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Preface

The present book tries to give some introductory basic knowledge of crystallography,
especially for the training of symmetry in German and English language. The concentration
of training is mostly due to the 32 point groups and adjacent knowledge on application
examples of macroscopic forms of important minerals including some hints on space groups.

The collaboration between German and other international groups of scientist makes it
necessary to have some tools available to discuss relevant crystallographic details in
different languages. This is also based on exchange of students and scientists in different
fields. The first booklet in this field was published in German and Portuguese language.

The idea to overcome basic barriers due to language knowledge should be overcome by using
different translations in different languages.

Therefore especially an English translation of this basic book is highly necessary. Also an
important language is Chinese and this small booklet aims to give some overview on
crystallography in English and Chinese language.

The book focuses mainly on helping to overcome barriers in different languages and show
the basic knowledge in crystallography clearly.

The complexity of this documentation makes it necessary to show only a small part, but
containing despite all details in 2 languages. It can be used as an introductory work.

The trial, to consciously include different languages for this topic should help to minimize
language barriers and to focus on the scientific work. This bilingual book will be offered also
in other languages like German, French, Arabic, Russian, Swedish, Greek, Spanish and
Mongolian, among others now or in the future. Also some extensions to other important
topics are planned for the future.

Special thanks are due to Prof. Dr. Dorothee Mertmann for her patience and helpful
transformation of the manuscript into the present form of the book.

Herbert P6llmann, Halle, may 2020
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Occurrence frequency of minerals

Out of 3510 known minerals (dated May 1993) the following crystal systems are

represented:
Cubic 5 Chrystal Classes 346 9,9%
Hexagonal 7 Crystal Classes 326 9,3%
Trigonal-rhombohedral 5 Crystal Classes 295 8,4%
Tetragonal 7 Crystal Classes 278 7,9%
Orthorhombic 3 Crystal Classes 774 22%
Monoclinic 3 Crystal Classes 1129 32,9%
Triclinic 2 Crystal Classes 332 9,5%

from ,,Minerale: Bestimmen nach dufReren Kennzeichen / HOCHLEITNER; PHILIPSBORN; WEINER"

Now there are already about 5575 new minerals known

(http://cnmnc.main.jp/).

Influence of different axes

Name Symbol Influence

Inversion */i Inversion at the center

Two-fold rotation axis o/2 Rotation of 180°

Mirror plane / inverse two- m=2 A reflection at a plane

fold rotation axis

Three-fold rotation axis A3 Rotation of 120°

Inverse three-fold rotation A3 Rotation of 120° and

axis Inversion

Four-fold rotation axis o/ 4 Rotation of 90°

Inverse four-fold rotation axis | ¢/ 4 Rotation of 90° and
Inversion

Six-fold rotation axis ®/ 6 Rotation of 60°

Inverse six-fold rotation axis | a/ 6 Rotation of 60° and
Inversion
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The 32 crystal classes

Amount of Classes

Symbol according
Hermann-Mauguin

Crystal class

complete Abrev.
Triclinic System
2 Classes 1 1 Triclinic Pedial
-1 -1 Triclinic Pinakoidal
Monoclinic System
3 Classes 2/m 2/m Monoclinic Prismatic
m m Monoclinic Domatic
2 2 Monoclinic Sphenoid
Orthorhombic System
3 Classes 2/m2 /m/m mmm Orthorhombic
Dipyramidal
mm?2 mm?2 Orthorhombic
Pyramidal
222 222 Orthorhombic
Disphenoid
Tetragonal System
7 Classes 4/m2/m2/m 4/mmm Ditetragonal
Dipyramidal
4mm 4mm Ditetragonal Pyramidal
422 422 Tetragonal Trapezoedric
4/m 4/m Tetragonal Dipyramidal
4 4 Tetragonal Pyramidal
4-2m 4-2m Tetragonal Scalenoedric
-4 -4 Tetragonal Disphenoidic
Hexagonal System:
7 Classes 6/m2/m2/m 6/mmm Dihexagonal
Dipyramidal
6mm 6mm Dihexagonal Pyramidal
622 622 Hexagonal Trapezoedric
6/m 6/m Hexagonal Dipyramidal
6 6 Hexagonal Pyramidal
-6m2 -6m?2 Ditrigonal Dipyramidal
-6 -6 Trigonal Dipyramidal
Trigonal System:
5 Classes -32m -3m Ditrigonal Scalenoedric
3m 3m Ditrigonal Pyramidal
32 32 Trigonal Trapezoedric
3 3 Trigonal Pyramidal
-3 -3 Trigonal Rhomboedric
Cubic System
5 Classes 4/m-3 2/m m3m Hexakisoktaedric
432 432 Pentagonikositetraedric
2/m -3 m3 Disdodekaedric
-4 3m -4 3m Hexakistetraedric
23 23 Tetraedric

Pentagondodekaedric
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35
BT 2/m SHRRT Y (RELHREEDR)
AE Gypsum Ca[SO4]*2H,0
1E#E A Diopside Ca(Mg, Fe)[Si2O¢]
IE4<A Orthoclase K[AISi;Os]
4hTE(77FT) Soda Nay[COs]* 10H,0
Z0 Arsenopyrite FeAsS
15$FA% Azurite Cus[(CO3)2/(OH)]
52 2~ & Biotite K(Mg,Fe*",Mn2*);[(OH,F)»/(ALFe**, Ti*")Si3010]
fli#5 Borax Na[B4Os/(OH)4] * 8H,0O
#Z4@# Chalcocite CuzS
4375 7 Epidote Cax(Fe,Al)s[(Si207)/(SiO4)3/(OH)s]
31X Homblende Cax(Mg,Fe,Al)s[(Al,S1)sO2/(OH),]
7K Cryolite NazAlFs
fL#E A Malachite Cux[(COs3)/(OH),]
HZ=1 Muscovite KAL[Si3AlO;0/(OH,F),]
% 7~ T Phlogopite KMg3[SizAlO;0/(F,0H),]
73 A Realgar AsS
1E 1A Sanidine (K,Na)[Al3SiOs]
+= A Staurolite (Fe?**,Mg,Zn),Alg[(S1,Al)4022/(OH),]
#&A Titanite CaTi[O/SiO4]
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Examples for correlate crystal forms

Crystal forms

Positive — negative
Right — left
Up — down
Front - back
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Hexagonal crystal system

Dipyramid {132} Dlpyramld {3 12}
right left
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Classes

Other acentric classes with polar directions: 222, 4, 422, 42m, 622, 432"
with unique polar Axes, with no equivalent axes : ferroelectric materials
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Some selected crystal forms and
combinations using some mineral
examples
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Albite:

5 Pinacoids & Pinacoids

4 Pinacoids 6 Pinacoids

Chemical composition : Na[AlSi30g]

Crystal system : triclinic

Elementary cell :a=28.14 A, b=1279A,c=7.1A, a=94.27° 3=116.58°, y=87.67°
Space group : Cl-

Forms : platy, tabular, common multiple twins, member of plagioclase family
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A

5 AR
4 AR 6 Hl AR
1k 240 : Na[AlSi;Os]
bR c =4
| © a,=8.14A, bo=12.79A, c¢,=7.1A 0=94.27°, B=116.58°,y=87.67°
23 [A]Hf : Cl-

20N ROk, BROIR, WIS, BT RGO
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KA

7577 BRI 7NJT IR
JER T S TR A 757 BUREEART IE
757 PUBREEAKIT 1E
AL ATTREREI
JRERATE G X DU 1 T
ANTT R I AL TE
757 BRI
7577 BUREEART IE
7577 BURGEAATI 1E
= : Cas[(PO4);(F,CL,OH)]
BH A : NJT, 6/m
i : 8,=9.38A, ¢,=6.89A
=5 AR . P 63/m

AN D HUIR, ZRAIR, BURDIR, BRERIR, SR, AR, ARCIR,
IR
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WAE 2 K
SLES
i

2 [
AR

. FeAsS

R, Thasip

© a,=5.74A, b,=5.68A, c,=5.79A, p=112.17°
. P21/c

D JURR A AR, BEAR
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WK
GRES

an i

25 [l
AR

: (Ca, Mg, Fe, Al, Ti)[(Si,Al),0]

;R

: 2,=9.69 A, b,=8.84A, c,=5.28A, B=106.3°
. C2c

SRAEIE RO, sATRAUR, 1R
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fk2E2H - BaSO,

e . I, 2/m2/m2/m

i fiE : 2,=8.88 A, b,=5.45A, c,=7.15A
7S B F : Pbnm

AR D BUE, Aah, WO, WRAT, R ONHRCIRE TR
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(A== 22Ni
GBS
A

25 [l
20N

. BC3A12[Si6018]

C NIT

D a,=9.22 A, ¢,=9.19A
: P6/mmc

- R, BERHMA (1o10) AIEHEMAK (0001)
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(R4
GRER
an i
25 [l
AR

: K( Mg, Fe);[(OH),/AlSi;30]

s HRE = A = 2 AR

© 2,=5.35 A, b,=9.26A, c,=10.23A, p=100.3°
: C2/m

SO/ NS
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WoF 2K
SEES
dn i
23 [l
20N

: CaCOxs

. =J7, -3m

©a,=4.99 A, ¢,=17.06A

: R-3c

L e AR, BURSER, SRAIR, FER
W A ANTF T SRR,

Flunz=e, sERR, MR
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Chalkopyrite:
Disphenoid D¥sphen0}d
Disphenoid Disphenoid
Scalenoeder

Disphenoid _
Disphenoid Prisma
Dipyramide Dipshenoid
Scalenoeder Disphenoid

Chemical composition : CuFeS2

Crystal system : tetragonal

Elementary cell :a=529A,¢c=1042A

Space group :14-2d

Forms : massive, Penetration twins, asymmetrical ,tetraheda®, tetragonal

scalenohedral
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A

7 DY R F7 U4
AT Y AR =
R VYA A
77 DY AT PeEER
A S P T
T = FAR AT VYA A

b2 2H . CuFeS,

BH 2 Ly

Ly o) © a,=5.29 A, ¢,=10.42 A

75 )4 . 14-2d

Wk L, BN, JOMRRIE R, PR = A
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. Cllzo

L T

: a,=4.27 A

: Pn3m

UK, ST, VR, ERR
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Al AR
i

2 [
AR

. C

: ST

© a,=3.559 A

: Fd3m

cNHEAR, =0+ IR, 2R, RENETE
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Cyanit / Disthen:

Pinakoid
Pinakoid
Pinakoid
Pinakoid

Chemical composition : Al, [O/S104]

Crystal system : triclinic
Elementary cell ta,=71A b=774 A, c,=557A,a=90.1°,=101.3° y=105.75°
Space group :P1-

Forms : tabular, high hardness difference in varying directions
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CHIETEN
CHITIEZN
CHIETREN
CHITIREN

T2 ik : AL[O/SiOy]

=] — A

GEER =

i : a=7.1A,b=774 A, c=557 A, a=90.1°,p=101.3°,y=105.75°

75 [A) : P1- N
LR o BRI, NTR] ) e
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25 [l
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. CaF,

c ST

© a,=5.46A
: Fm3m

c HUIR, ORNE, 77, JNEMEK, 2B A,

GO RTIEN
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WAE A K
SLES
i

23 [l
2N

. PbS

: A7J7, NaClH 551
© a,=5.94A

: Fm3m

D BUIR, BURIR, SR, NTEA, 2
A, R AR
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A

2 [
AR

: CaSO4*2H,0

;R 2/m

: 2,=5.68 A, b,=15.18A, ¢,=6.89A, p=113.83°
: A2/a

L HURSE, AMRDIR, £R4BIR, FHIR,

AR, Bk, W AR RS AR
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(A=A

GRER
AR

ARt pal
BFamifa MgsAL[SiO,];
BREEMAA FesAL[SiO, )5
ERFAMAT MnsAL[SiO,];
iR
@5%@7@6 Ca;Cr,[S104]5

@5%57%6 Ca3A12[SiO4]3
@5@37@6 CasFe, [Si04]5

: X3Y[(S104]3

X: Mg, Fe2* Mn2*,Ca (8BC{)
Y: Al Fe3*,Cr3+,V3* (6FiLfi)
(SiOy) #% (AlO4) 5K (OH) #HAft

il
C AR (110) , =APUEIK (211)
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WAF 2 K
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23 [l
UZUN

. F6203
- =7
© a,=5.03 A, c,=13.74A
: R -3¢
/N

PR, HEHR
1, R

| G

w, B, th
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(AR 2N
SEES

an i

2 [l
UZUN

. A1203

=

a,=4.75 A, c,=12.98 A

: R-3c

D HURAR, FRIREMRIR, A KL

163



164

Magnetite:

Octahedron Hexahedron
Rhombicdodecahedron
Rhombicdodecahedron Octahedron
Hexahedron Octahedro Rhombicdodecahedron
Deltoidikositetraeder Tetrakishexaeder
Tetrakishexaeder Hexahedron
Deltoidikositetraeder
Chemical composition : Fe;0y4
Crystal system : cubic
Elementary cell a,=8.396 A
Space group : F d3-m

Forms : octahedral, common twinning acc. (111)
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=1 IHR JANGEIEZN
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12221 % . Fe;0y4

il 2 : ST

i © a,=8.396 A

éjl‘EﬂiEi : Fd3-m

AR o JNER, X fhace (111)
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Muscovite:

Prisma
Prisma
Pinakoid
Pinakoid

Chemical composition :KAL([Si3A10,¢/(OH,F),])

Crystal system : monoclinic
Elementary cell 1a,=5.19A: b,=9.03A, c,=20.05A, p=95.5°
Space group :C2/m

Forms : platy, perfect cleavage acc. (001)
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PAEAR
CHEIEE
IR
b 2A 2 R . KAL([Si;AlO,¢/(OH,F),])
AR . HUR
Am At © 2,=519A, by=9.034, ¢,=20.054, p=95.5°
e |Elyics . C2/m

IR B, SRR acc (001)
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. KNa3[A181O4]4

vl

© 2,=9.99 A, ¢,=8.37A

. P63

Bk, A RUARIR SR
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WoF A
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i

2 [l
AR

. K[AISi;0g] "#IAT"

. R

© 2,=8.62 A, b,=12.99A, c,=7.19A, B=116.02°
: C2/m

L oE A BT, BOIR, REEE, AR AR

(Karlsbader, Manebacher, Bavenoer?24: 1)
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WAE A K
LER
A

23 [
AR

: FGSZ

c M JTEEM]; T NaCL, Sy TATALAA (111)
© a,=5.42A

: Pa3

D HUIR, BORCIRIY ST R (Gl AP T A%

40, J\ER, TP+ g
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25 [l
AR

. T102

. Wy

© a,=4.594 A, c,=2.958A
: P4d/mnm

DU, BRI, RRIR, HEEEA (FE1200)

BRI R AR
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25 [l
i

AR

S

cIEAR

: a,=10.45 A, b,=12.85A, c,=24.46A,

: Fddd

D 95 IEAREEM, 957 BIHRILEE

M1 1192° C
WS8INIR T+, 4 TR EAE T 1/EH

D BRIR, HeESit, BUCRERE, AR, el
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- =41 3m

 a,=4.72 A, c,=15.46A

: R-3c

ALK, FRETIR, 2=
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23 [l
AR

51 (Fe, Mg),Aly(Si,Al)4020(0,0H),

N

: 2,=7.863 A, b,=16.614A, c,=5.65A, =90.93°
: C2/m

DoAY, IR, R, W
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© a,=10.36A

:1-43m

SOk, IR, S TTMA, A
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23 [l
20N

. CaTi[O/Si0,]

;R

: 2,=7.06 A, b,=8.71A, c,=6.56A, B=113.8°

. P21/a

D AURAR, EEOAEEDRAR, HIR, R
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- 1EAE

: a,=4.65 A, b,=8.84, c,=8.4A

: Pbnm

COBURIR AR, IR, HE
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WoF A

SEES
an i
25 [l
AR

. XY3Z6[(OH,F)4/(BO3)3/SIGO 1 g]

X:Na, Ca;
Y:Mg, Li, Fe, Mn, Al;
Z:Al, Fe, Cr

o =7, Wdh-c

: a,=15.92 A, ¢,=7.19A
: R3m

/N 3 7 N € PN
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. Zr[Si0,], f3 5 HE & JEHf, REE
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© a,=6.60 A, c,=5.98A

: 14/amd

- ORER, AR, AT

193



194

Symmetry-

operation

mirror plane

Glide plane,
axial

Gide plane,
diagonal

Diamond-
glide-
plane

Symbolism of symmetry planes

Symbol vertical parallel
lto drawing plane
m I Aﬁ
ab I 1/4
1 3/4
C EEEEEEEEEEEEEER kelneS

n - O . O -

Effect of mirrrorplane L to the projection plane:

Original- and image point are separated by commata. The
position of the projection plane is given by

+ (above) or - (below).

remarks

when mirror plane is
above drawing plane,
the height is given in
fractions of the lattice
parameter

Ya = mirror plane lies in
Y4 above the drawing
plane in elemantyr cell

Glide plane in

a/2 || a-axis

b/2 || b-axis

C/2 || c-axis

when glade plane is
above drawing plane
the height is given in
fractions of the lattice
parameters

a+b)/2 || (001)
a+c)/2 || (010)
t (b+c)/2 || (100)
in tetragonal and
cubic case

T(a+b+c)y2 || (111)

1
t(

t (a+-b)/4

t (a+-c)/4

t (b+-c)/4

in tetragonan and
cubic casel

t (a+-b+-c)/4
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XFHRE #5 AT

R RLLES X4, B HEMEL
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=

YEHETZHE
HE, SEANR
WS M1/4, B
BEN T4 EH
75 RS
1/44b

LEBEA

“a /211 2%

b2 11 i
c/2 Il Bl

LVEBEHETL
EER, EBEE

B/NF— 1A

23

(a+b)/2 || (001)
(a+c)/2 || (010)

t
t
t (b+c)/2 || (100)

FEPY RIS A
T(@a+b+c)2 || (111)

t(a+-b)/4
t(a+-c)/4
t(b+-c)/4

FE LY 75 RISLT5 HR A

t (a+-b+-c)/4
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Symbolism of the symmetry axes

Symmetry axes Symbol graphic Translation parallel to symmetry axis of
symbol right-handed symmetry operation
Symmetry axis 1 none
Inversion center 1 (o) none
2-fold rotation 2 ' none
2-fold screw 2, /‘ 1/2
3-fold rotation 3 A none
3-fold screw 3, /A_ 1/3
3, A 2/3
3-fold inversion axis 3 A none
4-fold rotation 4 ‘ none
4-fold screw 4, " 1/4
4, § 1/2
4, $ 3/4
4-fold inversion axis 7 <‘> none
6-fold rotation 6 o none
6-fold screw 6, ’~¢ 1/6
6, % 216
6, , 3/6
6, ‘ 4/6
6, * 5/6
6-fold inversion axis [ @ none
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The 230 space groups

Crystal system Point group Space group
triclinic 1 Pl
-1 Pl
monoclinic 2 P2 P21 C2
M Pm Pc Cm Cc
2/m P2/m P21/m C2/m P2/c
P2i/c C2lc
orthorhombic 222 p222 P2221 P21212 P212121
C2221 C222 F222 1222
1212121
mm2 Pmm2 Pmc2: Pcc2 Pma2
Pca2: Pnc2 Pmn2: Pba2
Pna2: Pnn2 Cmm2 Cmc2:
Ccc2 Amm2 Abm?2 Ama2
Aba2 Fmm?2 Fdd2 Imma2
Iba2 Ima2
mmm Pmmm Pnnn Pccm Pban
Pmma Pnna Pmna Pcca
Pbam Pvvn Pbcm Pnnm
Pmmn Pbcn Pbca Pnma
Cmcm Cmca Cmmm Ccecm
Cmma Ccca Fmmm Fddd
Immm Ibam Ibca Imma
tetragonal P4 P4, P4, P43
4 14 141
P-4 1-4
-4 P4/m P4.m P4/n P42/n
4/m 14/m 141/a
P422 P42:2 P4122 P412:2
422 P4,22 P4,212 P4322 P432:2
1422 14122
P4mm P4bm P42cm P42nm
4mm P4cc P4nc P4.mc P42bc
14mm l4cm 14:md 141cd
P-42m P-42¢ P-42:m P-421c
-42m P-4m2 P-4¢c2 P-4b2 P-4n2
1-4m2 1-4¢2 1-42m 1-42d
P4/mmm P4/mcc P4/nbm P4/nnc
4/mmm P4/mbm P4/mnc P4/nmm P4/ncc
P4>/mmc P4>/mcm P4,/nbc P4>/nnm
P4>/mbc P4>/mnm P4>/nmc P4>/ncm
14/mmm 14/mcm 141/amd 141/acd
trigonal 3 P3 P31 P32 R3
-3 P-3 R-3
32 P312 P321 P3112 P3:121
P3212 P3221 R32
3m P3m1 P31m P3c1 P31c
R3m R3c
-3m P-31m P-31c P-3m1 P-3c1
R-3m R-3c
hexagonal 6 P6 P61 P6s P62
P64 P63
-6 P-6
6/m P6/m P63/m
622 P622 P6122 P6522 P6222
P6422 P6322
6mm P6mm P6cc P63cm P6smc
-6m2 P-6m2 P-6¢2 P-62m P-62c
6/mmm P6/mmm P6/mcc P63/mm P63/mmc
Cubic 23 P23 F23 123 P213
1213
m-3 Pm-3 Pn-3 Fm-3 Fd-3
Im-3 Pa-3 la-3
432 P432 P4,32 F432 F4,32
1432 P4332 P4,32 14132
-43m P-43m F-43m 1-43m P-43n
F-43c 1-43d
m-3m Pm-3m Pn-3n Pm-3n Pn-3m
Fm-3m  Fm-3c Fd-3m Fd-3c
| Im-3m la-3d




23025 )Rt
S RE AR
=&} 1 PI
-1 Pl
ES 2 P2 P2 C2
M Pm Pc Cm Cc
2/m P2/m P21/m C2/m P2/c
P2i/c C2/c
1ExC 222 p222 P222; P21212 P212121
C2221 C222 F222 1222
1212121
mm2 Pmm2 Pmc2: Pcc2 Pma2
Pca2: Pnc2 Pmn2; Pba2
Pna2: Pnn2 Cmm2 Cmc21
Ccc2 Amm2 Abm2 Ama2
Aba2 Fmm2 Fdd2 Imm2
Iba2 Ima2
mmm Pmmm Pnnn Pccm Pban
Pmma Pnna Pmna Pcca
Pbam Pvvn Pbcm Pnnm
Pmmn Pbcn Pbca Pnma
Cmcm Cmca Cmmm Ccem
Cmma Ccca Fmmm Fddd
Immm Ibam Ibca Imma
iy P4 P44 P4, P43
4 14 141
P-4 1-4
-4 P4/m P4.m P4/n P42/n
4/m 14/m 141/a
P422 P42,2 P4122 P412:2
422 P4,22 P4,2:2 P4322 P432:2
1422 14122
P4mm P4bm P4.cm P42nm
4mm P4cc P4nc P4.mc P4obc
14mm l4cm 14:md 141cd
P-42m P-42c P-42:m P-421c
-42m P-4m2 P-4c2 P-4b2 P-4n2
1-4m2 1-4¢c2 1-42m 1-42d
P4/mmm P4/mcc P4/nbm P4/nnc
4/mmm P4/mbm P4/mnc P4/nmm P4/ncc
P42/mmc P42/mcm P42/nbc P42/nnm
P4>/mbc P42/mnm P4>/nmc P4>/ncm
14/mmm 14/mcm 141/amd 141/acd
=J7 3 P3 P31 P3. R3
-3 P-3 R-3
32 P312 P321 P3112 P3121
P3:12 P3:21 R32
3m P3m1 P31m P3c1 P31c
R3m R3c
-3m P-31m P-31c P-3m1 P-3c1
R-3m R-3c
vavil 6 P6 P61 P6s P62
P64 P63
-6 P-6
6/m P6/m P63/m
622 P622 P6122 P6522 P6222
P6422 P6322
6mm P6mm P6cc P6scm P6smc
-6m2 P-6m2 P-6¢c2 P-62m P-62c
6/mmm P6/mmm P6/mcc P63/mm P63/mmc
AT 23 P23 F23 123 P2:3
1213
m-3 Pm-3 Pn-3 Fm-3 Fd-3
Im-3 Pa-3 la-3
432 P432 P4,32 F432 F4,32
1432 P4332 P4132 14132
-43m P-43m F-43m 1-43m P-43n
F-43c 1-43d
m-3m Pm-3m Pn-3n Pm-3n Pn-3m
| Fm-3m Fm-3c Fd-3m Fd-3c
Im-3m la-3d
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