


Lecture 2-3 : Crystal lattice; from relspace to
reciprocal lattice
· Ser slides for a

summary of crystallattices :

da crystal : Any structure thatis made up

from a well defined unit structure infinitely repeated
following a fixed geometrical rule speriodicity) -

Bravaisice : describes the periodic arrangement
of The repeated unitsof a crystal

BL : All points defined by R = n+ + n
,a

hi , naWe integers
a

:
, 2

, 3 primitive Cattice
· - Translational symmetry

*

I
rectors

· infinite repetition (Nee , bulk propertiesare
independent- of surfaces)

. Each bifice point can have a simple or complex
structural unit at each latice point -

-

- 1 atom ser of atomo &

basis molecule...crystal structure = Branais lattice - basis



Def : Primitive Unit all
associated withr lettin

-

-

>a egion in pared with all lattice rectors pointR

will fill the whole
space

without overlapping&
voids.

· No unique choice
u

2D

·
T
U2

#: Volume of a primitive runvall :
v= (azxs)

FindpeeI_al lattice point pinfire

Def : Conventional unit all : Filler thefull space with
Thanslations but can contain more than 1 latticepoint



One can describe the fac or BCC lattice a

a Simple Cobic (SC) + basis .

This would be

a conventional r
. C.

fx + sc + 4pt V= 4xVp
B( - S + 2 ptv= zxVp

fee # of points in -C all : corners of spar)
= 4 ; Up=a

BCC : # points : corners [* + 1 =2

V=a

#of : Wigher-seltz Primitive all
- Region of space that is

closer to a lattice
S

point
than

any
offer lat.geoint near weigh.

· -Draw lives from origin to all NN latticepoints
· 2 : Draw I bisector planes

· 3 ..
Smallest Vol enclard> Wo cell.



Crystal structure : Bravais lattice + Basis

=> Honey-Comb lattice : 2A branais ( + 2 atom basis
-

Triangular lattice.
Ts ...

"

az

j

Examples ofcrystal structures :

hep : simple hexagonal lattice + basis of
name a &+

1a· kaz) = a ; 193): 2 ; for had ophee ca-es

I ABAB... +Ro
,
Col

,
Re

, Y, Hy , God
ABCABC ...



Examples of lattices + now Trivial basis(different
1

.

- Zinc Blande (Zma)
special

&

Bravais lattice : fac ; 2 atom baris (En (0
,

4, %)
- (1 , /
,)9/4

-> Replace Zu & - by C =>Diamond
Coordination # 4 = -ps hybridization,

Texagonal coordination
2. - Ch
BL : FCC with basirGaCo )a

3. rel
B = 5 + basin((90)25 : (ii)Replace Clby=Bac Co
Coordination # in &



-Def :Atomic) Packing factor
AAF_ Net = #atoms in vitell

Vat
=I

Vall -
relatedtoT

Ex : BC a diegea
Apf-2 arno

.6
r=Ea/4

(4r/g)3 &

H CP + a=zr
,
Apt = 0 . 74

F(c + H20 -> 0 . 74

5 -> 0 . 34



Reciprocal Lefice
&

=> set of PW vectors with the periodicity of a
Bravais lat

S ik (R+ i) ih i
Reciprocal IntTice C = 2 = 2 - P
↓

R . E = zrn
↓

-

condition for k
↓

a R
.
L . W

direct fattice

In : The R.L is a branais lattice
- D .

L (diectlattice) Gr - i = r
,
2,

Fair) bi in ase

bi = 21can for jakti
ai · (aj xam)
-

rectr im TheP R .
L caubewritten un

any -

F = K
.
b

. +kzz +obs ,
ki

,key inigere



because F . R = zm. /k .
n+ k2nz + Kong)
-

integer

Th : The reciprocal of the Reciprocal lattice is the
direct lattice

.

Examples :

1
.

-c
.

L =Trivial
,
The reciprocalis ho <.

L

a
= (a, 0,) az : (0, a

, 0) a:(0,
0
, a)

br = (, 0
, 0) ; be = (01,0) = (0

2 - Fac : R in a Bac with a Caterbil
a

= (1) : az= (, ) ; as : (, 1
,)

a/4i
3.- BC : RL is an fi with a"bic (11, )
(prove applying The Theor above)



: RL of Lexagonal fattice is a
.
L rotated by 30

Th : Va = Vol of recpocal all-celebrio
Def : First Brillorim

zone
= Wigner-Seitz primitive

cell of the Reciprocal lattice
-> Hence 15 Bz of FCC = wigher-seity allof BC
and viceversa.

# plane & Miller Indices
· The BL can also be seem or constructed from an

family of batters: > setof parallel & equally
spaced planes which together contain all the points in The
lattice .

The choice of places family in notunique
(but itis finite!)
: If there is a familyof (lattice) places, with spacing d andnormal
,then RLV,

andthe hta
along the i

-

=> K = 2 libi ,
where linea
common factors



-

> Exercise : proce this !4

-> The converse of thisTheorem :

for any t (& (v) There is a family of plane
Clarice places) IE . If h is the shortest

rector along the direction (K=Eliti ,
line common

factor)Ther The spacing between planes is d= eachralre
-
georespons=> equations for these planes : E . F = IMN poplar

N = (c ...

- 1
,

a,

-> Exercise : prove
this ...a

--------

Miller Indices of a Lattice plane A
-----

We know that families of latice planes are associated
To unique & .

L
.
vectors E The Miller indices of the

plane are the coordinates of the shortest R .

L
.
V+

To a family of Plane . The coordinates of the miller

places are given in a boris of a specific retof primitive reciprocal
rectors

.

So a place with willer indices hitl is I to the
-

RLVk = hbi +k + 1b



Jay a place A =Elit ;, (his no common factor)
d/An-Ave)=; The hiller indices for A: C,

l
,le)

-> Geometrical
meaning

~
-

A intercepts the axispail X3 -place A
at y

, xz , Xy
-

2 Xy X2
>a

=> eq for A : F .
T

=
constant

(x)) = E(x2a) =E(xzaz) = 22(x = 222x2 =294

2 - x. = 12xz = 13xy = cust

Millar indices = (l, la,b)(*)
How to : Determine X1

, X2,xz => where the plane
intercepts The exis ; take; multiply by a common

factor to obtain The smallest integers
Conventions
-

Tooecifydirections
1. - Verally (for abic lattices) They are given wat the

conventional unitall. Intercepts (ii,a)zn
- intercepto (1, 0

,0)
inverse(1 , 0,% * inverse (1, 1

, d)
My (00) m= (10)

↓ y



intercepts (p,00) ?
=

we need to take
a 11place of the

same family
ex (1, -1

,e) or Ex + 1
, e)

m= (, T, e) - - (T, ), 0)
Notations : Gloo) a

lattice plane
Co - 0) = (0 +d)

31007 = (00) , (00) , Coro) ete
Li0o = direction alonga
[xYE] - direction along x yaz :zas
4) 00 = (1003, (100] 1000] ...

-

Uses (for many things !)
ex : cleavage : witcrystal along aface; differen faces have
differentcleavage energies which depend on the atomic

density of the planer
· Low indicesplanes (100) (iv) (are) are relevantbecause

They represen the more common clearageplanesfor certain



crystal (semiconductors specially)
Gebs(re) Si(i)

Which surface in the clearage surface depends on surface
energy
Ex : Clearage energy of Diamond
C-c bad strength ~e.. 10 93 a = 3

.
57A

which in the clearage surface(
Cre(i)- lattice plane spacing& (I =2-

d =
2 zM

I&

#zn ./ =a
↑ dusity of latticepoints (forf
· Surface curity of bands
in (11) plane

= p . d=
Giro)
-

d= =
(loo) d = a T=
&

So (III) in the surface withthe lowesTolamity of bonds
- = *..

+
3 = 10

. 03/m2 (expone = 123/


