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Crystals

Asymmetric unit Primitive unit cell Conventional unit cell
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CIF files and programs to visualize crystal structures

Crystal structure data is often stored in a CIF file. This is a text file that contains the asymmetric unit of the
crystal, the symmetries of the space group, and a reference to the source where the data was first published. It is
important to check the publication to see the conditions used during the experiment. Some experiments are
performed at high temperatures or high pressures where the crystal structure can be different than at room
temperature and ambient pressure. The links below will display a crystal structure and it's corresponding CIF file.

Simple Cubic, Polonium Po Pm3m #221 Sucrose P21 #4
Face-centered Cubic (fcc) Fm3m #225 Magnetite Fe304 Fd3m #227
Body-centered Cubic (bcc) Im3m #229 Cementite Fe;C #62
Hexagonal, Boron nitride BN #194 Copper oxide CO (Tenorite) #15
Hexagonal Close Packed (hcp) P63/mmc #194 B Pyrite FeS, #205
g;;c;vsklte, Calcium titanate CaTiO3 (perovskite) Pm3m Rutile TiO, #136

Spinel MgAl,O4 #227

Caesium chloride CsCl Pm3m #221

Rocksalt NaCl Fm3m #225 Sr,FeMoO6g (double perovskite) I4/mmm

Zincblende #216 #139

Waurtzite #186 YBa;Cuz07 #47

Diamond (C) #227 ZIF8 #1

B-Sn #141 Zinc oxide ZnO (wurtzite) P63mc #186
Graphite C P63mc #186 ZnS (wurtzite) #186
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MAS.020 Introduction to Solid State Physics
04.10.2024

Problem 2
The element Sn is a metal above 13° C and a semiconductor below 13° C.

(a) The metallic phase has a body centered tetragonal Bravais lattice with two atoms in the primitive unit cell.
The conventional unit cell of the metallic phase is shown on the right where the black points are the Bravais
lattice points. How many atoms are there in the conventional unit cells? Explain your reasoning.

(b) The semiconducting phase has an fcc Bravais lattice with two atoms in the primitive unit cell. The Miller indices are given in
terms of the simple cubic conventional unit cell. Give the Miller indices of a direction that points from one Bravais lattice point to a
nearest neighbor Bravais lattice point.

Exam 21 November 2024



Space Group — Bravais Lattice, Point Group

The space group of a crystal uniquely determines the Bravais lattice and the point group. The point group does not uniquely determine the Bravais lattice.

RAs R Intemaf’jg:;tl %gzlllll:)enﬂies
1 Pl Triclinic | Cy
2 Pl Triclinic 1 S2=Cj
3 P Simple Monoclinic 2 &)
4 P24 Simple Monoclinic 2 &)
3 IC2 Base-Centered Monoclinic 2 G
6 Pm Simple Monoclinic m Cih=0Cs
7 Pc Simple Monoclinic m C1h=GCs
8 Cm Base-Centered Monoclinic m Cin="Cs
9 1Ce Base-Centered Monoclinic m Cin=0Cs
10 P2/m Simple Monoclinic % Con
11 P2y/m Simple Monoclinic % Can
12 C2/m Base-Centered Monoclinic % Con
13 P2/c Simple Monoclinic % Con
14 P2y/c Simple Monoclinic % Con
15 C2c Base-Centered Monoclinic % Con
16 P222 Simple Orthorhombic 222 V=D,
17 P2224 Simple Orthorhombic 222 V=D,
18 P2;2;2 Simple Orthorhombic 222 V=Ib
19 P212912; Simple Orthorhombic 222 V=D,
20 C2224 Base-Centered Orthorhombic 222 Vi=Dy
21 €222 Base-Centered Orthorhombic 222 V=D,
22 F222 Face-Centered Orthorhombic 222 V=03
23 D22 Body-Centered Orthorhombic 222 V=D,
24 1242424 Body-Centered Orthorhombic 222 V=D,
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rank 2 symmetric tensors> rank 2 asymmetric tensors rank 3 tensors> rank 4 tensors
-!JII gl_?" f1a G i Qm_
gi1 912 913 911 912 913 914 915 Y916 o
gu g2 v (g0 S G
o om on | | |l MEEE| | ETIEEE
reduced, symmetric,
:31; g;z g;z gs1 932 933 reduced, symmetric, asymmetric asymmetric
1 [[9n @12 @3 g 0 e |
0O 0 0 0 0 O o [gm) o e
913 923 933 911 912 913 o g o o e
O OB 0 0 O o TR e IIRERE e
921 922 923 0 O 0 0 0 0 L @e1 o (063 961 965 e |
g3l g3z ¢33 - ) reduced, symmetric,
- reduced, symmetric, asymmetric asymmetric
_ _ — [ an 91z 913 0 0 g
guin g1z O 0 "0 0 g g15 0 =S O
0 0 0 70 g4 g5 O o Yot o [ ©
g21 922 [ o1 o [Gesl 0 0 g |
0 0 a [ 931 932 933 : 0 0 .936 : reduced, symmetric,
i 933 | reduced, symmetric, asymmetric asymmetric
[ 1 [ 911 912 913 0 0 g6 | o gm0 0
gi11 912 0 gi11 Y12 0 0 0 o (el oo S
g12 g22 O g1 g2 O 931 982 933 des | |
0 0 g 0 0 g L 934 935 0 reduced, symmetric,
33 = 33 ] reduced, symmetric, asymmetric asymmetric
— - g gz @3 0 :; 3m
g11 g1z O 0 SORERNGS O B oIl o o
0O OpEN 0 0 O 00 o [@apgE o
g21 922 0 0 0 o g[;l. 985 0
e e g6y P
0 0 g 0 o 0 0 08 0 . reduced, symmetric,
L 33 reduced, symmetric, asymmetric asymmetric
rank 2 symmetric tensors® rank 2 asymmetric tensors rank 3 tensors> rank 4 tensors
o gl?/ gia 0 0 ?.
Jg11 0 0 0O 0 0 gi1a 0 0 :::': Lg:;;ﬂ E g
0 0 0 0 0 0 g25 0 0 NN o '8‘ gs 0
422 000 0 0 ol eiiiien
0 0 g33 : 936 reduced, symmetric,
reduced, symmetric, asymmetric asymmetric

http://lamp.tu-graz.ac.at/~hadley/ss2/crystalphysics/crystalclasses/crystalclasses.html




Symmetric Tensors
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Tensor notation

We need a way to represent 3rd and 4th rank tensors in 2-d.

1151 1256 135
2252 2354

3353

rank 3 rank 4

2 > Lo 814 7 813
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