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http://www.wikipedia.org

Crystal = periodic arrangement of atoms

amorphous metal amorphous silicon
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TU PHYF20 Molecular and Solid State Physics

Grazm

Goal

From the microscopic structure

HM:F m -3 m #225
a=5.639A
b=5.639A
c=5.639A
a=90.000%

calculate any property of any solid.
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| Print version |
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Course outline

e Crystal structure

o Crystal structure W
© Unitcell W
o Bravais lattices W
o Miller indices W
o Wigner Seitz cell W
= Drawing Wigner-Seitz cells
o Asymmetric unit
o Examples of crystal structures
= simple cubic, fcc, bee, hep, diamond, silicon, zincblende, ZnO wurzite, NaCl, CsCl,
perovskite, graphite, sugar
= More crystal structures, CIF files, and programs to visualize crystal structures
o Symmetries
= Point groups W
= Table of crystal classes and their associated point groups
= Flowchart to determine the point group of a crystal
= Space groups W
= Space group — Bravais lattice
Crystal physics
o SGTE data for pure elements - The Gibbs energy as a function of temperature for many
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Carbon polytypes

-

Different polytypes > Different properties



Aluminum and Silicon

Conductivity

Al: =35 %107 1/Q'm
Si: =43 x10%1/Q'm

atomic mass [amu]
Atomic Mass

1 amu = 1.66054x10"2 kg




Sapphire and Ruby

HM:R —3_0 #167
a=4.757@

https://en.wikipedia.org/wiki/Ruby#/media/File:Ruby gem.JPG
https://en.wikipedia.org/wiki/Sapphire#/media/File:Geschliffener blauer Saphir.jpg
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Exercises to
Introduction to Solid State
Physics

Oliver Hofmann,
Institute of Solid State Physics, TU Graz, NAWI Graz

» www.tugraz.at 9/30/2022



Purpose

» Repetition
» Examples and Training
» ldentifying open questions

» Preparation for the Exam
» (Potential exam question will be given)

Oliver Hofmann, Institute of Solid State Physics, TU Graz



Procedure

Place: to be decided

Languange: as requested (German / English)

Implementation 7 x 90 min :
Data to be decided via doodle
https://doodle.com/meeting/participate/id/elSlyA7a

Mandatory Presence!

Oliver Hofmann, Institute of Solid State Physics, TU Graz
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Crystal structure
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Crystal structure

A crystal 1s a three dimensional periodic arrangement of atoms.




/ Crystal Systems

a, B,y # 90°

N —
triclinic:a#b#canda#p #y# 90° l

monoclinic:a#zb #cand o #90° =y =90° -~

orthorhombic:a#b#canda=p=y=90° -~ SR >

tetragonal: a=b#canda=p=y=90° ¢ aBy90°

hexagonal: a=b #cand a = =90° y=120%__
cubica=b=canda=p=y=90° . @

P

o 1s the angle between b and ¢



Bravais lattice

Auguste Bravais
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Sugar (Sucrose)

HM:P 21 #4
a=10.863A

b=8.705A

c=7.759A

«=90.000°




Crystal system

triclinic

rranoclinic

ortharharmbic

tetragonal

14 Bravais lattices

Hiaiis Tailicas Crystal system Bravais lattices
P P
@, B,y # 90° w, B,y #90° . .
mombohesrsl - 5\ Points of a Bravais
l Urigenal) 'l lattice do not
e necessarily represent
3 c atoms.
a # 90" a + 90° a*c
By=90" py=90 —_— y gl
"-v E}{agﬂna : /i /
N N> B e ;41,.?_’__
_-g 2mi3| 94—
P F
P & | f 4 4
aac.[w:i: . azsb=c . aa:b:t_c astb=¢c cubic
7 7 5 ; P ... primitive
i 3 I ... body centered
a3+ [/
F ... face centered
C ... centered
i i http://en.wikipedia.org/wiki/Bravais_lattice



Primitive lattice vectors

Every point of a Bravais lattice can be reached
from another point on the lattice by a translation

vector /

Translation vector
T = n,a, + n,a, + n,a, n,n,,n, =---—2,-1,0,1,2,-- a
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Primitive lattice vectors
O O OO0 0O 0O 0 0 0



Primitive Unit Cell
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There 1s more than one choice for a a

primitive unit cell .
volume of a unit cell =

. d; - (dzX d3)|

I' =na, +n,a, +n,a, n,n,,n, =---—2,-1,0,1,2,--



Unit Cells

© OO0 0000 O0OO0O0

There 1s more than one choice for a o O ©
primitive unit cell O O O

© 0 0 0 O O

Eugene Frederick
Wigner Seitz

Wigner-Seitz primitive unit cell

fcc becce



Wignher-Seitz cells
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Conventional (crystallographic) unit cell

o, i, y =+ 9)°
triclinic "-
o = 90"
B.y=90°
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a 1s the angle between b and ¢
B is the angle between a and ¢
v 1s the angle between a and b

6 faces, 8 corners

http://en.wikipedia.org/wiki/Bravais_lattice



Conventional (crystalographic) unit cell
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fce zincblende



(a)

Crystalographic unit cell
showing close packed
plane

Crystalographic lattice Wigner-Seitz cell
vectors
Primitive lattice vectors

From: Hall, Solid State Physics



