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Introducéo a metodos fisico-
guimicos de caracterizacao de
grupos funcionais

Espectroscopia vibracional
(Infravermelho)
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AsS tecnicas espectroscopicas permitem
obter informacoes do universo estelar e
também microscopico.

Consistem na perturbacao do sistema (ions
e moléculas) obtendo-se respostas emitidas
(ou transmitidas) atraveés das interacOes da
luz com a matéria em diferentes
comprimentos de ondas.



Determinacao da formula
molecular

Analise elementar

Espectrometria de
massas




Determinacao de grupos funcionais:

Analise funcional
organica

Espectrofotometria no
Ultravioleta e

Infravermelho

RMN de H (indiretamente)
e RMN de 13C (diretamente)




Sites de referéncia para espectros

https://sdbs.db.aist.go.|p/sdbs/cqi-
bin/cre_index.cqi



https://sdbs.db.aist.go.jp/sdbs/cgi-bin/cre_index.cgi

Infrared radiation
A=251017 uym

v = 1/A = 4000 to 600 cm (unities in wavenumber=
numero de onda)

These frequencies match the frequencies of covalent bond
stretching and bending vibrations.

Infrared spectroscopy can be used to find out about covalent
bonds in molecules.

IR is used to tell:

1. what type of bonds are present

2. some structural information




Absorption bands for alcohols (streching of O-H)
Broadening caused by different extension of hydrogen bonding)

Wnﬁ

Hexanol

3334 cm'! - OH stretch. Normal
range: 3350+150 cm-1. This is
o very characteristic group
frequency. All of the pecks due
to the OH group are broad due
to hydrogen bonding.
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Absorption bands for carboxylic acids (streching of O-H)

The broadening of bands in carboxylic acids are very effective

i
WDH 3156 cm-! - OH Stretch of

Heptanoic acid _ | | | | ekl | | COOH  dimer.  Normel
h H range: 3000+500 cml.
Hydrogen bonding in this

complex couses the very
brood absorption.  Note
that only the antisymmetric
coupled OH stretch (shown
C=0 here) absorbs in IR.
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Como caracterizar os derivados do acido salicilico com base
nos ions moleculares nos espectros de massas?

CO,H
OH
CO,CH; COH
OH o
m/z 138
C:8H8()3 C9H804

m/z 152 m/z 180



Como caracterizar os derivados do acido salicilico com base
Nnos espectros naregiao do Infravemelho?

CO,H CO,CH;
OH OH
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CO,H
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Acido acetil salicilico
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Espectro no Infravermelho do acido salicilico
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Espectro no Infravermelho da aspirina?

OH associado
de acido carboxilico

C=0 de éster =™
1750 cm1
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Espectro no Infravermelho do O/
salicilato de metila
OH
Methyl Salicylate
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Transmittance (%)

Principais bandas de absorcao no Infravermelho

de compostos organicos

Wavelength (um)
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TABLE!12.1/ Characteristic IR/Absorptions of Some Functional (Groups

Intensity of
Functional group class Band position (cm™) absorption

Alkanes, alkyl groups

C—H 2850-2960 Medium to strong
Alkenes :

=C—H 3020-3100 Medium

C=C 16401680 Medium
Alkynes

=C—H 3300 Stro{lg

—C=0— 2100-2260 Medium
Alkyl halides

C—Cl 600-800 Strong

C—Br 500-600 Strong

Cc—I 500 Strong
Alcohols

O—H 3400-3650 Strong, broad

Cc—0 1050-1150 Strong
Aromatics

§ \C—H 3030 Weak

Vi
2~ ' »
C C 1660-2000 Weak
I |
1450-1600 i

C%C/C 50-16 Medium
Amines

N—H 3300-3500 Medium

C—N 1030-1230 Medium
Carbonyl compounds®

C=0 1670-1780 Strong
Carboxylic acids

O0—H 2500-3100 Strong, very broad
Nitriles

C=N 2210-2260 Medium
Nitro compounds

NO, 1540 Strong

“Carboxylic acids, esters, aldehydes, and ketones.



Infrared spectrum of
hexane

T
CHaNCH:’
Hexane
0.
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To summarize: There are four
pecks in the infrared spectrum of
hexone that correspond to the
presence of o CHa group: 2962,
2872, 1460, and 1375 cm-l.

0.2+
00 [ Expand Expand |
4000 3500 3000 2500 1600 1400 1200 1000 800 600 om™1 400

10

T
CHQNCHs
Hexane
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There ore four pecks thort
indicote the presence of o
CHy group: 2926, 2853,
1485, and 720 cm-!.
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Hidrocarbonetos
Como as bandas no IV sao afetadas?

Efeito da eletronegatividade do carbono sobre a banda C-H

NUumeros de onda
Maiores| <

Frequencias maiores

sp sp? sp?|
C=C—H C=C—H  C—C—H
3300 cm-1 3100 cm-? 2900 cm-1

<

Maior forca atrativa entre C-H



Stretching frequencies for carbon-carbon bonds
and correlations with bond strengths (bond order)

Bond strength* Bond order v

C——C 350 1 1000 cm'!
C—=C 600 2 1600 cm!
C=—=C 840 3 2200 cm™!

*In kJ/mol



Infrared spectrum
for 1-hexene

1642 cm™1
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o 30BO cm-! - =CH: antisymmetric
stretch. An okbsorbtion olbowe 3000
cm-! indicates the presence of on
unscrturotion [double or friple bond
or cn cromatic ring).
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0.z substituted.  Trons-Z-herene  (overlory
menyU) hos only o very weok obsorption,
becouse  there s wery little dipole
chonge when on interncl double lbond
stretches (it is nearly symmetric).
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Infrared
spectra for
1-heptyne
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3312 cm-! - =CH stretch.
Mormal range: 330020
cm-!, clways very sharp.
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2119 cm-! - C=C stretch. MNormal
range: 2220+ 10 cm”! for terminal
alkynes, 222510 cm-! for interncl
0z alkynes. Absent when symmetrically
: substituted  (overlay  4-octyne).
Compare to the C=N streftch in
heptyl cyanide {2247 cmr).
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Infrared spectra for heptyl cyanide
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Heptyl cyanide
0e
04
2247 cmr! - C=N stretch. Normal range:
2250+10 cm’), lowered 12-20 cm-!
when conjugoted, Compare to the C=C
stretch in 1-heptyne (2119 em-).
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Higher frequency (2247 cm1) than triple bond C-C (2120 cm™)



Efeito da massa atomica (C-X) dos grupos
Ligados ao atomo de carbono

—

CH CC CO CCl C-Br C-
3000 1200 1100 750 600 500

frequencias
menores

Quanto maior a massa dos atomos, menor sera a frequencia

NUumeros de onda
menores




Absorption spectrum of hexylamine
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Hexyl amine
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1.4

NH2 Summcary:
3309 cm! - NH2 Antisymm. stretch.
= 3309 cm-! - NHz Symm. stretch.
“7 ' ' ' 1613 cm! - NH3 Scissor bend.
797 cm! - NH; Wag.
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Wavenumber of carbonyl compounds in
Infrared spectrum

Aldehyde 1740-1720
Ketone 1725-1705
Carboxylic acid 1725-1700
Ester 1750-1730
Amide 1680-1630
Anhydride 1810 and 1760

Acid chloride 1800


https://i.stack.imgur.com/oAuU9.png
https://i.stack.imgur.com/oAuU9.png

Absorptions
bands
for
heptaldehyde
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2717 cm! - CHO stretch/bend
[second of two). Normal range:
2735%15 cm-). This peck is not
hiclden under the C-H stretches
and is good evidence for an
cidehyde when cccomponied
by a C=0Q stretch (1727 cm-1).
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1727 cm-! - C=C stretch. The
position of this peck is very
choracteristic for an cldehyde.
(Compare to other carbonyl
compounds in  the averlay
menu)  Conjugation  shifts  this
stretch to lower frequencies.
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Absorptions bands for 3-heptanone
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Z-Heptanone
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1718 cm! - C=0 Stretch. In small
rings, this vibration is shifted to
higher frequency by coupling to the
stretch of the adjacent C—C bonds.
The amount of coupling depends on
the C=C(Q)—=C angle. As with other
carbonyl groups, conjugation lowers
the frequency. (See overlay menu).
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Absorptions bands for ethyl acetate (ester)

1.0
) w—t-\’v\f,j
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Ethyl Acetate
0.6
0.4
1742 cm-! - C=0 Stretch. In smail ring
esters, this vibration is shifted to higher
0.2 frequency by coupling to the stretch
’ of the adjacent O—C and C—C bonds.
The cmount of coupling depends on
the O—C[{O)—C angle. As with other
carbonyl groups, conjugation lowers
the frequency. [ See overlay menu).
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The oxygen (more electronegative than carbon) shift the carbonyl
bands to a higher wavenumber (higher frequency)




1 O The inductive effect of alkyl group lowers the
1727 cm frequency for ketone carbonyl as compared to
R H aldehydes

O
1715 cm1 ﬁ]\ The inductive effect of alkyl group lowers the

frequency for ketone carbonyl as compared to
aldehydes
R R Y

oxygen (efeito retirador de elétrons) increases
R OR the frequency for carbonyl esters (a ligacao
. torna-se mais curta aumentando a constante
de forca)

O
1742 cm-L ilL\ The electron withdrawing effect of the



Absorptions bands for
butyl anhydride

2 bands:

Symmetric at 1810 cm?

and
antisymmetric at 1740 cm'l)

The electron withdrawing effect

of the oxygen between the two

carbonyls increases their strenght,

0.6

0.4
- M
0.0 [

1819 cm! - C=C Symmetrically
coupled stretch. Normal range:
183010 cm-). The proximity
of the carbonyl groups causes
the vibration to split in two. This
is very choracteristic of on
anhydride. In cyclic anhydrides,
the symmetric mode is lower
than the antisymmetric.
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Butyric anhydride
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: stretch. Normal range:
175515 em-1.
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Absorptions bands for butyryl chloride
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Effect of electronegativity of chlorine on carbonyl group



IR spectrum of amides

The amide functional group combines the features of amines and ketones because
it has both the N-H bond and the C=0 bond. Therefore amides show a very
strong, somewhat broad band at the left end of the spectrum, in the range between
3100 and 3500 cm- for the N-H stretch. At the same time they also show the
stake-shaped band in the middle of the spectrum around 1710 cm-! for the C=0
stretch. As with amines, primary amides show two spikes, whereas secondary
amides show only one spike.
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Absorptions bands for amides

CO: -0: Two bands at
/u\r\ n 1660 (1)-1630(1l) cm™1
R NHR R NR
Amide | band:
‘ v C=0 stretching
1 “r . (estiramento)
A [ﬂ WH Vo H
a\c N P 0 //C N\\ Amide Il band & N-H
\ \H bending in plane
o 0 o 0 (deformacéao angular no
plano)

The conjugation of the lone pair of electron weakens
the force constant of carbonyl group!
(a conjugacao do par de elétrons do N enfraquece a
constante de forca da carbonila)



IR SPECTRA: WHAT YOU CAN TELL AT A GLANCE

1) Is carbonyl group present (1820-1650 cm1)?

check also:
Acid (1710) OH: 3400-2400 cm-1
Amides (1690) N-H: 3400 cm-!
Ester (1735) C-0O: 1300-1000 cm*

Anhydrides two bands: 1810 and 1760 cm-!
Aldehydes (1725) C-H: 2850 and 2750 cm-1

Ketones (1715) preceding 5 choices eliminated



2) If C=0 Is absent:

ROH OH: 3400-3300 cm-1;
or ArOH C-O near 1300-1000 cm-1

Amines N-H: 3400 cm)
Ether C-0O: 1300-1000 cm-; absence of OH

Double bond/aromatic ring:
C=C: weak band near 1650 cm;

1600-1450cm-1)



