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Electromagnetic radiation 

• frequency (): how many waves in 1s [Hz]

• wavelength (): distance between two neighbouring maxima of the

wave (nm)

• wavenumber (): how many waves are in one meter

c = 3108 m/s speed of light in vacuo

h = 6.6310–34 Js    Planck constant
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Interaction of electromagnetic radiation with 
molecules

M   +  → M* absorption

M* → M +  emission

M   +  → M* + ’ Raman-scattering

M* +  → M + 2 stimulated emission





UV spectrum

Structure??????



HOMO

Highest occupied

LUMO

Lowest unoccupied

UV absorption

Transititions

E=Eelectron + Evibration + Erotation

UV



How does a UV spectrum look like?
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What is seen in a UV/VIS spectrum

• → * and  → * transitions:  too high energy,  only in 
vacuo, max <150 nm.  Not used in practice.

• → * transitions: max 150-250 nm

•n → * nonbonding electrons, max 150-250 nm (eg: C-I)

•n → * and  → * transitions :  mostly observed. max = 
200-600 nm.

Cromophor groups



Double
bond

 

[nm]


C=C 190 9000 →*

C=O 280 20 n →*

190 2000 n →*

160  →*

COOR 205 50 n →*

165 2000  →*

C=N 250 200 n →*

C=N–OH 193 2000 n →*

C=S 500 10 n →*

240 9000  →*

C=N2 350 5 n →*

–N=N– 340 10 n →*

240

S=O– 210 2000

Double

bond
 [nm] 

N=O 673 20 n →*

300 100 n →*

–ONO 310-390 30 n →*

220 1000

NO2 330 10 n →*

280 20

–ONO2 260 20 n →*

–SCN 245 100 n →*

–NCS 250 1000

–C–N3 280 30 n →*

220 150

Triple
bond  [nm] 

–CC– 175 8000  →*



Most important UV/VIS solvents
(minimum possible wavelength)

Water 191

Acetonitrile      190

Cycohexane 195

Diethyl ether 215

Ethanol 204

Hexane 195

Methanol 201

Dioxane 220

THF 220

CH2Cl2 235

CHCl3 245

CCl4 265

Acetone 300

Usually in liquid phase, the solvent should not absorb in the region



Used for detection, verification, quantification, 

first assumptions of possible functionalties, 

following reactions

high sensitivity (small amount of 

material needed)

noninvasive



IR

1/cm

T=I/I0

E=Eelectron + Evibration + Erotation



IR regions

Middle IR 
(MIR)

Far IR (FIR)
Near IR (NIR)VIS Microwave

(MW)

12 500 4 000 400 20  / cm−1
~

Use

Accessories

Organic molecules 
main vibrations

Structural 
information

metal complexes

quartz

KBr, NaCl, CsCl,
CaF2, ZnSe,

KRS5 (TlBr/TlI)

Si, Ge
poliethyilene

quantitative 
analysis of 
mixtures



The frequency of the absorbed radiation must be

equal to a vibrational frequency of the molecule.

Observable only if the dipolmomentum is

changed.

Question: Does IR absorbance of O2 exist?

NO, because there is no change in dipolmomentum



Two atomic molecule

Harmonic oscillator 
=

k

c2

1

21

21

mm

mm
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F = –kx

E = hf(v+1/2)

Dv = 1 

During excitation, the

frequency does not change!



anharmonikus oszcillátor 

2. Anharmonic oscillator

v = 1

v = 3

v = 2

E
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 V

 (
r)

Disszociációs energia

ED

v = 0

r0 Atomtávolság r

J : 1;2;3

Dv = 1, 2, 3

Energy levels not equidistant

3N-6 (linear:3N-5) different vibrational modes



Type of vibrations

stretching: length of the bond changes

ass

X Y

C

H H

C

H H

deformations: bending: rocking, twisting, wagging, scissoring

CH3asd
CH3sdas
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C

H H

_
+++

other

C

H HH

C

H HH

twistingwagging

perpendicular

C

H H

C

H H

In plane

rockingscissoring

b
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https://www.youtube.com/watch?v=1PQqDfJKXvA

https://www.youtube.com/watch?v=1PQqDfJKXvA


IR regions

Characteristic is a region if a given vibrational mode

resonates with a typical frequency and no other types

3700 2600 2300 1800 650

X=X=Y
X=YX Y

X H− X Y−

3500 3000 2000 1500 1000 500

1650 720


 

b g d; ; 

cm
-1

X–H

Triple and cumulated double

C=X (X: O, N, C) and aromatic

„fingerprint region”

Deformational vibrations: dC–H 1200 cm–1 dC–Cl  300 cm–1

(reduced mass!!!) 



Chararcteristic regions

fingerprint
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bond: 2
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bond: 1



Conjugation, electron sending 

substituents

Electron withdrawing subst.







































acetanilid

NH

CH3

O

3294
3196
3137
3059
1665
1620
1599
1557
1501
1489
1436
1369
1324
1266
  754
  694

30
62
66
74
  4
44
15
10
28
33
29
38
22
43
13
43

100

50

0

4000 3000 2000 1500 1000 500

NH 3294, NHassz 3137; Ar CH 3059; amid-I 1665; amid-II 1557; Ar C=C

1620;1599, 1501 és 1489; Amid-III 1324; Ar (mono-) gCH és gCC 754 és

694 cm-1.



Me

N

NMe

N
H

CHO
2
N



Me

N

NMe

N
H

CHO
2
N

indolp-metil-benzonitril

o-metil-benzonitril (p-nitrofenil)-acetilén



Hármas kötések

−CC−H CC 2140 - 2100 CH 3300

−CC− CC 2260 - 2190

−CH2−CN CN 2260 - 2240

−C=C−CN CN 2235 - 2215

Ar−CN CN 2240 - 2220

−N+C− CN 2165 - 2110

−CN→O CN 2300 - 2290

R−S−CN CN 2140

Ar−S−CN CN 2175 - 2160

>N−CN CN 2225 - 2175

CN+ CN 2200 - 2070

−N+N NN 2260  20



–NO2, –NO csoportok

C–NO2 asNO2 1560 sNO2 1350

O–NO2 asNO2 1630 sNO2 1280

N–NO2 asNO2 1600 sNO2 1270

C–N=O N=O 1600 - 1500

O–N=Otransz N=O 1680 - 1650

O–N=Ocisz N=O 1625 - 1610

N–N=O N=O 1460 - 1430

R–N+→O– N–O 970 - 950

Ar–N+→O– N–O 1300 - 1200

NO2
– NO2

– 1250 - 1230

NO3
– NO3

– 1410 - 1340



Aromások

CH 3030

C=C vázrezgés 1600; 1500

konjugált 1580; 1450

b=CH 1225-950 több jel

gCH és gC–C

monoszubsztituált 690-710; 730-770

diszubsztituált

orto 735-770

meta 690-710; 750-810

para 810-840

triszubsztituált

1,2,3 705-745; 760-780

1,2,4 805-825; 870-885

1,3,5 675-730; 810-865

pentaszubsztituált 870



–OH, –NH, –SH, –PH csoportok

−OH OH 3650 - 3200 C−O, C−N

monomer

primer 3640 1050

szek. 3630 1100

terc. 3620 1150

fenolos 3610 1200

asszociált 3600 - 3200

COOH, kelát 3200 - 2500

−NH2 asNH2 3500 bNH2 1600

sNH2 3400

−NH NH 3350 - 3300 1550

=NH =NH 3350 - 3300

−N+H3 NH3 3000 1500

−N+H2 NH2 2700 -2250 1500

−N+H NH 2700 -2250 1500

−SH SH 2600 - 2550

>PH PH 2440 - 2350
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2-tetralone

1-tetralone 3-methyl-benzofurane

Homework



1683

1716


