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ELECTROMAGNETIC SPECTRUA

The diagram shows the entire spectrum of
electromagnetic waves, The scale at the
bottom indicates representative objects
that are equivalent to the wavelength
scale. The atmospheric opacity determines
what radiation reaches the Earth's surface.




electromagentic spectrum

Gamma ray X-ray  Ultraviolet Visible Infrared Microwave Radio Radiation Type
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Increasing wavelength
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energy of the light

\ frequency af the light vavelength ‘/ speed of light

E=hv A=
v

Planck's canstant frequency

Epholon = hv photon
v =C/A

h=4.0x10"kJ s/mol
c=3.0x108m/s

E- hc/Ah=1.2 x 104 (kJ m/mol)/ A



Atomic Orbital (AO)
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Increasing Energy
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Molecular Orbital (MO)
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Molecular Orbital (MO) of Hydrogen
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increasing energy of orbitals

Molecular Orbital (MO) of a double bond
0 n* orbital higherin

= C—-=C energy than carbon

O O 0 p orbital
out-of-phase combination of
p orbitals gives a m* orbital

nodal plane between
the two atoms

o)
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c——C > cC ¢  morbital lower in energy

O O O than carbon p orbital

in-phase combination of
p orbitals gives a m orbital
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Molecular Orbital (MO) of a double bond

HOMO (Highest Occupied Molecular Orbital)
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A Molecular-Orbital Approach
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Ground state Excited state
of ethylene of ethylene

E= hc/A =1.2 x 104 (kJ m/mol) / A
E=1.2x10%(kd m/mol)/ 165 x 10° m

E = 724 kJ/mol
o —_——
v (217 nm) :
' N
—'%'?—— L ——'é-—- 2
Ground state Excited state
of butadiene of butadiene

E= hc/h =1.2 x 10 (kJ m/mol) / A
E=1.2x10%(kJ m/mol) /217 x 10° m

E = 552 kJ/mol



Table 23.5 Wavelengths and Energies Required for =~ »* Transitions of
Ethylene and Three Conjugated Polyenes

Aas Energy in

Name Structural Formula (nm) K] (keal)/mol

Ethylene CH,=CH, 165 724 (173)

1.3-Butadiene CHy~=CHCH=CH, 217 552 (132)

(35)-1,3 5-Hexatriene CHy~=CHCH=CHCH==CH, 268 448 (107)

(3E5E)-1,.3.5,7-Octatetracne CHy=CH(CH=CH),CH==CH, 200 385 (92)
/ i ethene buta-1 3-diene hexa-1,3,5-riene
NANF R —

energy

(not 1o scale)

PNNAF

ZZ: double bond?} B 11 conjugationO| &2 === energy gap©| O} RICt,



Violet: 400 - 420 nm

+ Indigo: 420 - 440 nm . o* (LUMO) — 0"

« Blue: 440-4%0 nm

« Green: 450- 570 nm

. 570 - 585 nm AR UV light

* Orange: 585 - 620 nm H—H 258 kealimol (111 nm)

 Red: &20-730nm

I |
v —— O (HOMO) — 0
—— ¥ (LUMO) — ¥
Meme A UV light
H/ \H 173 keal/mal T l (165 nm) T
— m (HOMO) — T
1E "
H\ /H Py L] "l’_"a
H\ /CZC AR 27 nm
o 132 keal/mal )
/c C\ H ) "LJ r
H H 2 1y,  F&2 (Ordering)
T J 1 l 4W Tubes ( Filter Size 50 75 mm )
— A, UV.LF104L UV Lamp, 1% 4W Tube, 365 nm
L' Uv.LF104s 1 4W Tube, 254 nm

UV.LF204LS

1 4W /[ 1 4W Tube, 365/ 254 nm
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Tuble 12,1 Wavelengths, Frequencies, and Energles of Some Regions of the Electromagnetic Spectrum
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