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Chapter 7 14 Bravalis Lattice

Reading Assignment:
1. W. B=-0tt, Crystallography—chapter 6
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14 Bravais Lattice

— general space lattice— inversion center
special space lattice— rotation axis and mirror plane
- restriction on the cell parameters
ex) 4 —fold rotation axis— a=b, y=90°
— simplifications in the crystal morphology

and in the physical properties

N QNN



Plane Lattice
NN RN

—-general (oblique) lattice

2 fold axis: 1 2 2
lattice translation a : 1 2 3
2 fold axis: 3 =2 4

oblique parallelogram a, zb, y#90°
! ! b 4
| [z
0 a 0 a 0
3 3 2 |
C)
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Plane Lattice
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— special lattice
a) /132=90°
a, #b, y=90°
rectangular unit mesh
two perpendicular mirror plane
b 4 : :
7/
d 0
14 : . .
3 2
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Plane Lattice

RN

b) 13-23
/132 #60°,90°0r 120°
extension of the edges 13 and 14

a, zb, =90 centered rectangular
2—fold axis, mirror plane

5 =7
’7/ -/
7 N
|
_ | . |
- O )
g |
1

2 .......
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Plane Lattice

® g — L P
c) 13=23 d) 13=23
/132 =90° /132 =120°
aO :bO 7/:900 a.o :bo 7/:1200

square mesh hexagonal mesh
4-fold axis, mirror plane 6—fold axis,3—-fold axis

mirror plane
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Plane Lattice

Shape of Lattice Characteristic
. symmetry
unit mesh parameters clements
General Parallelpogram 8 by 2
plane lattices & y=90°
Special Rectangle ag # by m
plane lattice (primitive) y=90°
Rectangle ap = by m
(centred) y=90°
Square y =900 4
o ap =Dy
120° Rhombus y=120° 6 (3)

N QNN

W. B=0tt, Crystallography



Space Lattice —

RN

— general lattice (triclinic P-lattice)

oblique plane lattice lattice points of stacked

plane do not coincide
- lose 2—-fold axis

point group: 1

M
U -
space group: P1
(x,y,0 projection)

o b

1 a, #b, #c,

/ z coordinate: 0 and % a+f+y+90°
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Table 8.2. The 32 point groups

RN

F
Crystal system Point groups
Triclinic 1 1
Monoclinic 2/m m, 2
Orthorhombic 3{11:]11 g)m 2/m mm2, 222
Tetragonal ?i}‘:ﬂi{i}z/ m i?i gn;m 422
Trigonal %ﬁ{ ;n 3m, 32,3, 3
Hexagonal (ﬁé’ XTH ﬁ;’;l)%m g}nj gn}ém 622
Cubic ?r{l rgj}l/ m 43m, 432, (21{]1131}3, 23
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“Table 7.1. The seven crystal systems

Crystal svstem Res&ictions on the |
rystal syste axial system
Triclinic a¥b#c aFpfFy*
Monoclinic a#b#*c a=y=90° [>90°
Orthorhombic a*tb#c a=f=y=90°
a=b#c a=f=y=90°
Tetragonal (8, =2, %¢)
Trigonal®
a=b#c a=$=90° y=120°}|
- (ay=ayFc
Hexagonal (@1=a,7c)
— — | = — — ©
Cubic a=b=c a=f=y=90

(aj=a=ay)

NN RN
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“Table 7.2. Symmetry directiqns in the seven crystal systems.

Position in the intcrnatioﬁal symbol

st 2nd 3rd
Triclinic -
Monoclinic | b )
Orthorhombic a b c
Tetragonal c (a) (110)
Trigonal c () =
Hexagonal c (a) (210)
Cubic (@) 111) (110}
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Space Lattice

RN

— primitive lattice

isnh:tl:z::li duI:;r;-l§Sh Interplanar spacing Lattice
F;rigezl‘ngram“ bg Monoclinic P

0
Eﬁui‘fe o Orthorhombic P
:{S;lf;i) cp#(ag=Dbyg) Tetragonal P
(S;T;} cp=(ag="by) Cubic P
gf:; ?ambus Co Hexagonal P

= Note that for historical reasons, the description ag # by, y # 90° has been changed in this case
to ag # Cp, §=90°.
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Space Lattice —

— monoclinic P-lattice CRRRRR

v

oblique plane lattice stacking directly above

2-fold axis along || b
/C'
) 0
{ i/
a—F—)— / a—§

mirror X,0,Z &X, %,z
o
/
(x,0,z projection)

«<— Mirror plane
b=0 and 1/2

g O T "}———b

a, #b, #c,
— a=y=90°, >90°
point group: =

— O £ ————-—

| (x,v,0 projection) space group: p2
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Space Lattice
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— monoclinic P-lattice

/ S
c c e / /f “x\
/ YAy
/ \
/ ’ a ) / \Hh#/f
— /l__ﬂ, ? —> |
b P m-C,
a/ e “‘\ lower symmetry c
. / y |- ]
RSt
Nl /T
-———‘ Yo
a ; b é,_ __-i._*__} —b
2/m—C,, a \HL
;
1-C,
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Space Lattice —
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— orthorhombic P-lattice

rectangular plane lattice stacking directly above
2—fold axis || C

mirror plane X,Y,0 &X,VY,%
2-fold axis x,0,0 x,0,% X,%,0 X,%,% L mirror
0,v,.0 0,y,% %,yv.0 %,v.%

.‘

% |
- ===,
L

{#} %

|—"'—Qn—‘_—'1
—— .
e il ‘-|

-

.\‘.\_‘

e

[ —4 4

(x,v,0 projection)
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P —tm—

_...b
l P2/m2/m2/m
o A &
a b ¢
-0 o b

—— O ) — -
a
P...2/m.
!
c) b
b
v 2fm
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Space Lattice

NN R RN
— orthorhombic P-lattice
a, #b, #c, T
point group: 222 —
space group: P2 2 2
a
1 2/m 2/m 2/m - D,,
.f"'T"“"\ T
4@* 4 | ) r’// H\\
‘9? : %--—-[?—————é-—b i / '1_ﬁ
"-.\ l /;’f Ink\ x‘F
‘--.L_‘T'_,.r ‘\‘-_.___|_,,4-‘//

NN N & 222-D, mm2-C, W B8-Ott, Crystallography



Space Lattice —
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— tetragonal P-lattice

square plane lattice— stacking directly above a,=b, #C,

4-fold axis || c mirror plane X,Y,0&X,Vy,%
2-fold axis ||a || b L1 mirror plane
2—fold axis <110> | mirror plane

lef—Ln Sl e
VENEREN PRI | e
a ;(U?) ‘ L E?OJ 4{:}\‘—\. bfa;)

*olide plane, screw axis
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b NN NN NN
8 — P4.-1m2.1m2,1m
/ ¢ day {110y
<
[110]
— b
_b(a2) -J/— o o —--b({]2)
o 0 =T -
I S S
i

b)
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— tetragonal P-lattice

Space Lattice —

RN

a, =b, #c,
_ _ _ 0
05—,3—7/—9?22 o
pomt group. mmm | s
_ 4 2 2 afa,)
space group: Pﬁmm T
‘% C
~TTT~ i | ~ T~
A 3 ) ___.\Il’_bt’u;} A= i bl
,__/J \ I / — \ ff
L—N HI:F B N ~L-
- ofa,) ad aley)
42m-D,, 4mm-C,,

N QNN

W. B=0tt, Crystallography



Space Lattice

— tetragonal P-lattice

217 c
o —
|
‘9’3% %ﬁ aNza bla)
; ’ t_'?)fm’" s ° (e
‘:{ﬁ-‘,i_.—f
@)
T oy
422-D, 4/m —C,,
=& &>
T~ AT
N AR I
D B RS I R Y
\xi_ﬂ//{ \\Mi;/
- afa,) < J:fu,,r
s, 4-c,
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Space Lattice —

RN

—hexagonal P-lattice
hexagonal plane lattice— stacking directly above
a, =b, #c,
6-fold axis || ¢ 1 mirror plane X,y,0 &X,y,%
2-fold axis || a | b 1 mirror plane
2—fold axis <210> 1 mirror plane

\ /-/ [110]
~

}\ — bra,)
/ T\

[210]

G(Cf;)
W. B=0tt, Crystallography




f#’,\
P6/m2/m2/m
S
c (@) 210)
N/
—— bfa,)
\
/ "/ 7\
afa;) ra)
Pém...... 97 P...2/m...
1 i
b) c ¢) (a)
bla,)
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— hexagonal P-lattice

a, =b, #c,
a=B=90° y=120°
point group: > 2 2

Space Lattice

AN

—bla,)

n’f’ﬂ;ﬁ L‘L.rq?

6/m 2/m 2/m — Dy,

........

fh

—

ﬁm“

6mm —C,,

bt | g2 ‘a_b )
| J[ [\
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Space Lattice

— hexagonal P-lattice

bia,)
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Space Lattice
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—cubic P-lattice
square plane lattice— stacking directly above a, =b, =c,
4-foldaxis || ¢ |l a || b L mirror plane
3—-fold axis <111>
2-fold axis <110> 1 mirror plane

('-Tﬂj-.-r

b :
L —b X

“ﬂ.\

al
4

' 'ﬁ;;r | Dig,)

N N N N W. B-Ott, Crystallography



X‘Cfah}

e

T

P4d/'m 3 2/m
— Vool
a) %) b,y @ (L1110

]‘w EJCW
T w X

X

b) .~ b, b
) afGJJ bfG;J ° ﬁﬁ N
P4f‘lm.... P...:?i.,.
(a) ¢111)
Ca,)
d) bt
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P.... 2/m
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Space Lattice 0

'” NN NN
— cubic P-lattice . o
a =b #c, point group: —3-2
a=L=y=90° space group: P 3.2

|

H

i)
: 1”m| i

—bfa,)

\

—__—E.‘
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e
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4/m32/m-0,
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Space Lattice 0
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— cubic P-lattice

e :;_,'1 -/ R
== *;,»Z.\ )
ZzZ = N
li—| -;_%é!lu“ " *¥ ":r:// 2
4||9_'='f____-_‘:=-___=__‘4/4/ __5?/_“% \T/ /
4
i‘l
) o =t -;,g_ /:*\“\
I, SR 0
.z —bfay) +-WE 44 —bla)
1a I—o_b b
s W iag
-k} S~
T bt afe)
2/mI-T,
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Space Lattice —
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—trigonal lattice

hexagonal plane lattice

2 1
second plane ;Co with a lattice point on 3—-fold at 5.3 £
third plane _C with a lattice point on 3—fold at_ E 7
reduce 6- fofd to 3—fold axis 3
remove mirrors X,0,z; 0,¥,7; X, X,z

remove 2-fold axis || C

/\ /\ /\ /\

. 1 ﬂ'raj ¥
2-fold axis 3 3
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— trigonal lattice

) ®
inﬁ??f) 20—
G En =0 ¢
o I"- "xh{;" ..r'; lll"‘}t
; L ) 7
{:}_ _Q:‘:j;'b ] @ 7-0
e R f’“ ® ® 1/3
SO — 0 ® 23
-
: . 2N
Trigonal R-lattice —Ne1
a,=b, #cC,
a=L=90° y=120° e
Rhombohedral P-lattice [
b o—c A
ao o bo R Co .
o 2/m — D,
2= ﬂ - 7/ W. B-=0tt, Crystallography
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— trigonal lattice

Space Lattice

2N
&) .
;/{ SN
H’ﬁ?‘a Q % Fb@)
TNy
‘cﬁ ct'i:a,} -_.
32-D,
h L
:ag,:k\ . w\?_‘_‘
s Vi

,f’f b s
et N
—— ‘Il,l' [l —_
T afa;) <A afo;)
3-Cy 3-C,
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Space Lattice
RN

—centered lattice

monoclinic P—-lattice
lattice point: >

: : 2
new lattice point: -

—~n

a—
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Space Lattice

NN NN
— monoclinic lattice
a) at %,%,0 - C—-centered lattice or C-lattice
y=1/2 /c

’

/

/

/]

e

b) at O,%,% > A-lattice - C-lattice ? T

a(C')—. 4
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Space Lattice —
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— monoclinic lattice

1

(c) at %,0,% > B-lattice  (d) at 5, ,% - [-lattice

N

- smaller primitive unit cell - C-lattice

N N N N W. B-Ott, Crystallography



Space Lattice

RN

— monoclinic lattice

(e) at 3,0,0; 0,5,0; 0,0,

17’
- half the cell

1 1Al - .1 A1
() at 5,,0; 0,5, = further lattice point -0,

F-lattice = reduced to C-lattice

N N N N W. B-Ott, Crystallography
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— 14 Bravais lattice

P O IR | F
Triclinic P1 N [
Monoclinic ~P2/m  } C2/m

Orthorhombic | P2/m2/m2/m | C2/m2/m2/m | 12/m2/m2/m | F2/m2/m2/m

Tetragonal | P4/m 2/m2/m | I14/m2/m2/m

Trigonal | | R32/m
P6/m2/m2/m — ' - '

Hexagonal

Cubic P4/m32/m | 14/m32/m | F4/m32/m

The 14 Bravais lattice represent the 14 and only way in which
it 1s possible to fill space by a three—dimensional periodic array

of points.
N N N N W. B-Ott, Crystallography
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(b)) Monoclinic

(¢) Orthorhombic

C

a

Qr-ononcfananas
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Space Lattice

— 14 Bravais lattice

Lattice No. u::_f lattice points C::-Dn_:linates of lattice points
in unit cell in unit cell
P 1 0,0,0
A 2 0,0,0; 0,4,
B 2 [}1[}:0; %:ﬂ:%
C 2 0,0,0; %,%,D
I 2 0,0,0; 1,11
L2011,
R : 0,0,0; 5,55 353
F 4 "J?U!‘G; %i%!u; %j !%1 ﬂ!%?]i
N N N N W. B~-0tt, Crystallography



#»~ Transformation of Coordinate gys.“
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-old axis unit vector a',b,'c |
new axis unit vector a,b,C

a = pua+ pb+ pic (a) [ 0,4 0., \(a)

D1 P Pos b

C = Psi@+ Py + PssC ) (Pu Pu Ps)\C,
a = Pa

a= qllal T qub' T q13CI (a\ /qll P q13\ (a'\

b= Q2lal + Q22b' T q23C' b |= O U Ui b

C= q3la' + q32b' + q33c' \C/) \Us; Uz Us3) \Cl)

a=Qa  PQ-=l

b = Pp@+ Pyub+ D,3C b |=
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» Transformation of Coorallnm AR

- bcc to rhombohedral

1 1 1
a, =——a, +=b, +—c,
2 2 2
by =£a, —EbI +1c,
2 2 2
1 1 1
C, =—a, +=b, —=¢,
2 2 2

a, =0a, +1b, +1c,
b, =1a, +0b, +1c,
c, =1a, +1b, +0c,

1 1 1
2 2 2

A I | 0!
2 2 2 Q=110
1 1 1 1 1
2 2 2
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— fcc to rhombohedral

-
~—
—

1 /’-‘
L ’/
- -
-
x/

— trigonal R—rhombohedral P

O
@ 7=0
® O 1/3
® 2/3
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