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Alloys 2

Entropy always favors mixing things together:
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Alloys 4
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Superlattices 5
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(A) A 3:1 mixture of copper and gold (B) Equal mixtures. Lattice constant c is 7%

smaller than a.
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Phase Separation 6
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Phase Separation 7
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At sufficiently high temper-

atures, the liquid phase is

of lower free energy at all

concentrations c than the

solid.

At this temperature, the liq-

uid L is lower in energy to

the left, but coexists with

solid of type � towards the

right, and � is stable for

sufficiently high concentra-

tions.Now solid of type � is sta-

ble for low values of c, �

is stable for high values,

liquid is stable for a small

range in the middle, and

there are two coexistence

regions.
Only solid phases are sta-

ble. These can be pure � ,

pure � , or mixtures � �

� of the two.
�
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Nonequilibrium Structures in Alloys 8

Grains
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Due to B. Hockey, attributed to E. Fuller, and published by R. Thomson (1986)
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Nonequilibrium Structures in Alloys 9
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Long- and Short-Range Order 12

Long–range order in crystals...
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Short–range order in liquids...
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Long- and Short-Range Order 13
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Extended X-Ray Absorption Fine Structure
(EXAFS) 14

Incoming radiation whose energy � lies above the onset of absorption at � a. Receiving

atom emits an electron of energy � � � a and wave vector

�
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lT is the mean free path of electrons in the solid.
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Calculating Correlation Functions 15

Dense Random Packing, Bernal model, Hard spheres
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The radial distribution function g � r � for hard spheres (disks) of radius d in two

dimensions.
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Glasses 16
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Glasses 17
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Specific heat cP times thermal conductivity � for the glassy liquid glycerol as a function

of temperature. Birge and Nagel (1985)
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Continuous Random Network 19

Bond-counting and constraint argument of Phillips

N number of atoms, b number of bonds per atom.

Nb � 2 total bonds. If there is an optimal angle, N � 2b � 3 � extra constraints per atom.

3N � N � 2b � 3 � �

Nb
2 � (L30)

it follows that
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Liquid Crystals 20

20 Å

5
Å

CH3 O N

O

O CH3N

Picture of the organic molecule p-azoxyanisole (PAA), which forms a nematic liquid

crystal between 116 � C and 135 � C. It can roughly be regarded as a rigid rod of length 20

Å and width 5 Å.
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Liquid Crystals 21
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Cholesterics 22

nx � 0 (L32a)

ny � cosq0x (L32b)

nz � sinq0x� (L32c)
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Smectics 23
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Polymers 24

Polymer as a random walk.
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Polymers 25
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Polymer behaves like an ideal spring

Spring constant that rises in proportion to temperature, falls in proportion to the
molecular weight � I
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16th May 2003

c� 2003, Michael Marder



Polymers 27

n � N

� 3

� � 2
I

a2 � 3

� (L51)


 � kBT �

3 � An � Bn2 � Cn3 � � � � �� (L52)


 � 
 0 � kBT

�

� 2

� I
2 �

� 2
I

� 2 � �
3

�

A

�

� 2
I

a2 � 3

�

� B

�

� 2
I

a2 � 3

�

2

� C

�

� 2
I

a2 � 3

�

3

� � � �
�

�
� (L53)

2

�
� 2

I

� 2

� 2
I

� 3

� 3B
� 4

I

a4 � 4

� 6C

� 6
I

a6 � 7

� 0� (L54)

2

�
� 2

I

� 3B

� 4
I

a4 � 4

� 0 (L55)

� �

5

�

B � 6
I

a4 � � � �

6 � 5
I � N3 � 5� (L56)

16th May 2003
c� 2003, Michael Marder



Polymers 28

� B � � 4
I

a4 � 4

� 2C
� 6

I

a6 � 7 � �

3� C � 2
I

� B � a2

� N � � � N1 � 3� (L57)

� solvent

16th May 2003
c� 2003, Michael Marder



Quasicrystals 29

Five–fold symmetry is impossible... and yet
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One-Dimensional Quasicrystal 30
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One-Dimensional Quasicrystal 31

X� 1 � � � X0 � � 1 � X1 � � 1 � � X2 � � 1 � � 1� � � (L63)

X3 � X2X1 � � 1 � � 1 � 1 � � (L64)

1

1 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17 x18

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11

16th May 2003
c� 2003, Michael Marder



One-Dimensional Quasicrystal 32
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Scattering from a One-Dimensional
Quasicrystal 33

Singular continuous spectrum
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Scattering from a One-Dimensional
Quasicrystal 34

Second piece
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Scattering from a One-Dimensional
Quasicrystal 35
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Two-Dimensional Quasicrystals—Penrose
Tiles 36

Penrose, Gardner
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Two-Dimensional Quasicrystals—Penrose
Tiles 37
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Physical reasons for quasicrystals 38

Al6Li3Cu is real equilibrium quasicrystal
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Physical reasons for quasicrystals 39

(A) (B)

28 Å

Kortan (1996)
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Fullerenes and Nanotubes 40

David Tomanek’s Nanotube Site
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