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THE MOST IMPORTANT CRYSTAL STRUCTURES
1– Sodium Chloride Structure Na+Cl





Sodium chloride also crystallizes in a cubic
lattice, but with a different unit cell.
Sodium chloride structure consists of equal
numbers of sodium and chlorine ions placed
at alternate points of a simple cubic lattice.
Each ion has six of the other kind of ions as
its nearest neighbours.

Rock Salt Structure: highlighting the two interpenetrating FCC lattices
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2-Cesium Chloride Structure Cs+Cl

Cesium chloride crystallizes in a cubic lattice
(BBC). The unit cell may be depicted as shown.
(Cs+ is teal, Cl- is gold).



Cesium chloride consists of equal numbers of cesium
and chlorine ions, placed at the points of a bodycentered cubic lattice so that each ion has eight of the
other kind as its nearest neighbors.

Similar to BCC, but different, since central atom is not the same at atom at
vertices
4
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2- Cesium Chloride Cs+Cl-

8 cell
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3–Hexagonal Close-Packed Str.
This is another structure that is common,
particularly in metals. In addition to the two
layers of atoms which form the base and the
upper face of the hexagon, there is also an
intervening layer of atoms arranged such
that each of these atoms rest over a
depression between three atoms in the base.
a=b a=120, c=1.633a,
basis : (0,0,0) (1/3a ,1/3a,1/2c)
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4 - Diamond Structure
•

•






Consists of two interpenetrating FCC lattices, displaced along the
body diagonal of the cubic cell by 1/4 the length of the diagonal.
Also regarded as an FCC lattice with two atoms per lattice site:
one centered on the lattice site, and the other at a distance of a/4
along all axes, i.e, an FCC lattice with the two-point basis.
The diamond lattice is consist of two interpenetrating face
centered bravais lattices.
There are eight atom in the structure of diamond.
Each atom bonds covalently to 4 others equally spread about
atom in 3d.
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No. of atoms/unit cell = 8
1. Corners – 1
2. Face centers – 3
3. Inside the cube – 4
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Diamond Structure

8 atoms at each corner, 6 atoms on each face, 4 atoms entirely inside the cell
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4 - Diamond Structure




The coordination number of diamond structure is 4.
The diamond lattice is not a Bravais lattice.
Si, Ge and C crystallizes in diamond structure.

Atomic position in the cubic
cell of the Diamond structure
projected on a cubic face

Only the face centered
lattice point
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5- Zinc Blende






Zincblende has equal numbers of zinc and sulfur ions
distributed on a diamond lattice so that each has four of the
opposite kind as nearest neighbors.
It is similar to the diamond structure, but the two atoms are
different, the structure is known as zinc blende or ZnS
instead of diamond.
AgI,GaAs,GaSb,InAs,

10
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5- Zinc Blende
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Today X-ray diffraction supplemented by electron and neutron diffration
Energies X-ray, electrons and neutrons wave-particle
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Bragg Equation










Bragg law identifies the angles of the incident radiation relative to the
lattice planes for which diffraction peaks occurs.
Bragg derived the condition for constructive interference of the X-rays
scattered from a set of parallel lattice planes.
W.L. Bragg considered crystals to be made up of parallel planes of
atoms. Incident waves are reflected specularly from parallel planes of
atoms in the crystal, with each plane is reflecting only a very small
fraction of the radiation, like a lightly silvered mirror.
In mirrorlike reflection the angle of incidence is equal to the angle of
reflection.
When the X-rays strike a layer of a crystal, some of them will be
reflected. We are interested in X-rays that are in-phase with one
another. X-rays that add together constructively in x-ray diffraction
analysis in-phase before they are reflected and after they reflected.

Bragg’s law
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Bragg Diffraction Law
Law describing the necessary condition for diffraction
Applicable for photons, electrons and neutrons

Bragg’s law
Condition for efficient specular reflection

(click for java applet)

2d sin   n 

2dhkl sin   n
n: integer
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Derivation of Bragg Equation




These two x-ray beams travel slightly different distances. The difference
in the distances traveled is related to the distance between the adjacent
layers.
Connecting the two beams with perpendicular lines shows the difference
between the top and the bottom beams.

The line CE is equivalent
to the distance between
the two layers (d)

DE  d sin 
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Bragg Law


The length DE is the same as EF, so the total distance
traveled by the bottom wave is expressed by:
C
D

E

EF  d sin 
DE  d sin 
DE  EF  2d sin 

n  2d sin 


Constructive interference of the radiation from successive
planes occurs when the path difference is an integral number
of wavelenghts. This is the Bragg Law.
17

8

Conditions of Bragg Equation

2d sin   n

where, d is the spacing of the planes and n is the order of diffraction.







Bragg reflection can only occur for wavelength n ≤ 2d.
The maximum  = 2d.
Thus only waves with  of order atomic size can have Bragg scattering
scattering from a crystal.
This is why we cannot use visible light. No diffraction occurs when the above
condition is not satisfied.
The diffracted beams (reflections) from any set of lattice planes can only occur
at particular angles pradicted by the Bragg law.
There will be constructive interference of the waves scattered from the two
successive lattice points A and B in the plane if the distances AC and DB are
equal.

D

C
2

 
A

B

Scattering of X-rays from adjacent lattice points A and B
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Labelling the reflection planes





To label the reflections, Miller indices of the planes can be used.
A beam corresponding to a value of n>1 could be identified by a
statement such as ‘the nth-order reflections from the (hkl) planes’.
(nh nk nl) reflection
Third-order reflection from (111) plane

(333) reflection
nth order diffraction off (hkl) planes
 Rewriting the Bragg law

d 
2  sin   
n

which makes n-th order diffraction off (hkl) planes of spacing ‘d’ look
like first-order diffraction off planes of spacing d/n.
 Planes of this reduced spacing would have Miller indices (nh nk nl)
OR n x (hkl).
19
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1- Crystal Structure GOOD for Lect.PDF
There are more problems

The Reciprocal Lattice
Because of the reciprocal nature of d spacings and  from Bragg’s Law, the
pattern of the diffraction we observe can be related to the crystal lattice by a
mathematical construct called the reciprocal lattice. In other words, the
pattern of X-ray reflections makes a lattice that we can use to gain
information about the crystal lattice.
The reciprocal lattice is constructed as
follows:
• Choose a point to be the origin in the
crystal lattice.
• Let the vector normal to a set of lattice
planes in the real lattice radiate from that
origin point such that the distance of the
vector is the reciprocal of the d spacing for
each family of planes. i.e. the vector for
the plane (hkl) has a distance of 1/d(hkl) (or,
more generally K/d(hkl)) where K is
measurement factor(see P.116- )فيزيا حالة صلبة غالف ابيض.
Repeat for all real lattice planes.
You can see how this works at: http://www.doitpoms.ac.uk/tlplib/reciprocal_lattice/index.php
or: http://www.xtal.iqfr.csic.es/Cristalografia/index-en.html
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The Reciprocal Lattice

This procedure constructs a reciprocal lattice (RL) in which each lattice point
corresponds to the reflection that is generated by a particular family of
planes. This lattice can easily be indexed by assigning the proper (hkl) value
to each lattice point.

Note that consequence of this reciprocal relationship include:
- Large d spacing’s correspond to small spacing’s in the RL – this is an
important feature that must be considered during data collection.
- Obtuse angles in the real lattice correspond to obtuse angles in the RL

a , d100

1/d100

1/d100

90o

(310)

(300)

2/

1/d010
(000)

 X-ray

(200)
(100)
(110)

(010)

(210)

(120)
(020)

(220)

+a*

+b*
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The Reciprocal Lattice
To construct the reciprocal lattice, let us write the points of the direct in 3D:

R = n1a1+n2a2+n3a3
•

Reciprocal Lattice: A set of lattice points (or vector G) defined in terms of
the (reciprocal) primitive lattice vectors b1, b2, b3, in Fourier Space :

G = m1b1+ m2b2+ m3b3
Mathematically the reciprocal axes (b1, b2, b3) can be
calculated from the real lattice axes a, b , c as:

 
2 a  a
b1   2 3
a1  a2  a3 

 
2 a  a
b2    3 1
a1  a2  a3 

 
2 a  a
b3   1 2
a1  a2  a3 

With the above choice of b1, b2, b3, we obtain: (must satisfy)

 
G. R  2 ij

(With i,j= 1,2,3)

So that the Reciprocal Lattice vectors is given by

Ghkl = hb1+kb2+lb3

h, k, l are integers

Chem 59-553


k . a1  2 m1

k . a2  2 m2

k . a3  2 m3

Like: Normalize and Orthogonal


k

G
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Properties of Reciprocal Lattice
1. Each vector (b1, b2, b3) is orthogonal to two axis vectors of the *crystal lattice

b1  a2 & a3[(100) planes], b2  a3 & a1 [(010) planes],
b3  a1 & a2 [(001) planes]

b3

a3`

P

bi . a j  2 ij , whereO
  
2a2 . a2  a3
b1. a2      0
a1  a2  a3 

2. Thus vector (b1, b2, b3) have property
ij =1 when i=j and ij =0 when I ≠ j

  
2a1. a2  a3
b1. a1      2
a1  a2  a3 

B

C

a2

a1

A

orthogonal

3. Vectors the direct(real) lattice have the dimension of [length= dhkl], while the
vectors in reciprocal lattice have the dimension [1/length=1/dhkl].
b1 length is 1/d100 , b2 length is 1/d010 and b3 length is 1/d001.
4. Further the spacing between the lattice plane is (i.e, the distance between two
constructive (h k l) planes is)
2 2 2
Ghk 

(h  k 2   2 )1/ 2 (For Cubic)

d hk

a

Where the |G| is the length reciprocal lattice vector in this normal plane direction
and Ghkl is parallel to dhkl.

Properties of Reciprocal Lattice
5. In order for G to be a point of the reciprocal lattice, this must equal unity for

all points R (atoms) of the direct lattice i.e. for all integer values of n1, n2, n3. this
can only be true if m1, m2 and m3 are also integers.
 

eiG.R  e2i ( hn1 kn 2  n3 )  1
6.

 
 
k ' k  k  G

This provides the translational
invariance

Is Laue Diffraction condition For Elastic Scattering

The Laue Equation:

 
7. k  G  hb1  kb2  b3  


2 a  a
a1. k  a1. G  a1.  2 3 h  2h
a1  a2  a3 
Similarly, for a2.k and a3. k, Then


These equation represent the necessary a1. k  a1 . G  2h


condition in order the Brag reflection
occur for crystal contain only one a2 . k  a2 . G  2k


atoms(OR constructive interference will
occur when we add all these terms a3 . k  a3 . G  2

Laue
Equations

together)
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The Ewald Sphere
The aim of the Ewald sphere is to determine which lattice planes (represented by
the grid points on the reciprocal lattice) will result in a diffracted signal for a
given wavelength, . of incident radiation.
The incident plane wave falling on the crystal has a wave vector Ki whose length
is 2/.. The diffracted plane wave has a wave vector Kf . If no energy is gained or
lost in the diffraction process (it is elastic) then Kf has the same length as Ki . The
difference between the wave-vectors of diffracted and incident wave is defined as
scattering vector K=Kf-Ki . Since Kf and Ki have the same length the scattering
vector must lie on the surface of a sphere of radius 2/ .This sphere is called the
Ewald sphere.
• The reciprocal lattice points are the values of momentum transfer where the
Bragg diffraction condition is satisfied,
• for diffraction to occur the scattering vector must he equal to a reciprocal
lattice vector (G).(K = G)
• Geometrically this means that if the origin of reciprocal space is placed at the
tip of Ki then diffraction will occur only for reciprocal lattice points that lie on
the surface of the Ewald sphere.
Link of Ewal Construction http://fchvpv.lecturer.eng.chula.ac.th/matcharac/Lecture_3b.swf

Graphical Representation of Bragg’s law in Reciprocal Space
Although the misleading common opinion reigns that Bragg's law measures atomic
distances in real space, it does not.
n   2 d hkl Sin hkl Rewrite Sin hkl   2  1 d hkl
d hkl
2
 Draw a circle with diameter 2/ with a crystal at center C on AO but passing through O,
 Let point O represent the origin of the reciprocal lattice,
 Construct a triangle with the diameter as the hypotenuse and 1/dhkl as a side

(any triangle inscribed in a circle with the diameter as the hypotenuse is a right angle triangle:
APO = 90): AOP
 The angle opposite the 1/d side is hkl (from the rewritten Bragg’s equation)
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 Now if we overlay ‘real space’ information on this:
 Assume the incident ray along AC and the diffracted ray along CP. Then
automatically the crystal will have to be considered to be located at C with an
orientation such that the dhkl planes bisect the angle OCP (OCP = 2).
 OP becomes the reciprocal space vector Ghkl.
 Rotation of crystal rotates the reciprocal lattice about O. This will bring different
reciprocal lattice points into contact with Ewald’s Sphere.


1
Ghkl  Ghkl 
d hkl
Link of Ewal Construction http://fchvpv.lecturer.eng.chula.ac.th/matcharac/Lecture_3b.swf

von Laue formulation
Although the misleading common opinion reigns that Bragg's law
measures atomic distances in real space, it does not. This first statement
only seems to be true if it's further elaborated that distances measured
during a Bragg experiment are inversely proportional to the distance d in
the lattice diagram. Furthermore, the n term demonstrates that it
measures the number of wavelengths fitting between two rows of atoms,
thus measuring reciprocal distances. Reciprocal lattice vectors describe
the set of lattice planes as a normal vector to this set with length G = 2/d.
Max von Laue had interpreted this correctly in a vector form, the Laue
Equation
where is a reciprocal lattice vector and and are the wave vectors of
the diffracted and the incident beams respectively. wikipedia

 the distance between two consecutive (h k l) planes is
Back
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• Now, look at this condition for elastic scattering (specular
reflection):
2

G  k  k'k  2k  G  G

0

This result is called The Laue Condition. It’s not too difficult to show that

it is 100% equivalent to The Bragg Law!
The result that k = G can also be expressed to give the relations that
are called The Laue Relations or the Laue Equations. These
are obtained by taking the dot product of both Δk & G with
a1, a2 & a3. The Laue Equations are:

k  ai  2vi , i  1,2,3



k´

By changing θ, X-Ray diffraction can
be used to map all Reciprocal Lattice
Vectors.
This geometric method of finding
Reciprocal Lattice Vectors is called

G
2θ

k

The Ewald Construction

von Laue formulation
θ

k'


k


g

 θ
k

k

k  k '

1




 
k  k  k '



( k  k ) 2  k '2
 
k 2  2k  k  k 2  k '2
 
2k  k  k 2  0

 
k  G

1
G
d hkl

Vector normal to a plane

 
2k  G  G 2  0
 
k  G  kG cos(90   )  kG sin( )
 2kG sin( )  G 2
1
1
2 sin( ) 

d hkl
2d hkl sin( )  
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