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The stretching frequency U (em™) of C-H can be calculated as follows:

k = 5x10° dyne/cm

m; = C = 12/6.02x10** = 1.99x10** g
m; = H = 1/6.02x10*° = 0.167x10*° g
c = 3x10*° cm/sec

1

27C \

k(my +ma2)
mqms-

=l
[

1 ,5.1'105(1.993:10‘23 + 0.167x107=3)
2 x 3.14 x 3x101° J 1.99x10723 x 0.167x1023

=l
I

U =3023cm™?

1-p2 2700 — 3300 s2ell ie 5S) C-H B_ma ) ia Y] a8 sa o) a3Vl (e
A0 gl da 93 Ja ) B e S 131 B el & g3 sy (G 8Sud B a3 8 il Wl
K B el B g8 il dod
83 il 3 pa¥l  =5x10° dyne/cm

da 32 jall  wa¥l = 10x10° dyne/cm
A0 6 paY) = 15%10° dyne/em



C—M bond 1 |Ik[:m1+m:}

mi=C=12/6.02x10" = 1.99x10 g
mz = N = 14/6.02x107% = 2.33x107 g = _ 1 ||5x1|:l5(1.99x1ﬂ—33 + 2.33x10723)
c = 3x10" cm/sec Y= 2 x314 x 3x10%° "'wl 1.99x10 23 x 2.33x1023
0= 1145 cm™1
C=MN bond ~ 1 |Ik(m1 + 15)
k = 10x10° dynefcm v = 2me "ﬂ.l myma
my=C=12/6.02x10" = 1.99x10" g
mz =N = 14/6.02x10%° = 2.33x10% g _ 1 |'1::|x105(1.99xm—33 + 2.33x1023)
C = 3%10™ em/sec Y T 2x312x3x100 1.99x10 22 x 2.33x10- 23
7= 1619 cm™1
C=M bond |
= _ 1 Ik(ml +m:::|
— 1 =
k = 15x10° dynefcm e --.J —
my=C=12/6.02x10" = 1.99x10 g
mz =N =14/6.02x10"7 = 2.33x10% g = _ B 1 ||15x105(1.99x1{1—33 + 2.33x1072%)
c = 3x10" cm/sec Y T 2 x3.14 x 3x10%° N 1.99x10~ %% x 2.33x10728

U= 1983 ecm™1
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C=——=N High frequency (u)

High wavenumber

Comparison of wavelength, stretching frequency, and wavenumber of bonds with different
strengths (i.e. single, double, and triple bonds).



Decrease in reduced mass (p)

k = 5x10° dyne/cm 2me "Ml myms

mi = C=12/6.02x10" = 1.99x10 g
mz =S = 32/6.02x10” = 5.32x10 " g _ 1 ||5x105(1.99x1ﬂ—33 +5.32x107%%)
~ 2x3.14 x 3x1010 ..MI 1.99x10723 x 5.32x107%®

¢ = 3x10" cm/sec

U= 985 cm™1
C—H bond _ 1 k[ml + mg}
k =5%10° dyne/cm Y= Znc mMyMa

my = C= 12/6.02x10" = 1.99x10 g
m2 = H=1/6.02x10" = 0.167x10% g 1 Jlel’JE (1.99x10722% + 0.167x10723)

=1
I

¢ = 3x10™ cm/sec 2 x 3.14 x 3x1010 1.99x1072% x 0.167x1033

3023 cm™?!
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A
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The C—H stretch region.

2100 3000
=1
3300 cm o 233
3.03 4 Aliphatic C~H
Acetylenic Vinyl | =C=H {See Table 2.6)
=C—H Aromatic =C—H
Cvclopropyl —C—~H
12 P’
sp 3P

Strain moves absorption to left

= |ncreasing 5 character moves absorption to left
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Absorption band absent in

et Type of vibration
: responsible for Type of group or
em™! um bands in this region compound absent

4000-3200  2.50-3.13 O-H and N-H stretching Primary and secondary amines, organic acids and phenols

3310-3300  3.02-3.03 C-H strefching (unsaturated) Alkynes

3100-3000  323-333 C-H stretching (unsaturated) Aromatic and olefinic compounds

3000-2800  333-357 C-H stretching (aliphatic) Methyl, methylene, methyne groups

2500-2000  4.00-5.00 X=Y, X=Y=Z slreiching’ Alkynes’, allenes’, cyanate, isocyanate, nitrile, isocyanides, azides, diazonium
salts, ketenes, thiocyanates, isothiocyanates

1870-1550 5.35-6.45 (=0 stretching Esters, ketones, amides, carboxylic acids and their salts, acid anhydrides

1690-1620  5.92-6.17 C=C stretching Olefinic compounds?

1680-1610  592-6.21 N=0 streching Organic nitrite compounds

1655-1610  6.04-621 -0-NO; asymmetric Organic nitrate compounds (the symmetric ~O-NO; stretching vibration

stretching occurs at 1300-1255¢m™" (7.69-7.97 um)

[600-1510  6.25-6.62 -NO; asymmetric stretching Organic niuu-cnmﬁwunds (the symmetric —-NO, streiching vibration occurs at
1385-1325¢cm™" (7.22-7.55um)

16001450  6.25-6.90 C=C stretching Aromatic ring system (normally four bands)

1490-1150  6.71-8.70 H-C-H bending Methyl, methylene

1420-9%0 7.04-10.10 §=0 stretching Sulphoxides, sulphates, sulphiies, sulphinic acids or esters, sulphones,
sulphonic acids, sulphonates, sulphonamides, sulphonyl halides

1310- 1020 7.63-9.80 C-0-C stretching Ethers (aromatic, olefinic or aliphatic)

1225-1045  B.16-9.67 C=8§ stretching Thioesters, thioureas, thicamides pyrothiones

1000-780 10.00-12.82 (=C-H deformation Aliphatic unsaturation

900-670 11.11-14.93 C-H deformation Substituted aromatics

850-500 [176-2000  C-X stretching’ Organohalogens

730-720 13.70-13.90 (CH; )3 Four or more consecutive methylene groups




Nuclear magnetic resonance (NMR) : sl (ounhliadl oy )l
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THE MECHANISM OF ABSORPTIO (RESONANCE) : ( il ) 48Ual) Lalaia) 4:€0ilS 0
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h=6.624 x 107 J-sec
k=1.380 % 107> J/K - molecule

T'= absolute temperature (K)

60 e Jazy Jleas ¢ (e a2 25) ddlhe 298 die 4dl Cawst Gl Sy ¢ oke ) Aalaall aladinly
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The chemical shift  4ilusll 2a 3V
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