmetric
stretching (strong)

C=—=0 symmetric
stretching (weaker
than asymmetric
stretching band)

C—0 asymmaetric
stretching (strong)

C=—0 symmetric
stretching (weaker
than asymmetric
stretching band)

C=—0 stretching
L&)
un
C—F shafted to
higher frequencies:
O
I
C—Brili shifted to
lower frequencies

C=—=0 stretching
iStromg!

C—0 stretching of
nonhydrogen-bonded
species tvariable in
intensity in solution.
depending on con-
centration!

C—0 stretching of acid
dimer (mMmost com-
monly observed
band)

Broad, complex band
structure of O—H
stretching and combina-
tion bands (char-
acteristic)

O—H stretching mon-
omer bands due to
coupling of in-plane
bending of O—H and
C—O stretching of
the dimer (CH. bend-

ings overlap 1420-
cm " band)

Broad, medium inten-
sity band; O—H out-
of-plane bending of
acid dimer (charac-
teristic)

Walues for e-bromo and
e-chloro (a-Buoro
about—+ 50 cm™')



Table 515 —C

onlt.

Frequency Wavelength
Functional Group fem™) (pamm) Remarks
o
R—E'JfOH 1730-1710 5.78-5.85 C—0O stretchi ngof the
(aromatic) monomeric species
1700-1680 5.88-5.95 C=0 stretehing in the
acid dimer
(8] 2
1610-1550 6.21-6.45 Asyvmmetric stretching
Rr—(C—0O- of CO. " group
lacid salts) {strong)
Near 1400 T.14 Symmetric stretching of
CO. group {strong)
Esters
L8]
L .
R—C—0—R 1735 5.76 C—=0 stretching
‘R and R' aliphatic) (strong)
1275-1185 7.85-8.44 C—O0—C asymmetric
stretch
1160-1050 8.62-8.70 C-—O—C symmetric
= = stretch (both are
strong bands, the
higher frequency
band is usually more
intense than the
C=0 stretching
band; position is usu-
ally indicative of ester
t: }
Ester Tyvpes Ea
C—0—0)
{a) Formates Near 1185 544
Near 1160 862
tb) Acetates Near 1245 8.03
665-635 15.04-15.75
615-580 16.26-17.24
(c] Propionates 1275 7.84
1200-1190 8.33-8.40
1080 5.47
1020 8.80
- 810 12.35
«d} n-Butyrates 1255 7.97
1190 B.40
1100 9.09
(e} Isobutyrates 1260 7.93
1200 8.33
1160 B.62
1080 9.26
i1 Isovalerates 1195 8.37
1285-1265 7.78-7.90
+-halogen substituent Shift of Approx. Shift d-;—perfdsun elec-
| 10—40 0.1-0.15 tronegativity of the
halogen and stereo-
chemistry
(o}
R—HT—OR' 1725-1715 5.80-5.83 (=0 stretching
iwhere R is vinyl or aromatic) L.Sh“;:ed by conjuga-
ion
1300-1250 7.69-8.00 C—O—C asymmetric
stretching
1200-1050  8.33-9.52 C—O—C symmetric
stretching
O
) P 1765-1755  5.67-5.70 C—0 smejfchiﬂg
o - istron
(where R" is vinyl or aromatici T~ st_rget('hing -
vinvl cases ienhanced
intensity)
Near 1210 826  C—O—C asymmetric
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Table 5.15 — Conit.

Funcrional Group

Freguency
tem '

Wavelengeh
L} I 1l

Remarks

o
R——-HD—OR' i
{iwhere R and R" are aromatic)
Benzoates (C—O—C1

Cyelic (ef. Table5.141
6-membered ring

S5-membered ring

Phthalates

Aldehydes

O

|
R‘—!]L' H
taliphatic)

(&]
R——E—H

laromatich

(o]
R—E— iE

{er, B-unsaturated)
Ketones

(o]
R—&—'R
taliphatic)

(o]

|
R—é)—ﬂ.' (where R® is aromatic)

(@]

R—('.I'}—R' {(where R and R’ are
aromatic)
Conjugation
o, S-unsaturation:

( L)
— CH—CH—C—,

1735

1310-1240
1150-1080

1735

1770

1780-1760

1130-1110
10751065

17251715

2820

Near 1700

Near 1685

1720-1710

Near 1100

Near 1620

Near 1665

Near 1675
1650-1600

5.76
7.64—85.06
8.70-9.26

5.76

5.62-5.68

8.85-9.01
9.30-9.39

5.80-5.83

3.55

3.67

5.81-5.85

S.09

5.93

6.01

5.97
6.06-6.25
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C—0 stretching vibra-
tion

Asymmetric and syme-
metric C—0O—C
stretching

C—0O stretching vibra-
tion (shifts with con-
jugation with C=0
or ester O—C as in
aliphatic cases)
©—O stretching (shifts
with conjugation to
1785 em™*' and split,
1755 band is present;
conjugation with ester
O—C shifts C—0
stretching to 1880
cem !

C—0 stretching, 1780
em™! in nonpolar sol-
vents; 1760 cm~ ' in
polar solvents

Asymmetric and sym-
metric C—O—C
stretching., (strongh

C=0 strewching,
istrongi

C—H stretching iover-
lapped with other
C—H stretching
bands)

C-—H stretching-char-
acteristic iused to dis-
tinguish aldehyde
from ketone

C=0 stretching tshift-
ing due to conjuga-
tion with aromatic ring)

C—0 stretching
ishifted by conjuga-
tion; extended
conjugation shifts the
band to 1675 cm ")

C=0 stretching (non-
polar solvent; shifts
lower in polar media)

C—C—C bending and
C—C stretching of

O

c—c”
b
c

linkage

C=—0 stretching
(shifted by conjugation)

C—0 stretching
(shifted by conjugation)

C—0 stretching vibration
C—C stretching (en-
hanced intensity)



Table 5.15 — Cont.
Frequency Wavelength
Funcrronal Group e ) gty Remarks
Extended or crossed:
(o]
)
—CH~=CH—CH=CH—C—
or
o
i
A—CH=CHﬁ-CﬁCH=CHﬁ) Near 1665 6.01 C==0 stretching vibration
Cyclopropyl:
(9]
L)
D’* = Near 1695 5.90 C=0 stretching vibration
e-halogen substituent Shifts - Approx. Depends on electroneg-
— 01025 0.05 ativity and stereo-
chemistry
Two halogens o 0 v o Shifts Approx.
— 0 to 45 0.1
L&]
1]
R—C—R tcyelic: of. Table 5.1-4+
4-membered ring 1780 5.62 All bands shift approx-
S-membered ring 1745 5.73 imately 20 cm™'
6-membered ring 1715 5.83 10.054m) on conjuga-
T-membered ring or larger 1705 5.87 tion
Diketones
o O
i Il
—LC—C— 1720-1705 5.81-5.87 C=—0 stretching vibration
T
—C—CH.—C— 1720-1705 5.81-5.87 C=—0 stretching vibra-
tion
1640-1540 6.00-6.49 Conjugated chelate
H..
bi
- é""-
Amides
(8]
& ;
R— NH. 1690-1650 5.92-6.06 The "amide I”" band
(aliphatic) C=0 stretching
(1690 cm ™! free, and
1650 cm ! when hy-
drogen-bonded)
3550-3220 2.82-2.92 Asymmetric N—H
stretching
Conjugation: ——— = —— e
iVinyl and aromatic) Shkifts Approx
+ 15 0.05
(, R—E—N—CH=CH—— or
R
—CH=—CH— i\z\ )
c-halogen substituent Shifts+ 5 Approx. Dependingon electro-
to+ 50 0.1 negalivity and stereo-
chemistry
(] =
&
R—C—NH—R
(eyclic; of. Table 5.14)
4-membered ring 1745 5.73 All bands shift approx.
S-membered ring 1700 5.88 15 em™! (0.05um) on
G-membered rfng 1677 5.96 conjugation {no
7-membered ring 1675 5.97 amide Il band present

in 4- to 9-membered
lactams)
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Table 5.15=Cont.

Frequency Wavelength
Functional Group lem~") tpm) Remarks

3450-3320 2.90-3.01 Symmetric N—H
stretching
13200-3050) 13.12-3.28) Hydrogen-bonded
N—H
1640-1600  6.10-6.2% The "amide 11" band.
NH. bending
14201405 7.04=-7.12 The "amide I1I" band.
C—N stretching

0
R—C—NH—R 1680-1640 5.95-6.10 The "amide ™ band,
taliphatic) >={) stretching
Near 3440 2,91 N—H stretching
iNear 3300) (3.031  Hydrogen-bonded
N—H stretching
1570-1530 6.37-6.54 The "amide 11" band
1300-1260 7.69-7.93 The “amide 1i]” band
0
R—C—NR» Near 1630 6.06 The “amide 1" band;
raliphatic) sinceno N—H is

present amide 1 and
I1I bands are absent

Aldehydes and ketones IRV PRINPE T,
(iLilas) oty e gamme (M ammy calEn s 1 i a T da =5
Sl agau¥ 2 alua¥l idee o 0 Il syl e gand
3 Y Juigeyendl ie garme ol Lole (sl e 10CMT e,
e LB (e ol e G ) 2 Tg (e gl o 8,80 Humess
a3yl il e de gy C-H aayl U su gl dathie [345 (oo
icgamtl 3t Lagacg C-H i Loy 18 s qlf i alait Lon 2%ty
LAl sie 1ayadly 2820 -2720CM iaiall iaganV!
el ba ¥l e Lales il aiag 5L 3.67UmM -2720CM"
ie gama oy B yaill e 553 (0 e Lajdl ols C-H (g5
cro - o 21 (B-31) sl H Il esginesnll (e aga ]

o) aand¥y sl i
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Fig. 5.37 Typical aldehyde and ketone spectra. Compare the aldehydes with the
ketones and note the difference in the 3333 to 2500 ecm™ " region (3 to 4 pm). (Courtesy of
Sadtler Research Laboratories.)
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Wavelength in micrometery
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Fig.5.37 (contd.).
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Fig.5.38 Typical spectra of aromatic or unsaturated ketones and aldehydes. (Courtesy

of Sadtler Research Laboratories.)
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Fig.5.44 Typical spectraofacid chlorides. (Courtesy of Sadtler Research Laboratories.)
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Fig. 5.46 Spectrum of a lactam (cyclic amide), an unsaturated amide, an imide, and
urea amide II vibration normally characteristic of secondary amides. (Courtesy of
Sadtler Research Laboratories.)
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Fig. 5.47 Intensity relationship between coupled carbony!l wibrations in linear and
cyclic anhydrides.
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Table 5.16. C-NQ Group fundamental vibration Assignments in
Nitromethane

Vibration Frequelncy Wavelength
(cm™) (Lm)
NO, asymmetric stretching 1570 6.37
NO, Symmetric stretching 1380 7.25
C-N stretching 918 10.89
NO; in- plane bending 656 15,24
NO, out- of- plane bending 615 16.26
CNO bending 480 20.83

s da MY (C-N) 501 dajs ol s aall clss, L1 2
Loy Bladilg Labhillod a2 Laliss euld o5 L ay> 349
@l 12 da a5y 35 el edle Lo milues —NOs e ol
latll Sl de gama pe Linyl ey (@ilidl o 9y%0) lagaas 3Vl
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ol gyt T 2 Less Lals gyl 5500 dliatie (63T e gand
Al e degama daj> 559 gyl desama Y9S- Moy
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Table 5.17. Consisteney of the Positions of Absorption of the
Asymmetric and Symmetric —NO, Stretching Vibrations

Asymmetric Stretching® Symmetric Stretchingt
Vibration Vibration

Frequency Wuvelength Frequency Wavelength

Compound {em™) {um) {em™) {pm)
Nitromethane 1570 6.37 1380 7.25
Nitroethane 1558 6.42 1368 7.31
2-Nitropropane 1553 6.44 1361 7.35
1-Nitrepentane 1553 6.4 1383 7.23
1-Nitrocyclohexane 1553 6.44 1361 7.35
2-Nitroethanol 1555 6.43 1370 7.30
1,2-Dinitrobutane 1567 e 0.38 1383 7.23
6-Nitrocamphene 1527 6.55 1361 7.35
Nitrobenzene 1329 6.54 1353 7.39
m-Dinitrobenzene 1548 6.46 1353 7.39
p-Chloronitrobenzene 1527 6.35 1350 7.41
p-Nitrophenol 1524 6.56 1346 7.43
p-Nitroaniline 1508 6.63 1340 7.46
p-Nitrobenzoylchloride 1536 6.51 1351 7.40
p-Nitrotoluene 1524 6.56 1341 7.40
m-Nitrotoluene 1331 6.53 1355 7.38
m-Nitrobenzaldehyde 1541 6.49 1357 7.37

*Position is affected by electrical environment.
TPosition is affected by the ability to conjugate with unsaturation (i.e.,
planarity).
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Fig.5.49 (contd.).
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Table 5.18. Summary of the Characteristic Absorptions of Nitro, Nitroso. and

Related N—0O Systems
Fregquency Wavelength
Functional Group fem "4 {pem) Remarks
C—NO. {nitro)
aliphatic 1615-1540 6.19-6.42 Asymmetric—NQ, stretch-

ing vibration ( very strong}
1380-1320 7.20-7.58 Symmetric —NO. stretch-
ing vibration i very strong)
olefinie 1500-1505 6.67-6.65 Asymunetricstretching
vibration (intense}
1360-1335 7.36-7.489 Symmetric stretching
vibraticn fintense!
aromatic 1548-1508 6.46-6.63 Asymmetric stretching
vibration (intense)
1356-1340 7.37-7.46 Symmetric stretching vibra-
tion
Near 870 11.49 C—N stretching vibration
(difficult to assign in aro-
matic nitro compounds)

C—N=—0 ({(nitro.o} 1600-1500 6.25-6.67 Shifis similar to those ob-
served for carbonyl com-
pounds

C=N—0H foxime) 3650-3500 2.74-2.86 O—H stretching vibration

(at lower frequencies

when hydrogen bonded)
1685~ 1650 5.84-6.06 C=N stretching wibration

weak unless conjugated;

position influenced by

ring strain (cf. Table 5.14

for similar C=0 shilils)
560-930 10.42-10.75 N—O stretching vibration

N — O (N- oxide)

AliphaticN — O 4970-950 10.31-10.53 N—Ostretching vibration
{(imtense)

Aromatic N — O 1300-1200 7.69-8.33 N—O stretching vibration

({Pyridine N-oxides) intense shifting due to

conjugation (N=0); hy-
drogen bonding shifts
band to lower frequencies
(10-20em™")
R—O—MNO. (nitrate esters) 1640-1620 6.10-6.17T Asymmetric —NO, stretch-
ing vibration (intense)
1300-1250 7.62-8.00 Symmetric —NO; stretch-
ing vibration (intense)
870-8556 11.49-11.70 N—O stretching wvibration
Near 690 14.48 NO. bending vibration
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Table 5.19.

Summary of Characteristic Carbon-Halogen Absorptions

Functional Frequency Wavelength
Group fem—*') { perm ¥ Remarks
C—F 1250-960 8.00-10.42 Stretching vibration
—CF; and CF, 1350-1200 T.41-8.33 Asymmetric stretching vibration
12001080 §.33-9.26 Symmetricstretching vibration
|
=C—F 1230-1100 8.13-9.09 Stretching vibration
!
_?_F 1120-1010 8.93-9.90 Stretching vibration
CcC—Cl1 B30-500 12.04-20.0 Suretching vibration
1510-1480 6.62-6.76 Owvertone of stretching vibration
——(IJ—Clg 845-T95 11.83-12.58 Asymmetric stretching vibration
620 16.13 Symmetric stretching vibration
C—Bhr* 667-290 14.99-34.5 Stretching vibration
C—I S00-200 20.2-50.0 Stretching vibration

*The reader should note that C—Br and C—I fundamental stretching absorptions
are not usually observed in the 5000 to 625 cm™! region (2 to 16pam) of the inlrared

spectrum.
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£.5.50(C) Summary of the characteristic absorption bands in the 1500 to 625 em™"
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Fig. 5.50(A) Summary of the characteristic absorption bands in the 4000 te 2000 cm—*
region (2.5 ta 5 pm) dae to the more common functional groups.
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disiloxaneglu st i, 1075CNT-1055CNT st
1050C" e Lsbiatal Siie geand | el cocniess (RSi0),0
doe e e (bl cowtent ida sl sapaall aliss p ol Aty
cilslia e YLl €22 Lagec s 1020CNT 1080CNT
SI-0- sl e (153550 3,1 dliaie SI-O Lenie y Jmadl imlalin
o1 CHs ¢a Yoy 1090CNT e a3 Si-O e yemnlls CHg
Lyl ats 1090CNT die el de gandl ool ileaitl — CoHs
- (A 9030) ol ) duninda

Si-H vibration Si-H i

LB ola ie¥l 53la g 2200CHT e , gl e gamlloia
2500CNT e iaell (6231 315l s (5-5D) Jemtll 2 Caall
53 e @Y eVl 5 L e Lolad poliaie¥! aciag
* - 8B0CM" e a5 ¢y pemlud

"able 5.20. Typical Absorption Characteristics of Organo-Silicon Compounds

Functional Freguemncy Warelengeh
Femarks

CGromup verm ¢ et
SiH 2230-2150 1.28 -1 65 Stretching vibration
BO0 -850 11.24-11.63 Bending vibration
SiOH 3390 —3200 2.95-3.13 OH stretching vibration
TO—820 11 49—-12.20 OH bending vibration
Si—O0O— 11T10—-10MHY SO01—-10.00 Si—O stretching vibration
tvery intense. broad\
Si—O—Si Si—O stretching vibration
icdisiloxanes) ivery intense, broad»
S5i—0—Si Si—O stretching vibration of
limnear) approx. equal intensity
Si—0O—Si Si—O— stretching vibration

tevclic trimer)
Si—O—Si

teyclie tetramer:
Si—OCH,
Si—OC.H-

Si—C
Si—CH,

SivCH .

SicCH, .,

Si—C.H,

1090 —1 050
1090
LOSS

B8990 -6890
1260

T9a
1260

B20-—S00

Si—O— stretching vibration

Si—O— stretching vibration

Intense doublet: if Si—O—Si
1s present, this doublet is
overlapped

Si—C swretching

CH. rocking mode tsharp and
intense)

Si—C stretching

CH, rocking mode (intense
broad. and characteristic)

Si—C stretching

CH, rocking vibraction

Characteristic of the SitCH,)
grouping

C—=C stretching vibration

C—C— ring stretching vibrarion
(sharp, intense)

Intense band. which appears
as doublet for SitC.H, ),

M amenumers m e

T

CHACH=-SiH2

| 200 AC) Lo oo mos o0
TT[ TP r T IO A T e I T F [ F VP T e v T 7 [ v T

LTS

sals oo loasgloss

[

b Emicr e Ters

5 Spectrum of n-octyl silane.
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Si-OH vibration Si-Olilyia
Y gl e gama 2 Lasley das o Labin g y3 oluaia¥| dalaie
gl Loy pamb 9o pusl ol Ll o, il dheugg ¥ g iially
e yd Laysels iy e deformation  (O-H)e st
ey (11.49um 870CM" Lie Laias S-OH Lo 1056CNT
Lo yoma pailas o 201 (5-20) Jpus (12.19um 820CnT

OsEmdia!

Organic- sulfur compounds  aggdaat! duwi wSd syl

2 o Lo lataly (S-H) i game e ciliss U el ggis
(3.85 to 3.9 um2600CnHT- 2550CHT (coall da gl
Pt iy Lalie gudl puai T715 5 Y L cgeamdlola Il
das s aasll Sl 20 Alad ) Dl Cads yamayy w9y l|
2 bl aamill dglae Sl 3503 Ladl da 33 55k i0 i3] 352
2 (aineay Y i gandl Gl Capn ! olaaa¥l s 1 Ll
i Zadad! LS

C-S vibration (C-S) B3¢

iy TOOCHT die G Jall & alaie 2 G e gamll ol 5 glas
e ganll 008 s 55 16.96UM 3 5 14.28UMazkil 590CNT
OLe ALy Hgmpsdly copsatl 550 ¥ty dauds aatey Lad)
Al ennienl (6 )3 Y (50 )52l 350 Ao pama g Lans Golaia¥l Al g
dacdin ;b s gy C-Silayly 0yi3 Latie g dalaill i 2 <l 31yl
(16.95UmM590CM" e olia me¥ls Jially Jlall | e
C-Clicgama poliatial dandyy saladl cadall 2 das M5 Y Loyl
30 Jriedll de gazma dolgyl ang C-Spolata¥ iabill yudl wic
C-S- il 5 e game dandy TOOCTT e olaie¥! cupnll
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sudl 2 poliaia¥l don C-O-Cile gama pon Ll , 53 Less C
655CM" s, 695CM"
1200CNT coldl 2 oliata¥! &5&mn s o o8 dc o Lals
53 Aliatey C=S e sama Jomd all sl a0 1020CMT 1
2 idle ealanyd ade Basd Golaie¥! 33,5 ola thiaminegs o,
5 yilie Holentl Lats Laie s 1290CNT 5ia s 1405CNT ool
1225CnT- 1235CNT 1l 713 pobuate¥l ol o0yl 3,00
S-O vibration S-O iy
238 1000CNT _5n s 1080CHT (ol 2 ic gaomll oia aiad
e gamma ot aly pBskl supid L g L BlES 50l de send
2 5 1050CM" sy 1040CMT cps Jo ol 2 e € gal Ll
225l e Taals 3] danhy duluall Als|
Lo gemll 02 (S5 4o )5 (e 23 (pabidl —SO2ic yazay
SBles Vo LBLaS Hlal Cotisanl s > o3l ial clusly @S 450
2 5 1300CI" oy 1340CHT Lol 2 gl olis Laia¥! oliag
x5 8.62UM i_kait) 2, 1135CHT sy 11600l
e 10 L G 0pladl Ldae o aa g Less iyl Sle (8.81um
oo sl!
aysleatl 5500 5 dlis Jleasl dasdy —=SO-Cl ¢y galedl oy jgles
ileaia NH2 da s, —SONH, (aligal o Lea 3T9 SO, ie gamt
abilel byl sl Lewies) onie gamd| Nen g —SO eVl 5,800
Sall 2 LGS S 35 aM ola ia¥ly ¢ polin eVl g L uliles ¥y
Sodl 2 Bl alate¥l Loz 1340CHT 5 1385CNT
S=0 iling eligalec Il a em 2.5, 1160CM* sy 1185CnHT
s —SOH (s 50 g I oage Ll paibia s L laladly
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1080CNT, <y ic el cllil jalia sl Glolic G503 Epas
g 700CM" 5« o101, 1000CM" 5 1250CHT
A 3 LILE el lsia¥l o ke Baliss o) D301, 610CNT
paimle tany (52D Jga ol ) tailay I E 4t Gil tas i e
Aogaall Ln et ol U ailws Latsl

Characteristic Absorption Bands IMue to the More
Common Sulfur-Containing Linkages

Table 5.21.

Fregquency Waielength
Functional Group tem™ ) (i Remarks
—S—H
Alkyl—SH 2600-2550 3.85-3.92 S—H stretching vibration
Arvli—SH 25602550 3.91-3.92 S—H stretching vibration
—C—5 TO0-590 14.25-16.95 C—S stretching vibration
(extremely weak)
CH.—S— TO0-685 14.28-1460 C—S8 stretching vibration
—CH.—S—CH.— B95-655 14.39-15.27 C—S—C stretching vibra-
tion
t o 2 3 <
CH—S5— 630-600 15.87-16.67 C—S stretching vibration
/
Phenyl —S— Near 590 16.95 CH— stretching vibration
or C—_T—5— {increased intensity due to
conjugation)
C=S 1200-1050 5.33-9.52 C=S stretching i(strong}
shifts similar to C=0
(Table 5.15)
I
CI—C=S 1235-1225 8.10-8.16 C—S stretching
™~ I
N—C=S 1405-1290 7.12-7.75 Analogous to "amide I"
r band (Table 5.15)
S—O
S—a S00-700 11.11-14.28 S—0 stretching vibration
(intense)
S=0 10801000 9.26-10.00 S=0 stretching vibration
(intense)
—S0: 1340-130Q 7.46-7.69 Asymmetric stretching
vibration (intense)
1160-1135 8.62-8.81 Symmetric stretching
vibration {intense)
Common Types
R
.
S=0 1060- 1040 9.43-9.62 Shifts to lower cm ' values
R_-’ when conjugated or
hvdrogen-bonded 1 10-20
tsulfoxide) em™)
RSO.R 1340-1300 T.46-7 69 Asymmetric stretching
tsulfone) 1160-1135 B.62-5.81 Symmetric stretching
P 2
RSO.—N 1370-1530 T.30-7.52 Asymmetric stretching
N 1180-1180 6.47-8.62 Symmetric stretching
isulfonamide !
R—S0.—1 7.22-7.46 Asymmetric stretching
isulfonyichlorides) 8 .44-8.82 Symmetric stretching
R—&0.—O0OH 1250-1160 5.00-8.62 Asymmetric stretching
isulfonic aciwds 10850- 1200 9.26-10.00 Symmetric stretching
TO00-G10 14.28-16.39 S—0 stretching

R—S0.—OR
{sulfonates)

1420-1330
1200-1145

7.04-7 52
8.33-8.73
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Oregano- phosphorus compourighfiusal! dggdaat! &

il U 29 oo 950Vl 553 o JBT Hsaugall 353 Ly aslall e
et ¥ LILE dday )3 el 5 dlae ol P-H Lo gasndl e dgusd
iy 2325CNT cu 112 4l L gily o Syall 2l Lo
sl el )11, 950CNT , 1250CM* gt 2.5 2425CT
2 suslg iy cgas s R-P-H ik Lgonc 50 e Sy
las> Zueis yebas Syl 2 P-H o ol i s P-H

P-O vibration P-O iy

51 P=0 5231 e P=01c gomall 35891 0 ple gt un g
oaiai P=00e gt alcial 3l5als oo of Juss! i R ¢ PT-O7
ol ell ey 1180CMT sin s 1315CHT st 2 23 Lajmss
P s pobiate¥l dgio g Hgdisall 350 @ coang 45l D
Legomll @ ey Syl po Lo ueins ¥ Ll 0ns P=0O
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Sl B s Lass L yesatl idlet e¥ini oYl sue 40 P=0
eend| 108 (oo lilidingally ) ghiugdll Sinas

—OH 555 2359 P=0 ,355 daja (aemdl (e e sill (alis 29
Ortuayomtl M Lialy cmm g yua¥1 sl )1 peiliss 33,3 sl M gy
iglatl P=Sie samlly lus mlalis jolatial Led (O-H) (P=0O)
Laymss B50CHT | 5n s 800C cotl 2, glas donlin 2Vl
iyl imlaling iadies o P-O-Rslaicly dam o oliaial
Jiie L cgame —R e« 960CM a5 1100CHT oo
13L>YL 1050CHT s Zajodl 530 g iagd P-O-Colin il
1190CIT iy 3 diabin 5a 5 glag ssla oy £aly LI Caain
1379CmM-1 e i Blad! JGdl Lc gama Lola tial jaila 3
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lbiad 53Le s 1050CMT Lalaitl 2 el Luladl Jusnll cule gamllg
— smyEatl Jlocwd! s 2. 1190CM' 2 ia ugie 1505 Laliss
950izkil 2 sl jolaial wie P-O-Cy (P-O-phny) ¢, asl
875Cni 1,

hydroxyl vibration oS 9yt | 51 3

B dyygasall s 2. Juuso gyl de gazme Hlial fdgm
e POH I ¥ el 1 4 im y,00¥1 Ll 11 3000CNT
35 s g Ay gt Lmlaliag dugd daj A 2600Cn"
a9yl olyy 5805 Gy ass Tl ae Lgale <3500y ¥ (POH)
Lic yolaig OH ic gamll (oliaial usss inlalia o)y S0 Loagay
Lagacy §5-8 ol tial Lt Lysae all il e 511 o taesy 1050CHT
(5-22) Jgu> ol audall jrcuds 2 Zoyall dldd 5 as day V1 cllual

Table 5.22. Summary of Characteristic Absorptions Attributed to
Organo-Phosphorus Compounds

Functional Fregquency Warvelength
Group fcm— ') { parmd HRemarks

P—H 2425-2325 4.12-4.30 P—H stretching vibration {(sharp,

medium intensity)
1250—-950 8.00-10.53 P—H bending (very weak

=0 13151180 T7.60-8.49 P=0 stretching vibration (strong;
position affected by the number
of electronegative substituents)

P=5 BO0-650 12.50-15.38 P=—=S stretching vibration iweak
absorption)

P—0O—C 1 100—950 9.00-10.53 Where C = CH.,. strong sharp
band at 1050 em ' (9.52umh a
sharp wealk band near 1190 em !
15.40um} also present due Lo
P—O stretching thigher alkyls
ab=orb similarity)

Where C = phenyl, a strong band
is present in the 950- to 875-
em ™' 110.53 to 11 . 42 m) region

P—OH Near 2600 3.85 Hydrogen-bonded —OH stretching
istrong, very broad absorption!

Near 1050 9.52 O—H bending

Addall dgaat! OLS !
Organe- metallic compounds
cyclopentadienyl & daall ciliss y 1l soaat (olaia¥l cads jad o

gl 5y o a¥lagial cliasss (CsHs)oFe cnwgps (i of Less
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Gl 23T elss yolt aas — (CsHp) g197 0T ety @aas| Lasyg
3075CMT iy unidall (C-H) 355 olinial LYl cilssyll
aie (C-0) degandl yolatal L) s5a3 LBl da rugic daj
Al 353 iyl Gle 1110CNMT e &g 31 ey 1430CNT
33 653 poliataly (C-H) dolyy Jem iy b iy ylae T3l Jom s
ooyl (sl wlacall s 5155a1 (C-H) It s 825CNT
Bl L ajod H8EsT o DA el Cowigny ol il
dsaydl palnll o2a Caan g3 1610CNT s 1750CNT 5.
olatial dx s Y OVEIONE(auzal s dalos] cils go o cilisliataly)
il dgals palilas (ase — (g5 (Aayly) oy mlad 3-2a
‘1110Cnf¢_mLPL4;um1_9>01%J3@¢“Jh+¢5ﬁ&
ol T gy o ds L ladl e J o2 s 1512 1005CNT

OridsB 535 ge e tlile dajondl Gl () s psugpd Sl
pailas 1aliile Lt ol el s (onpi oaes FUlVENE-
aliles jolaaial
Sl A el s ddgady Liaall Jhs sl aliss ja cowys
oimg 2050CT sl 2 i slendl soua s pobiatial aj > 3505
e pames dadip ] el denls ] 3943 Lail ayandl o2 1750CNT
oobaial pailas Lt s 3 il Jog ysall palme pailad (50,5
1800CN 3 a2
dgalg ldMall uwad LY us g Guias — gilw cnlss pall A itlg
C=EN degemay CEN La,latl e gaandl A anyidl ilsLatia¥!
2130CNT e 5,5915 2065CNT e ,15¥Ls i ylaial
g cliss e st il cilasydl Gzl (5-23) Jguxdl Hlail

-

ifdna
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Table 5.23. Characteristic Absorptions of Several Organo-Metallie
Systems

Frequency Wavelength

Functional Group icm™') | wmi Remarks
(C.H;+metal
compounds 3075 3. C—H stretching mode

5
1750-1615 571-6.19 3-6 very weak bands; over-
tone of ring retational
mode
1430 6.99 C—C vibration
1110" 9017 Asvmmetric ring breathing
mode isharp and intensel
1005* 9.95% (C—H bending vibration
isharp and intensai
825 12.12 Probably CH nut-of-plane
mode | very strong and
broad
Metallic-carbonyl|
compounds 2050-1750 4.88-5.71 COvibrations
2050-15756 4.88-5.33 Terminal COD mades
1875-1750 5.33-5.71 Bridge CO vibrations
Metallic-evano

compounds 2065 4.84 Terminal C=N stretching
mods
2120 4.70 Bridge C=N stratcking
mode

*Absent in disubstitur=d svstems.

1 yaned | S ¥ il g dgiant| i LS L pailias
5-) Jemidl , 13l 650CMT s s 5000CHT ol 2 cilodle

oolaiadld Oliaia 359 Oy G aganguadl by adal (52
2 aiel ialigs 3l Loy g 1080CMT iny 1130CNHT ool 2

i es (5-52) Jemi 1, 1231 .610CH" sy 680CNHT ot

alaill 2 18ls 31y ssla oy9e3g 1350CMT 2a y 1380CHT
g5 ol iliiua Ll ons pyadl o2a B15CNTT -840CNT Loy

Sy ¢ a9 (9-22) Y i 11i,lathy (e Bl 3adh) osol =l

-202 -



Of rae) @lyiill e goma Sl 3903 ddudls a3l oD (ol
ey Laiw (824CMT 5 1380CM! tie 1eja ceciens KNO;
836Cm" ;1373CNM" sic ol !l

Wanerurnhers mogm

AN A Jan  IhE S I5E) e IKD NG 301 G i L1 g
T T I LY R LU R L)
W
u
= @ &
Z 2
5 E
= 5
= | H%
g Na 80, :
] i
| | | |
ahdil AewdERCHD " SHUH NPT I . 1 1 O A T S
' | 1 i L] [y s 1] L] 1] ik L [§] 4 [
Spectium of sodium sulfate (" Sujol mulli Woavclength i mictometers
Wavenwmsers incm '
R LV e LT S0 A TeE 10 o0 1100 = 100G il L] m
L A LR LIS A S AL i (R a0 e T T
,LL_ /’\ %
i i ll g
g ! z
S W —fw £
. :
5 g
E & e — @ =
g KNO; g
E &
- — 2
]
Levealoogelvanadne oy Ly L1idaysad HEL 1 "
1§ 1 . | & : L] ] [['] i1} [ 1 T 1
Specteum of potassium nilrate (*Nujol mulll o nan i misrometers
Wavenumbers in ¢m ™'
00 ] B R L 1900 i i W
L LARRN (AREFEE R L LA AR S [ R I ERARERRRRE R el
8 r‘\V\
L]
A
£ 7
g Ed
g 0 — g.
k ]
- :
: 1%
E PbNO, i
2 — »
| "
c‘-'"|'“' |JIIlI|||II|.'ll'I[rli’||H||||II]HTI!IIIIli“Ii[lI 8
1 ) + s [ 1 i L o " woooon " 1}

Spectrum of lead nitrate (*Nujol mull) Wavelength in micrometers

Fig.5.52 Typical spectra of inorganic anions.
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