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symmetry of crystals
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The stereographic projection



Seven Types of Unit Cells

Simple cubic Tetragonal Orthorhombic
a=b=e¢ a=hb=¢ axb=zc
a=p=y=90° a=5=y=90° a=f=y=90°

Monoclinic Triclinic
azbhzc azxbzc

a=y = 90°, f=90° oxf+y=90°



Centre of symmetry



Mirror plane (written symbol m; graphical symbol —)

la)




Rotation axes (written symbols 2, 3, 4, 6; graphical symbols §. & . ¢. @)
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Inversion axes (written symbols 1, 2, 3, 4, 6; graphical symbols o, none, 4 o &)




Bravals lattice

simple cubic (sc) a=b=c  a=p=y =90




Bravals lattice

bace centered cubic (bcc) a=b=c  a=f=y =90
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APF = 4 N2







Bravals lattice

face centered cubic (fcc) a=b=c  a=f=y =90
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Bravals lattice

orthohombic (p )

azb#c

g:ﬂ:y =90




Bravals lattice

orthohombic ( ¢ ) azb#c a==y=90
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Bravals lattice

orthohombic (1)

azb#c

a:ﬂ:y: 90
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Bravals lattice

orthohombic (1)

azb#c

a:ﬂ:?/: 90




Bravals lattice

tetragonal (p )




Bravals lattice

tetragonal (1) a=b#c  a=p=y =90
a 3
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Bravals lattice

hexagonal a=bZzc  a=p=90 ,y =120
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Bravals lattice

monoclinic azbZc  a=y=90 ,B=is not equal 90

APF = (/ J

a csm,B




Bravals lattice

monoclinic azbZc  a=y=90 ,B=is not equal 90

APF = Zx%ﬂ(%)g

abcsin S




Bravals lattice

triclinic azbZc  aAB#y£90

AFP — byl

abcy/1—cos® o — cos? B —Cos’  +2C0S & C0S BCOS ¥



Bravals lattice

trigonal(rhomboheadral) a=b=c  a=p=y #90

APF = % ”(%)3

a3/1-3c0s2 o + 2¢os’ a



BRAVAIS LATTICE CRYSTAL STRUCTURE
(BASIS OF SPHERICAL SYMMETRY)  (BASIS OF ARBITRARY SYMMETRY)

Number of 7 32
point groups: (*‘the 7 crystal systems'™") (““the 32 crystallographic point groups™)
Number of 14 230

space groups: (“‘the 14 Bravais lattices”) (*'the 230 space groups™)




Wigner-Seitz cell




Wigner-Seitz cell of bcc




Wigner-Seitz cell of fcc




Diamond
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a face--centered cubic lattice with the two-point basis 0 and (a/ 4)(x +y + z).




Hexagonal Close-Packed Structure (hcp)
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The hexagonal close-packed .
structure consists of two
interpenetrating simple hexagonal
Bravais lattices, displaced from one
another by a,/3 +a, /3 + a3/2

S‘, a4, = (1.
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hcp

Trigonal holes




hcp

Hexagonal Closest
Packed
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