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gdlna (far-ultraviolet)

gd(na (near-ultraviolet)

Jdlua (visible)

ouwstsatna (near-infrared)
ouwsitsanaiv (middle-infrared)
ouwsatsalna (far-infrared)

WwiAswW (microwave)
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10-200

200-380

380-780

780-3,000
3,000-30,000
30,000-300,000
300,000-1,000,000,000
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infrared 10>-10* 100 pym-1 um vibration IR, Raman
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UszLAn msaluuavdlanasau MSHUU mMsau mstaguuUavs:Aau tondus
DUASASYN WavvluUDVALaNASoU

LEIUF]éJU (cm™ 102 1 100 104 106 108

AJIUEIDAAU 10 m 100 cm 1 cm 100 um 1000 nm 10 nm 100 pm

A>WA (Hz) 3x106 3x108 3x101° 3x1012 3x10" 3x10% 3x106

W&ouu (J/mol) 103 10 0 103 105 107 109

ds:ztnntnAun NMR ESR microwave infrared UV-Vis X-ray

adnlnsalnd

Y-ray
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(y-ray)

| | |
0% 107% 10" 10° 10®% 10°% 104 102 10° 102 104 10° 108

" S
Infrared Y Molecular
T#\/\/ : vibration

0.5eV

Mo

symmetric stretch asymmertric stretch bend

Ay Ay o

librations

0.
oA, o0

102 10'® 10% 104 10” 10° 108 10° 104 107 100 v(s™)
| | | | | | | [ | | |
sudnyd | g3 § duwsatsa [wiAsww A3USNEYEIVNIY
(X-ray) |((UV) (IR) (microwave) FQ:E,( d’_A")VI (long radio wave)
) (radio

A(nm)

* ADWAYIV 3x10% fv 3x10% Hz (AWLIIA3U
100 um @0 1 pum)

* Wau0IUAJDUAUYDVIWADUDES:KITY 0.001 fiv
1.7 eV BullugdowadvviunmiRlulanatnamsau
ADIULANCIVUDVS:AUWAVVIUUDVNISTUDEIUBIV
104 J/mol

 (NnAGADUWSILSQ adatnsalnd (IR) ua:=swiu
awdnlnsalnu (Raman)
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WUS: matutmanauaoawse‘)un§£31fJquus -lALLIAauUsE L1ha
mﬂuma D-CDUIEdLANaSOU SI)UﬂU IoaUﬂmwus SHiale
msauaamaao 1SENI msauuuuwumu (fundamental

vibration)

@pling fcnce splino force
equilibrium stretched compressed
bond length

—_— -

ommro
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msdaunvuda (stretching) Ao

WUS:S:HI 10900 UEQDDNHSDHQ .\ ,

counu LAaldnvuuudiaauunas __ .\ ’
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(symmetrical stretching) (asymmetrical stretching)

AMSaUUUUVD (bending) AD Wus: Symmetrcal Ampmematrical Scissoring (Bending
S:HI1vD:0pULUAgUCLHRUYTUDINLAU

Wus:LGU domatiyuwus:iasuulay @& , 0\ , _§ ,
> > “»

= Aslen (rocking)
= ASsIns (scissoring) Rocking wagging Twisting

" AIsUQ (twisting)
= AISns:=aQn (wagging) .\ , .\ ’ .\ ’
» > >
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% IR active Aon1sauluudaua:uuuvanainisaQanausod
S ouwsitsala
- — — " L _ -
(1/3 " IR active d:tnalawi:wus:zHSalulananumistdaguudavlalwatluiud
= (dipole moment) tNUU
]
= o A polar bond is usually IR-active.
8 o A nonpolar bond in a symmetrical molecule will absorb
o weakly or not at all.
n \ /
= / \
H H HyC CH;
mMsauuDVWUs: C=C (R inactive) mMsduupvwus: C=C (IR active)
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MKuUQLCia=a:-0pUDgUULAU X, y Ua: z (3 TA) Wd
D:0DUHUUSDULAURIRDS:AUTUAIILULES (degree of
freedom) AU 3 MUlanail n D:0DUS:AUTUAIIULES
LNIAU 3N

lJLtana

[ =

®" [ inear molecule with n atoms usually has 3n-5
fundamental vibrational modes.

= Nonlinear molecule with n atoms usually has 3n-6
fundamental vibrational modes.
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Symmetric stretch Antisymmetric stretch
1388 cm! 2349 cm!?
Raman visible IR visible

| =

=0-¢ ©-9-¢

symmetric antisymmetric

stretch cirateh 0 xy

—

inactive active degenerate
o dipole same energy m m
change one band

. Two degenerate bends

667 cm!
IR visible

ASTUUDVWUS
.
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H,O vibration modes
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g' A bond will absorb radiation of a frequency equal its
G vibration(s)
=
T
n
>
=
O
)
>
-
-]m
n normal vibration vibration having absorbed energy
—
=
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Frequency decreases with increasing atomic weight.
Frequency increases with increasing bond energy.

qv
CF
4r
B Bond
11
Vs
]: &—H heavier
C—D |,
% C—'CJ/ atoms
<
C—C
= C=C
G C=("
(Vp)
c
(-

ST2092312 MSILAS1RAIULAZDVDD

Bond Energy Stretching Frequency
[kcal (kJ)] (cm™7)

Frequency dependence on atomic masses
100 (420) 3000
100 (420) 2100 | ¥ decreases

83 (350) 1200
Frequency dependence on bond energies

83  (350) | rnmoe 1200

146 (611) l“i)‘(’)ﬁf 1660 lz‘) increases
200 (840) 2200
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ADWFUWUSS:-KIWAUA (Llaundu, cm™) KEoAUYIDAAU) La:
ADIUEVWIU (transmittance, T)
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IR Spectrum
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TRANSMITTANCE

Olo_uuuuuuul{L |||||||| I S T R T N T I S S R T T
3000 2000 1000

Wavenumber (cm-1)

inuuou uaoocﬁuHdouaouaumsoonéu IR 13

Jdoyanuad U LnuULaUA3u (wavenumber, cm™)
llaO\)F]:)']UﬂHSE)F]:)']UEﬂDﬂaU
u laUﬂaUlUUEDUﬂaUUE)\)F]D’]UEJ’DF]auUlla:DHlJDEJ

Wu cm-’
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- w0 L . BodAdIUHAINHAY
2 £ \ ' wafaduwsauiu
IG E “ on aowa}msym;zyms
G E . y J cgcmautuzj:)oeu
) 5 5 1 anunumlawCu
— = 40 /\/Y : fingerprint region | wdasans
I~ 0 C=0=—= | | i L
; 20 - (1716em) | USLOTUULSYN
5 5 . fingerprint region
1D w000 300 3000 2500 2000 '1§3'0=3' 1000 '51%0

Wavenumber {cm'1)
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IR Spectrum
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ST2092312 MSILAS1RAIULAZDVDD

]m Typical Infrared Absorption Values For Various Types of Bonds
G 100 3200-3400 cm! 2850-3100 cm™! 2100-2260 cm™! 1650-1800 cm™ 500-1000 cm™!
o O-H stretch C-H stretch C=N c=¢ C=0 stretch
C T I [ -
’ r "Fingerprint" region
a : (generally not useful)
o n |also in this :
m S | region: : Exception: 680- 860 cm"’
M | N-H stretch [ : region can help determine
‘ ; I 13300-3500 cm™ I ortho-meta-para substitution
t 4 : patterns for aromatics.
m t 3300 cm" 5
— a alkyne C-H :
— n stretch
: I\
Vp) e >3000cm™V:V <3000cm™
alkenyl C-H : alkyl C-H stretch
0 stretch :
: I I I I I I |
4000 3500 3000 2500 2000 1500 1000 500
Im Wavenumber (cm™)

19
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IR absorption of common functional groups s
: Functional Group Absorption (em')  Intensity Functional Group Absorption (em™)  Intensity
i .
Alkana Amine
G C-H 2850-2960 Medium N-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
m Alkyne Aldehyde 1730 Strong
=C—H 3300 Strang Ketone 1715 Strong
G C=C 2100-2260  Medium Ester 1;33 g"ﬂﬂﬂ
(Vp)] Alkyl halide AN b trong
Carboxylic acid 1710 Stron
- C~Cl 600-800 Strong o y
. C-8r 500-600  Strong CRhaxylic ackd
W O-H 2500-3100 Strong broad
Alcohol -
; O-H 3400-3650  Strong,broad | Mitrile
: C=0) 1050=1150 Ell'ﬂll'lg C=N 2210=2260 Medium
| m Arene Nitro
CH 3030 Weak NO, 1540 Strong
Aromaltic ring 1660=2000 Weak
1450-1600 Medium

ST2092312 MSILAS1RAIULAZDVDD 20



N

wsatsadwdnasy

oU

Region (cm™) Group Possible Compounds Present (or Absent)
3700-3100 -OH Alcohol, aldehyde, carboxylic acids e —
-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




Interpretation of IR spectra

: WAVELENGTH / microns
Jm 25 3 4 5 6 T 8 9 10 12 15
S 0% L] L L | | | N I N N I N N O I I I YOO
D 20%— —80% _,
rG = 40%— —60% £

< (7))
G @ =
(_/! S 60% - | a0% >

oM =
‘o < J Q
g 80%— \/ — 20%
- 100% — T 1T 1T T 1T 1T T 1T T T T 1T 1T 1T 717711 0%
1D 4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600

FREQUENCY (WAVENUMBER) / cm"!

ST2092312 MSILAS1RAIULAZDVDD 22
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IR spectrum > Fingerprint
: WAVELENGTH / microns
Jm 25 3 4 5 6 7 8 9 10 12 15
o 0% |1 [ 11 | | N I N T T T I 6 I oo,
D 20%— —80% _,
(G > 40%— —60% Z
< wn
G @ =
(_/! S 60% | a0% >
oM =
(o < Q
g 80%— — 20%
“fingerprint” region
- 100% T T T T T T T T T 1T T T T T T T 1 0%
1D 4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600

FREQUENCY (WAVENUMBER) / cm"!

ST2092312 MSILAS1RAIULAZDVDD 23



N
IR spectrum > Carbonyl groups (-C=0) S

: WAVELENGTH / microns
Jm 25 3 4 5 6 T 8 9 10 12 15
o 0% | 1111 | | N N N T N T I N 1 o)
D 20%— L 80% :_u'
— g >
(G > 40%— —60% Z
< (7))
G @ =
(Vp)] o) ~
60% — — 40% P
0 < ¢
2 80%— — 20%
- 100% — T 1T T T T T @ T 1T T T T T T T T 0%
1D 4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600

FREQUENCY (WAVENUMBER) / cm"!

« Carbonyl compounds (C=0 bond) show a sharp, strong absorption between 1,700 and 1,760 cm™'

ST2092312 ASILAS1-RAIYLASDVID 24



IR spectrum > Alcohol (OH)

SU

WAVELENGTH / microns

J 25 3 4 5 6 7 8 9 10 12 15
S 0% I R B | A TN I [N N N N I I I | Ao
= 20%— — 80%
— wl
(G S 40%- — 60%
<
- 0
o
"y S 60% L 40%
d m
" <
2 80%— — 20%
- 0% 11 T T T T T T T T T T T 1 | 0%
1D 4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600

« Alcohols (O-H) show a broad absorption between 3,200 and 3,600 cm™

ST2092312 ASILASI=RAIYLASDVID

FREQUENCY (WAVENUMBER) / cm"!

JONVLLINSNVYL

N

nAlABRuATW nEoudnaToANSEEADSE
HEALTH, COSMETIC & ANTI-AGING TECHNOLOGY

25



S

WAVELENGTH / microns
25 3 4 5 6 7 8 9 10 12 15

0% I B I | | N I I T Y T T 6 T PO

20%— —80%

40% — , — 60%

60% — — 40%

80%— — 20%

100% I O O I O I 0%
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600

FREQUENCY (WAVENUMBER) / cm"!

* (C=0 bond show a sharp, strong absorption between 1,700 and 1,760 cm™'
* 0O-H show a broad absorption between 3,200 and 3,600 cm™

ST2092312 ASILASI=RAIYLASDVID 26
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WAVELENGTH / microns
25 3 4 5 6 7 8 9 10 12 15

0% | 1111 | | N I I T Y T T 6 T PO

20%— —80%
40%— /\ —60%

60% — l/ — 40%

JONVLLINSNVYL

BD% ] = 20%!

%711 1T T T T T T T T T T T T T T T 717719
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600

FREQUENCY (WAVENUMBER) / cm*!
 (C=0 bond show a sharp, strong absorption between 1750 and 1,730 cm™

duwsitlsadglnasy
ABSORBANCE
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douus:NoULASDY IR Spectrometer

Sample cell for
solution of sample

Infrared
f g } \ detector

Infrared source A
(electrically heated filament) N
NaCl prism Chart recorder
" . (or diffraction
grating)
Reference cell

for solvent only
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Light sources : a@ utkado1AgNISIK
AWSDULAUDVLTVDIUUEDESOS
DUWSILSQDDNUT GuglugnundIuegd

AAQU 25-25 um (4,000-400 cm™) C T
/f““ s S e “\ Monochromator
Sample cell o T R}J S S
Monochromator : MuMALE@oNANY ® @< ! s s
- — ~ — _.} Chopper | W
g1dAaU T9UIELINSAaY (Lawl:zlASDY \HJ”‘)} \
oUWsILtsaatdnlnsiulosuuuns=o1g S sample | ﬁqﬂ/

HLavoLni LTU) Compartment Detector
Detector: U 2 Us:tAn AD C1DASIYIQ

ADIUSDU (thermal detectors) ua:

(Das2v2QlwWaau (photon

detectors)



FT-IR

fIDULASDV

douus

-
L l t S o u I c e S nATUTASRUANW LASoNA180UAN1SEADTY
HEALTH, COSMETIC & ANT)-AGING TECHNDL

Nernst glower 5000-400  {HSvaduWsIlsandv uck  3tutA3ov Dispersive IR
(ovaunau suLM
Globar (SiC Rod) 5,000-400  @ngsua:tiwavviugondl  8U FT-IR Spectrometer
Nernst .
Nichrome/Kanthal 5,000-400  s1AQn Wwavoiu Sutndovlpuunaldn
filament
Infrared Laser (QCL, 5,000-1,000 AWWUZY AUDUWIFY  IElUNISASIDIULNG La:
TDLS) | VIUSLASIRALLUEN
Infrared LEDs 4,000-1,000 AWJITULAU Ewavoiud  BlULlduwsas IR uas
LASDVHDWNWA
Synchrotron 10,000-50 AL OUIA dadutu  WBtuviuddelAsvasy

Radiation an1isve ulanadugv
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TABLE 11.3: Common Infrared Optical Materials

IR

MATERIAL
KBr

AgBr

AgCl

CaF2

NaCl
Diamond
KRS-5

(thallium bromide-iodide)

Us=ADULASDYV

daJu

INFRARED TRANSPARENT
RANGE* (cm™)

40,000-400
22,000-286
10,000-360
77,000-1,110

40,000-625
25,000-33
20,000-250

PROPERTIES

Soft, inexpensive, water soluble, fogs

Soft, inexpensive, water insoluble, darkens if exposed to ultraviolet light
Soft, inexpensive, water insoluble, darkens if exposed to ultraviolet light

Hard, relatively expensive, water insoluble, acid and base resistant, no fog,
withstands high pressures

Soft, inexpensive, water soluble, fogs
Expensive, water insoluble, structurally strong
Soft, good ATR material, acid insoluble, base soluble, toxic

Excerpted from Advanced Light Source (Berkley Labs), Copyright © 2012 ALS Infrared Beamlines with permission.

" Because the optical bench of most IR spectrometers is exposed to air, the practical range of most spectrometers is limited to 4,000 to 300 cm™
even if the optical material used has a larger range.

ST2092312 ASILASI=RAIYLASDVID
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Transducer Wavelength range
E Photon detector
Photo-tube 200 to 1000 nm
2 Photomultiplier 110 to 1000 nm
'18 Silicon photodiode 250 to 1100 nm
G Photoconductor 750 to 6000 nm
5- Photovoltaic cell 400 to 5000 nm
Thermal detectors
0 Thermocouple 0.8 to 40 um
(,':, Thermistor 0.8 to 40 um
n Pneumatic 0.8 to 1000 um
= Pyroelectric 0.3 to 1000 pm
- X-ray detectors
.% Geiger counter

Proportional counter
Semiconductor detector Si(Li) or Ge(Li)
Scintillator detector

ST2092312 AMSILAS1RAIULAZDVDD
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FT-IR

Us=ADULASDYV

daJu

FT-IR (Fourier Transformation)

WLsgsnsuawosu (FT-IR)

= IKavnLaasvad

= DULNDSLWDSISULODS
(interferometer)

= (DQ1SIVIQ

ST2092312 ASILASI=RAIYLASDVID

Fixed mirror

IR source

4

e /

Beamsplitter

o

Detector

—] k= d ==

Movable mirror

] Sample

“*’M”%

X (cm)
Interferogram

1 1

nAlABRuATW nEoudnaToANSEEADSE

A

Computer

A (cm™

Spectrum

33



FT-IR : Michelson interferometer

ad
| i
- Focusing |
LL mirror :
2 / :
() D Liquid N, cooled
1) Ge detector :
= -
= L | !
-
“;, Dielectric
= \ <A\ filters / -
> R R
' N "

Spatial filters

ST2092312 AMSILAS1RAIULAZDVDD
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Michelson interferometer

Fixed
mirror

Lens

Beamsplitter $

A
|
|
!

Mowno [[IH
mirror j '
; I
------------ =L~ Parabolic
collection
mirror

Nd-YAG
laser with
line filter
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MIRROR 1

Michelson interferometer Y~ > _

T‘i"'IrD E E ,ﬁ' M HEALTH, COSMETIC & ANTI-AGING TECHHOLOGY
WAVE- SPLITTER
LENGTH

SOURCE MIRROR 2

A1S:8:MVNAILEVNVIDVLEUNTY
o LNAU (path difference = 0) tWa
o UDVAAUD:ASVAU MIRdrJUITUl
e mgoga
LUDAnS:=oNLAaduNiu A/4 s:o:
mvutduuavlasguldu A2 mis
(WauovAdudivAu 180° wa:laa
ANSHNA1Y
HINLAADUASA A/4 IWauovAaU
AJULIASVAUSNASY

ST2092312 AMISILAS1RAIULAZDVDD 35



Fixed Mirror
Mowvable L 1
Mirror 1 1
Il t
VAV VAVAVAVE WJ-
b A LE'E'EF
Beam
Splitter
an t1
NN
(=10
Screen

ST2092312 AMISILAS1RAIULAZDVDD

N
Michelson interferometer gﬁ.%

HEALTH, COSMETIC & ANTI-AGING TEC)

Fixed Mirror
Movable <
Mirror I PSS
4 ~ T
<
P
AN VAYAVA
A payays JF
——— aser

Beam
Splitter

_n—-ll—{—
- MTA)
oW

BFF

Screen
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MICHELSON
INTERFERROMETER

s ] e

''''''''

S VU :.'L"C‘U
Q; 1360 nm

Mirror 2

a4 nm ]

E—l ‘i 1 Fasa .’.hrl! | '.'M‘H.l g ™, : ::

ST2092312 MS3AS1=KAYgIASDID https://www.youtube.com/watch?v=ffBcKYnjclc

nAlABRuATW nEoudnaToANSEEADSE
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= JryayInunNadasIvIalasud=ngtusUunvoulnosiwosisunsy (interferogram)
= Fourier transform (FT) a:9nuthutdudav interferogram onlatuualiuidu
awnasunoun

Interferogram Spectrum Absorbance plot

TR ~
WA

sample
3800 3300 2800 2300 1800 1300 800
sample

Wavenumber (cm™)
thical path difference (cmy K Wavenumber (cm!) / /

background

Fourier transform Spectral subtraction

ST2092312 AMISILAS1RAIULAZDVDD
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https://www.youtube.com/watch?v=02qWVQbRpwA
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Source Type

Detector Type

Applications

Humidity
Beam Splitter

ATR mode

N
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Mid-infrared Ever-Glo
(4,000 - 400 nm)

Deuterated triglycine sulfate (DTGS)

Academic teaching, industrial QA/QC,
plastics and polymers, pharmaceuticals

Tightly sealed to resist ambient humidity.
KBr/Ge mid-infrared optimized

Diamond
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2.2 Diffuse reflectance infrared i Detector Etornal Reflection
Fourier transform spectroscopy Transmission
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inatdAMsa:nau (Refraction)

LnAUATD:=IRAUaNSaID8 10Ny M — ¥ %
substrate sample sample

awisndalagdsnsdaovnWiula HSo
a._] S C']—D D EJ'_] \) ﬁ' Ij ﬂ_] S a.: ﬁa u ﬁ' ﬂ D 6 Reflection-Absorption Specular Reflection Diffuse Reflection
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