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Kikuchi Diffraction

- Difracao de linhas de Kikuchi podem ser observadas no MEV e no MET. E
mais facil visualizar sua geometria no MET.

- Quando um feixe de elétrons atravessa um solido cristalino ele € espalhado
de forma difusa em todas as direcoes.

- Isso significa que sempre havera uma parcela dos elétrons fazendo um
angulo 6B (angulo de Bragg) com alguns planos cristalinos.

- Esses elétrons podem sofrer difracao!



Kikuchi Diffraction ncident

electron beam T—

- Esses elétrons que fazem um angulo 08 difratam . | cohes
: Diffuse scattering
formando dois cones (Kossel cones).

Sample

- Esses feixes difratados fazem um angulo de 90° - 68
com a normal dos planos difratando.

- Os valores de 6B no caso de difracao de elétrons sao
muito pequenos (geralmente menores que 0,5°).
Consequentemente, o semi-angulo do cone € muito
grande (quase 180°).

- Dessa forma as bandas de Kikuchi aparecem como
linhas. (a) Kikuchi lines




Kikuchi Diffraction

- Veja que as linhas tem um espagamento angular de
208, que por sua vez € proporcional ao
espacamento interplanar.

- O padrao de difracdo de linhas de Kikuchi consiste
de pares de linhas “paralelas”™ onde cada par (ou
banda) tem uma espessura distinta que corresponde
a um plano cristalino.

- Alinterseccao dessas bandas corresponde a eixos
de zona.

- Assim, esse padrao contem informacoes sobre a
estrutura cristalina do material e tambem da
orientacao de seus graos.

Incident *

electron beam -

Diffuse scattering

Sample

planes (hkl)

(a) Kikuchi lines
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Kikuchi Diffraction

- As linhas de Kikuchi aparecem sempre como
pares de linhas paralelas.

- Uma linha corresponde a 08 e a outra a -0B.
- Uma linha representa g e a outra -g.

- Uma linha € mais intensa (excess line) e a outra
menos (deficient line).

- A distancia entre no espaco reciproco entre -g e g
€ g (e nao 29g) pois o angulo entre os dois Kossel
cones € 20sB.

(C) Incident :
beam | (hkl) Reﬂ;ﬂé“g
. / 90-65

specimen\

(hkl)
Kossel

cone (kD)

cone

(hkl) Kossel
cone intersects

Ewald sphere \ ]
H y
:’; , Ewald sphere

(hkl)
Kikuchi line

‘_\‘__ In the
(hkl) DP

Kikuchi line

(Tﬂ(-h Kossel
cone intersects

Projection
of (hkl) —~
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Kikuchi Diffraction




Kikuchi Diffraction

- Para um eixo de zona particular, vocé pode desenhar as linhas de Kikuchi como sendo linhas bissetoras
na ZOLZ. A distancia entre cada par de linhas € |gpl.

perpendiculares a cada vetor “g
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Kikuchi Maps

- Se vocé construir as linhas de Kikuchi para varios eixos de zona, usando reflexdes (pares de linha)
comuns entre os eixos de zona, vocé podera obter mapas que te levam de uma zona para outra

(Kikuchi maps). k
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Kikuchi Maps

A & (B) 101

w Kikuchi map para
\ um cristal FCC
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FIGURE 19.6. (A) Experimental Kikuchi map for fce crystals and (B) indexed Kikuchi lines in the schematic map.




CBED Patterns

- Usando CBED podemos obter

informacgdes importantes (e mais
completas em comparagao com SAED) 2 aperture
sobre estrutura cristalina da amostra. D

C2 Lens Q
- Além disso, podemos usar essa técnica <é

para obter nanodifragoes, 0 que € muito  Upper objective

util quando a area a ser analisada se 1on
torna muito pequena para a técnica de oo
SAED pecimen
Lower objective >
; lens
- Tambem usamos CBED para obter \ //
linhas de Kikuchi. BFP

Diffraction discs




CBED Patterns

For CBED you need sufficiently thick crystals:




CBED Patterns

- Mudando o tamanho da
abertura C2 podemos obter e e _/ \_
diferentes resultados: i
P R

C2 Lens

|
- Desde linhas de Kikuchi
<\

Upper objective

bastante intensas (abertura lois

grande) até nanodifracao onde |

muitas vezes nao observamos P

as linhas de Kikuchi e os . ;
discos do padrdo CBED S

tornam-se pontos. \ / / s

Diffraction discs




(A) (B) (€)
Small Medium Large

1 = S e = e

Thin

\ / specimen\-> A
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CBED Patterns

- Mudando a constante de camera podemos ver os detalhes no nosso padrao
CBED. Obtemos padrbes que sao uteis na determinacao de grupos pontuais.

| Bright Field 2D Whole pattern projeCtjon 3D Whole pattern symmetry

f

Projection Symmetry




.
CBED Patterns

FRIEDEL’S LAW
Under kinematical diffraction conditions, the inten-
sity of a reflection Akl 1s equal to the intensity in its

opposite reflection Akl

- Nos padroes de SAED temos sempre um centro de inversao em, mesmo que
nosso cristal nao possua um centro de inversao.

- Ja nos padroes CBED essa lei nao € obedecida. Podemos fazer
determinacao de grupo pontual.

- SAED e CBED sao complementares para determinacao de grupo espacial.



Determinando grupo espacial CaF2

- Vamos usar um dos procedimentos para determinacao de grupo espacial
chamado de “Eades method”.

- Esse metodo permite que nos obtenhamos o grupo pontual de um cristal a
partir de padroes CBED.

- Para determinar o tipo de centramento de célula e extinsoes precisamos dos
padroes SAED.

- Lembremos do exemplo com o CaF2.



Determinando grupo espacial CaF2




A partir dos padrdes de difragdo observados, podemos concluir que os
possiveis grupos espaciais sao: F23, Fm3, F432, F 43m e Fm3m.

CUBIC., Laue classes m3 and m3m

Laue class

m3 (2/m3) m3m (4/m 3 2/m)
Reflection conditions (Indices are permutable, apart from
space group No. 205) 7+ | Point group
Extinction
hkl Okl hhi 00! symbol (23 m3 432 43m m3m
P——— |P23(195) Pm3 (200) | P432 (207) P43m (215) |Pm3m (221)
P2 —— ) )
{ {P43— _ | P243(198) P4,32 (208)
(remans
! I P——n P43n (218) | Pm3n (223)
kTt I Pa — — Pa3 (205)
k41 I Pn—— Pn3 (201) Pn3m (224)
k+1 ! I Pn—n Pn3n (222)
123 (197) |.. _ N _
h+k+1 k+1 l { I——— [Hﬁ [:199)}?-:?-: Im3 (204) |71432 (211) 143m (217) |Im3m (229)
h+k+1 k+1 { {=4n |I4—— 14,32 (214)
h+k+1 k+1 2h4l=4nl |I=4n |I——d 143d (220)
h+k+1 k.1 ! I la — — Ia3 (206)
ht k41 k1 2hdd=4nl! [I=4n |la—d la3d (230)
h+kh+ L k41 )k h+1 { F——— |F23(196) Fm3 (202) | F432 (209) F43m (216) | Fm3m (225)
h+kh+LE+1T K h+1 | =4n 3= = rLH:u,[:.uu)l
h+kh+ Lk+ 1]k 1 I I F— —c F43c (219) |Fm3c (226)
h+kh+Lk+1 \k+1=4nk 1 |h+1 {=4n |Fd—— Fd3 (203) Fd3m (227)
h+kh+Lk+ 1 k+1=4nk1 |h1 {=4n |Fd—c Fd3c (228)

Ko



Determinando grupo espacial CaF2

- Assim temos as seguintes possibilidades: F23, Fm3, F432, F 43m e Fm3m

- Para obtermos grupo espacial:

1) Precisamos obter padroes CBED de eixos de zona de alta simetria,
preferivelmente mostrando HOLZ.

2) Vamos a partir desses padrdes derivar um “diffraction group” usando as
simetrias observadas.

3) Usar duas tabelas para cruzar informacoes e definir grupo pontual.




Determinando grupo espacial CaF2

- O Bright Field € geralmente dificil de se obter com boa qualidade. Os mais usados sao o
“whole patter projection” e o “whole pattern symmetry”. OBS: As figuras abaixo nao sao
do CaF2.

| Bright Field 2D Whole pattern projeCtjon 3D Whole pattern symmetry

f

Projection Symmetry




330 J.A. Eades

]
D ete rm Table 7.1: Diffraction Groups Table 7.2: Projection
I n a n O g ru F and Pattern Symmetries Diffraction Groups and
Pattern _Symmotries
diffraction bright whole projection || projection bright whole
group field pattern diffraction | difiraction field patiern

group group

1 1 1 1R 1R 2 1
- Vamos usar a tabela ao lado L
2 2 2 21R
" o~ 2 1 1 21 21 2 2
para ajudar a definir o grupo <A
mp m 1 mip
pontual. e Bem O [ meo
2mpmep 2mm 2 2mmig
2mm 2mm 2mm  2mmig [|[2mmig 2mm 2mm
2pmmp m m 2mmig
2mmig  2mm 2mm 2mmig
4 4 4 41R
4R 4 2 41R 41R 4 4
41 4 4 41
Ampgmp  4mm 4 4mmip
4mm Amm 4mm 4mmig [4mmig  4mm 4mm

4gmmr 4mm 2mm  4mmig
dmmig  4dmm 4mm 4ammip

3 3 3 31R 31R 6 3
31p 6 3 31

3mp 3m 3 3miR

3m 3m 3m 3mip 3mip 6mm 3m
3mig émm 3m 3mig

6 6 6 61R

6R 3 3 61R 61R 6 6
61p 6 6 61R

émpmpg 6mm 6 émmiR

6mm émm 6mm 6mmig |[6mmip 6mm 6mm
6gmmyg  3m 3m 6mmip

6mmig 6mm 6mm 6mmig



Determinando grupo espacial CaF2

30 — obs: Padrdes de
exemplo (ndo sao CaF2)

Table 7.1: Diffraction Groups Table 7.2
Pattern Symmetries Diffraction "S&g
P Ty Pattern Symme

difiraction] bright{" whole ‘projection || projection bright
group field \ pattern Aiffraction || diffraction field
group group
1 2 1

1 1 1R
Queremos identificar il
2 2 2 21R
o diffraction grou ® |13 i 2
g P. 21R 2 2 21R
mg m 1 mig
m m m mip
mig 2mm m mig
2mpmgp 2mm 2 2mmig
2mm 2mm 2mm 2mmig
2gmmg | M m 2mmig
2mmig | 2mm 2mm 2mmig
4 4 4 41R
4R 4 2 41R
41 4 4 a1p
4mpmp | 4mm 4 4mmipg
4mm Amm 4mm 4mmig
4gmmp | 4mm  2mm 4mmip
4mmig | dmm 4mm ammip
3 3 3 31R
31p 6 3 3R
Table from: J.A. Eades, 3mR 3m 3 3mip
: \ N 3m 3m 3m 3miR
Convergent beam diffraction, in: 3min >l S 3min
Electron Diffraction Techniques, " " . .

R
volume 1, ed. J. Cowley, Oxford 6R 3 3 81n
University Press, 1992 61R 6 6 61R

émpmp | 6mm 6 emmip
emm 6mm 6mm 6mmig
6gmmg | 3m 3m 6mmip

e6mmig | 6mm 6mm  6mmiR




Determinando grupo espacial CaF2

- No nosso exemplo, vamos usar apenas o whole pattern projection simulados
de 2 eixos de zona para o composto CaF2.




330 J.A. Eades

n
m Table 7.1: Diffraction Groups Table 7.2: Projection
r I I Ial l O rl l and Pattern Symmetries Diffraction Groups and
Pattern Symn&l'rﬂ'l_

diffraction bright whole projection || projection bright | whole
group field pattern diffraction ||diffraction field | patiern

~ group group
Padrao 1:
. . 1 1 1 1R 1R 2 1
Qual a simetria do padrao usando as w =2 o2
HAHH 2 2 2 21R
possibilidades da tabela ao lado? 2n i1 21 ||2tn 2 |2
21Rp 2 2 21R
mgR m 1 mig
m m m mip mig 2mm | m
mig 2mm m mig
2mpmp 2mm 2 2mmig
2mm 2mm 2mm 2mmig 2mmip 2mm | 2mm
2pmmp m m 2mmig
2mmig  2mm 2mm 2mmiR
4 4 4 41R
4R 4 2 41R 415 4 4
41 4 4 415
Ampgmp 4mm 4 dmmip
4mm 4mm 4mm 4mmip 4mmip 4mm | 4mm

AprmMmR 4mm 2mm 4mmiRg
ammiR dmm 4mm 4mmip

3 3 3 3ip 31Rp 6 3

31p 6 3 31p

3mp 3m 3 3miRp

3m 3am 3m 3mip 3mig 6mm | 3m
3mig emm 3m 3mig

6 6 6 61R

6R 3 3 61R 61R 6 6

61R 6 6 61R

6mpmR émm 6 eémmiR

6mm 6mm 6mm 6mmip 6mmip 6mm | 6mm
6rmmp 3m 3m 6mmip

emmiR émm 6mm émmig
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n
m Table 7.1: Diffraction Groups Table 7.2: Projection
r I I Ial l O rl l and Pattern Symmetries Diffraction Groups and
Pattern Symn&l'rﬂ'l_

diffraction bright whole projection || projection bright | whole
group field pattern diffraction ||diffraction field | patiern

~ group group
Padrao 1:
. . 1 1 1 1R 1R 2 1
Qual a simetria do padrao usando as 'R = 'R
‘il 2 2 2 21R
possibilidades da tabela ao lado? 2n i1 21 ||2tn 2 |2
21Rp 2 2 21R
mgR m 1 mip
m m m mip mig 2mm | m
mig 2mm m mig
2mpmp 2mm 2 2mmig
2mm 2mm 2mm 2mmig 2mmip 2mm | 2mm
2pmmp m m 2mmig
2mmip 2mm 2mm 2mmig
4 4 4 41R
4R 4 2 41R 415 4 4
41 4 4 415

Amgmp 4mm 4 dmmip /_\
4mm 4mm 4mm 4mmip 4mmip 4mm [ 4mm

AprmMmR 4mm 2mm 4mmiRg N 7
ammiR dmm 4mm 4mmip

3 3 3 3ip 31Rp 6 3

31p 6 3 31p

3mp 3m 3 3miRp

3m 3am 3m 3mip 3mig 6mm | 3m
3mig emm 3m 3mig

6 6 6 61R

6R 3 3 61R 61R 6 6

61R 6 6 61R

6mpmR émm 6 eémmiR

6mm 6mm 6mm 6mmip 6mmip 6mm | 6mm
6rmmp 3m 3m 6mmip

emmiR émm 6mm émmig
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|
Table 7.1: Diffraction Groups Table 7.2: Projection
r I I Ial l O ru and Pattern Symmetries Diffraction Gm:&;n;_n'd_
Pattern Sym

diffraction bright whole projection || projection bright | whole
group field pattern diffraction ||diffraction field | patiern

~ group group
Padrao 2:
. . 1 1 1 1R 1R 2 1
Qual a simetria do padrao usando as 'R = 'R
HAHH 2 2 2 21Rp
possibilidades da tabela ao lado? 2n i1 21 ||2tn 2 |2
21R 2 2 21R
mgR m 1 mig
m m m mip mig 2mm | m
mig 2mm m mig
2mpmep 2mm 2 2mmig
2mm 2mm 2mm 2mmig 2mmip 2mm | 2mm
2pmmp m m 2mmig
2mmig  2mm 2mm 2mmiR
4 4 4 41R
4R 4 2 41R 41R 4 4
41 4 4 415
Ampgmpr 4mm 4 dmmip
4mm 4mm 4mm 4mmig 4mmip 4mm | 4mm

AprmMmR 4mm 2mm 4mmip
4ammiR dmm 4mm 4dmmip

3 3 3 31R 31Rp 6 3

31n 6 3 31

3mp 3m 3 3miRp

3m 3m 3m 3miR 3mig 6mm | 3m
3mig emm 3m 3mig

6 6 6 61R

6R 3 3 61R 61R 6 6

61R 6 6 61R

émpgmpg 6mm 6 eémmiR

6mm 6mm 6mm 6mmip emmip 6mm | 6mm
6rmmp 3m 3m 6mmip

6mmig 6mm 6mm 6&mmig




Determinando grug

Padrao 2:
Qual a simetria do padrao usando as
possibilidades da tabela ao lado?

N

/|\

330 J.A. Eades
Table 7.1: Diffraction Groups Table 7.2: Projection
and Pattern Symmetries Diffraction Groups and
Pattern Symn&l'rl'ﬂ_

diffraction bright

group

2R
21R
mR

mig

2mpmep
2mm

2pmmp
2mmip

41

AmMpmR
4mm

AprmMmR
ammiR

31n

3mp
3m
3mig

6R
61Rp

6mpmR
6mm

6rmmp
6mmiR

field

N - N N -

33

2mm

2mm
2mm

2mm

4mm
amm
4mm
4mm

3m
3am
emm

6mm
6mm
3m

6mm

whole
pattern

-

N -

2mm
4mm

6mm

projection
diffraction
group

R
R

21R
21R
21R

mip
mip
mip

2mmig
2mmig
2mmig
2mmig

41R
41R
41R

dmmip
4mmipg
4mmip
dmmip

3inp
31

3mip
3mip
3mig

61Rn
61R
61R

émmiR
emmip
6mmiR
émmig

projection bright

diffraction field

group

1R

21Rr

mig

2mmip

41R

4mmip

31R

3mig

61R

emmip

2mm

2mm

4mm

emm

6mm

whole
patiern

2mm

4mm

3m

\ 6mm )
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]
D ete r Table 7.1: Diffraction Groups Table 7.2: Projection
l I l I n a n O g ru F and Pattern Symmetries Diffraction Groups and
Pattern _Symmotries
diffractior] bright whole projection || projection bright whole
group field pattern diffraction || difiraction field patiern

group group

- Definimos 2 conjuntos de AN L A
grupos de difragao a partir dos % |4 & & P ot ®
CBED anteriores. N BRI LU

- Precisamos agora da segunda w32 E Jen 4 s

9 9 A A S

4grmmpR [J4mm 2mm  4mmipg
ammip dmm 4mm 4mmip

tabela 4mpmp |\ 4mm 4 4mmip
- 4mm 4mm 4mm  4mmig [[4mmig 4mm  4mm

{

31iR 31R 6 3
31p 6 3 31g

3mp 3m 3 3miR
3m 3m 3m 3mip 3mig émm 3m
3mig émm 3m 3mig

61R
61R 61R 6 6
61R

émmiR
6mmiR 6mmip 6mm 6mm
6mmiR
émmig




Determinando grupo espacial CaF2

Diffraction groups vs. Point groups

Diffraction
group

Table redrawn
from B.F. Buxton,
J.A. Eades, J.W.
Steeds, G.M.
Rackham: Phil.
Trans. R. Soc.
London, 281
(1976) 171

bmm1,
3ml,
mm

[=2]

Bmpmy

Brmmy,
3m
3mg

ammil,
dpmmy,
amm
Amgmy
41,

2mm1lg
2gmmy,
2mm

2mpmp

mi;

Mg
21,

[
EY

[y =

This is the other table
you need: relating
diffraction groups to
point groups.

Point
group




temos as seguintes possibilidades: F23, Fm3, F432, F 43m e Fm3m

Table redrawn

from B.F. Buxton,

LA, Eades, J.W.
Steeds, G.M.
Rackham: Phil.
Trans. R. Soc.
london, 281
{1976) 171

Diffraction groups vs. Point groups

Bmml,
3ml,
Gmim
Brmigmy,

Bmmyg

2mmlg
Zgmmpg
2mm

2migmp

This is the other table
you need: relating
diffraction groups to
point groups.




temos as seguintes possibilidades: F23, Fm3, F432, F 43m e Fm3m
Logo, os grupos pontuais podem ser: 23, m-3, 432, -43m e m-3m

Table redrawn

from B.F. Buxton,

LA, Eades, J.W.
Steeds, G.M.
Rackham: Phil.
Trans. R. Soc.
london, 281
{1976) 171

=....wpmw

Bmml,
3ml,
Brmim
Brmigmy,
61g

31

2mmlg
Zgmmpg
2mm

2migmp

This is the other table
you need: relating
diffraction groups to
point groups.
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Agora cruzamos os diffraction groups obtidos com CBED com os grupos pontuais

Bmml,
. ETTTR|

Brmim

Bmigiig TF . - F F E F
31, you need: relating

I. ) diffraction groupsto
Bmmyg ;
et groups:

ammi, ..l
4mHT"H dgmmp,

Amm / 4mm

4Rmmn Amgmy, .
4mmip a1,
"
i
2mmlg
Zgmmpg
2mim
2migmp
mlg
m
Mg,
Table redrawn =
from B.F. Buxton, ,2“
J.A. Eades, J.W. 2
Steeds, G.M. ,1“
Rackham: Phil. 1
Trans. R. Soc.
london, 281

(1976) 171



_ Qual a unica possibilidade de grupo pontual que satisfaz ambos os CBEDs? _

Niffractinn groups s Point gralips

Bmml,

Ly |

Brmim

Bmigiig TF . - F F E F
31, you need: relating

I. : diffraction groupsto |
et groups:

dmRmR Amm;
4nmmn dmgmg
4mmip a1,

2mmlg
Zgmmpg
2mm

2migmp

Table redrawn
from B.F. Buxton,
LA, Eades, J.W.
Steeds, G.M.
Rackham: Phil. . - - - . - -
Trans. R. Soc. £ e
London, 281 o m EmH
{1976) 171




4dmpmMR
4mm

dpmmp
4mminp

Table redrawn
from B.F. Buxton,
J.A. Eades, JW.
Steeds, G.M.
Rackham: Phil.
Trans. R. Soc.
london, 281
{1976) 171

Diffraction grouns vs Paint grouns

Bmml,

Ly |

Brmim

[ 6migmg

PP ; »
you need: relating

diffraction groupsto

—point-groups:

2mmlg
Zgmmpg
2mm

2migmp

(e
= =
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3.1. SPACE-GROUP DETERMINATION AND DIFFRACTION SYMBOLS

Table 3.1.4.1. Reflection conditions, diffraction symbols and possible space groups (cont.)

CUBIC., Laue classes m3 and m3m

Laue class

Reflection conditions (Indices are permutable, apart from

m3 (2/m3)

m3m (4/m 3 2/m)

space group No. 205) 7+ | Point group
Extinction
hkl Okl hht 00! symbol (23 m3 432 43m m3m
P——— [P23(195) Pm3 (200) | P432 (207) P43m (215) | Pm3m (221)
P2,— —
! {P4:—— P2,3 (198) P4,32 (208)
P4,32 (213
I=dn |P4—— {P4;32 Eznz%}n
l I P——n P43n (218) | Pm3n (223)
kit I Pa — — Pa3 (205)
k+1 I Pn—— Pn3 (201) Pn3m (224)
k+1 ! I Pn—n Pn3n (222)
123 (197) .. | - _ _
h+k+1 k+1 l I I——— [!'Eﬁ [199)]§§ Im3 (204) |1432 (211) 143m (217) |Im3m (229)
h+k+1 k+1 l I=4n |I4—— 14,32 (214)
h+k+1 k+1 2h+1=4nl [I=4n |I-—d 143d (220)
h+k+1 k.1 l I la — — Ia3 (206)
btk | k1 Qhtl=d4nl i=4n |la_d lg3d (230)
h+koh+ Lk+ 1] k1 h+1 I F——— |F23(196) Fm3 (202) | F432 (209) F43m (216) | Fm3m (225)
h+kh+LE+T kT h+1 | =4n - — | 4 3 g s
h+kh+Lk+1]k 1 h T I F— —c F43c (219) | Fm3c (226)
h+kh+Lk+1 k+1=4nk! |h+1 I=4n |Fd—— Fd3 (203) Fd3m (227)
h+kh+Lk+ 1 k+1=4nk1 |hl l=4n |Fd—c Fd3c (228)

Ko



Determinando grupo espacial CaF2

CUBIC, Laue classes m3 and m3m

Laue class
m3 (2/m3) m3m (4/m 3 2/m)
Reflection conditions (Indices are permutable, apart from ——
space group No. 205) F7 _ | Point group L
Extinction
hik! Okl hhl 00! symbol |23 m3 432 43m
P——— |F23(195) Pm3 (200) | P432 (207) P43m (215) (221)
P2— -
l { pa,— — P23 (198) P4,32 (208)
P4,32 (213
I=4n |P4—— {m;v Em%}ﬂ
l 1 P——n P43n (218) |Pmfn (223)
kTt 1 Pa — — Pa3 (205)
k+1 1 Pn— — Pn3 (201)
k41 i I Pn—n
23 (197) | | - _ -
h4k+1 k+1 l i I——— {1313 [199)}% Im3 (204) |1432 (211) 143m (217)
h+k+1 k+1 l I=4n |I4—— 14,32 (214)
h+k+1 k+1 2h4-l=4nl |I=4n |I-—d 143d (220)
h+k+1 k.
b L] k.
h+k.h+ Lk+ 1|k - Fm3m (225)
h+kh+Lk+ 1 k. F4,32 (210) —
h4 ko4 Lk+ 1]k F43c (219) |Fm3c (226)
htkoh+ Lk+ Il k+1=4nk,( Fd3m (227)
h+kh+Lk+ 1§ k+1=4nk1 Fd3c (228)




Outras aplicacao de CBED

- Como ja dissemos, usando CBED posso diferenciar alguns tipos de simetria
gue nao seriam possiveis de serem diferenciadas apenas com SAED.

- Por exemplo, entre 3-fold e 6-fold.



3-fold ou 6-fold?







. S
Outras aplicacao de CBED

- O padrao anterior € um CBED contendo uma whole pattern symmetry e um
whole pattern projection na parte mais interna.

- Vamos analisar a simetria desse padrao e tentar definir possiveis grupos
pontuais desse padrao.
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Outras aplicacao de CBED

6mm - Whole pattern projection
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| |
; Table 7.1: Diffraction Groups Table 7.2: Projection
ULrasS apliCaCe _ s rumsmemi” | opaen g
attern
“diffraction bright whole projection || projection bright | whole
group field pattern diffraction || difiraction field | pattern
group group
1 1 1 1R 1R 2 1
1R 2 1 1R
2 2 2 21R
2R 1 1 21R 21R 2 2
21R 2 2 21R
my m 1 mip
m m m mip mig 2mm | m
mig 2mm m mip
2mpmp 2mm 2 2mmiR
2mm 2mm 2mm 2mmig [[2mmig  2mm | 2mm
2gmmg  m m 2mmig
2mmig  2mm 2mm 2mmig
4 4 4 41R
4R 4 2 41R 415 4 4
41 4 4 415
Amgmp  4mm 4 4dmmip
4mm 4dmm 4mm  4mmig |[4mmig  4mm | dmm
4gmmr 4mm 2mm  4mmig
4mmig  4mm 4mm  4dmmig
3 3 3 31 31R 6 3
31p 6 3 31
3mg 3m 3 3miR
3m 3m 3m 3mip 3mip 6mm | 3m
3mig emm 3m 3mig
6 6 6 61
6R 3 3 61R 61 6 6
61Rp 6 6 61R
. . émpmpg 6mm 6 émmiR
6mm - Whole pattern projection B oo few el Jowin e o
6gmmg  3m 3m 6mmip \/
emmiR émm 6mm 6mmig
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Outras aplicacao de CBED

3m > Whole pattern symmetry
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Outras aplicaca = .. ore | s s

and Pmo:F Symmﬂrlu Diffraction Groups and
Pattern _Symmotries

diffraction bright] whole |projection | projection bright whole

group field | pattern | diffraction || difiraction field patiern

group group

1 1 1R iR 2 1
1R 2 1 1R
2 2 2 21R
2R 1 1 21R 21R 2 2
21Rr 2 2 21R
mR m 1 mip
m m m mip mig 2mm m
mig 2mm| m mig
2mpmp  2mm| 2 2mmiR
2mm 2mm| 2mm 2mmiR 2mmip 2mm 2mm
2pmmp m m 2mmig
2mmig  2mm| 2mm |2mmiR
4 4 4 41R
4R 4 2 41R 415 4 4
41 4 4 415
dmgmg  Amm| 4 4dmmip

4mm dmm| 4mm 4mmipg 4mmip 4mm 4mm
4gmmRr  4mm| 2mm | 4mmig
4ammiR dmm| 4mm 4ammip

2w o |3 |3 °| Projection
amp  3m Imip symmetry

3m 3m 3mip
3mig emm 3mig

w

al

61
61R 61R 6
61R

eémmiR
e
6mmip

3m > Whole pattern symmetry




Table redrawn
from B.F. Buxton,
1.A. Eades, J.W.
Steeds, G.M.
Rackham: Phil,
Trans. R. Soc.
london, 281
{1976) 171

Diffraction groups vs. Point groups

emml;
3ml,
6mm
bmamp

This is the other table
you need: relating

itfrereti

point groups:

-3m

&/m

rT.II

m3am

622

&/mmm

23

m3

432

-43

= -.."'.
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Outras aplicacao de CBED

- ApOs nossas analises, temos 2 space groups possiveis:

1)3m

2) m3m

O padrao é do Si que possui grupo espacial Fd3m, isto €, seu grupo pontual é:

m3m,

O que € consistente com nossa analise.



Outras aplicacao de CBED

- Nanodifracao.

Fig. 3. TEM images of the NiQC2 sample. (a) TEM bright field image showing the microstructure of the sample. (b) TEM bright field image at higher magnification showing areas
where electron diffraction analyses were performed. (¢) SAED pattern of area 1, showing the [001] zone axis of the primitive B2 phase. (d,e) Micro-diffraction patterns of areas 2 and
3, showing quasiperiodic patterns. (f) Micro-diffraction pattern taken along the five-fold axis of the quasicrystalline phase.



Outras aplicacao de CBED

- Nanodifracao.

EDS -B2 #1
n
uq Fe N Cu
iU AN
2 EDS - B2 #2
3 i
o
Cu
“/ e A
°o 200 w00 6000 800 10000
Energy (eV)

Fig. 4. EDS mapping and line scan analysis of sample NiQC2. (a) HAADF micrograph showing the region where the EDS mapping was performed (red square). (b) EDS map with the
four elements superimposed; red is Al, green is Fe, dark blue is Ni, light blue is Cu. The arrow shows where an EDS line analysis was performed. (c) Electron diffraction pattern of the
quasicrystalline particle marked with a red star in “b". (d) EDS line scan results. (e) Microdiffraction pattern of the primary B2 cubic phase, marked as B2#1 in *b". (f) Micro-
diffraction pattern of the Cu-rich B2 cubic phase, marked as B2#2 in “b". (g) EDS spectra from B2#1 and B2#2, collected immediately after the microdiffraction pattern analysis
shown in “e” and “f". (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)



Outras aplicacao de CBED

- ASTAR (Phase/orletatlon) mapplng
: / | ® BCC
@ B2

® rcc
¢ Orthorhombic Cr2B

3 d) 111 © o010

o) =

001 101 001 100
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