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Fig. 1.1(a). The ideal graphite crystal structure with the hexagonal unit cell, the crystal
axes and the coordinates of the four different lattice sites.
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a=b=c
o= p=y=90°

TETRAGONAL

a=bzc
o= p=y=90°

ORTHORHOMBIC

azbzc
o= p=y=90°

HEXAGONAL

TRIGONAL
a=b=c P
a=p=y=+90°

P
P

a=bzc
o=p=9%0° P
MONOCLINIC :

bzc P 4 Tylg)es of Unit Cell
af — e = Primitive
o=y=% I = Body-Centred
F = Face-Centred
P

P
v=120°
C
p=120°
C =Side-Centred
TRICLINIC +
azbzc 7 Crystal Classes
o Pxy290° — 14 Bravais Lattices
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=®EER: 21 BRER: 131
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#: 361
AXFRAFL901S, TEXRTFRAH L1401,
73 > symmorphic (A=) , 157 non-

symmorphic.
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L1 to Projection

In or | to

Element Symbol Plane Projection Plane
Simple mirror m — 1 or \
T
(glide in projection «—
1 or
. : plane) ‘
Axial ghde abe,  $..........
(glide L to projection
or |
{ plane)
Diagonal glide L 7
Diamond glide d —5i = ?I—N\‘
Center of inversion 1 o
Rotation axis 2,3,4,6 ' ADO —
Rotation—inversion axis 3,4,6 A dPD
Screw axis 2 ¢ _
3!1 32 A A
411 42* 43

613 62a 63» 64’ 65




XFFRIC 2R B R AT ED Rl A = (1)

Screw vector of a right-handed Printed symbol
screw rotation in units of the (subelements
shortest lattice translation vector  in parentheses)

parallel to the axis

Symmetry axis or symmetry point Graphical symbol*

Fourfold screw axis: ‘4 sub !’
Fourfold screw axis: ‘4 sub 2’

Fourfold screw axis: ‘4 sub 3’
Sixfold rotation axis }

A =
LN [PV S Ny

s

b

o

(W]

N

Sixfold rotation point None 6 (3,2)

(two dimensions)

Identity None None 1
Twofold rotation axis
Twofold rotation point ¢ None 2
(two dimensions)
Twofold screw axis: ‘2 sub I’ ‘ 2 2,
Threefold rotation axis
Threefold rotation point A None 3
(two dimensions)
Threefold screw axis: ‘3 sub I’ A 1 3,
Threefold screw axis: ‘3 sub 2’ _A % 3,
Fourfold rotation axis
Fourfold rotation point 4 None 4 (2)
(two dimensions) *

®

P

S 5K PR AR -2

ml
g

H



(2)

3
Ji
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Sixfold screw axis: ‘6 sub I’ 1.3 < 6, (31,2))
Sixfold screw axis: ‘6 sub 2’ - 1 6, (32,2)
Sixfold screw axis: ‘6 sub 3’ j 3 6, (3,21
Sixfold screw axis: ‘6 sub 4’ “ Z 6, 31,2)
Sixfold screw axis: ‘6 sub & \" 2 6, (32.21)
Centre of symmetry, inversion

centre : ‘1 bar’ o N I
Reflection point, mirror point one

(one dimension)

Inversion axis: ‘3 bar’ A None 3 3,1
Inversion axis: ‘4 bar’ ® None 4 (2)
Inversion axis: ‘6 bar’ & None 6 =3/m
Twofold rotation axis with centre ¢ None 2/m (1)

of symmetry

Twofold screw axis with centre of symmetry § 1 2,/m (1)
Fourfold rotation axis with centre ¢ D None 4/m (4,2,1)
of symmetry

‘4 sub 2’ screw axis with centre of symmetry § o 5 4,/m (4,2,1)
Sixfold rotation axis with centre o None 6/m (6,3,32,1)
of symmetry

‘6 sub 3’ screw axis with centre § 3 6,/m (6,3,3,2,,1)
of symmetry
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FE AR PRJT 7]
o ;. 5=
=&t G
HLRY b [010]
1EAZ a [100] b [010] c [001]
Wy c [001] a [100]/[010] a+b [110]
YaVil c [001] a [100]/[010] 2a+b [120]
=77 (R) a+b+c [111] a-b [1 10]
S a [100]/[010])/ a+b+c [111] a+b [110]
[001]
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S-S RRRFS: 38 3 (MW: 1a3, Pm3m, Fd3m)
VUGN S: 4, 4,4, 4,84, (f0: P4,2,2, 14/m, P4/mce)

‘%\‘73‘_%14\%‘%%:%: 61 6 y 611 621 631 64 Ez 65 (ﬁn: P6mm1 P63/mcm)
=H-FBIANNHRAES: 3, 3, 3,83, (WW: P31m, R3, R3c, P312)

ERZ-REASERNEM =S REH, WEBE, 20K RE2IK
B2 ek (Bl Pnma, Cmc2,, Pnc2)
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| > IKZRZ‘Q B@I E—IJE“PZJC
P 21/6 Cgh 2/m Monoclinic CONTINUED No. 14 P2/e
No. 14 P12/cl

Patterson symmetry P12/m |
UNIQUE AXIS b, CELL CHOICE |

Generators selected (1); (1,000 (01,00 (00.1); (2 3

Positions
Mubtiplicity Coordinates Reflection conditions
Wyckoll kier,
Sultl:flhm[ﬂ'

General;
4 ¢ 1 (hxye  EyLEE O ERD 0 (@ xFrhett hol: 1=2n

k) k=2n

00l: 1 =2n

Special: as above, plus
2 d T 40y LD hkl: k41 =2n
2 ¢ 1 004 040 Wkl : b+ =2n
2 b T 100 HED kil : k+l=12n
2 a 1T 000 04} Rkl k1 =2n
Symmetry of special projections
Along [001] plgm Along [100] plgg Along [D10] p2
a=a, b=b a=b b'=q a=tc b'=a
Origin at 0,0,z Origin at £,0,0 Origin at 0,y.,0

Maximal non-isomorphic subgroups

I [RIPIZ,1(P2) 132
12)P1 13
[2]P1cL{Pe) 1:4

La none

1Ib  none

Origin at | Maximal isomorphic subgroups of lowest index
. e (3IP12,/c1(b'=3b)(P2fc): (2IP12)/e] (a'=1a or a'=12a,¢'=2a+c)(P1c)
Asymmetric unit  0<x<|: 0gy<st: 0<r<1 Misimal ) e
inimal non-isomorphic supergroups
1 [I]in;lz}Pmno;[E]Prca:[E]Pbam;[2]Pctn;[2]Phcm;[2]anm;[2]Pbcn:[2]Pbca;[2]ana;
[2]Cmea :
0 [2C12e HCHe ) (2)1A 12m LIC2m); (21 1 2fe HC2c); (2)P12ym | (2e"= ) (P2yfm);
[2]P 12fe1{2b'= b)(P2c)
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Internation symbol

Hermann-Mauguin symbo

P 21]6 Cgh
No. 14

T

(a)
} |

|
sequence no. f .

f |

f
.

|

"""""""""

(c) 4
\

P2im, P2,/m, C2/ m,
P2le, P2.f¢, Ce

P12jcla__

UNIQUE AXIS b, CELL CHOICE It_\_\(
b)

,‘
.
/

{
I

AN

crystal system

Monoclinic

=

Patterson symmetry P 12fm1

2

‘ full spacc group symboll

P2,/c

P2/c Cin
No. 14 P12,/c1 |

UNIQUE AXIS b, CELL CHOICE | ?

[
Herman-

Mauguin Space
Group Symbols
(Short & Long)

space group diagrams
projection along three
axial directions

0] 0]
I'IU II| O

o / .-of
#} - { _ﬁ') :

Origin ar |
Asymmetric unit  0<x<1; 0<y<h; 0<:z<)
Symmetry operations

ay i (2) 200,4,0) 0.y.4 3T 000

Schoenflies Space Group

2fm

Crystal System

wlum
.

Point Group
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planes perpendicular €
to the b-axis

Glide ftranslation in the

Glide translation

plane of the projection

perpendicular to © )
the plane of the &
projection —pf ' + : O+
O+ O+
Origin at {
Asymmetric unit  0<x<1; 0<y<i; 0<z<] Inversion
Center
Symmetry operations # e
. c-glide plane
(1 (2) 2¢0,4,00 0,9} )1 000 @ ¢ xbzle |
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B—MFE R M E, @23 R B
AXRRERVE, B A2 DR T

» 105 (letter ) z2 WNEXTRREAL BT UG 1% J%
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