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TABLE 2-3 A Sumplified Correlation Chart

Type of Vibration Frequency (ecm™") Wavelength (u) Intensity
C-H Alkanes (stretch) 3000-2850 3.33-3.51 $
-CH, (bend) 1450 and 1375 6.90 and 7.27 m
-CH,- (bend) 1465 6.83 m
Alkenes (stretch) 3100-3000 3.23-333 m
(out-of-plane bend) 1000-650 10.0-15.3 s
Atomatics  (stretch) 3150-3050 3.17-3.28 s
(out-of-plane bend) 900-690 11.1-14.5 S
Alkyne (stretch) ca. 3300 ca. 3.03 3
Aldehyde 2900-2800 3.45-3.57 w
2800-2700 3.57-3.70 w
c-C Alkane not interpretatively useful
C=C Alkene 1680-1600 £.95-6.25 m-w
Aromatic 1600 and 1475 6.25 and 6.78 m=w
CmC Alkyne 2250-2100 443476 m=-w
=0 Aldehyde 1740-1720 5.75-5.81 s
Ketone 1725-1705 5.80-5.87 s
Carboxylic Acid 1725-1700 5.80-5.88 s
Ester 17501730 5.71-5.78 s
Amide 1670-1640 6.00-6.10 s
Anhydnde 1810 and 1760 5.52 und 5.68 $
Acid Chloride 1800 5.56 s
cC-0 Alcohols, Ethers, Esters, 1300-1000 7.69-10.0 s
Carboxylic Acids, Anhyvdrdes
O-H Alcohols, Phenols
Free 3650-3600 2.74-2.78 m
H-Bonded 3500-3200 2.56-3.13 m
Carboxylic Acids 3400-2400 294417 m
N-—H Pritnary and Secondasy Amines 3500-3100 2.86-3.23 m
and Amides (stretch)
(bend) 1640-1550 6.10-645 m-5
C—N Amines 135G-1000 7.4-10.0 m=3
C=N Imines and Oxumes 1690-1640 5.92-6.10 w5
C=N Nitriles 22602240 44246 tm
X=C=Y Allenes, Ketenes, Isocyanates, 2270-1950 4.40-5.13 m-3
Isothiocyanates
N=0 Nitro (R-NO,) 1550 and 1350 6.45 and 7.40 s
S—-H Mercaptans 2550 3.92 w
$=0 Sulfoxides 1050 9.52 s
Sulfones, Sulfonyl Chiondes, 1375-1300 and 7.27-7.69 and s
Sulfates, Sullonamides 1200-1140 8.33-8.77 s
C-X FFluoride 1400-1000 7.14-10.0 s
Chloride 800-600 12.5-16.7 s
Bromide, lodide <667 >15.0 H
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TABLE 2-7 The C—0 and O—H Stretching Vibrations in Alcohols and Phenols

Compound C-0 Stretch, em™ () O-H Stretch, ecm™' (u)

Phenols ] 1220 (s.20) N |30
3° Alcohols (saturated) ﬁ 1150 (8.70) g 3620 (2.76)
2° Alcohiols (saturated) E 1 11006.09) E 1 3630 2.355)
1° Alcohols (saturated) e | 10s0t.s52 e} 3640 235)

Unsaturation on adjacent carbons or a cyclic structure lowers the frequency of C—Q absorption

2° examples:

OH \
/ CHCH,  CH, = CHCHCH,
| |
=/ OH oH
1100 - 1070 cm™* 1100~ 1070cn™ = 1100~ 1060 cm™
1100~ 1070 cn
— b
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CH,OH ‘ CH=CCH, OH
1050 - 1017 cm™"* 1050 = 1030 cm™’
(Fig. 2-13)
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INFRARED SPECTROSCOPY

f

« HYDROCARBONS: ALKANES, ALKENES, AND ALKYNES

A. ALKANES

Spectrum is usually simple with few peaks.

C—H stretch occurs around 3000 cm™ " (3.33 )
a) In alkanes (except strained ring compounds) absorption always occurs to the right of
3000 cm™! (3.33 p)
b) If a compound has vinylic, aromatic, acetylenic, or ‘cyclopropyl hydrogens, the CH
absorption is to the left of 3000 cm™" (3.33 p) ;

CH, methylene groups have a characteristic absorption of approximately 1450 em™' (6.90 )
CH; methyl groups have a characteristic absorption at dpproximately 1375 em™! (7.27 p)

C—C stretch not interpretatively useful —many peaks

Examples: Decane (Fig.2-:7) and cyclohexane (Fig. 2-8)
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Cyclohexene (Fig. 2-9)

infrared (no dipole change).
absorption; cis are stronger.
trans-cyclododecene (Fig. 2-12)

to the right and increases the intensity.
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C—H stretch occurs to the left of 3000 cm™" (3.33 )
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INFRARED SPECTROSCOPY

C. ALKYNES

=C-H stretch usually near 3360 em™' (3.0 ) ) [

C=C stretch near 2150 cm™" (4.65 u); conjugation moves C=C stretch to the right.
Disubstituted or symmetrically substituted triple bonds give either no absorption or
weak absorption .

Example: Propargyl alcohol (Fig. 2-13)
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FIGURE 2-13 The Infrared Spectrum of Propargyl Alcohol (Neat Liquid, Salt Plates)

DISCUSSION SECTION
C—H Stretch Region

The C—H stretching and bending regions are two of the most difficult regions to interpret in
infrared spectra. The C—H stretching region, which ranges from 3300 to 2750 em™! (3.0 to 3.6 u), is
generally the more useful of the two regions. As discussed in Section 2.4, the frequency of the
absorption of C—H bonds is a function mostly of the type of hybridization that is attributed to the
bond. The sp-1s C—H bond present in acetylenic compounds is stronger than the sp®-1s bond present
in vinyl compounds. This results in a larger vibrational force constant and a greater frequency of
vibration. Likewise, the sp®-1s C—H absorption in vinyl compounds will occur at a higher frequency
than the sp-1s C—H absorption in saturated aliphatic compounds. Some physical constants for
various C—H bonds involving sp, sp®, and sp® hybridized carbon are given in Table 2-5.

TABLE 2-5 Physical Constants for sp, sp?, and sp* Hybridized Carbon
and the Resulting C-H Absorption Values

Bond =C-H =C-H ~C-H

, Tvee sp-1s A spP-ls p’-ls
Length 1.08 A 1.L1I0A - 1.12A
Strength 121 Kcal 106 Kcal 101 Kcal

IR Freq. 3300 cm™"* ~3100 cm™! ~2900 cm™?




ALCOHOLS AND PHENOLS

O-H

=0

The “free”” O—H stretch isa sharp peak appearing at 3650-3600 cm™! (2.74-2.78 u)if
no hydrogen bonding takes place. This band is observed only in dilute solutions.

The hydrogen bonded O—H stretch is a broad peak which occurs more to the right at
3500-3200 cm™' (2.86-3.13 u), sometimes overlapping with C-Hstretch absorptions.
This band is usually the only one present in neat (pure) liquids. In concentrated
solutions, both the “free” and hydrogen bonded bands are usually present.

This stretching vibration usually occurs in the range 1250-1000 em™! (8-10 p). This
band can be used to assign a primary, secondary, or tertiary structure to an alcohol |
(see discussion).

Examples: The hydrogen bonded O-H stretch is present in the pure liquid samples of

1-hexanol (Fig.2-26) and 2-butanol (Fig. 2-27). A solution of the pherol, 2-naphthol
(Fig. 2-28), shows both the “free” and hydrogen bonded O-H stretch.
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INERARED SPECTROSCOPY / 45

ETHERS

C-0  The most prominent band is that due to C-O stretch, 1300-1000 cm™* (7.7-10.0 ).
| Absence of C=0 and O-H is required to be sure that C—O stretch is not due to an
| alcohol or ester. Phenyl and vinyl ethersgive two strong bands at each end of this

range: aliphatic ethers give one strong band to the right.

£xamples: Butyl ether (Fig. 2-30) and anisole (Fig. 2-3 1)
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FIGURE 2-30 The Infrared Spectrum of Butyl Ether (Neat Liquid, Salt Plates)
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FIGURE 2-31 The Infrared Spectrum of Anisole (Neat Liquid, Salt Plates)
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INFRAREC SPECTROSCOPY

B. ALDEMYDES

stretch at approximately 1725 cm™! (5.80 u) is normal.

C=0

Conjugation moves the absdrption to the right.

stretch, aldehyde hydrogeﬁ (-CHO), consists of wegk bands at about 2750 c¢m™!

C-H

(3.65 1) and 2850 cm™' (3.50 ). Note that the C-H stretch in alkyl chzins does

not usually extend this far to the right.
Examples: Nonanal (Fig. 2-33), crotonaldehyde (Fig. 2-34), and benzaldehyde (Fiz.

2-35).
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FIGURE 2-33 The Infrared Spectrum of Nonanal (Neat Liquid, Salt Plates)
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FIGURE 2-34 The Infrared Spectrum of Crotonaldehyde {Neat Liquid, Salt Plates)




IMFRARED SPECTROSCOPY
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FIGURE 2-35 The Infrared Spectrurn of Benzaldehyde (Neat Liquid, Salt Plates)

DISCUSSION SECTION

Conjugation of the carbonyl group with an aryl or an a,f-double bond shifts the normal C=0
stretching band to the right as predicted in Section 2.13A-1. This effect is seen in crotonaldehyde
(Fig. 2-34), which has a,8-unsaturation, and in benzaldzhyde (Fig. 2-35). in which an acyl group is
attached directly to the carbonyl group. The normal aldehyde stretching frequency at 1725 em™!
(5.80 u) is shown in the spectrum of nonanal (Fig. 2-33). Since the positions of these absorptions are
not that different from those of ketones, one may not easily distinguish between aldehydes and
ketones on this basis.

The C—H stretching vibrations found in aldehydes at about 2750 em™! (3.65 n) and 2850 cm™"
(3.50 ) are extremely important for distinguishing between ketones and aldehydes. The band at
2750 cm™" (3.65 u) is probably the more useful of the pair because it appears in a region where other
C-H absorptions (CHj, CHy, etc.) are absent. If this band is present, together with the proper C=0
absorption value, an aldehyde functional group is almost certainly indicated.

The medium intensity absorption in nonanal (Fig. 2-33) at 1460 em™' (6.85 p) is due to the
scissoring (bending) vibration of the CH; group next to the carbonyl group. Methylene groups often
absorb more strongly when they are attached directly to a carbonyl group.

C. KETONES

C=0 stretch at approximately 1715 ecm™' (5.83 u) is normal. Conjugation moves the
absorption to the right. Rir}g strain moves the absorption to the left in cyclic ketones.

Examples: Me**! iennropyl ketone (Fig. 2-3), mesityl oxide (Fig. 2-36), acetophenone (Fig.
2-37), and cyclopentanone (Fig. 2-38).
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" INFRARED SPECTROSCOPY

5. CARBOXYLIC ACIDS

O-H  stretch, usually very
often interferes with C—H absorptions.

C=0 stretch, broad, 1730 to 1700 em™' (5.8 to 5.9 ).
Conjugation moves the absorption to the right.

C-0O  stretch, in range of 1320 to |

Examples: Isobutyric acid (Fig. 2-41) and benzoic acid (Fig. 2-42).

210 cm™" (7.6 to 8.3 p), medium intensity.

broad (strongly H-bonded), 3400 to 2400 em™! (294 104.17 p),
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INFRARED SPECTROSCOPY

DISCUSSION SECTION

The most characteristic feature in the spectrum of a carboxylic acid is the éxtremely broad O-H
absorption occurring in the region from 3400 to 2400 cm™" (2.94 to 4.17 p). This band is attributed
to the strong hydrogen bonding present in the dimer, discussed in the introduction to Section 2.13.
The absorption will often obscure the C—H stretching vibrations that occur in the same region. If this
broad hydrogen bonded band is present together with the proper C=0 absorption value, a carboxylic
acid is almost certainly indicated. The spectra of an aliphatic and an aromatic carboxylic acid are
shown in Figures 2-41 and 242, rcspcctivcly.

The carbonyl stretching absorption, which occurs at about 1730 to 1700 cm”™' (5.78 to 5.88 )
for the dimer, is usually broader and more intense than that present in an aldehyde or ketone. For
most acids, when the acid is diluted with a solvent, the C=0 absorption appears between 1760 and
1730 cm™" (5.68 t0 5.78 ) for the monomer. However, experimentally one does not often see the
monomer, since it is usually easier to run the spectrum as a neat liquid. Under these conditions, as
well as in a potassium bromide pellet, the dimer exists. It should be noted that some acids exist as
dimers even at high dilution. Conjugation usually shifts the absorption band to the right (lower
frequency) as predicted in Section 2.13A-1, and as shown in the spectrum of benzoic acid (Fig.
2-42). Salts of carboxylic acids are discussed in Section 2.17.

The C-O stretching vibration for acids (dimer) appears near 1260 cm” ' (7.94 ) as a medium
intensity band. A broad band, attributed to the hydrogen bonded O-H out-of-plane bending
vibration, appears at about 930 em™' (10.75 p). This latter band is usually of low to medium
intensity.

\

)

0
8
E. ESTERS \R-C-DR

C=0 stretch occurs at about 1735 cm™ ! (5.76 1) in normal esters.
a. Conjugation in the R part moves the absorption to the right.
b. Conjugation with the O in the R’ part moves the absorption to the left.
- ¢. Ring strain (lactones) moves the absorption to the left.
C—0 stretch, two or more bands, one stronger and broader than the other, is in the range

from 1300 to 1000 cm™' (7.7 to 10.0 p).

Examples: Vinyl acetate (Fig. 2-10), ethyl butyrate (Fig. 2—43), methyl methacrylate (Fig.
2-44), methyl benzoate (Fig. 2-45), methyl salicylate (Fig. 2-46), and
v-butyrolactone (Fig. 2-47).
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400

1]
400

Lo0

8co

1000

1260

1400

2A')

Lo

3C0

"2 ate (Neat Liquid, Salt Plates)

#

- FREQUENCY (

2

Ve

(%

are

2400

- ..I||ln| .l&-.. ] [y (s S— — g p— - P G G G G — G — g -
o hes » ey ey o] e T e Ry s —_——
- .L‘l.. s | Bl [t (s o b il e sy S = —
. o o ) o wx ) fe et b et by b
- | -
e — 4 -— l“ — - . Rl el Sl £ T8 — — n n ”
e ol i f ] ke e | =l e |t ..f~u. ey ksl faugll prmer cmoy el Lo pemma £ -2 e
jo] = ] |y | | Gt Yo =3={- (=] 1y evos s = e ey po e Kot g =
: B il o sy ) SN et G55 TR O e 8 == ot o o [ e o
. - —f p Yo fowe g = . PS— < = @ = ot e B s ®
et S S St o ity et i s il i it gy s St [ S e = e = B
iy v l.llh.' KR e . ) 4 e + flll —— e e S Bt | .
[y o o et s - i — 3 2 p2 — e P G 1 >
IA -4 +- T e ==
o e e | i - : 2 w -2 — Lo
- — 1 = - —— -
_— b w = = o -
oy e i b ) : : > s B
e e — | T —§— =
SERSED.... M N B S (S RS SR S ) = - =
e ——  boed pray .lw.ll . -
== = = S ‘ = F
- — m— S C— N e e - -1 — - i
i S— — | —— i et Pk = sl s — —3
ot Szt St St qud baiious St Sount Sy Sk dput St o b - - -
— i o — — =t} o m - 3 ..0 - =
— (. ¢ 1 e ululoll‘ “- P~ » o. ! < AOI S Gt & d By | — B
- o s el Dp + - — 1 ' \ - . ol oo B — ~ ¥
. m —f e e ey ] . 4 b ed
e e i B - I3 A . - - - - - -
o oo .ul..l\llLJ' T,ull...lu...l' C EP — H “ T ——— 1 | Y w..n@“”l — + - —
et s . " et T T BSERS DR Dt i e sed s et s it i | oot ot ot e s — |—Il| —} —
———— b o
=m==== : = =i == : == = =dia
e e i : == =t El==r
i bt = Ivllvlvm x| w - — el - m — == 1 =3=F
e — T — —— e L~ o} e S S S l'llml..’ N - L .I_l
T—2 L& . . PG V. S S - ﬁ”v - o
e 7 T AN L m? St hew.? oom R R St o ARG JEVET RSN (N NI I . ~ . 3
. g —f— —— R = 3 _ —— w t ot gt pup Il'u'..lm. pa- ‘—!‘mm“ ~ - p— o ) =
ot o s o o s e s et i e = o o | =31 - ¢ by -k il o oy o Bt e : b
i \ \h_\ —o—H} i b —t — mm p s o ———A L — ‘.,.AA.  an Dv mm —t— e - ¢
= L= B S S v— S— g S v——f— h—"— .
2z e = O |C;l.f° W-.\.l = —lol—% —1Or— - § . Oy —— —19Q =0 - - [=} 4 ~_ ‘M
st =t 0! T N — =1 o ) L0 i, = = o s Gu | g A s o .
r4 ey v b S DR W tmre— —— . —— —— o == r
5 o I=—EE S i e e R 3 =
88 = 2 mm - Lo 4
w @ I o o g S, s s S St St P § > ue —= ~..r..
ﬂ -] ) M P Mt R ¢ TR S S M I v b e e S 3 20 pa ™) ] w yd - 1=
v & - + A -
| D g avlos + p— — ¥ - . 3
e e (S =i = x Dk =
S — e e
g _[Sepe et 5 8 AL ] ==
1 [ - 2 —
N o e O ~ — i @y~ 3y o o
, 3 2 s—4 - | —t o - -
i @= =R

=yttt

Y

Caulin
S

e X -”lY-»CII.nllla . 1 ‘—

Y

2400

2400

40

G0

s

\

Y

/{;\ o \/},O

T 1
—= — = °
—— b — o ) B
= (= | ST L s M f—{— oY B
S 1 e o e oy o By % . m N i
g [T P e 2
e : T i &
e N

1ate

3200

3200
3200
"h{'

ey

l

-

-y

3500

-

’

i
it
b
. :2’;
|
|
|
i
1
FIGURE 2-45 The Infrared Spectrum of Methyl Benzoate {Neat Liquid, Salt Plates)

FIGURE 2-46 The Infrared Spectrum of Methyl Sa
v

FIGURE 2-44 The Infrared Spectrum of Methyl Methacrylate (Neat Liquid, Salt Plates)

bR}

[ &% 2z ——
. ~vl D
b - G - + 1 T 1 °
o < t
== — - L 4 R et B o s s
! [l L B 3 H
— {{—- [ — - - t——1—
- ) L] -—
] b : : + m - —-f=3 S R T ! = m
- e S b - ] =
a7 Ay _— ” rraiss e L g = > . reas —
e o o = =t T t :
1 1 ==X } -
——-— ! = . == = o = {
X : 1 } 3 ——= o= S
o G ¥ = P 8 : . g :
by N

T w. h . 1 L]
(%) FONVLLIWSNVYL {5%) IDNVLIIWSNYYL (%) FONVLIWSNY UL




F. AMIDES

C=0 stretch is at approximately 1670 to 1640 cm™! (6.0 to 6.1 p).
————————— e —

N-H  stretch (primary or secondary amides), 35 100 cm™! (2.86 to 3.23 y). Primary
amides have two bands (-NH, ) in this region.
N-H  bending around 1640 cm™! (6.10 to 6.45 p).

Example: Benzamide (Fig. 2-49).
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INFRARED SPECTROSCOPY
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FIGURE 2-49 The Infrared Spectrum of Benzamide (Solid Phase, KBr)

DISCUSSION SECTION

Primary and secondary amides have broad C=O absorptions in the range from 1670 to 1640
cm™! (6.0 to 6.1 p) when determined in the solid phase (potassium bromide pellet). In very dilute
solution, the band appears to the left at about 1690 em™! (5.92 u). This effect is similar to that
observed for carboxylic acids, in which hydrogen bonding reduces the frequency in the solid state or
“in concentrated solution. Tertiary amides, which cannot form hydrogen bonds, have C=0 frequencies
that are not influenced by the physical state and absorb in about the same range as that given above.
Cyclic amides (lactams) give the expected increase in frequency for decreasing ring size, as shown for
lactones (Table 2-8). :

o )
0
N-H N-H
~H

~1660 cm™"' ~1705 ecm™' ~1745¢cm™"
(6.02 u) 5.87 1) (5.73 u)

A pair of fairly intense N—H stretching bands appear at about 3350 cm™' (2.99 u) and 3150
em™" (3.17 y) for a primary amide in the solid state (KBr pellec). An example, the spectrum of
benzamide, is shown in Figure 2-49. The 3350 and 3150 cm™" bands result from the asymmetric and
symmetric vibrations, respectively (Section 2.3). Secondary amides (under high dilution) and lactams
give one band in the 3500 to 3100 cm™' (2.86 to 3.23 u) region. On the other hand, secondary
amides in the solid phase give a complex absorption pattern. —ee

Primary and sccoPdarz amides give medium intensity bands to the right 6659}_0)550-@1") of
the C=0 absorption, caused by the N-H bending vibration. Unfortunately, in the solid phase this
N-H bending vibration may often overlap the C=0O absorption. Finally, a@i\?‘suctching vibration

N

occlirs at abou(l4007cm“' (7.14 ) for primary amides.
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stretch occurs at about 1800 cm™! (5.56 ) ih normal acid chlorides. Conjugation
2800

moves the absorption to the right.

xamples: Acetyl chloride (Fig. 2-50) and benzoyl chloride (Fig. 2-51).
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FIGURE 2-51 The Infrared Spectrum of Benzoyl Chloride (Neat Liquid, Salt Plates)
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INFRARED SPECTROSCOPY
DISCUSSION SECTION

The strong carbonyl absorption appears at a characteristically high frequency .of about 1800
em™ ' (5.56 u) for saturated acid chlorides. The spectrum of acetyl chloride is shown in Figure 2-50.
Conjugated acid chlorides absach to the right (lower frequency), as predicted in Section 2.13A-1. An
example of an aryl substituted acid chloride, benzoyl chloride, is shown in Figure 2-51. In this
spectrum, the main absorption oceurs at 1770 em™! (5.65 ), but a shoulder appears at 1 740 cm™!

(5.78 p) on the main band. The shoulder probably is « result of an interaction between the C=0 band r’V’

" N ST LT
and an overtone of a band appearing at 3 lower frequency. When a fundamental vibration couples
with an overtone or combination band, the coupled vibration is called Fermi resonance. This type of
interaction can lead to splitting in other carbony! compqunds, as well.

H. ANHYDRIDES

C=0  stretch always has two bands, 1830 to 1800 cm™" (5.46 to 5.56 u) and 1775 to 1740
em™' (5.63 to S.75 u), with variable relative intensity. Unsaturation moves the

absorption to the right. Ring strain (cyclic anhydrides) moves the absorptions to the
left.

C-0  stretchisat 130610900 em™ (7.7 1o 11.1 p).
Example: Acetic anhydride (Fig. 2-52).
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FIGURE 2-52 The Infrared Spectrum of Acetic Anhydride (Neat Liquid, Salt Plates)

DISCUSSION SECTION

The characteristic pattern for non-cyclic and saturated anhydrides is the appearance of two strong
bands, not mecessarily of equal intensities, in the region from 1830 to 1800 cm™' (5.46 to 5.56 u)
and 1775 to 1740 em™" (5.63 to 5.75 ). The two bands fesult from asymmetric. and symmetric
stretch (Section 2.3). Conjugation shifts the absarption to the right, wl.il. vyciization shifts the

absorption to the left. The strong and broad C-0O stretching vibration occurs in the region from 1300
t0 900 cm™" (7.7 to 11.1 ).
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INFRARED SPECTROSCOPY

AMINES

—

N~-H  stretch occurs in the range from 3500 to 3300 cm™' (2.86 to 3.03 p). Primary amines
have two bands. Secondary amines have one band; a vanishingly weak one for aliphatic
compounds and 2 stronger band for aromutic secondary amines. Tertiary amines have
no N-H stretch.

N-H  bend in primary amines tesults in a broad band appearing in the range from 1640 to
1560 cm™" (6.1to 6.4 u). Secondary amines absorb near 1500 em™! (6.67 u).

N-H  outof-plane bending absorption sometimes can be observed near 800 cm™" (12.5 p).
C-N  stretch occurs in the range from 1350 to 1000 em™! (7.4 1o 10.0 p).

Examples: Butylamine (Fig. 2-53), dibutylamine (Fig. 2-54), tributylamine (Fig. 2-55),
N-methylaniline (Fig: 2-56), and mera-toluidine (Fig. 2-22).
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FIGURE 2-53 The Infrared Spectrum of Butylamine (MNeat Liquid, Sait Plates)
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FIGURE 2-54 The Infrared Spectrum of Dibutylamine INeat Liquid, Salt Plates)
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[
NITRILES, ISOCYANATES AND IMINES
/—C=N stretch is a shacp absorption near 2250 cm™ " (4.44 1),
/ Conjugation with double bonds or aromatic rings moves the absorpticn to the
right.
r/—N=C=Cl stretch in an isocyanate gives a broad and intense absorption near 2270 em™!
/ (4.4 p). '
P ” —N=C=$ stretch in an isothiocyanate gives 2 broad and intensz absorption near 2125 cm™!
; (4.7 p).
/{/ -C=N— stretch in an imine, oxime, etc. gives a varzble intensity absorption in the range
' from 1690 to 1640 cm™" (5.9 10 6.1 ).
Examples: Butyronitrile (Fig. 2-57) and benzonitrile (Fig. 2-58).
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FIGURE 2-57 Tha Infrared Spectrum of Butyranitrile {Neat Liquid, Salt Plates)




INFRARED SPECTROSCOPY
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FIGURE 2-58 The Infrared Spectrum of Banzonitrile (Neat Linuid, Salt Plates)

DISCUSSION SECTION

The C=N group in a nitdle gives a medium intensity band in the triple bond region of the
spectrum (2500 to 2000 em™!). The C=C bond, which also absorbs in this region, usually gives a
much weaker band. An isocyanate (R-N=C=0), on the other hand, gives a broad intense band in this
region. Aliphatic nitriles absorb at about 2250 cm™" (4.44 u), while their aromatic counterparts
absorb at lower frequencies near 2230 cm™' (4.48 p). The spectra of an aliphatic and an aromatic
nitrile are shown in Figures 2-57 and 2-58, respectively. Aromatic nitriles absorb at lower
frequencies with increased intensity because of canjugation of the triple bond with the ring.

The C=N bond absorbs in about the sanie range as a C=C bond. Although the C=N band varies in
intensity from compound to compound, it usually is more intense than that obtained from the C=C
bond. An oxime (R—-CH=N-OH] gives 3 C=N absorption in the range from 1690 to 1640 cm™! (5.92
to 6.10u) and a broad O—H absorption betwean 3630 and 2600 cm™" (2.74 to 3.B5 p). An imine
(R=CH=N-R)gives a C=N absorption in the range from 1690 to 1650 cm™ " (5.92 to 6.06 u).

NITRO COMPOUNDS

N=0  stretch gives two strong bands, 1600-1500 cm™" (6.25-6.67 ) and 13901300 cm™"
(7.19-7.69 p).

Examples: [-Nitcopropane (Fig. 2-59) and nitrobenzene (Fig. 2-60)
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£IGURE 2-89 The Intrared Spectium of 1-Nitropropanae (Neat Ligquid, Salt Plates)
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FIGURE 2-60 The Infrared Spectrum of Nitrobenzene {Neat Liquid, Salt Plates)

DISCUSSION SECTION

The nitro group (NO;) gives two strong bands in the infrared spectrum. The asymmertric
stretching vibration (Section 2.3) occurs in the range from 1600 to 1500 cm™' (6.25 o 6.67 ), whils
the symmetric stretching band appears between 1390 and 1300 cm™" (7.19 to0 7.69 j1). An aliphatic
nitro com?ound, for example 1-nitropropane (Fig. 2-59), absorbs at about 1550 cm™" (6.45 y) and
1380 cm™" (7.25 u). Conjugation of a nitro group with 4 double bond or a ring shifts the bands 0
lower frequencles. For example, nitrobenzene (Fig. 2-60) absorbs strongly 2t 1530 em™' (6.33 u)
and 1350 cm™" (7.41 p). The nltroso group (R-N=0) gives only one strong band that appears in the

‘ :

L=

range 1600 to 1500 cm™ ' (6.25 to 6.67 ).
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