Reciprocal Lattice
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Learning outcomes of +oday

» Lattice planes

» Introduction to diffraction: Bragg Law

» Reciprocal Lattice
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Lattice planes

A crystal lattice may be considered as an aggregate of a set of parallel equidistant planes of high density of
lattices points
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A lattice plane (or crystal plane) is a plane containing at least three non-collinear (and therefore
an infinite number of) points of the lattice



Lattice planes — Index system: Miller Indices

Miller indices are integers m;, m, and m; that refer to the intercepts made by a plane on axes a,, a; and a,.

 Determine the intercepts of the plane along

the axes x, y and z in terms of the lattice z (1’” > F\O\.na
tant a,, a,, a,.
constant a,, a,, a; /\04 4q2 40‘5 o
 Determine the reciprocals of these numbers: /
1/m,, 1/m,, 1/ms,. 1. A A N
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* Find the least common denominator (LCD) and

multiply each by this lcd. ( 111)

Primitive or Simple

The result is written in the form (hkl) and is called

the Miller Indices of the plane. Y
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Lattice planes — Index system: Miller Indices

Miller indices are integers m;, m, and m; that refer to the intercepts made by a plane on axes a,, a; and a,.

 Determine the intercepts of the plane along
the axes x, y and z in terms of the lattice

constant a,, a,, as. By 2, 2% T (233>

 Determine the reciprocals of these numbers:

1/m,, 1/m,, 1/m;. A l/ |/
5 72 2 i
* Find the least common denominator (LCD) and d 3 : ’ R
Y multiply each by this lcd. (25 5) d,

to
Redw ce O\em ml'ﬁ‘m (uw the smallesh)

thV\Q
The result is written in the form (th) and is called
the Miller Indices of the plane.



Lattice planes in cubic crystals
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Draw a plave for the given Miller indices:
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A family of lattice planes is an infinite set of equally separated parallel lattice
planes which taken togther contain all points of the lattice

Some Families of Lattice Planes for Simple Cubic Lattice
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How can we study crystals?

A number of techniques allow to obtain experimental evidence of the periodicity of atomic structures:

(1) x-ray diffraction

(2) neutron diffraction

(3) electron diffraction

Normalized intensity (a.u.)

(4) High resolution electron microscopy

(5) Scanning tunneling microscopy
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Bragg Law
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Meaning of d Simulated diffraction patterns for A=1.5406 A
_ and different distance between planes
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Determine the lattice parameter for Nacl

'OOF Izoo
90—

80}— &0 NaCl CuKa

70— A=1.54059 A
60—

SO~

40+~

Intensity (a.u.)

30}~
1

~ 400 422 ,

333

w:_L# - o L s11

24500 = NA ° 30 a0 50 60 70 80 @90

0(:_”_9‘_ (100 Hice amoler = 5.4
o0 T, e




Fast Fourier transform
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Analogy
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Fourier analysis (1D)
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https://www.falstad.com/fourier/
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Actions

Options

Sine
Cosine
Triangle
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Square
Noise
Phase Shift
Clip
Resample
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Rectify
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Real and reciprocal lattice in 1D
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How is the Reciprocal Lattice conctructed
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Reciprocal Lattice vectors
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If d,, d, and dsare primitive vectors of the crystal lattice, the reciprocal lattice can be generated by:
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Reciprocal Lattice
omd Po«mk o& The reccProcaSl Laltice con e descrked by the reai:rocaﬂ
Latrice vedbor &= NBr4+ KEn+ ¢By wuth wit = 0,x1,32...

these & wckaors ase the .
ones enhm'vg he Founer tenes

ni@) = %V\e Q‘?({EF‘) / :wa'a-s-u'za;‘z-\-ua%
givan Dk thne crysfial is invariant under T 55y o (16T ) =n(7)
= T\ LT = 167)ex<p (16T ) =nlr
AP T) = Zrne op (18EHT)) = Z e oplien =P (OT ) 0t
N
é&‘?: A7 (le +\<1A2+€4A53 = ZRF > .2)417(’106T> —i |
— _
=7 /7 Vecbors ‘j e
5@4':27]51') Q‘C‘“ =1 oeocjfg‘%@wce

—J GnrouaN this
Q

resSEsoON

—>




6o, overy mF:Fo& has 2 Latice assoda@ .

Orthorhombic
cell
a,
—
aT
X

Z Reaﬂs

ngm

Crystal lattice

7" Founer Bpace
[ le«/\jﬂ\“'l
ylli
2
b, vy
5

Reciprocal lattice






A lattice plane (or crystal plane) is a plane containing at least three non-collinear (and therefore
an infinite number of) points of the lattice

A family of lattice planes is an infinite set of equally separated parallel lattice planes which taken
together contain all points of the lattice



Reciprocal lattice points as families of lattice planes

The families of lattice planes there are in one-to-one correspondence with the possible directions of
the reciprocal lattice vectors, to which they are normal.

For a family of planes separated d,

The recillbrocal vector G = hBl + kEz + lB3 is perpendicular to the real lattice plane with index hkl.

Further, the spacing between these lattice planes is

2T
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|Gmin|

where 5min is the minimum length reciprocal lattice vector in this normal direction.



Sduare Lattice

T = M + u &y

a o =& (12) } B = 22 (1'())

=
og = & (0,1) Et’—-" Y748 (0,1)
x
1) &= b di= 2 = %? e
rel “
1 X



Quiz
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« Determine the reciprocal lattice vectors assoeciated +o

a) 1,a,17, .
b) 1,59, ..
¢) 1,3,5, ..
d) 1,2,2,4,..
e) 1,2,5, 0, .




