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Morphology and stereographic projection
(reminder)

Cube Octahedron Dodecahedron

{111}+C +C

(001} ,c

(110}

'
'
'
RO LLLELLELLLY FTERErS
o
K
K
o
g

a

Massimo Nespolo, Université de Lorraine




Bravais' polar lattice (1848)
A dual lattice of the direct lattice based on face normals

Auguste Bravais (1811-1863)
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Bravais' polar lattice (1848)

A dual lattice of the direct lattice based on face normals
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Bravais

polar lattice (1848)

A dual lattice of the direct lattice based on face normals

Polar lattice
(in vector space)

S(h k1 )V (A)
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The vector space V" is realized with a metric in
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Bravais' polar lattice (1848)
A dual lattice of the direct lattice based on face normals

ap:S(IOO):bxc. »_S(010) cxa apzs(om):axb
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By construction, the vector [#k/]° 1s perpendicular to the face (hkl)
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Angles between vectors of the polar lattice are precisely

the angles between face normals
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Use of the polar lattice makes indexing of stereographic poles

straightforward — monoclinic example

>

ar (100)

Parallel to ¢ and b axes
On the a® axis

J (?1)

¢ Parallel to a and b axes

On the ¢P axis
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Use of the polar lattice makes indexing of stereographic poles
straightforward — hexagonal example

Same intersection on 4, and 4, (positive)

1120
(1010) (1120 Half intersection on 4, (negative)
A4, On the bisector of a” and AP

Parallel to A, and C axes

On the a? axis
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Use of the polar lattice makes indexing of stereographic poles

straightforward — hexagonal example
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Then, something happened....

Wilhelm Conrad Rontgen
(1845-1923)
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18935 : discovery of X-rays
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1912: crystals diffract X-rays

Max von Laue
(1879-1960)
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1912: crystals diffract X-rays

1e effect for a zinc-blende piate parallel to a cubic surface _ ) S
or a zinc-blende plate parallel to a tetrahedral surface

X-ray diffraction pattern of ZnS by Friedrich, Knipping and Laue
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A diffraction pattern can be indexed with a lattice whose metric is
inverse (reciprocal) of the Bravais lattices

Diffractions make a
lattice that can be
indexed on the basis
of suitably chosen
axes
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1913 : the reciprocal lattice

Paul Peter Ewald (1888-1985)
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1913 : the reciprocal lattice

a* = (bxc)/V,b* = (cxa)/V, ¢* = (axb)/V  A-1l!
The reciprocal lattice

The reciprocal space is a vector space V" realized with a metric in A™!
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Linear parameters of the reciprocal lattice

a* = (bxc)/V,b* = (cxa)/V, c¢* = (axb)/V
a* = besinol/V, b* = casinf3/V, c¢* = absiny/V
a-a*=a‘(bxc)/V=1;b-b*=Db-(cxa))V=1;c¢cc*=c(axb)/V=1

. * o
Vv, Sij

V*=a*Db*xc* = (bxc) (cxa)x(axb)/V3 = (bxc)-[(c-axb)a-(c-axa)b]/V3 =
(bxc)-[Va-0b]/V3 =V?/V3=1/V

a = (b*xc*)/V* ; b= (c*xa*)/V* ; ¢ = (a*xb*)/V*
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Angular parameters of the reciprocal lattice

a* = besina/V, b* = casimP/V, c* = absiny/V
a = b*c*smo*/V* ; b* = a*c*sinf*/V* ; c* = a*b*siny*/V* (V* = 1/V)

a

sin ok = 2 vE = v = v
b*c* acsinf absiny  ghcsinBsiny
V \Y
b
: bV* v Vv
SN B* = = - V - = : :
a*c* besmaabsiny - ghesinosiny
Vv Vv
C
. ¢ V* Vv V
sin y* = v

a*b* besinoacsinp - ghesinosin
V \Y
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Metric tensor of the reciprocal lattice

(axa* a*b* a*c*
G*=| b*a* b*b* b*c*

c*,a* c*,b* c*,c*
\ /

G*=G' ;det(G*)= 1/det(G) = V* = )V

Angles between the (4 k /) and (h kL) faces computed as
angle between r*(h,k [ ) and r*(h,k,[)) vectors

(h k L|G'|h, k, L)
i kLG bk D)y Ky LG

cos(h k L) (h, k, 1,)=

h2 kZ 12>
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Equidistance of lattice planes

ehkl>X< - l'hkl* / ||l' *H
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Not really Ewald's discovery....

Reciprocal system of vectors (1881)

Josiah Willard Gibbs
(1839-1903)
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