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Metals, Semiconductors, Insulators

E
T

IC
U

M
U

M
 H

E
LV

E
&

 C
O

LL
E

G
IU

1. Impurity reserve (Ed » kT):
Thermal energy is too low to promote electrons from donatorniveaus into
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Thermal energy is too low to promote electrons from donatorniveaus into 
conduction band

2 Impurity depletion (E « kT « E ):
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 2. Impurity depletion  (Ed « kT « Eg ):
All donator centers are ionised, but  thermal energie still to promote electrons 
via the intrinsic band gap. 
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S 3. Intrinsic conductivity (Eg « kT):

Thermal energy is large enough, to promote intrinsic charge carriers over the 
band gap. Now the donor carriers become the minority carriers and 
conductivity raises strongly
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Metals, Semiconductors, Insulators
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Nitrides, Carbides ??
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Color in Semiconductors IIColor in Semiconductors II
BandgapBandgap––Tuning by QuantenTuning by Quanten––SizeSize--EffectEffect

E
T

IC
U

M

BandgapBandgap Tuning by QuantenTuning by Quanten SizeSize EffectEffect
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Growing particle diametre from 2 auf 5 nm results in color change from green 
to red → bandgap becomes smaller 
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Photoelectron spectra (ESCA)
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UPS:  Erad = UV radiation => valence states (bonds, etc) 
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Band structure DOS
Nanochemistry UIO 

Band structure           DOS

Photoelectron spectra (ESCA)
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2-3nm depth  
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Photoelectron spectra (ESCA)
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UPS:  Erad = UV radiation => valence states (bonds, etc) 
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XPS:  Erad = X radiation => core states (oxidation 
states)

&
 C

O
LL

E
G

IU states) 

Z
Ü

R
IC

H
 &

S
P

E
R

  
E

T
H

 
R

. N
E

S

Nanochemistry UIO 

Magnetism in Transition Metals
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Magnetism – Spin Polarized Band Structures
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