Electromagnetic radiation
e frequency (v): how many waves in 1s [HZ]

e wavelength (1): distance between two neighbouring maxima of the
wave (nm)

e wavenumber (v): how many waves are in one meter

C
v e c = 3-108 m/s speed of light in vacuo
E elektromagneses hullam
E=hv []]

h =6.63-103 Js Planck constant eredd

M magneses hullam

fénysebesség

hc  6.63-1073%Js-3-10%m/s

A A =frekvencia

E—




Electromagnetic waves transport b
energy through empty space, stored

in the propagating electric and )\v I
magnetic fields.
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A single-frequency electromagnetic
wave exhibits a sinusoidal variation
of electric and magnetic fields in
space.



Interaction of electromagnetic radiation with

M 4+ v
M *
M + v

M* + v

molecules
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Apsarpance

UV spectrum
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Transititions

E=E +E +E

electron V|brat|on rotation
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How does a UV spectrum look like?
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What is seen in a UV/VIS spectrum

‘c »> o* and ¢ — n* transitions: too high energy, only in
vVacuo, An. <150 nm. Not used in practice.

't — o* transitions: i, 150-250 nm
-n —» o* nonbonding electrons, A, 150-250 nm (eg: C-I)

‘n - * and n — w* transitions : mostly observed. A, =
200-600 nm.

Cromophor groups



Double A Double
bond [nm] 2 bond A[nm] g
c=C 190 | 9000 | mn* N=O 673 20 -
C=0 280 |20 n —n* 300 100 0 s
190 | 2000 | n-—o* —~ONO | 310-390 | 30 n —n*
160 m T 220 1000
COOR |205 |50 n —n* NO, 330 10 -
165 |2000 |m —on* 280 20
C=N 250 200 n —m* —ONO, | 260 20 n —>m*
C=N-OH | 193 2000 n —->mn* —SCN 245 100 n —m*
C=S 500 |10 n —n* ~NCS | 250 1000
240 | 9000 |m —n* —C-N, | 280 30 n —n*
C=N, 350 |5 n —n* 220 150
~N=N- [340 |10 n —n*
240 ple 1 A fnm] g
>5=0- | 210 | 2000 —C=C- | 175 8000 | m o




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

Most important UV/VIS solvents
(minimum possible wavelength)

Water 191 THF 220
Acetonttrile 190 CH,Cl, 235
Cycohexane 195 CHCI, 245
Diethyl ether 215 CCl, 265
Ethanol 204 Acetone 300
Hexane 195

Methanol 201

Dioxane 220



Used for detection, verification, quantification,
first assumptions of possible functionalties,
following reactions

high sensitivity (small amount of
material needed)

noninvasive
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IR regions

iddle IR

VIS Near IR (NIR) (MIR)

Microwave

Far IR (FIR) (MW)

| |
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Organic molecules metal complexes
main vibrations
Use quantitativ Structural
analysis of information
mixtures

KBr, NaCl, CsCl,
CaF,, ZnSe,
RS5 (TIBr/TI

Accessories

quartz

Si, Ge
poliethyilene



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 O, exist?
NO, because there is no change in dipolmomentum



Energia V (r)

Two atomic molecule

s 1 |k m, -m,
Harmonic oscillator 21C L H= m, +m,

=4 E = hvy(v+1/2)

v AV =H]

During excitation, the
v frequency does not change!

>

r, Atomtavolsagr



2. Anharmonic oscillator

>

/Disszociéci(')s energia AV = il, iz’ i3
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Energia V (r)

Energy levels not equidistant
E,

F . >
0 Atomtavolsag r

anharmonikus oszcillator

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



Type of vibrations
stretching: length of the bond changes
X—Y
H H H H
N7 Ne/
/s

Vg Vas

deformations: bending: rocking, twisting, wagging, scissoring

In plane perpendicular other
- + + + - -~
M R H OHY H. O HH. HH. HA H. HAH
N/ N/ N/ N/ NS N\
C C C C C C
/= /s | |
Ps Pas ’s Tas 88CH3 Oas CH3

scissoring  rocking wagging  twisting
https://www.youtube.com/watch?v=1PQgDfJKXVA



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

Triple and cumulated double

~~ C=X (X: O, N, C) and aromatic
vX=X=Y N
vX—H vXzsY vX=Y Jfingerprint region”
3700 2600 2300 1800 650
| | | | ! | | | ) cm’”
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| | | |
1650 X-H 720 X-Y

SN
Deformational vibrations: 8C-H ~1200cm=1  8C-Cl < 300 cm™
(reduced mass!!!)



Chararcteristic regions
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IR spectroscopy table

Vibrational mode o(cm™) Intensity
alcohol O—H (stretching) 3600-3200 strong
carboxylic acid O—H (stretching) 3600-2500 strong
N—H (stretching) 3500-3350 strong
=C—H (stretching) 3300 strong
=C—H (stretching) 3100-3000 weak
C—H (stretching) 2950-2840 weak
—(CO)—H (stretching) 2900-2800 weak
C=N (stretching) 2250 strong
C=C (stretching) 2260-2100 variable
aldehyde C=0 (stretching) 1740-1720 strong
anhydride C=0 (stretching) 1840-1800; 1780-1740 weak; strong
ester C=0 (stretching) 1750-1720 strong
ketone C=0 (stretching) 1745-1715 strong
amide C=0 (stretching) 1700-1500 strong
alkene C=C (stretching) 1680-1600 weak
aromatic C=C (stretching) 1600-1400 weak
CH; (bending) 1480-1440 medium
CH; (bending) 1465-1440; 1390-1365 medium
C—O—<C (stretching) 1250-1050 (several) strong
C—OH (stretching) 1200-1020 strong
NO; (stretching) 1600-1500; 1400-1300 strong
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% Transmittance
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% Transmittance
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acetanilid N\ cH,
NH
100 3294 30
_ F\ 3196 62
3137 66
- n ﬁ 3059 74
| ﬁ 1665 4
' ﬂ 1620 44
1599 15
1557 10
50 - 1501 28
1489 33
1436 29
1369 38
1324 22
1266 43
754 13
694 43
O+ 77— T T ‘ ‘ ' — T T T ‘ ' T
4000 3000 2000 1500 1000 500

vNH 3294, vNH,_, 3137; Ar vCH 3059; amid-l 1665; amid-Il 1557; Ar vC=C
1620;1599, 1501 és 1489; Amid-lll 1324; Ar (mono-) yYCH és yCC 754 és
694 cm.
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de@@

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

e O

p-metil-benzonitril indol




Harmas kotések

—C=C-H vC=C 2140 - 2100 v=CH 3300
—C=C- vC=C 2260 - 2190
—CH,-C=N vC=N 2260 - 2240
—C=C-C=N | vC=N 2235 - 2215
Ar—C=N vC=N 2240 - 2220
—N*=C~ vC=N 2165 - 2110
—C=N->0 vC=N 2300 - 2290
R-S-C=N vC=N 2140
Ar-S-C=N vC=N 2175 - 2160
>N-C=N vC=N 2225 - 2175
C=N* vC=N 2200 - 2070
—N*=N vN=N 2260 + 20




—NO,, =NO csoportok

C-NO, v, .NO, ~1560 v.NO, ~1350
0-NO, v, NO, ~1630 v.NO, ~1280
N-NO, v, .NO, ~1600 v,NO, ~1270
C-N=0 vN=O 1600 - 1500
0-N=0 vN=O 1680 - 1650

transz

O-N=O_, |[VN=O 1625 - 1610

N-N=0 vN=0O 1460 - 1430

R-N*—O~ vN-O 970 - 950

Ar—N*—0O~ vN-O 1300 - 1200

NO,~ vNO,~ 1250 - 1230

NO,- vNO,~ 1410 - 1340




Aromasok

vCH 3030

vC=C vazrezgeés 1600; 1500
konjugalt 1580; 1450

f=CH 1225-950 tobb jel

yCH és yC-C

monoszubsztitualt

690-710; 730-770

diszubsztitualt

orto 735-770
meta 690-710; 750-810
para 810-840
triszubsztitualt
1,2,3 705-745; 760-780
1,2,4 805-825; 870-885
1,3,5 675-730; 810-865

pentaszubsztitualt

870




—OH, —=NH, —=SH, —PH csoportok

—OH vOH 3650 - 3200 | vC-O, vC-N
monomer

primer 3640 ~1050

szek. 3630 ~1100

terc. 3620 ~1150

fenolos 3610 ~1200
asszocialt 3600 - 3200
COOH, kelat 3200 - 2500

—NH, v, NH, ~3500 | BNH, ~1600
v.NH, ~3400

—NH vNH 3350 - 3300 ~1550
=NH v=NH 3350 - 3300

—N*H, vNH, ~3000 ~1500

—N*H, vNH, 2700 -2250 ~1500

—N*H vNH 2700 -2250 ~1500
—SH vSH 2600 - 2550
>PH vPH 2440 - 2350




Loo

TERRSMLTTHALE] 41

S0

4000 EIIIIIIIIIII EEIII:II] J.EII]EI J.IIIIIIII:I EI!IIII
HAVYEMUHBERT -1l
JdEse 19 l6l6 a4 l1iee B0 o311 B2 ETO B
LETT 84 1353 4z lOE]l &E TEE 47
Jqo0 23 lana 74 1335 33 la2] 73 L LT |
1488 70 1278 74 a1l 74 TIE 43
2954 S l456 18 1245 B2 lagas 72 T25 33
2924 4 1418 58 1206 7?9 932 70 Blz Bz
z4dEE 11 L3z 43 1i1z0 74 s98 77 EOE B2




TERMSALTTRARLEL 41

Loo

S0 —
o T — — T T T
4000 = [ ]uln] 2000 1500 1000 alo
HAVYEMUHBERI -1
= 3 1311 50 aBB Zl BzZ0O T4

@ 1514 4)| 1283 B4 | 77z &E

ERgEs [ 1274 a6 Taz =8

0184 A4 1441 =34 117B 7 597 B4

3049 aE 1404 al 1107 B2 E490 EE

iy 9565 A4 &A0 S8

2107 77 \1347 B A0 44 E7E &1




LoD

TRAHSHITTANMCE &1

50—
o ' L L 1 ! 1
4000 3000 2000 1500 1000 ano
HAVENUHBERI -1
 —
7 =
3404 a4 | Z201 86 1411 &4 1an a4 &l7 B
oeg 2 lalg &l 1383 &8 1 a3 T BE
gz a@e le03 26 1312 174 120 62 BT3 BB
2966 0 Ie76 Bl 129l 79 Lios 78 B4 7
2928 B2 IEEd &l 1274 4l 1041 EEB 441 81
a7 15713 R 1215 A6 lo22 64
< 2Zza 4 1460 EB 1201 4 9Bz 7O




LoD

TRAHSHALTTANCE 51

50—
o i : i T : : T ] : | | |
4000 3000 E000 1500 Lona ada
HAVEMURBER! -1l
Jed44 a4 1602 36 1Z14 B0 Tal 4
3647 44 2228 7 159l 719 1lE3 Bd
JoeT A4 e 7 1374 Al il an Tz £0
agao o 1976 B4 1487 17 1046 B4 BEE B4
29al 72 | 1933 &4 | 14E0 3B 90 84 Ead4 74
2954 0 l&20 o4 1365 a2 950 T4 363 30
2926 6B leal 7@ 129l 49 gla 7b 469 1B




Homework

O

1-tetralone

2-tetralone

AN

3-methyl-benzofurane



oo

S0 o

TEAMSHITTANCED =1

T T T T
Annn annn Snn 1snn 1ann
oo

1683

w
w}
=
=
=
=
bl
Z
=

o T T T T T T T
4000 3000 2000 1500 1000 500
o HAVENUHBERT -1l
o
H
S
=
5
&
=
o T T T T T T T
4000 3000 2000 1500 1000 500

HAVENURBERT -1l




