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Typical Infrared Absorption Values For Various Types of Bonds
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IR spectrum interpretation

IR absorption of common functional groups

Functional Group Absorption (em')  Intensity Functional Group Absorption (em™)  Intensity
Alkane Amine

C-H 2850=2960 Medium MN=H 3300=3500 Medium
Alkane C-N 1030-1230 Medium

=C~H 3020-3100 Medium Carbonyl compound

C=C 1640-1680 Medium C=0 1670-1780 Strong
Alkyne Aldehyde 1730 Strong

=C—H 3300 Strang Ketone 1715 Strong

C=C 2100-2260  Medium Ester 1735 Strong
Alkyl halide Amide 1690 Strong

Carboxylic acid 1710 Stron
C—Cl 600-800 Strong _ ! _ !
C-8r 500-600  Strong CRhaxylic ackd
O-H 2500-3100 Strong, broad

Alcohol L

O-H 3400-3650  Strong,broad | Mitrile _

E_D 1050=1150 Ell'ﬂll'lg E=N 22102260 Medium
Ararie Nitro

CH 3030 Weak NO, 1540 Strong

Aromaltic ring 1660=2000 Weak

1450=1600 Medium
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IR spectrum interpretation

The characteristics of stretching vibration bands associated
with the bonds in some common functional groups

Characteristic IR Frequency

Formula Bond range (cm'l)
alcohol O-H stretching 3200-3600 (broad)
carbonyl C=0 stretching 1650-1750 (strong)
aldehyde C-H stretching ~ 2800 and ~ 2700 (medium)
carboxylic C=0 stretching 1700-1725 (strong)
O-H stretching 2500-3300 (broad)
alkene C=C stretching 1620-1680 (weak)
vinyl =C-H stretching 3020-3080
~ : ~1600 and 1500-1430
benzene C=C stretching (strong to weak)
alkyne C=C stretching 2100-2250 (weak)
terminal =C-H ,
stretching 3250-3350
alkane C-H stretching 2850-2950
amine N-H stretching 3300-3500 (medium)
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IR spectrum interpretation

Region (cm™) Group Possible Compounds Present (or Absent)
3700-3100 -OH Alcohol, aldehyde, carboxylic acids
-NH Amides, amines
=C-H Alkynes
3100-3000 =C-H Aromatic compounds
-CH; or -CH=CH- Alkenes or unsaturated rings
3000-2800 -CH, -CH,-, -CH; Aliphatic groups
2800-2600 -CHO Aldehydes (Fermi doublet)
2700-2400 -POH Phosphorus compounds
-SH Mercaptans and thiols
-PH Phosphine
2400-2000 -C=N Nitriles
-N=N"=N Azides
-C=C- Alkynes
1870-1650 C=0 Acid halides, aldehydes, amides, amino acids,
anhydrides, carboxylic acids, esters, ketones, lactams,
lactones, quinines
1650-1550 C=C, C=N, NH Unsaturated  aliphatics, aromatics,  unsaturated
heterocycles, amides, amines, amino acids
1550-1300 NO, Nitro compound
CH; and CH, Alkanes, alkenes, etc
1300-1000 C-O-C and C-OH Ethers, alcohols, sugars
S=0, P=0, C-F Sulphur, phosphorus, and fluorine compounds
1100-300 Si-O and P-O Organosilicon and phosphorus compounds
1000-650 =C-H Alkenes and aromatic compounds
-NH Aliphatic amines
300-400 C-halogen Halogen compounds

Aromatic rings

Aromatic compounds

AliadauAT 4o EpA LB
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IR spectrum interpretation

C-C stretching

» C-C bonds: stronger bonds absorb at higher
frequencies:

oC-C 1200 cm™!
oC=C 1660 cm™
o C=C 2200 cm™ (weak or absent if internal)

* C=C bonds : absorb at lowers the frequency:
o isolated C=C 1640-1680 cm™
o conjugated C=C 1,620-1,640 cm™!
o aromatic C=C approx. 1,600 cm™



IR spectrum interpretation

C-H stretching

The C-H bond stretching of all hydrocarbons occurs in
the range of 2,800-3,300 cm™', and the exact location
can be used to distinguish between alkane, alkene and
alkyne. Specifically:
o =C-H (sp C-H) bond of terminal alkyne gives
absorption at about 3,300 cm™
o =C-H (sp? C-H) bond of alkene gives absorption at
about 3,000-3,100 cm™
o -C-H (sp? C-H) bond of alkane gives absorption at
about ~2,900 cm™!
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IR spectrum interpretation

lodlAu

woatAutduaisus:naulalasAsuau (hydrocarbon compound)
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IR spectrum interpretation

>> Alkane
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IR spectrum interpretation

>> Alkane
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IR spectrum interpretation

wavelength (um)
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o =C-H (sp? C-H) bond of alkene gives absorption at about 3,000-3,100 cm™
o The C=C (stretch) of an alkene only shows one band at ~1,600 cm™!
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IR spectrum interpretation

>> Alkene : Benzene ring -

Ay N
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o =C-H (sp? C-H) bond of alkene gives absorption at about 3,000-3,100 cm™
o The C=C (stretch) of an alkene only shows one band at ~1,600 cm, while a

benzene ring is indicated by two sharp absorption bands: one at ~1,600 cm-
""and one at 1,500-1,430 cm™
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F] :)—] U ﬁ U D \) ﬂ —] S él_ U U D \) TAsvasiouaanu AW (cm™) R

— "Z [ — Wus:= =C-H (nuuda) Wus: =C-H (nuuva) wWus: C=C (uuudia)

W u S L u U la ﬂ a ll D a F] u ﬂ"saluﬁtomﬂﬁugtmu
H H 3,010-3,040 (Uunato) ua=  985-995 (30) ua: ~1,645 (Uunaiv)
>:<R 3,075-3,095 (U1unano) 905-915 (gv)
H
H H 3,010-3,040 (Uunav) ~690 (gv) ~1,658 (Uunaiv)
Rz I'_'a1
H: .F% 3,010-3,040 (Utunaiv) 960-970 (3v) ~1675 (Uunalv)
R, H
H: I,F*’w 3,075-3,095 (Uhunaiv) 885-895 (g0) ~1,653 (UuNa1v)
H Ro
H R1 3,010-3,040 (Uunaiv) 790-840 (3v) ~1,669 (Utunaiv)
Ry Ry Wusnn Wus g ~1,669 (ci)
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IR spectrum interpretation

wavelength (um)

11
|

2.5 3 5.5 6

(/‘\,

nAllagau (Ae TSR0
HEALTH COSMETIC & ANTI-AGING TECHNOLOGY

1213 14 15 1|6

>> Alkyne "

A

|
IE
s

T

i . aEE .
ol 4w | Y v )

2119 [
PELLLED
C—=C

40

S I Nt s o ot ey e 2 Ll

==

{H—C=C(CH,)sCH; |

T MOZP—A—A=—Z0Z>P DR

20

=

(a) 1-octyne

+ 3313 o

2000 1800 1600
wavenumber (cm ; )

0 T T | i
4000 3500 3000 2500

wavelength (um)

2:5 3 3.5 -+ 4.5 3 55 6

1400

1200 1000 800 600

100

|
AR R A R O T T IR i EEESERRERIEREEAREAF IR

1516

O

NG T s e s

A LA

Wi

\l

A AR A AT AR
80 i T

h‘o C=C

v

=
=

=

=
===

Ty stretch visible 7

60 - no =C—H

stretch

40|

CH3(CH2)2 M C E(: e (CH2)2CH';

e SO HovH HOto TOSNS MO SHS SO, T st
C MOZPAA—ZNZP DAL

20

(b) 4-octyne e

I

T

2000 1800 1600
wavenumber (cm 1 )

P 1 O R B A T
4000 3500 3000 2500

ST2092312 AMISILAS1RAIULAZDVND

1400

1200 1000 800 600

16



What is functional groups
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What is functional groups (X\
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IR spectrum interpretation

O-H and N-H bond stretching s

* The polar O-H bond (in alcohol and carboxylic acid) usually
shows strong and broad absorption bands.
o The broad shape : the H-bonding of the OH groups.
o O-H bond of an alcohol group : about 3,200-3,600 cm!
o O-H bond of the carboxylic acid group : about 2,500-3,300
cm!
* The polarity of the N-H bond (in amine and amide) is weaker
than the OH bond.
o The absorption band of N-H is not as intense or as broad
as O-H, and the position is in the 3,300-3,500 cm' region.

ST2092312 AMISILAS1RAIULAZDVND 19



IR spectrum interpretation

>> Alcohols N
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o O-H bond (stretch) of an alcohol group : about 3,200-3,600 cm™!
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IR spectrum interpretation
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IR spectrum interpretation

>> Amine : 1° and 2° amine
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IR spectrum interpretation

Carbonyl bond (C=0) stretching A

“A strong absorbance band in the 1650-1,750 cm™ region
indicates that a carbonyl group (C=0) is present.”

= Carboxylic acids, esters, ketones i i j o
and aldehydes tend to absorb R CH R R g~ o8 )l\ R
around 1,700-1,750 cm™ ALDEHYDES KETONES Carboxylic acids h Em:::
Aldehydes have two C-H signals 0o = Ihe R groups
around 2,700 and 2,800 cm™. 1 )l\ j\ modify the

= The conjugated unsaturated R” “o~ “p/ R €l g Sy, Properties of

C=0
i Anhydrides Acyl halides Amides
ketones and amides tend to

absorb on the lower 1650-1700
cm™!
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IR spectrum interpretation

C=0 variations

* Conjugation of C=0 with C=C lowers the stretching
frequency to ~1680 cm™.

* The C=0 group of an amide absorbs at an even lower
frequency, 1640-1680 cm™.

* The C=0 of an ester absorbs at a higher frequency,
~1730-1740 cm™!

* Carbonyl groups in small rings (5 C's or less) absorb at
an even higher frequency.



IR spectrum interpretation
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IR spectrum interpretation
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o Aldehydes have two C-H signals around 2,700 and 2,800 cm™.
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IR spectrum interpretation

O-H stretching of Carboxylic acid s

This O-H absorbs broadly (2,500-3,500 cm™) due to strong H-bonding.
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IR spectrum i1nterpretation

C-N stretching

= C-N absorbs around 1,200 cm™.

= (C=N absorbs around 1,660 cm™ and is much stronger
than the C=C absorption in the same region.

» (=N absorbs strongly just above 2,200 cm™. The

alkyne C=C signal is much weaker and is just below
2,200 cm™.

ST2092312 ASILASI=RAIYLASDVD
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IR spectrum interpretation
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>> Summary A
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Strengths and Limitations

* |IR alone cannot determine a structure.

" Some signhals may be ambiguous.

* The functional group is usually indicated.

* The absence of a signal is definite proof that the
functional group is absent.

* Correspondence with a known sample’s IR spectrum
confirms the identity of the compound.
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O
O

uQCDEIVANU KBr
tatugalaSeuou KBr
INAgUDIWALIRAUNLaUD
iU vuuinuAday
oQloqsoan

2:1097U KBr danutu:
(unsvnauua=ldsvia

ST2092312 AMISILAS1RAIULAZDVDD 37

=Rody



/

35NISLASgUDEIVaIHSULhATA IR L\

= (PDYIVUDVIUTY

2) 3syvoayaa (Nujol mull)
W

opaKEoUTUWISIWU
(paraffin oil) Ogasn>J
AD CH5(CH,),CH; 1agn

n=18-20
= UQC81vtUINSY |
oUNS:NVUDVWAUDANUYTU: Mix sample Spread it over one of Make a sandwitch of
P G = = with liquid " the pair of NaCl plates 2
RUQuUUSsOULUULUDLOgDNU (iminiaral ofl sample between two plates

« MWuwauulv 9 avuu
21U

ST2092312 AMISILAS1RAIULAZDVDD 38



[agyDaav:-QandusvdlawizA)uavavAIsduuavWUs: C-H U 10ovoIndisaunseo:
Us:nouQigwus: C-H Wnn1sQanauuavydoavvlunacionisiLAS1:HHRIWOriguyovCioog1v

=-
15
m-
B
0.
| [
o g
a | =
E |
= -
o |
; ]
bl |
-
| )
= d m
] el o
] CH H o
=] 3
| [
] m
] [ ']
E-_ _'_'_,_,-'-""'-'_.
-
| 1
+am Xm Im == . b b k] 191 o

ST2092312 ASILASI=RAYLASDVID 39

i

wAiadaur o
HEALTH, COSMETICE ANTH-AGING TECHHOLOGY



nsuUs:zgnatsinAtn FT-IR A

' COSMETXS

@ Transfer
> . <

= l
Persistence
Evidence
o
Activity level

A& savivient | . .
‘ ’ |

ﬁ B =

Trends in the forensic analysis of cosmetic evidence

Vibrational spectroscopic studies
f
Chemical variability @ L
Investigatiol

ST2092312 AMISILAS1RAIULAZDVDD 40



FT-IR

yLnAUA

"
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gnaQq

ANSUS

AsUs:enAlE FT-IR tudQaHASSUDIKIS
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N
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W
~—

N1SQSIVADUDVAUS:NDUNIVLALUDVDIHIS FT-IR awuisatsddiAsK
Usureulugu WsAu ua:mMsulotasatuoikls U ANsasdvdou
DVAUS:NDUUDVUULA:NAONTUNUL (Baldassarre et al, 2016)
n1sasJvdUNIsUULUpuLa:upvUanuluDIHIS tNATATAILNSDIEASIDIU
n1sUuLlUpuypvaisGovil WU Wwanbuluuu (Zhang et al, 2018) uas
AsUanuUuuDuUiNJuUWs (Guillén & Cabo, 2002)
N1SASIVADUANLAQUA=DIENISIAUSAY FT-IR 9nI3uN1SasIvasums
EFouaniwuavlulula:uiutuwaanaunolkis U tijuu=nanuazuiiu
Ual (Reid et al, 2006)



MsUs:enAls FT-IR tutASovaoo

CTr 1) ANSASIDIDUAIUUS:NDUUDVINIOATUALASDVADIY awisald FT-IR
E tUNNS3LASI:RDVAUS:NDUUDVATISDDNANS U Nsalognalsintu

|(::s WAOATUNUISOWD (Silva et al, 2019) )

G 2) NSQASIVIDUAILIDNAUTQUDVAISWAY tINATATAIUNSDTBIUNISANL
J% mistAUlGuavaIsopNnNSIa:a1sEdetudastndovaolv wu

= ANSANUIAIULUNAUTQUDVANSAQUSVASVAD (BUJaBIWLDS) tuASU

(,: (Schneider et al.,, 2017)

a, 3) msms:;aaaumwumﬁa;uaowéqﬁmﬁ FT-IR awmsadaamsaaaau
- nstdaguudavniviadno1otNadutuwaaNtunlASDVaIDIVSKIIVNIS
g AUSAL WU MstAcoandladuunvuliniurous:tHe (Noureddini et

al,, 2018)
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