INFRARED SPECTROSCOPY

A Simplified Correlation Chart
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» FIGURE 2.22 The C—H out-of-plane bending vibrations for substituted alkenes.

Figure 2.22 shows the C—H out-of-plane bending vibrations for substituted alkenes, together

with the frequency ranges. -
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» FIGURE 2.28 (a) The C—H out-of-plane bending vibrations for substituted benzenoid
compounds. (b) The 2000-t0-1667-cm ™! region for substituted benzenoid compounds (from Dyer,
John R., Applications of Absorption Spectroscopy of Organic Compounds, Prentice-Hall,
Englewood Cliffs, NI, 1965).
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FI G’ URE 4.1 A correlation chart for '*C chemical shifts (chemical shifts are listed in parts per million
from TMS).
13C Substituent Increments for Benzene Rings (ppm)*
Substituent Y w (ipso) o (ortho) m (meta) p (para)
—CHs 93 0.7 —0.1 -29
—CH,CH;4 15.6 =0.5 0 -2.6
—CH(CHa), 20.1 2.0 0 -25
—C(CH3)4 222 —34 —04 =31
—CH=CH, 9.1 —2.4 0.2 —0.5
—C=CH —5.8 6.9 0.1 0.4
—CeHs 12.1 -18 —0.1 ~1.6
—CHO 8.2 1.2 0.6 5.8
—COCH; 7.8 —0.4 —-04 28
—COCeH; 9.1 15 02 38
—COOH 29 1.3 0.4 43
—COOCH; 2.0 1.2 —0.1 4.8
—CN —16.0 36 0.6 43
—NH, 19.2 —12.4 13 —9.5
—N(CH;5); 224 —15.7 0.8 —11.8
—NHCOCH; 11.1 —9.9 0.2 —5.6
—NO; 19.6 =53 0.9 6.0
—0OH 26.6 —12.7 1.6 =73
—0OCH; 31.4 —144 1.0 =11
—QCOCH, 224 =7.1 —0.4 —-32
—F 35.1 —14.3 0.9 —4.5
—Cl 6.4 0.2 1.0 =2.0
—Br -5.4 34 22 —-1.0

~1 —322 9.9 2.6 =13

" Add these increments to the base value for benzene-ring carbons (128.5 ppm).



TABLE 3.4

APPROXIMATE CHEMICAL SHIFT RANGES (PPM) FOR SELECTED TYPES OF PROTONS?

R—CH, 0713
R-CH,~R 2=
R:CH 14-17
e [
mln.nnlm..lm 1.6-2.6
R | '
WIWIO_II,IIOIH_;IE 21-24
9 ? |
WCIOIO_IE. :Olﬂln_ulm 2.1-25
|
Zma..ln_nl_.— 2.1-3.0
|
m.li 23-27
R-C=C-H 1.7-2.7
R—-S-H var 1.0 - 4.0°
wIH_L.II var 0.5 -4.0°
R-0-H var 0.5-5.0°
0O-H var 4.0-7.0°
JT: var 3.0-5.0°
?
R-C-N-H var 5.0-9.0°

|
R-N-C-H 22-29
|
R-S-C-H 2.0-3.0
I
I-C-H 20-40
|
wﬂlﬂlu.- 2.7-4.1
I
CI-C-H 3.1-4.1
P
R-$-0-C-H ca. 3.0
(6]
1 |
RO-C—H, HO-C-H goiiaig
Pty
R-C=0-C-H 35-438
|
ON-C-H 4.1-43
|
F-C-H 42-438
|t
R-C=C-H 45-65
H 6.5-8.0
?
R-C-H 9.0-10.0
9
R—C—OH 11.0-12.0

'H Chemical-Shift Calculations for Substituted Benzene Rings

Syppm =727 + =8

R
m—eaﬁs
Hoera

Hpara
Substituents (—R) 8ortho
Saturated carbon groups
Alkyl —0.14
—CH,;OH =0.07
Aldehydes and ketones
—CHO 0.56
—COR 0.62
Carboxylic acids and derivatives
—COOH 0.85
—COOR 0.71
—C=N 0.36
Oxygen groups
—OH —0.56
—OCH; -0.48
—OCOCH; -0.25
Nitrogen groups
—NH, =0.75
—NO, 0.95
Halogen groups
—Cl 0.03
—Br 0.18
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