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Don’t get lost in Matrix



Diffraction  Methods
Where is the atom?

Diffraction
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Laue X-ray pattern




  















 







How many ways?
 2d i n=2dhklsin

 



n=2dhklsinhkl

Why can different planes be observed?



Wh th b i ht d d k ?Why are there bright and dark area?



D grating



D grating

http://www.youtube.com/watch?v=ACjr66v4gyo



Constructive and destructive interference
Cases (a) & (b): constructive interference

d sin  m m  0,1, 2..
Case (c): destructive interference

d sin  (m 1 / 2) m  0,1, 2,..



D grating



Where should we posit detector

“2 cones” or diffracted rays

 



What is meaning of one ring (Powder)
n=2dhklsinhkl



What is meaning of one spot (crystal)?

n=2dhklsin



Why are spots denser near the center?

 



n=2dhklsinhkl
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Anything else we can play aroundAnything  else we can play around



n=2dhklsin

X-ray Tube Detector

Sample stage



 





 



What information can we get about sample? From where?What information can we get about sample? From where?




  







 




 




Intensity
Position

 2d i width n=2dhklsin



P i iPosition

width



Why does 111 has highest intensity?















  





 
  

 



Simple cubic

 



















  

 







  



 





X-ray



Good luck to your SSP study!



 



 



The applications
a) First layer atoms scatter;
b) First and second layer

atoms scatter;atoms scatter;
c) At certain angle first and

second layer atoms scatter,
while along normal only
first layer atoms scatter;

d) Adsorbate overlayers’ first) y
layer atoms scatter, the first
layer atoms of substrate
scattering reduced.scattering reduced.

e) Amorphous overlayer
atoms scatter, there is no
peak but a bump and thepeak but a bump and the
size of the bump depends
on thickness of the

loverlayer.



)(  SFi BBBBFWHMB ...)(  SFsci BBBBFWHMB



http://www.youtube.com/watch?v=
ACjr66v4gyo





Periodic Lattice in a solidPeriodic Lattice in a solid.

 



For any given Bravais lattice, the set of primitive vectorsFor any given Bravais lattice, the set of primitive vectors 
is not unique. There are many nonequivalent choices.

 



Th t i i d fi iti f B i l tti
Primitive lattice cell :

The vectors  appearing in definition of a Bravais lattice are 
called primitive vectors and are said to generate or span lattice.

ia

Primitive cell is a minimum-volume cell:
A l f th t h t l t d th h ll th tA volume of space that, when translated through all the vectors 
in a Bravais lattice, just fills all of space without either overlapping
it lf l i id i ll d i iti ll i iti ititself or leaving voids is called a primitive cell or primitive unit
cell. There is no unique way of choosing a primitive cell for a

i B i l ttigiven Bravias lattice.

Th l f i iti ll i i d d t f th h i f ll
1 2 3

The volume of a primitive cell is independent of the choice of cell:
| |,

A i iti ll t t i
cV a a a 

  

i l l tti i tA primitive cell must contain precisely one lattice point.
 



Primitive unit cell:Primitive unit cell:
Given any two primitive cells of arbitrary shape, it 
is possible to cut the first up into pieces, which, p p p , ,

when translated through appropriate lattice 
vectors, can be reassembled to give the second.

 



 



 



 



The reciprocal of the reciprocal space is the real space. 
Examples of reciprocal lattice unitsExamples of reciprocal lattice units.

 



 



 



First Brillouin zone
The Wigner-Seitz primitive cell of the reciprocal 

lattice is known as the first Brillouin zone. 
(Wigner Seitz is real space concept while Brillouin(Wigner-Seitz is real space concept while Brillouin

zone is a reciprocal space idea).

 



Two dimensional real and reciprocal spaceTwo dimensional real and reciprocal space

 



 



Solve a problem

 



Lattice planes
A lattice plane is defined to be any plane containing 

t l t th lli B i l tti i t A
y g

at least three noncollinear Bravais lattice points. A 
family of lattice planes is a set of parallel, equally 
spaced lattice planes, with together contain all the 

points of the 3D Bravais latticepoints of the 3D Bravais lattice.
For any family of lattice planes separated by a 
distance d, there are reciprocal lattice vectorsdistance d, there are reciprocal lattice vectors 

perpendicular to the planes, the shortest of which 
have a length of 2/d. Conversely, for any reciprocal 

lattice vector K, there is a family of lattice planes , y p
normal to K and separated by a distance d, where 
2/d is the length of the shortest reciprocal lattice 

vector parallel to K.

 



(100) (111)

 



Index of the plane
1 Find the intercepts on the axes in terms of1. Find the intercepts on the axes in terms of 

lattice constants.
2. Take the reciprocals of these numbers and then 

reduce to three integers having the same ratioreduce to three integers having the same ratio, 
usually the smallest three integers. (hkl)-plane

 



Miller indices:
The Miller indices of a lattice plane are the 

di t f th h t t i l l tti
p

coordinates of the shortest reciprocal lattice 
vectors normal to that plane, with respect to a 

specified set of primitive reciprocal lattice vectors.

A plane with Miller indices is normal to the reciprocalh k l

1 2 3

A plane with Miller indices , , , is normal to the reciprocal 

lattice vector: .

h k l

hb hb hb 
  

the Miller indices are integers, can have no common factors, 
and depend on the particular choice of primitive vectors.

 



C ti f if i di tiConventions for specifying directions:

Lattice planes are usually specified by giving their Miller 
indices in parentheses ( , , ).  When specifying directions h k l

1 2 3in the direct lattice, we use the notation [ , , ] from the
origin Since the

n n n
(100) (010) and (001) planes are allorigin. Since the (100), (010), and (001) planes are all 

equivalent in a cubic crystal. One denotes these planes as
{100} l Si il l h [100] [010] [001] [100]{100} planes. Similarly, the [100], [010], [001], [100], 
[0 10], and [00 1] in a cubic crystal are equivalent, and 
referred to collectively as the 100  direction.  

 



8B L 2 i 10d    8Bragg Law:            2 sin ,  10  cm.
The crystal is made out of parallel planes of ions, 

d n    

spaced  apart. (1) the x-rays are specularly reflected 
by the ions in any one plane. (2) the reflected r

d
ays y y p ( ) y

from successive planes should interfere constructively.

 



Thin films: gasoline on water

 



Constructive and destructive interference
Cases (a) & (b): constructive interference

d sin  m m  0,1, 2..
Case (c): destructive interference

d sin  (m 1 / 2) m  0,1, 2,..

 



Diffraction gratings 

Diffraction maxima
dsin =m (m=0, 1, 2..)
m=order of diffraction

   
m=order of diffraction
First minimum

sin = (N:total number of slits covered by wave)sin = (N:total number of slits covered by wave)
Nd

There are N-2 secondary maxima between two 
primary maxima



primary maxima

 



Von Laue formulation of x-ray diffractiony

 



Since the lattice sites are displaced from one another by theSince the lattice sites are displaced from one another by the

Bravais lattice vector , the condition that all scattered rays

i t f t ti l th t

R

d R



 
interfere constructively means that 

or                   ( ') 2

d R

R k k



  
 

m
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Constructive interference will occur if the change in 
or    1,  for all Bravais lattice vector .iR k ke R  



wavevector, ',  is a vector of the reciprocal lattice.K k k 
 

 



Constructive and destructive interference

 



 



 



 



 



 



 



Real space (1) Real space (2)Real space (1) p ( )



Lattice planes in crystals: 
ll dMiller indexes



      










 



Since the lattice sites are displaced from one another by theSince the lattice sites are displaced from one another by the

Bravais lattice vector , the condition that all scattered rays

i f i l h
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Constructive interference will occur if the change in 
or    1,  for all Bravais lattice vector .iR k ke R  

  


wavevector, ',  is a vector of the reciprocal lattice.K k k 
 

 


