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Table3.]. Summary of the Characierigtic Absorptions Due to Alkane Linkages

Frequency  Wavelength
Functional Group (em™" fpmi Remarks
—CH, 2962 = 10 (s}* 3.8 C—H stretching-douhlet
2872 =101s) 3.48 asymmetric and symmetric
mode, independent of size of
molecule
1450 = 20 'm1* 6.80 Asymmetric C—H deforma-
tion
1380137018t 7.25-7.30  Symmetric C—H deformation;
higher frequency ifon C=C
—CH~ 2926 =51s) 342 Asymmetric vibration of H
atam
2853 =a1s) 3.50 Symmetric vibration of H
atom; independent of size of
molecule
1465 = 15 tm! 6.83 C—H bending; sharp
1350 ~ 1130 741-869 C—H twisting
1100 - 700 9.09-14.28 C—H rocking; intense
C—H 2890 =10 1w 3.46 C—H stretching
—CiCH,}, 1397 (m 7.16 ; ’
S ] . 30] Doublet—C—H deformatian
1250 8.00 C—C skeletal vibrations
12086 8.28 C—C skeletal vibrations
—CH(CH,\. 13851(s1) ?.22] Doublet —C—H deformation;
1370 tsi} 7.30 equal intensity
1170 8.55 Skeletal vibrations;
1145 8.73 C—C stretch and C—C—H
bending
—C—0—CH, 14421435 6.94—6.97  Similarte the 1380 cm™ for
—C—CH,
—CH.—CO (6-ring) 14401415 6.95-1.07
—CH—CO(5-ring) 1411 —1404 7.08~7.12
~—{CH,) - 740 =720 1351—13.89 x=4;C—C vibration, singlet
in liquid; doublet in solid;
{may actually be due to CH,
deformation)
(EHl ?Hm
C—CH—CH-C 1140—1110 8.77-901  C—Cskeletal vibration

*(s)= strong intensity; (m) = medium intensity; (w) = weak intensity.
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R, H R, R.
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H R, H H
{ras ris
R, H R, H
i \N__ 7 1675-1665em™ N7 1658-1648cm
2. =t (5.97-6.01am = 7
/ N y \ 16.03-6.07Tpmi
R R, R. H
K, Ry R, H
: cec”  1675-1885em™ o N7 1648-1638 cm"
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Jiols Lo gazma il @3 519 (5-3) Jgu 2l 2 0 s 5o Lass
3ol oty (obatiel cewnigns Lgils R-CH=CH, ¢ st (vinylD)
910Cm’™ = 985Cm™ o <210 (out-of plane) mlaidl 7 5ls
@t olign -1 = gyples S5 -3.4 2 Jhe Jloiad @ 515 |
ddde g Lo (e 5T ull g3ty Las Juatie 520 e oyl a3
Jea i 5528 (C=C-OR) s g Less Sl @3 o9 (Cails)
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Table 5.3. Out-of-Plane Carbon-Hydrogen Bending Bands of Alkenes

R JH 995-985cm™" R, R,
1 =" {10.05-10.15pm) 4. \C=C/ 840-790 crm
4 N\,, 910-905cm™ ) N,, (11.90-12.66um)
H H (10.99-11.05xm) R, H
R, H R, R, — 690 em™
2 \c==c/ 980-965 ¢m™? 5 \C-:.(‘./ (14.49xm)
L . (10.20-10.36um) s \. ambiguous in
H R, . H H certaincases
R H R, R
2 No_o”  895-885cm e N B > NoC—H de-
. . {11.17-11.3pm) s ~ formation
R: H R. R
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Table5.4. Summary of Typical Vibrational Frequencies

of a Number of Common Alkenes

By Syl ott- hvertone
Molecule ey Voo ln-plane)  of-plane of &
A. Monosubstituted Alkenes
Propvlene 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 18646 1416 1000,911 1827
B. cis Disubstituted Alkenes
2-Butene 3029
2987 1662 1406 875
2-Pentene 3018
2972 1657 1407 692
2-Hexene 3012 1654 1407 693
3-Hexene 3016 1653 1408 715
C. trans Disubslituted Alkenes
2-Butene 3021 .... 1302 962
2.Pentene 3029 ... 1296 963
2-Hexene 3027 1668 1300 965
J-Hexene 3030 .... 12859 965
D. Asymmetrically Substituted Alkenes
Isobutene 3086
2987 1662 1420 887 1790
2-Methyl-
1-butene 3092 1652 1416 890 1758
2-Methyl-
1-pentene 3079
2969 1652 1414 890 1787
2-Methyl-
1-heptene 3076 1654 1415 838 1790
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Table 5.5 Summary of the Characteristic Absorptions Due to Alkene (C=C)
Linkdges

Frequency Wavelength

Functional Group crm ™) (pm) Remarks
C=C (nonconj.} 1670-1615 5.99-6.19 C=C stretching; intensity
quite variable
C=C (conj.} 1600-1590 6.25-6.29 C—=C strefching, intensity
enbanced
—C=CH. (vinyl} 3080+ 10 (m) 3.25 C—H stretching-doublet
2995+ 10 (m) 3.35 asymmetric and symmet-
ric
—CH=—CH—trans) 30:40-3010 (m? 3.29-3.32 C—H stretching
B85 =3 (s) 10.36 C—H out-of-plane defor-
mation
1300 =5 7.69 C—H in-plave deformation;
intensity variable
RR'C=CH. BR0_898 (s) 11.36-11.14 C—H rocking: strong char-
actenstic
R—C—H i
H—(“‘,—R‘ 965975 (g) 10.36-10.26 C—H rocking; strong char-
acleristic
13251275 (m1 7.55-7.86 C—H bending, medium
16001650 6.25-6.068 C=C stretching, may be
absent
r—C—H
R'—g——.H 675-7249 14.81-13.72 C—H rocking; not toa
dependenable
RCH=CR'R" Ba0-800 11.80-12.50 C—H deformation
670 5.99 C=C stretching
R H
\C=C/ H
Ve N e
H C=atl
e N
H R SE5 10.12 C—H rocking
(trans-trans)
R H
\C=C/ R 982 10.18 C—H rocking
7 Neee” 948 10.55
e ~ 1020 9.80
H H
(Lrans-cis)
CH,(CH=CH).CH,
n=3 1615 6.19 C=C streiching; strang
n=4 15392 6.28
n=25 1570 6.37
n==8a 1561 6.41
Cywclopentene 697 14.35 C—H out-of-plane bending
or wagging
Cyclohexene 667-625 14.99-16.00 Same as above
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Fig. 5.14 Characteristic regions of absorption of aromatic ring systems and typical
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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 benzens. (Courtesy of Sadier Research

Laboratories.)

Bands labeled 2 and 3 ase not fundamental vibrations of
benzene; rather these bands are combination bands. Band
2 is the combination of wy +¥p: both are Ramaan active
vibrations. Band 3 is the combination of ws +#ws, also

both Raman active vibrations.
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Table 5.6. Summary of C—H Out-of-Plane Bending
Bands in the Spectrum of Substituted Benzenes

Phenyl Substitution Frequency(em™) Wavelength (um,

Benzene B71 14.50
Monosubstitution T70-730 12.98-13.70
T10-630 14.08-14.49
Disubstitution
1,2 TT0-735 12.99-13.61
1,3 810-730 12.35-13.33
T10-630 14.08-14.45
14 833-810 12.00-12.35
Trisubstitution
1,23 T80-T60 12.82-13.16
745-709 13.42-14.18
1.24 826-805 12.12-12.42
B85-870 11.30-11.48
1,35 865-810 11.56-12.35
730-675 13.70-14.82
Tetrasubstitution
1,234 810-800 12.35-12 .50
1235 &50-840 11.76-11.90
1,245 §70-853 11.49-11.70
Pentasubstituted 870 11.49
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Table 5.7 Correlation of C—H Out-of-Plane Bending
to the Number of Adjacent Hydrogens
on the Aromatic Ring

Number af
Adjacent
Hydrogen Atoms Freguwency (em™) Wavelength (pem)

5* 770-730 12.99-13.70
4 770-735 12.99-13.61
3 810-750 12.35-13.33
2 860800 11.63-12.50
1 900860 11.11-11.63

*An additional band zlso appears between 745 and
690 em™' in monosubstituted cases, 1,3-disubstituted
cases, and 1,2 . 3-trisubstituted cases
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Fig. 5.19 Tvpical monosubstitution band pattersi in the 2000 to 1667 cm ! region

15 to 6 umi. In the normal spectrum these absorptions are very weak. The enlarged

view indicales these absorptions when a sample of increased thickness is examined 1o
develop spectral detail in this region.
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Fig.5.20 Typical examples of functional group abserptions that interfere with the use
af 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 henzene ring substitutions in the 2000 to
1667 cn ! region (5 to 6 gm).
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- 130 -



ALl dududo o) Olaganed 1( 11) 52 161 ol f S dnd¥ il s
Interpretation of infrared spectra: Port (II) common function group
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Table 5.8 Summary of Charactleristic Absorptions of Triple-bonded and Cumula-
tive Multiple-bonded Groups

Freguency Wauvelength

Furnctional Group Cm~ ¢ amd Remarks
Acetylenes
—C=0C— 2250-2150 4.44—4.65 C==C stretching (absent in
symmetrical cases)
H—C=C—R 2140—-2100 4,.67—4.76 C==C stiretching (medium}
R,—C=C—R. Z260—2190 4.42-4 .57 C=C stretching (very
weak or absent)
R—C=C—C=CH Near 2040 490
Near 2200 4.35 C=C stretching (doublet)
=0C—H 33103200 3.02-3.12 CH stretching (sharp.

characteristic and of
; medium intensity}
700-600 14.29-16.67 CH bending
Nitriles
R—C=IN (saturated) 22602240 4. 42— .46 C=N stretching
{moderately strong)

R—CH=—CHCH.C=N

taliphatic,

nonconjugated) 2260-2240 4.42 4 468 C=N stretching

tmoderately stroog?
R—CH—CH—C=N

(aliphatic, conjugated) 2230-2220 1.485-4 50 C=N stretching
{moderately strongl

R—C=N (aromatic) 2240-2200 4. 46450 C==N stretching
{moderately strong)

N=C—CH.CH—CH—C=IN 22802240 4_42—3 46 C==N stretching

(moderately strong)
22302220 4. 484 50 C=N stretching
{moderately strong}
Diazonium Salts
R—MN.*+ 2280-2240 4.383—3. 36 N=N stretching
(moderately strong)

Isonitriles
R—N=C 2200-2100 4.55 476 N=C stretching
(moderately strong)
Azides
CH;—N, Near 2143 4 67 N, asymmetric stretching,
strong
MNear 1295 T.72 ™, symmetric stretching,
weak
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Table 5.8— Coat.

Frequency Wavelcngth

Functional Group e L e Remarks
R—N, 21/9-2080 4.61-4. 81 N,;asymmetricstretching,
strong
1343-11%7 7.45—8.49 N, symmelricstretching,
strong
Allenes
C—C=—=C 2200-1950 4.55-5.13 C=—C stretching, strong:
sometimes observed as
doublet
—CH=C=—=CH. Near 1970 5.08 Two C—C stretching fre-
quencies due o coupling
Near B50 11.76 C—H deformation, termi-
minal allene only
C—C=CHCONH. MNear 1950 3.12 C=C stretching; doublet
Near 1830 5.18 due ta coupling
Isocyanates
CH —NCO 2232-2230 245 Asymmetric stretching of

R—NCO taliphatic
or aromatick

Thiocyanate
R—S5—C=N (aliphatic1
R—S—C=N [aromatic)

1sothiocyanate
R—N=—=C—S (aliphatic)

R—N=—=C=—S taromatie)

Carbodiimide
—N=C=—N— (aliphatic)

—N—=C=—N— (aromatic)}

Ketene
C—C=0

Ketenimine
C—=C=N

1412-1377 7.08-7.26

223752263 4.39—4.42
£390-—-13350 7.19-7.41
Near 2140 4.90
2175-21E0 4.80—3 63
2140-1990 3.87-5.26
21302010 4.70-4.80
2140-2130 4.67—4.69
Near 2145 .66
Near 2115 4.73
Near 2150 4.65
Near 1120 593
Near 2000 5.00

NCO(N=C—0), strong
Symmetric stretching of
NCO, weak
Asymmetric stretching of
MNCO, strong
Symmetric stretching of
NCO, strong

CU==N stretching. strong
=N stretching, strong

—N=C—8§ stretching,
strong

—N=C—S5 stretching.
strong

Ne=C=—~N stretching.
strong

Stretching vibration
2i45-cm~" band

Stronger than
21185-cm™! band

Stretching vibration

Stretching vibration

The Alkynes

ot as dadih aa 5 el
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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. 5.24 Spectrum of a conjugated and nonconjugated (saturated) nitrile. Contrast
the positions of C=N stretching absorption as indicated by the arrows. (Courtesy of
Sadtler Research Laboratories.)
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Table 3.9. VYarialions in the Position of the C—O Stretching Vibration
Due to Struciural Changes*

Approximate Position

fem~") ( parmh
Primary Alcohols
where:
X.Y,andZ—=H -~ 1065 ~9.39
X X = alkyl, and Y and Z= H 1050 9.52
Y—+—CI—L_1—O‘H X and ¥ =alkyl,and Z = H 10385 9.66
X, Y,and Z = alkyl 1020 9.80
X = unsaturation (vinyl or
arvll.and YandZ—=—H 1015 9.85
Secondarvy Alcoheal=
where
XY.Z.X' .Y . andZ =H 1100 —-9.09
X OH X X = alkyl 1085 9.22
v H—( S " each additional alkyl —15 —0 13
X and X" = ring 1050 9.52
X = unsaturation 1070 9.35
X and X' = unsaturation 1010 990
Tertiary Alcahols
where
X OH X XY.Z X\ Y .Z2.X".Y ~
I, andZ2"=H ~1150 — 869
Y—d}—L—C—Y X = alkvl 1135 8.81
Z 2 X and X° = atkyl; 1120 2.93
x = each additional alky] —15 —0.13
7 X = unsaturatinon 1120 5.93
¥ X and X' = unsaturation 1060 9.43
X. X .and X" = unsaturation 1010 9.90
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Tablte 5.10 Summary of Lhe Characteristic Absorptions Due 1o the
C—O—H Functional Group in Alcohols and Phenols

i rzq mency Wavelensgth

Functional Group o) Cermd Remarks
Primary alcohols® Near 3640 2.7s © —H stretching vibracion
- tsharp and weak

Near 1050 9.52 C— O stretching vibration

(broad and strong¥
1350—-1260 7.A1—7.93 O —H bending vibration
{broad and mediam

intensity) ~
= Es hols™ Near 3630 2.75 O—TH stretching vibration
Sccondary alcohols Gl e 4
MNear 1100 909 C—O stretching vibration

(broad and strong)

1350-1260 7.41—-7.93 O—H bending vibration
(hroad and medium
imtensity)

B 3 ~ 3620 2.76 O—H stretching vibration
Tertiary nlcohols MNear s S
Near 1150 8.69 C—O stretching vibration

(broad and strong)
1410-1310 7.09-7.63 O—FH bending vibration
(bread and mediun

intensity)
Phenols™ Neor 3610 277 O—H stretching vibration
(weak and sharph
MNoar 1230 813 GCG—O srretching vibration

¢tbroad and stroaogk
1410-1310Q T.09-T.63 O—H bending vibration
tbroad and emedium
intensity)
Hydrogen-bonded sy stem
2. Imtermolecular
hydrogen bonding
Dimers 3600-3500 2.78—2.56 O—H stretching vibratiaon
weak and sharp, overlapped
by polymeric hyvdrogen-
bonded O—H
Halvmers 3300-3200 2.94-3.13 A strong. broad ahsorption
with solids and pure liguids
the only band cbsevrved.
N——=F free and hydrogen-
bonded alsoe appear in this
region i Table 512 The
carbonyl] overtone (vesry
weak abzorptions also
absorbs in this region,
With other functional
groups IECO-3500 2.78-2.86 —O—H hydrogen bonding to
ethers. ketones. amines. and
other polar solvents that
absorb in this region.
2. Imtramolecular
hydrogen bonding
Polvhydroxylic
materials F6C0-3500 2.78—2.86 Sharp absorption position.
dependent upon the H—O
bond distance: critical
distance for sach bonding
appears to be — 3.3A
—OH with cther
functional groups 3200-2500" 2.86-4 00 Broad, difuse band often not
easily digtingoished; typical
ol enol systems such as
acetoacetic esters. and
amides
hydrogen bhonding 3600-3500 2.768~2. 86 Interaction of w-systems such
as olefins with hydroxyl
proton; useful for structural
information

T*Summary is based on typical spectral data obtained from compornds in dilute
nonpolar solvent (CCL, oar CHCIl,).
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Fig. 5.27 Effect of hydrogen bonding on the O—H stretching vibration in eis-cyclo-
pentane-1,2-diol.
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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,

1020Cm™ 11 1075Cm™ g 112 &y 313 wa¥l 12 a,
alad¥ el 2 O-CHj3 icgama (Lo i dll) o =all s, 2l
Mol e cpaall 2 Layagls Il agay 1asg Lo gund dage iad dy)daally
2815Cm™ > 5 2850Cm™ s ialait 2, oy —CH3 dc gama Migd
SGEI 0 DN PRES | PRI T (B FIVEN SFFEN PG E) VN IS

Table 5.311. Characteristic Absorptions Due to Ethers and
Related Functional Groups

Frequency Wavelength

Functional Group tem ™"} (pem) Resnarks
Ethers
Aliphatic 1150-1070 8.69-9.35 C—0O—C asymmetric stretching
vibration. intense
Aromaticand vinyl 1275-1200 7.85-8.33 C—O—C asymnietric stretching

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

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

tion tasymmetlric band is over-
tapped with saturated C—H
vibrations); 2850-cm ™ region
characteristic of aromatic
—{O—CH, and 2830- Lo 2815-cm™'
region characteristic of aliphatic
B —O—CH, group

=

{epoxidest 3040-3000 3.99-3.33 C—H stretching of the mmethine
group shifted to 3040 con~' in
strained rings

3050 3.28 CH. stretching vibration of
terminal epoxide

1250 8.00 Symmetrical-ring breathing mode
(frequently referred to as the
8;um band)

950-810 10.53-12.35 Asymmetric ring bending mede
(referred to as the 1 lum band)

B40-750 11.90-13.33 Called the 12xm 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—O—C—0—C characteristic
absorption
1098-1063 9.11-9.41 C—0O—C—O—C characteristic
absorption
1065-1035 9.48-9.66 C—O—C—0—C characteristic
absorption
1116-1103 8.96-9.02 Characteristic of acetals oniy
Peroxides
c—O0—0—-C
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 specira. (Courtesy of
Sadtler Research Laboratories.}
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Table3.12  Characteristic Absorption Rands Found in Amines and Imines
Frequency  Warelength
Functiona! Group fem 'y i pmd Remarks
Amines
—NH. tnonhydrogen-
bonded) 3550-3420  2.82-2.92 N—H asymmetric stretching.
weak
$450-3320  280-3.01  N—H symmetric stretching,
weak
1640-1560  6,10-6.41  In-plane bending, strong
900-650  11.11-15.38 Qui-of-plane bending, broad
diffuse band
—NH moshydrogen-
bonded! 3450-3310  2.90-3.02 N—H stretching, weak
1580-1490 5.33-6.71 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 quite complex (appears
as more than & single band)

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

C—N isaturated carbon)

C—NH, 1230-1080 £.13-9.71  C—N stretching 1a doublet in
fertiary amines)

C—X—C 1150-1100 8.70-9.08  C—N stretching

C—N (unsaturated 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
vwhen conjugated
CH—N 1370-1310  7.30-7.64
Imines
B—C=N—H 3400-3300 2.94-333 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 streiching
R—C=N—
(extended conj.} Near 1618 6.18 C=N stretching
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Table 5.13. Characteristic Absorption Bands Found io A mmonium
Compuounds
Frequency Wavelength
Functional GGroupry cm "t g}y Remrarks

4 Ammonium fon
NEL, 3300—3030 3.03-3.30- NTL stretching vibrations
14301390 7T.00-—-7.20 '\TI—! bending vibrations

Arn.u:le Salis
—"\rH_‘ MNear 3000 3.33 NH; asymmetric and NH.
syrmmetric stretching as a
broad band overlapping
C—H streiching bands

Near 2500 .00 Overtones {somelimes absent)
Near 2000 5.00 Qrertones {(sometimes absent)
18600—-1575 €.25—6.35 NH, asymumetric bending
Near 1500 6. 67 NFH. symmetric bending
" tanalogous o CH, bendings)
—NH. 2700-2250 3.70—-4.44 Broad, stretching band tusually

a group of bands?
Neoar 2000 S5.00 Overtane,usual‘ly absent
1600—1575 6.25—-6.35 NH. scissoring (analogous to
. CH. scissoring)

—INH 27002250 3.70—4.24 N—H stretching plus overtane
ard combination bands;
clearly distinguishable from
C—H vibrations

~N — — INo characteristic bands

—C—=N—H 2500-2300 4.00-—4.34 N—H streiching: overtones and
combinations; a group of
broad, sharp bands

22001800 4.55-5.56 One or more medium intensity
-'bands; clearly distinguishes
imine salts from amine salts

Near 1680 5.95 =N stretching vibration

- 153 -



Carbonyl compounds g pS31 SIS o
Leis oibassall idlaiad wlegamae Lt Lo ol b B 01 ey
46\_']&‘2 409:4&‘2 ulsb.:u_u‘ ‘a\_}j‘;é ¢ en Lwﬁjé\“ A JAH\.’Y‘
Laline Jalse dmgi Uin ey 1550Cm™ Lany 1905Cm™ aataut)
e beai] cgs Lal gall d_\:)u:‘s.gjﬁum g Elms¥l QA,;&U
QL&M‘EM&}‘A‘OJ@%Q\M@)L&J}L@‘Q\AM‘M

- 3yt ub‘yj.uu L?J Sl Jalgalls cLeud] da il

Warclengih in micromete:
13 3 3 3 1 [ » 1 15 x » s«
a.a T 1 RASSAL o i
-
o —{o
- OR —az >
g S
2 o —{os S
§ 0.4} —ipa 2
< gab- I- —fos
L CI- —p.s
X = v u =
tof— 3 1.0
D . Y (A ) [ Sl A -l P Tt (P (S IO | | 20
300 =00 10 1600 1400 1300 1000 ) ) »on =

Isopropylumine hydrachionde {rauwll) Wavenumbers o sm™'

Wavelengih in micromeiers
r

23 3
O T YT YT vln]rnunu] T
~~
o ‘1"" ﬂ‘r]
g o /_. -4
E
5 B J - B
.
=< o3 J Sy - —nHL | - S
o4
asfs 7 T~ CH
1o "
2| PR | | y ot | T RS BT
o 3500 P 2300 00 ) 166 2] 1200 1000
a.a- Dimethy ibenss laumine hy draghioride Wavenumbers in cm”'
{KBr pelleth
Wavelength in micrometers
n.:" £ s X 9 a0
O T Y T T T T YT IR T YTy i
JARALIRm
L nf\j ~us
s o3 —Jor =
]
e
2 oal- I —da.3 g
,§ o.ef— ‘u —Joe B
< osf- —fo.1
L /\r—CH—‘VH‘{H e -
o= \"_ J =
[ = L e
by ST NIV AT SN EPOL NS Dy AU M a | | I S A 1o
o0 %0 00 230 000 3 1400 nun m =) =) ) )
Dibenzylamine hydrochloride (K Br pellet) Wavenumbers in em ™

Fig. 5.33 Tvpical ammonium salt spectrum. (Courtesy of Sadtler Research Labora-

tories.)

154 -



e LadaT opmas al i3l e sial sl Jundll B 5ua] Less
tod Julgally caudall Ll yud il U puiass
Loyl Jalse -1
lgie Ldaty Jalge -2
FETEEY S POPRITICEN FEI VT B
A gy daalg -~
zoa A At =
v Ll Jal gl + W
U2 s ela s Lples con b ds,aall Loy g
il sl o (Saly (JuwSo g yagd) ie gazma Js L0k juall
Y ale genll wlhas e 1,50
I 29 Ayl dl At 2 s g 1o dom w5335 o bae T Lagac g
AL 9T Gl ysles aly Je dadiell duled U culpad) 2 ALl
Jol cdlile sty Loyl syl dad el cudacy (g0 Sl afopss
RPN i 1 - SN SIS (Y-S0 -1 JEN UV { DN SY A (1 PR S
a3l Jee A s (el LW ins) i gt T il
Jrdlealb ot wa g ¥ sl Jog,eall iy 2 4 wlic
ST o7 Liydiel o1 aggall 1aa gyl 23,5 53539 caliall o pesadl
sie e Loayly coidl alipay ol il eos e Liayl iy Jelas
LT Jalge
 Edalad) Jalgalt s LS
Pl ol g5 dadag A peso
29 Jis Sl ie gema syl ol Figess Jalge SO M5 S
dday)b 4Bl Jodgn psall de gaand o pallg ad SgnsadV ool
el lal oW b i L aaa ddayy W) Lifgyd aie dygditiy 5o sia

- 155 -



2 yuid 39 puatly a9y ias SLd Lid ey SuSo5ag dduas
Ol caall oy JogaySall de game dalain 2 AgyneatV aay sl
T by o Cagen dealyotl) 02 2y Jalgall SIS A asa] @il
gyl 23,5 5555 e w85l S35l aggdn pam mus g hoy
eosidt ol 55 all colis Jawlsasa gl dygunall Lo il L85 a0
Sl LB A ST O Sy s pall e gl gyt

R R R__
C=0 C—0 e— _~C—0O
R —_ R,/ R./ 13. =
I IT 1T Iv
: L.}.})l”

u_\.c. el (B¢ 4.&.01 9 g Lg‘z? ua_m_a-J\ u.u&fd‘ b“rb.”j
ﬁ\.@.u‘).” uij_\ﬁul_vj).&_‘Y‘)ﬁLuﬁiu_ﬂ_zd RFR iegaxllibld
LQWC 'AjuJA 4—~J°‘IV ¢ IIIU_C)_&VY‘HIIc_u_LvﬂM
cilignentiaygi2 @ gl Jalall g a IV (M g ith o1 g, 5
33,3 0 A 153 O g ajondl i 99 Jdg p5all Ao gazma P
foa g—'ﬁi o )2 g C=0 dayl, ‘sz.J :\:v_\\_a:}” dayf It sabyd @L&
\,.Mjct_qiu“ﬁu&mlvu_"oj a9 e s yall Ln_x_Lc)c_:_D.Zﬂ\
(T obibo oe Lo ydd Lhae 8e 2 andetian (g5 T bl e
ot Os s eIl LS sa g il Jl el sy lilall @laaly
Gl el ) g1

CH, €H, € —CH,-CH,

- 156 -



Ao Joig Sl dcgaml Laja g5 i Bl G iesy (g

alazialy Jusnf 508 a1 elgueall sl alie (1715Cm™
o9 Bl (Emall (4 ab (o jao 5T (el iaso aan Il s
plewdl e de s g gyl de game 20 6)3 T Jloi! de gaanl
o il pualmess Jle IV i g I (e cqso il aeaidt g8 50l
e Uafis R degame od pganenr il e ualy cugyslss
L 5o 53105 6T eVl Ul (20 kgl Lualliall 2. ibides paalns

i gazma yig3 33,5 Al ) 6255 (e rsmdl 550 e Al )
2 ons b ealis A (oo itl ling) iagd et ) Jiig <l
Taaleall pusslall ;AT (s yEall fe gazme 2 igeat¥l gl
Bl ¥ 2 5o 032 asdgia TIb s all (s alasll
2 Jale yussl fsfms Chgen . yslentl jaasd 1127 Cosnyatl il
i 11D (s all (e Jiss 2l de gamd ohgyagat¥l oy gl
2Bl o2a g yentl cile gama puii Lagec Juigny&all cule gamma
ialhill 2 Lobiatial Lt vy yindl Ao gama Lagac g Lido g 2dols Y
(5.76um) 1736Cm™

.5.53um (1810Cm ™" aatlaili 2, gy 4iyglenll jonan Loiu
A 1l Lesnlae AT et g a¥ e game Coaifnd 3lalL
3abo¥ IID (el po35ig oo gyt 5,00 dsae Ll 2 L0301
AU gysmg o Al ola 29 Lhg sl 505 e Laglas 1,50
Ol 29 siuss Jusall AU B oo e 33,5 ot
1680CM (e oyalls Jiig yatl polasial Gssay dlapedl Lala Y|
o9 O GLall e g sl jguall 12ia ps Laids (5.95um) :
NS R RV [

- 157 -



; >t ) C=0. [ —— 8]
R 1l H.IN
R R
o E ~
Ia c—0 «— -0
RQ/ 'R"Q/ I1h
B R
~a : S
Ma’ =0 «— L0 b
C.l-/'a C_l/
R R
o A ST
La P 0 ;ﬁCeﬂ '
H‘; H._‘E

oo ) Ul 2 gyl A pama olintial o damShg
BN dalgy 31 o Linlaw 5223 Lagms 1715CM ™ sie ialagy!
Loylaall ole gl i en 35007 g omg 33,5 a3 255311
Dl ad sl Aol )3 (e Gy AW 5y LS L Ll (G3)
S iy gt sl st 330a3 yatl C=C L a1
1667CM™ (s U131 5 ysall dc gazma I 3903 30n15 1667Cm”
L 1667Cm ™" e salies J31 sl

: Jls
CH,
0
=N o
Va  CH;—{ Y C\ C=0 frequency = 1680 cm ™~ (5.95pum)
\ H
CH,
CH,/}O
Vb CH; C\ C=0 frequency = 1700 cen~* (5.88m)
CH,

- 158 -



Lia -V cocandVl e gesd taay 1,515 3909 (V) (e Lasdha
V2 iigmas Jalutt iolsmal TV, o ias 1iiag 3gima a1
oM 2 o B Y gl e game 13 Vi 2 L igans co iy
e eV (b byl Legeme byl o (5-14) Yo
 Alaergall aga bl ¥l ol alazily

Table5.14. Effectof Ring Size on the Position of the Carbonyl
Stretching Vibration in Ketones, Lactones, and Lactams*

Carbonyl Stretching Vibration

Ketones Lactones Amides
RingSize (em™) (pm) (em™) (pm) (em™) (pm)

1780  5.62 1818 0.50 745 5.793
1745 5.73 1770 5.65 1700 5.88
1715 5.83 1735 5.76 1677 596
1705 2.87 1727 0.79 1675 5.97

=1 @ 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. 5.36 Vibrational coupling in anhydrides (note acid-impurity, band in carbonyl
region, 1700 cm™'). (Courtesy of Sadtler Research Laboratories.)
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Table 5.153. Summary of the

Absorption Characteristics of Carbonyl-containing

Compounds

Frnctional Growup

Remarks

Standard s, _,,
(o] le ]
; W
Anbydrides ——t.":—o—c—)
( 7 7
i
Peroxides -—-O—O-—-O—C’—_J

o]
Acid Halides (—E‘—-‘C)

o
Acids (—C— OH )
[a]
Esters (—C—O——)
O
A]d.ehydes‘(—-(ll.'-—!-{)

Ketones (——oél}——)
Amides (—E—NB :)

Anhydrides
Linear
O
I}

R—C—0O0—C—R
(Aliphatic)

O

[] [
H—(C—O—C—R
1 Vinyl or aromatici

Cyclic
G-membered ring

S-memhered ring

Freguency Wavelength
tem 'y 7] 1
1830— 1810 5.46—-5.53

-+ Y
18201780 5.59-5. 62
1810-£790 5.53-5.59
1770-1750 5.65-5.71
1745—1725 5.73-5.80
1735—1715 5.76-5.83
1720-1710 5.81-5.85
1700-1680 5.88-5.95
1830-1810 5.46-5.53
1770-1750 5.65-5.71

17951775 5.57-5.63
1735—1715 5.76-5.82
L8 iu—1790 5.51-5.59
1760—1740 5.68-3.75
18751855 5.33--5.39
17951775 5.57-5.63
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Asyvmmetric stretching,
C=—0 1symmetric at
1770-1730 cm ™"y

Asymumetric stretching.
C=0 isymmetric at
LV96—1769 cm ")

C=—=0 stretching

Meonomeric stretching,
c—0

=10 siretching

C=0 stretching

C=—0 stretching

C=—0 stretching
“amide [ band"™

C=0 asymmetric
stretching (strong)

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

C=90) asymmaetric
stretching istrongt

U= symmelric
stretching tweaker
than asymmelric
stretching bamnd

C=10 asymmeilric
strewching (weaker
than symmetric
stretching band

C=—0 symmetric
srrerching (strongt

C=—0 asymmelric
strewching |weaker
thamn symmetric
stretching band)

C=—0 symmetric
stretching \strong



Tabtsle 5.153 —Cont.

Functional! Group

Orther cases
Maleic anhydride

Phthalic anhydride

Peroxides

(o] O
R*&—O*O—&-—R

(aliphatic)

o o]
b o o & r

{aromatic)

Acid Halides
<«
Il
R—OC—CI
raliphatic)

o
i
rR—C—ClI
rtaromalic or unsaturated!
Acids
O
']
R—u1—OH
taliphatic

a-halogen substituent

Remarks

C—=—=0 asymmeiric
srelching iweaker
than 1790-cm—*
symmetric stretch?

C=—=0 asymmecric
streichung (weaker
than 1770-cm—*
symm=etric stretch)

C—0O asymmeiric
stretching (strong)

C=—=0 gy mmelric
stretehing (weaker
than asymmaetric
stretching band)

C—0 asymmetric
stretching (strong)

C—0 svmmeiric
stretching {weaker
than asymmetric
stretching band)

Frequency Wa wiength
torm ' drrmd
1850 B5.41
IS0 5.59
1850 5.41
LT70 5.65
18201811 5.49-5.52
17961784 5.57-5.61
1805—-1780 5.54-5.62
17941769 5.57-5.65
18 §i0—-1790

175041750 5.62-3.7T1
17651750 5.6F-5.71
17201710 5.81-5.85
BIOON—Z 3040 3.33-1.00
Near 3554 2.82
Near 1420 7.04
Near 1250 8.00
ag0-860 11.15-11.865

Shift of Approx.
-+ 1020 0.05
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5.53-5.52 C—0O stretching

Q

]
C—F shafred to
higher [requencies:

(=]

]
C—Bril: shifted to
lower frequencies

C—0 strewching
ISLrong

C—=—{) stretching of
nonhydrogen-banded
species tvariable in
intensity m salution.
depending on con-
centration’

=0 strecching of acid
dimer mosSL CoTT -
monly observed
band)

Broad, complex hand
structure af O—FH
stretching and combina-

tion bands (char-
aciteristich

©O—H stretching mon-
omer hands due to
coupling of in-plane
bending of O—H and
C—O stretching of

the dimer (CH, bend-
ings overlap 1420-
cm ™! bandl

HBroad, mediuwm inten-
aity band; O-—H out-
of-plane bending aof
acid dimer fcharac-
teristic)

Valuwes for a-hromo and
a-chioro {a-Auorc
about—+ 50 cm ')



Takle 505 —Coni.

Freguency Wavelength

Functional Grouzp fem™") (am) Remariks
O
i
R—LOH 1720-1710 3.75-5485 C=—0 wrretching of the
faromaticy manomeric species

1700-1580 5.88-595 C=—0 streiching in the
aciddimoer

0 1610-1550  6.2i-6.45 Asymmetric stretching
R—yJ—O‘ of CO. " group
facid salta) {strong)
Near 1400 7.1 Symmetric stretching of
N COQ, group {Strong)
Esters
o
&
R —O—R" 1735 5.76 C=0 stretching
¢R and R’ aliphatic) {strong)
1275-1185 7.85-8 44 C—0-—C asymmotric
stretch

1160--1050 8.62-8.70 €—O0—C symmaetric

- 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

tvpe)
Ester Types
{C—0—C)
{a} Formates Near 1185 Bl
Near 1160 8.62
(b} Acetates Near 1245 8.03
665-635 15.04-15.75
615--380 16.26-17.24
{cl Propionates 1275 T84
1200-1190 $.33-8.40
1080 8.47
1020 9.50
810 12.35
d) n-Butyrates 1255 7.97
1190 8.40
1100 9.09
(e) Isobutyrates 1260 7.93
1200 B.33
1160 B.62
1080 9.26
U Isnva]er;lu.ﬁ 1195 8.37
1285-1285 7.78-7.90
»-halogen substituent Shiftof Approx. Bhift depen_ub an elec
| 1D-40 0.1-0.15 tronegativity of the
halegen and stereo-
chemistry
(o]
R— !I R’ 1725-1715 5,80-5 6% L;:.an-etching_
twhere R is vinyl ar aromatic) :?'t;;l:{ed by conjuga-
1300-1250 7.69-8.00 C—O—C asymmetric
strewching

1200-1050 #.33-8.52 C—O—C symmetric
stretching

O
33 Ié—OR‘ 1765-1756 5.67-5.70 =0 stretching
h "isvinw ISLrong)
where R’ is viny! or arnmatic T e

1esnmesn vinyl cases fenhanced
intensity)

Near 1210 k.26 C—O— asymmetric
stretching (very
strong}
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Table 5.05 —Cont.

Funcriwonal Group

Freguency
icon Tt

Wavelength
1pemi

Remarks

Lo ]
R——é——OR' .
{where R and R’ are aromaticl
Benzoates (C—O—C)

Cycelic icl Table 5. 1414
H-membered ring

S-membered ring

FPhthalates

Aldehydes
o

1
r—tp
faliphaticy

o
R—& p

iarpmaticr

O
b
R—I:—H
fer, B-ungaturated

Kcetones

|
R
aliphatic)

o

il
R—C—R" iwhere B’ is aromatic)

(e

R—g'r—ﬁ' (where R and R' arce
aromatic)
Conjugation
«, B-unsaturation:

( Z)
— CH—CH—-C-—,

1735

1310-1240
1156-1080

1735

1770

1780-1760

LI30- 1110
1075- 1065

17251715

2820

2720

Near 1700

MNear 1685

1720-1710

Near 1100

Near 1690

Near 1665

Near 1675
1650-1600

5.76

T.6+-85.06
B.70-9.26

556

5.65

5.62-5.68

B .85-5.01
%.30-9.39

5.80-5.83
3.55

3.67

5.88

5.83

5.R1-5.85

2.09

5.93

6.01

5.97
6.06-6.25
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Co=el) srretching vihra-
tion

Asymmetric and s»m-
metric C—0O0—C
stretching

C=—0 stoetching vibra-
tion (shifts swith con-
jugation with C=0
or ester O—C as in
sliphatic case=b

C=—=0 stretching ishifts
with conjugation to

1785 am™* and split,
1755 band is present;
conjugation with cster
O—C shilts C=0
stretching to 1580
cm™t

C—{) stretching. 1780
cm™ ' in nonpolar sol-
vents; 1760 cm ™" in
polar solvents

Asymmetric and sy ro-
metric C—O—C
strewching. rstrongs

C==0stretching.
istrong!

C—H atretching lover-
lapped with othar
©“—H stretchang
bands)

C—H scretching-char-
acteristic 'used o dis-
tinguish aldehyde
from ketone:

C=—0 stretching ishift-
g due Lo conjuga-
tion with aromatic ring’

C=—0 strerching
ishilted by conjuga-
tion: extended
conjugation shifis the
band to 1675 cm~ '

C=—=0 gtretching { aon-
polar solvent,; shifts
lower in polar medial

C—C—C bending and
C—C stretching of

(o]

v

Cc—C linkage

[

C—0 stretching
(shiflted by conjugation)

C—0 stretching
{shifted by conjugation?

C—0 stretching vibration
C—=0C stretching len-
banced intensity)



Tahile 5.15 — Cont,

Frequency \Wavelength
Functronol Group tem Lgamy Remnrks

Exrended or crossed:

o
|
—CH=CH—-CH=CH—C—
Qr
(]
-—CH=CH—%—'CH=»C‘ l—) Near 1665 6.01 C=0 stretching vibration
Cyclopropyl:
(8]
&
D_ — Near 1695 5.90 C=0 stretching vibration
whalogen sub=tituent Shifts & APpPprox Depends on electroneg-
— QLo 25 0.05 auvity and stereo-
chemisury
Two halogens oas or a1 Shifis Approx.
—0 o 25 0.1
I
|
R—C—R ey elicioff Tables 13
4-membered ring 1780 5.62 All bands shift approx-
S-memboered ring 1745 5.73 imately 20cm ™!
6-membered ring 1715 5.83 10.05em) on conjuga-
T-membeved ring or larger 1705 5.87 tion
Diketones
a O
HooW
—C—C— ATRG1T05 5.81-3.87 C—0 stretching vibration
T 7
—C—CH.—C— 1720--1703 5.81-5.87 C=—O stretching vibra-
tion
1640-1540 6.00-6.49 Conjugated chelace
H..
7R
,C\?,&\
Amides
(8]
L ;
R— N1, 1690-1630 5.92-6.06 The "amide I"" band
(aliphatic) C=—=0 stretching
{1690 cm " free, and
1650 con ! when hy-
drogen-bonded)
3550-3420 2.82-2.92 Asymmetric N—H
stretching
Conjugation: E— ™ R
iVinyl and aromatici Skifts Approx.
- 15 0.05
( R—ﬁ—N—CH:CH'—‘ or
o
— CH=—CH— —N\‘)
o-halogen substituent Shifts+ 6 Approx. Depending on electro-
to + 50 0.1 negalivity and stereo-
chemisury
O
R—[@—NH—R
(cyclic; ef. Table 5.14)
4-membered ring 1735 5.73 All bands shift approx.
S-membered ring 1700 5.88 15 e ™! {005 on
6-membered ring 1677 5.98 conjugation {no
7-membered ring 1675 3.97 amide [1 band present
in 4- vo 9-membered
lactams)
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Table 5.15—-Con1.

Fregueney Wavelonpth
Functional Group tem ') tem) Hemarks

3450-33200 2.90-3.0] Symmetric N—H
strefching

3200-3050) 13.12-3.28)» Hydrogen-bonded
N—H

1640-1600  6.10-6.25 The “amide 11" band.
NH. bending

1420-1405 T.04~7.12 The "amide IIl" band.
C—N stretching

0
R—C—NH—R 1880-1640 5.95-6.10 The "amide [” band,
1aliphatic! C=0 streiching
Near 34190 2.91 N—H stretching
iINear 3300 13.031  Hydrogen-bonded
XN—H stretching
1570-1530  6.37-6.54 The "amide I band
1300-1260  7.69-7.93 The "omide 1i]" band
O
R—C—NR. Near 1650 6.06 The "amida 1" band;
raliphatie) since no N—H is

present amide 1! and
111 bands are absent

Aldehydes and ketones WPV PRINENT)

(L biles) 5oty i cgame O ey cplend 1l & i da D
et aadd¥ 2 aliue lee ol 0 )il Jbg,sall Lo gand
A Y g el e geme ol Lele oyl pe 10CmM™ luaza
e 518 e sl s o 840 S Cne sl G 8,80 Hiacss
23y iokgy ue i ey C-H eyl U it dlaie (395 a =i
iegendl 3 Lagae g C-H dtayt )11 so adt i alail i a5l
LAl sie eyadly 2820 -2720Cm ™ iaall Landy!
claba Te¥ ;e Lalel dla siegssla 3.67um  -2720Cm’
icgama (e By aill s (55l O Eme Lajatl oia C-H 51
Cros 3pall G g0 (5-37) Jemitl il caligingenll ¢y o ganl!
- dagend! o dd¥y pasall ok
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Table 5.16. C-NO; Group fundamental vibration Assignments in
Nitromethane

Vibration Frequeflcy Wavelength
(cmi”) (um)
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

ey b =MV (C-N) 5430 Lajo ld susall clss 112
oy pladiilg L abhdl ol a2 L alics Oy e Eal,T i ai> 35>
el 2 da a5y Ha ¥l edle Lot il uies —NOj Le gl
atll Jadl de gazms po Lingl casdy (uligal  9y10) fugaad aesY
oaibas 2 Al Gigas gy il desanl (Smang 9y de panl
ol gyis T 2 Less g (gl )0 dlalie (5T de gannd
el desama iy NeSg Juign )l de gazma 355 (b0 Mg
A3t day Lo |92 A SLEN (il ) g)% de game ntisntg e
ST ablel Lajy 1505Cm™ 1500Cm ™ gu il ¥ (sloial)
393 e ajod| L 53,0 120 3955 1335CmM™ iy 1360 e
a2 Aidd g3 (g pell 350 e Baga sl WG WY dagls )
liles g3 oy — NOj degema ;353 95 onaddslgyuill ciliss e
bl it 2 oy exty a Bl W —NOj e gamess Laliesll
C- 353 sauma 5)La) war gy Vg oLl 2. il IV Dl a5
onadgl gyl e gamas 2 N
S 2 —NO; Lo gand 35501 Lajon oot ylanll ilis 112
2Bl el ey g (autiled SN 1508Cm™ i g 1548Cm™
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Tabhle5.17. Consistency of the Positions of Absorption of the
Asymmetric and Symmetric —NO, Stretching Vibrations

Asymmetric Stretching® Symmetric Stretchingt
Vibration Vibration

Frequency Wavelength Frequency Wavelength

Compound tem=") {wm} tem™) {gm)
Nitromethane 1570 6.37 1380 1.25
Nitroethane 1558 5.42 1368 7.31
2-Nitropropane 13533 6.44 1361 7.35
1-Nitropentane 1553 6.44 1383 7.23
1-Nitrocyclohexane 1553 6.44 1361 7.35
2-Nitroethanol 1585 6.43 1370 7.30
1.2-Dinitrobutane 1567 «6.28 1383 7.23
6-Nilrocamphene 1527 6.35 1361 7.35
Nitrobenzene 1329 6.54 1353 7.39
m-Dinitrobenzene 1548 6.46 1353 7.35
p-Chloronitrobenzene 1527 .35 1350 T.41
p-Nitrophenol 1524 6.56 1346 7.43
p-Nitroaniline 1508 6.63 1340 7.46
p-Nitrobenzoylehloride 1536 6.51 1351 7.40
p-Nitrotoluene 1524 6.56 1341 7.40
m-Nitrotoluene 1531 6.53 1355 7.38
m-Nitrobenzaldehyde 1541 B.49 1357 7.37

*Paosition is affected by electrical environment.
TPosition is affected by Lhe ability to conjugate with unsaturation (i.e.,
planarity),
P 1 JUPEN | PGP0 A ' ORGP P  PEN IS0 { P A S W
1l el glall
Jsbo) 9yl e gamay Juaill (o pall milll — (gyiea ¥l do -1
(—NO; e goml alilad ¥ g3 Lajond > g0
i e gl gguyeallsyd —O e LdlweVlacul spay -2
O 8 00) gydl de gomnd At ) Lass 4@4.11.“)11.& ﬁU’a.L”
(aubiled Mg LBLI —NOg de gaml 251l Jolall
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Nitrate esters o P —

098 obatal inys R-O-NO2 @iyt — il e gema coaniess
NO2 ic yazma jlymal A sga3 dlg (6. 1um) 1640Cm-1 e
855Cm™ (1 co,alls Lagaally dmbalall Lajandly ddilally auiled DU
O il da gl 2 Bliesll L ayadly N-O 555 o1 5y a3 a9
idad NO2 dc gammald doly I 315l 3] 3503 -89 690Cm-1
el e ey Bud coren Taag ol il wliss 5

Lgam )3 DBl g gyl culism 1 BBDle oy (5-18) Jgua

Table 35.18. Summary of the Characteristic Absorptions of Nitro. Nitroso. and
Related N—O Systems

Frequency Wavelength
Functional Group tcm ™' (pamd Remearks

C—NQO, initro?
aliphatic 168151540 6.19-6.49 Asymmetric—NQ, streich-
ing vibralion very strong}
1380-1320 7.20-7.58 Symmetric —NO. stretch-
ing vibration i very strong
olefinic 1500-1505 6.67-6.65 Asymunetricstretching
vibration (intense)
1360-1335 7.36-7.49 Symmetric stretching
vibration fintense)
aromatic 15481508 6.46-6.63 Asymmetric stretching
vibeation (intense)
336—-1340 7.37-7.46 Symmetric stretching vibra-
tion
Near 870 1149 C—N strewching vikration
{difficult to assign in aro-
matic nitep compoundsi

C—N=0 {nitro.o) 1600-1500 6.25-6.67 Shifts similar to thosc ob-
served for carbony]l com-
pounds

C=N—0H {oxime)} 3650-3500 2.794-2.838 O—H stretching vibration

tat lower requencies

when hydrogen bonded)
16R5-1650 5.84-6.06 C=N swuretching vibrationo

weak unless conjugated;

position influenced by

ring strain (cf. Table 5.14

for similar C—=0O shilts)
960-930 10.42-10.75 N—O stretching vibration

™N — O (N-oxide)

Aliphatic ™ — O 970-950 10.31-10.53 N—O stretching vibration
tintensc)

Aromatic N — O 1300-1200 7.68-5.33 N—Ostrewching vibration

{Pyridine N-oxides) intense shifting duc to

conjugation (N=0); hy-
drogen bonding shifts
band to lower frequencies
{10-20 cm™ )
R—O—NO. (nitrate psters) 1640-1620 6.10-6.17 Asymmetric —NO, strotch-
ing vibration (intense)
1300-1250  7.69-8.00 Symmetric —NO, stretch-
ing vibration (intense}
870-855  11.49-11.70 N—O stretching vibration
Near 690 14.49 NO. bending vibration
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Table 5.9,

Summary of Characteristic Corbon-Halogen Absorptlions

Funetional Freguency Weaoclength
Group fem— ') { pamy Remarks
Cc—r 1250-960 5.00-10.42 Stretching vibration
—CF:and(F, 13501200 7.41-8.33 AsymmetTic stretching vibration
12001080 5.32-9.26 Symmetric streteching vibraton
|
=C—F 1230-1100 8.13-9.09 Stretching vibration
!
—?—F 1120-1010 #.93-9.90 Stretching vibration
Cc—Cl1 830500 12.04-20.0 Stretching vibration
15101480 6.62-8.76 Owvertone of stretching vibration
—~(I3—Cl, 845785 1i.83-12.58 Asymumelric stretching vibration
820 16.13 Symmetric stretching vibration
C—Br™ 667-290 14.99-34.5  Stretching vibration
5006200 20.2-50.0 Stretching vibration

C—I*

*The reader should nole that C—EBr and C—1T fundamental strerching absorptions
are not usually observed in the 5000 to 625 cm ™' regian (2 1o 16am) of the infrared
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Fig. 5.50(A) Summary of ths characteristic absorption bands in the 4000 to Z000 cm !
region (2.5 to 5 um) due to the more common functiconal groups.
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Fig. 5.530(C) Summary of the characteristic ahsorption bands in the 1500 to 625 em™'
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Fig. 5.50(A) Summary of the characteristic absorption bandsin the 4000 to 2000 cm
region (2.5 to 5 xm) dae to the more common functional groups.
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Typicul Absorption Characteristics el irgano-Silicon Com pousdsx

Table 53.200

Functionald Froguaency Waocelength
Group et 1y Roemarks
SiEl 2230—2150 4. 48-3.G5 StretchingE vibration
A90-850 11.294—-11.63 Bending wvibration
SiOH 3390 -3200 2 95-3. 173 OH scwretching vibration
STO—820 11 . 49-12.20 OH bending vibration
Si—=O— 1TL10-1U00 9.01-10.00 S53—O seretching vibration
tvery intense. broad
S 0—5 2053 2.50 Si—O swetching vibration
1clisiloxanes) (very intense. braad:
Si—O0—3Ss LOBO0 226 Si—O stretching vibration of
(linecar) LO2ZS 976 approx. equal intonsitye
Si—O—S 1020 D.50 Si—O— stretching vibrazion
teaelic trimmer
Si—0O0—5; Ios2 9. 24 Si—O— stretching vibracion
leyclic tetramer:
Si—OCH 1090—-105C S 15-9.52 Si—O— siLretching vibration
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LOKS (= )5 1= = prescent, this doublet is
overlapped
Si—C HE2M0-690 1YL 24-14.49 Si—C soetching
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SicCHL o 1260 T.83 U H, rocking vibration
530 L}. 90 Characteristicof the SicCH 1
TS5 13.25 grouping
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Fig. 5.51 Spectrum of n-octyl silane
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1080CM™,  «ay icyamtl Gl joliaiel shlic &5 &g
s 700CmM™ ;s o115 1000Cm™ s 1250Cm’™
ol 3 LI elsLiate¥l ol Zle aliss o] 315 610Cm™
paele lany (5-21) Jgaadl - taitay 1 g1, a1 sl tas sa e

gl iyt ol U alvo batial

Table 5.21. Characteristic Absorption Bands Due to the Mare
Common Sulfur-Containing Linkages

Frequency Wacelength
Funcrional Group tem ' (781, 3) Remarks
—S—H
Alkyl—5SH 2600-2550 3.65-3.92 S—FH stretching vibration
Aryt —SH 25802550 3.91-3.92 S—H stretching vibration
—C—5 TOO-58) 14.28-16.95 {*—S srretching vibration
(extremely wealh
CH.—S— 700-685 14.25-1460 {*—S stretching vibration
—CH.—S—CH,— 695-655 14.39-15.27 C—S—C suwretching vibra-
tion
\CH—S— 630-600 15.87-16.67 C—S stretching vibration
~
Phenyl —S— Nenr 390 16,95 CH— stretching vibration
ar CaeA"—S— {increased intensity due to
conjugation)
C=S 1200-1050 5.33-9.52 C=S stretching (strong}
shifts similar to C=0
(Table 5.15)
I
Cl—C—=S 1235-1225 2.10-8.16 C—S stretching
~ |
N—==S 14051290 7.12-7.75 Analogous to "amide I'"
re band (Table 5.15)
s5s—0
5—0 900700 11.11-14.28 S—O stretching vibration
{intense)
SO 1080-1000 2.26-10.00 S=—0 stretching vibration
(intensel
—S0 13401309 7.46-7.69 Asymmetric stretching
vibration (iotense)
1160-1135 B62-H.H1 Symmetric stretching
vibration (intcnse’
Common Types
R
~
S=—0 1060~ 10448 9.43-9.62 Shifts vo lower cm * valucs
R g when conjugated or
hydrogen-bonded ¢ 10-20
1sulfoxide’ cm
RSO.R 13101300 7.46-7 69 Asvmmetric stretching
tsulfone 1 130-1135 B.G2-881 Symmetric stretchang
b
RSO.—N 1370- L334 5.30-7.52 Asymmetric stretching
~ 1180-1160 B5.4A7-8.62 Symmetrtc siretching
tsulfonamide!
R—S0.—1 1355-1340 T.22-7.48 Asyvmmetric stretching
isulfonyichlorides) 1155-1160 5 44—-8.82 Syimmetric stretehing
R—S50_.—OH 125011860 5.00-8.652 Asvmmelric stretching
g lfonic acids . 18U~ 1000 §5.26-10.00 Symmetric stretching
T00-610 14.28-16.3% S—0 strecching
R—S0.—OR 1420-1330 7.04-7 52 Asymmetric sirgtching
tsulfonates? 1200-13143 8.33-8.73 Symmetric stretching
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clici sale s 1050CM™ iabaitl 2 aned Liladl Jussdl eile gonlls
— smyendl Jaw¥ s 2 1190Cm ™ 2t igne 1505 23l
950 Lalait) 2 sl pobiaial wie P-O-C 45 (P-O-phnyl) (¢ lasl
875Cm™ s

hydroxyl vibration oS 9yt 3 3ol

2 Ay psasall aliso U1 2. S g )ag dl de gazma )l 33al a5k
aie POH i_obai¥l Gl Bl s 5,081 ital, 11 3000Cm ™
31380 5o g Lajn din 53 dsmbaling dugd Loy a9 2600CM
o gy ¥ ol y 555 Coany ass Ul e Lgale 3,03, ¥ (POHD
e yelaig OH e gandl oliaial uss s dnlalia da)> S Logay
Lagacy 658 obn el Lt Ljsden sl il s ) Ul o thaay 1050Cm™
(5-22) Joux Iail cadall ;eendi @ i all A3 4es dday V1 culylal

Table 5.22. Summary of ('haracteristic Absorptions Attributed Lo
Organo-FPhoesphorus Compounds

Functional Frequency Wavelength
Group fcm~" {pernh Remarks

P—H 2425-2325 4.12—-4.30 P—H siretching vibration fsharp,

medium intensity
L2530-950 £.00-10.53 P—H bending (very weak |

=0 13151160 7.60-B.49 P=0 stretching vibration tstrong;
position affected by the number
of electronegative substituents)

P=S BOO-650 12.50-15 38 P=S stretching vibration iweak
absorptian)

pP—0—C 1100930 9.00-10.53 Where C = CH.. strong sharp
band at 1050 ecm ' (9.52ml; a
sharp weak band near 1190 em ™!
B.40pmt alsn present due Lo
P—O stretching (thigheralkyls
absorb similarivLy)

Where C = phenyl, a strang band
is present in the 950- 1o 875~
em™'110.53 to 11 .42um) region

P—OH Near 2600 3.85 Hydrogen-bonded —OH s=trecching
istrong. very broad absorption)
Near 1050 9.52 O—H bending

doidal| ddgaal| LS o
Organe- metallic compounds
cyclopentadienyl i_duall b ) uued olaie¥l cads jo=d @

gl yy csd Eup R T L = (C5H5)2F€ O gyd (6 Of less
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Table 53.23. Characteristic Absorptions of Several Orpano-Metallic
Systems

Frequency  Watelength
Functional Group lgm ') 1 pmi Htemarks

(C;H.-metal
compounds 3075 3.25 C—H stretching mode
1750-16153  5.71-6.1% 3-6 very weak bands; aver-

tone of ring retational
mode

14330 6.99 C—C vibration

1E10* 9.461* Asymmeltric ring breathing
mode isharp and intenset

1065* 995" C—H bending vibrztion
isharp and intensa)

825 12.12 Probably CH out-ol-plane
mode | very strong aod
broad

Metallic-carbony]
compounds 2050-1750  4.88-5.71 CO vibrations
2050-1575  4.88-5.33 Terminal CO mades
I875-1750 5.33-571 Bridge CO vibrations
Merallic-cvano

compounds 2065 1.84 Terminal C=N stretching
mods
2120 4.70 Bridge C=N streiching
mode

*Absent in dizubstitut=d svstems.
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2 aiad 13lies 31 dajag 1080CM" iy 1130Cm™ cutiz
Al en (5-52) Jematt , 131 .610Cm™ sy 680CmM™ ot

1l 2 dalies 31 sala oyemig 1350Cm™ iy 1380Cm™
£ oo Alita Ll cpd aydl o2a 815CM™T -840Cm™ 2ajd
el sa9 (5-22) Jem i 1135ty (e lall 341D (sl st
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