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Metallic Sea of Electrons

Electrons are not bonded to any particular atom
and are free to move about in the solid.

[1High electrical conductivity
[0High thermal conductivity
[1High reflectivity of visible light
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Thermal Conductivity

Put equal size rods of
material into a foam cup.

Use butter to glue
macaroni near end of rod.

Add hot water and record
time for macaroni to fall.

Wood 1
Lucite g
Iron
7 0.041
Brass @
S
x
. o 0.02
Aluminum %
S
c 00 10 20 30 40
opper Thermal C'onduétivity' (W/Ci’n°K)

0 50 100 150 200 250 300
Time (seconds)

© 1993 American Chemical Society
Reproduced with permission from Teaching General Chemistry: A Materials Science Companion.



Bonds to Bands
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Bands
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Optical Properties of Metals

Some possible A A
electronic
transitions in a
half-filled band
of a metal.
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Optical Properties of
Semiconductors
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Band Gap Energy and Color
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corresponds to of material
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Band Gap and Periodic Properties

Element UnitCell, A Do, kJ/mol Eg, eV (I, nm)
C 3.57 346 55 (230)

Si 5.43 222 1.1 (1100)
Ge 5.66 188 0.66 (1900)
a-Sn 6.49 146  <0.1 (12,000)
Material ~ Unit Cell, A DC Eg, eV (, nm)
Ge 5.66 0.0 0.66 (1900)
GaAs 5.65 0.4 1.42  (890)
ZnSe 5.67 0.8 2.70  (460)
CuBr 5.69 0.9 291 (430)
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GaPxAsi1-x LED Spectra
Recorded at 300 K and at 77 K (brighter)

GaR 59 ASg g
GaPj g5 AS( 15
GaP0 65 As 03

GaPy 40 ASp 60

Relative Intensity

|N\ N

550 610 550 610 580 640 610 670

Wavelength, nm

© 1993 American Chemical Society
Reproduced with permission from Teaching General Chemistry: A Materials Science Companion.



AlxGai1-xAs LED Spectra

Recorded at 300 K and at 77 K (brighter)
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Electrical Conductivity

insulators semiconductors metals

diamond germanium copper
fused glass silicon iron
silica
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Insulator Semiconductor Metal

Conductivity of metals decreases with temperature as
atomic vibrations scatter free electrons.

Conductivity of semiconductors increases with temperature
as the number of carriers increase.
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Semiconductors
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Similar shading
indicates
complementary
pairs that preserve
the total valence
electron count for
AZ stoichiometry.
In the zinc blende
structure each AZ
atom is four
coordinate.
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Light-Emitting Diodes (LEDS)

Lens
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GaPo0.60As0.40 LED

Lens

GaP 5 60AS0.40

Semiconductor

560 SéO 660 6|50 7(|)0
Wavelength, nm

Decreasing temperature moves atoms closer together and
holds bonding electrons tighter. Replacing such an
electron releases more energy.

When the LED is cooled, emission of light becomes more
efficient (less energy is lost to vibrations).

© 1995 by the Division of Chemical Education, Inc., American Chemical Society.
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Composition

GaP0.40AS0.60
GaPo.65AS0.35
GaPo.g5As0.15

GaP1.00AS0.00

Composition

GaPo.40AS0.60
GaPo.65AS0.35
GaPo.g5AS0.15

GaP1.00AS0.00
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Thermal Conductivity of Diamond

Diamond Aluminum

Diamond (left) and Aluminum (right)

© 1995 by the Division of Chemical Education, Inc., American Chemical Society.
Reproduced with permission from Solid-State Resources.



Poor Heat Conductivity of
Shuttle Tile
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Resistance of 150 Meters
of Fine Copper Wire
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Resistance of CdS Semiconductor

shaded
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Light Emitting Diode (LED)

2R

semiconductor
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