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Outline of the course

| - CRISTALLOGRAPHY

Il - X-RAY DIFFRACTION

Il - POWDER DIFFRACTOMETRY




Outline of the course

1. — POINT LATTICES
1.1. - Crystal space lattice
1.1.1. - Definitions
1.1.2. - Lines and planes
1.1.3. - Set of planes - Miller indices (h k )
1.2. - Reciprocal lattice
1.2.1. - Diffraction condition
1.2.2. - Properties of the reciprocal lattice

1.3. - Applications of reciprocal lattice
1.3.1. - Miller indices of a set of planes defingdiwo lines
1.3.2. - Indicegu v w] of a line defined by two planes
1.3.3. - Angle between two planes (or faces of ataly
1.3.4. - Building the reciprocal lattice
1.3.5. - d-spacing determination

1.4. - Axis changes




Outline of the course

2. — CRYSTALLOGRAPHIC GROUPS
2.1. - Crystal lattices
2.2. - 14 Bravais lattices
2.3. - Space groups
2.3.1. - 7 one-dimensional space groups
2.3.2. - 17 two-dimensional space groups
2.3.3. - 230 three-dimensional space groups




INTRODUCTION

Cristalline state: defined by a 3-D periodic ordering of atoms
- perfect (no defect)
- Infinite

Crystal: limited part of crystalline state
- smooth faces
- regular geometric shapes: set of equal faces (odbahedron, prismatic...)
- possibility of cleavage (not possible for amorphousdsjli

Geometric model of crystalline state

- infinite point lattices -
- 3 non-coplanar vectorsa, b, c(in bold) or (with arrows)




1. — POINT LATTICES

1-D = line lattice: a

2-D =>» plane lattice: a,b

3-D =» space lattice: a, b, c




1. — POINT LATTICES

1.1. - Crystal space lattice (or direct space)
1.1.1. - Definitions

- three vectors + origin point

- lattice translations from origin to any point P

OP,=ua+vib+wc or OP:uié+Vi5+Wi§

- U, v. and w are relative integers
Translation vector between two lattice poiRRd?, (see figure)
-OP, =y a+v,b+w,cC
-OP,=u,a+v,b+w,cC
- PP, =0P, 0P, = (l,—w)a+ (v, —Vv) b+ (w,—w,) C



1. — POINT LATTICES

The vectors, b andc define theunit cell
6 cell or lattice parameters:
abcafy

a = Al = modulus ok

The unit cell must beght-handed (like cork-screw)
This corresponds todirect rotation

Different vector products
- Scalar producta . b
Do you remember the analytical relation?
a.b=[al. b| cos (angle betweemnandb)

- Cross productax b

The cross product defines a new vector perpendiculaatmdb and right-handed
Do you remember the analytical relation for the modulu$is new vector?

lax bl =gl . p| sin (angle betweemandb)




1. — POINT LATTICES

Volume of unitcell: V=axb).c = (a, b, ¢)

triple or mixed product V = @x B) (¢ = (é\,_f), C)

With any 3 non-coplanar vectors we can build a cell:
OopP,, OP,, OP;, with OP,=ua+ vb+ wc

S OF, OF;, OF; OP =ud+vb+wg

' ?
Volume of this cell” u,v, w,

(OP, OP,,OPs) =|u,v,w,| &b,
u3V3 W3
Value m of this determinant? m is an integer (nemab lattice points in the cell)
m > 0 =» right-handed cell

m < 0 = left-handed-cell
|m| =1 =>» primitive cell |m|>1 => multiple cell




1. — POINT LATTICES

The unit cell displays the symmetry of the crystal
It can be simple or multiple
EX.: cubic system

simple cell lattice mode P

m=1
multiple cell m=2 lattice mode | (body centered kell
multiple cell m=4

the simple cell is rhombohedral

Position of any point inside the cell: OX = xa+ yb+ z¢

lattice mode F (face centered cell)

X, y and z: fractional coordinates, dimensionless numimethe range O to 1




1. — POINT LATTICES
1.1. - Crystal space lattice (or direct space)

1.1.2. — Lines and planes B ~
Any line is defined by one translatiddP which is repeated
Notation: [u Vv w]

Distance between two successive points on the line:
line parameter N, =|OP |

The origin of the line can be choosen at any point
P-2 P-1 origin P1 P2
ODoUOUO0OodOOODOOIOONoIODoOIOoI D Ool OO O ol

Therefore [u v w] represents a set of parallel lines dyph the same line parameter




1. — POINT LATTICES

1.1. - Crystal space lattice (or direct space)
1.1.2. — Lines and planes

A plane is defined by two translatio@, andOP,

Any translation in the plane is represented by
T=uOP, + vOP, u and v are integers




1. — POINT LATTICES

1.1. - Crystal space lattice (or direct space)
1.1.3. — Set of planes — Miller indices
The distance between two successive planes is a cons@spacing

If the planes are based on the vectandb, how to determine d?
V=(axb).c =laxbll.d or

V= (am‘b)[c:\amq K




1. — POINT LATTICES

1.1.3. — Set of planes — Miller indices
Orientation of a set of planes?
We consider the first plane from origin

The three indices h, k and | define the orientation efgltane family: (h k I)
Ex: Fractional coordinates:
A 100, B 010, C001/2:
=2 (112)
A 100, B 0-10, C Od(plane parallel t@) :
= (1-10) equivalentto (-1 1 0)

(hkl)=(-h -k -l) same plane family

d-spacing of the family (h k I)
d. =1, k1| a b,ca,fB,Y)




Exercices

Ex. 1. Determine the multiplicity of the cell based on tbkowing vectors:
a)a-ba-a+é b)a 4+ bRA-¢

Ex. 2. The angle between the perpendicular lines to thefawes (h k 0) and (h —k 0)
has been determined for a tetragonal (Quadraticjatrylihe experimental value is
53°10'. What are the values of the indices h and k?

Ex. 3.Determine the indices of the line going throughgbets 32 1 et 2 -4 0.

Ex. 4.1s the line[-2 1 J contained in the plane (1 2 3)?

Ex. 5.What are the indices of the plane which containditles[1 1 1 and[3 2 1]?

Ex. 6. Determine the indices of the line common to the@&&a(3 2 1) and (1 2 3).




Exercices

Ex. 7.What is the value of the angle between the lines]]ldnd [1 1 O] for a tetragonal
lattice with cell parameters a = 5.00 A and ¢ = 300

Ex. 8.Determine the value of the angle between the pléhé&sl) and (1 1 0) for a cubic
lattice with cell parameter a. Same question ferglanes (1 0 0) et (1 1 0).

Ex. 9.Can you show that the lines [-1 0 1], [-1 1 O] a¥®d] 1] are lying in the same
plane, whatever the lattice? Determine the indofehis plane.

Ex. 10.Determine the indices of the line defines by two efarthe first going through the
lattice points 32 1; 2-4 0 and 3 3 -1, and the se@@me through the lattice points -1 2 1;
l11land-212.

Ex. 11.Draw the seven 1-D space groups, using a rectangular lgiasgasymmetrical
unit.




