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Fig. 2-1 A point lattice.



T CELULA UNITARIA

Fig. 2-2 A unit cell.



CRYSTAL SyYSTEMS AND BRrAvAls LATTICES

may occur, as shown by an example in Sec. 2-4.)

(The symbol # implies nonequality by reason of symmetry. Accidental equality

System Axials lengths and angles IB:::;::: l.umc'.
' S T===)
i Simple P
Cubic Three equal axes at right ar;%loos Body-cantered I
b Gy el Face-centered F
Three axes ot right angles, two equal Simple P
Tetragonal n=b=#¢, a=p=7= Body~centered I
Simple P
: Three unequal axes at right angles Body-centered I
KAthehowbi akbste, a=p=7=90F Base-centered C
Foce-centered F
+ | Three equal axes, equally inclined )
Rhombohedral a=b=c, a=f =7 »90° Simple [ =4
Two equal coplanar axes at 120°,
H anicl third axis at right angles Simple P
ES a=b#c, a=p=90° 7 =12°
Three unequal axes .
. Simple P
Monoclinic one pair not at right angles
ARDFEE amFeolP P Base-centered C
Three unequal axes, unequally inclined
Triclinic and none at right angles Simple P

a#b#c, a#p#rr #90°

* Also called trigonal.
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Qualquer reticulado cristalino pode ser descrito por um dos
reticulados de Bravais.

P = Primitivo (Simples)
F = Face centrada

| = Corpo centrado (Interior) —T A
A, B, C = Base centrada 2‘7/
R = Romboédrico Fio. 34 Relation of tetragonsl €

lattice (full lines) to tetragonal P lat-
tice (dashed lines).

"4

O numero de pontos | contribui com 1 atomo por célula
O numero de pontos F contribui com ¥2 atomo por célula
O numero de pontos P contribui com 1/8 atomo por célula




SR Sistemas cristalinos

Existem somente sete diferentes combinacbes dos parametros de
rede. Cada uma dessas combinacgdes constitui um sistema cristalino.

o ‘F:j;ﬁ,‘,':'f/;: Rhombohedral g =6 = ¢
(_U.bIC a = b = .:‘é;:;: o = ‘8 =y J_ g()°
.'-:::;n':
@=pg=y=90 7
e
= Orthorhombic aq # b # ¢
a=fF=vy=90
P G
|
Hexagonal a=b+c oz F;rjl l’
— 0% = (200 el Monoclinic a+ b+
== Ly = 120 J@';ﬁ-,ﬁq: :
i a=y=90"+3
Tetragonal a=b+c

Triclinic a+h+c

a'—;3='y:90°
@ F [ F oy £ o
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SShe Suy Reticulados de Bravais

Bravais demonstrou em 1848 que qualquer reticulado cristalino pode
ser descrito por um dos 14 reticulados de pontos.

L ]
L ] L J L J
0
.
Simple cubic Body-centered Face-centered
cubic (bce) cubic (fec)
F / N
L
L ]
Simple Body-centered Base-centered
orthorhombic orthorhombic orthorhombic
Hexagonal Simple Base-centered

monoclinic

g

Simple
tetragonal

Face-centered
orthorhombic

Body-centered
tetragonal

Rhombohedral

i
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Qualquer ponto do reticulado n&o primitivo pode ser transladado para
um equivalente pelos vetores a, b, ¢ da mesma maneira que 0s
pontos primitivos do reticulado.

"4

b
a
Fic. 2-4. Relation of tetragonal C Fic. 2-5. Extension of lattice points
lattice (full lines) to tetragonal P lat- through space by the unit cell vectors

tice (dashed lines). ab,c.
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SIMETRIA

Possibilidade de 4 operac0es de simetria: L 4
>
) A A
il \
~ L YA, 4 A
Reflexdo; e N\ |7
Rotacao; mp
Inversao:; (a) (b)
Rotacéo inversao. L7
Ay A4 A{

As

() (d)

Fig. 2-6 Some symmetry elements of a cube. (a) Reflection plane. A4; becomes A,.
(b) Rotation axes. 4-fold axis: A4; becomes A,; 3-fold axis: 4, becomes Ay ; 2-fold axis:
A, becomes A,. (c) Inversion center. A, becomes A,. (d) Rotation-inversion axis.
4-fold axis: A, becomes A/ ; inversion center: A} becomes A,.



SIMETRIA

SYMMETRY ELEMENTS

System Minimum symmetry elements
Cubic Four 3 - fold rotation axes
Tetragonal One 4 - fold rotation (or rotation - inversion) axis
Orthorhombic Three perpendicular 2~ fold rotation (or rotation = inversion) axes
Rhombohedral One 3 - fold rotation (or rotation = inversion) axls
Hexagonal One &~ fold rotation (or rotation - inversion) axis
Monoclinic One 2~ fold rotation (or rotation - inversion) axis

Triclinic

None




Indices de Miller: direcSes cristalogréficas

Direcao cristalografica: vetor que une dois pontos da rede
cristalina.

Procedimento para determinacao dos indices de Miller de uma

direcéo cristalografica:

— transladar o “vetor direcdo” de maneira que ele passe pela
origem do sistema de coordenadas.

— determinar a projecdo do vetor em cada um dos trés eixos
de coordenadas. Essas projecOoes devem ser medidas em
termos dos parametros de rede (a,b,c)

— multiplicar ou dividir esses trés numeros por um fator
comum, tal que os trés numeros resultantes sejam 0s
menores inteiros possiveis.

— representar a direcdo escrevendo 0s trés numeros entre
colchetes: [u v w].



A DiregOes cristalograficas : exemplo

Projection on
x axis (a/2)

Projection on
_y] aiis (b) X y Z
I A y projecdes Lxa | 1xb |Oxc
l projecoes em Yo 1 0
termosde abec
v reducdo a minimos 1 2 0
inteiros
notagao [120]

Nota: uma familia de direcdes, por exemplo [100], [100],
[010], [010], [001] e [001] é representada por <100>



fNDICES DE MILLER (Directes)

Fig. 2-8 Indices of directions.



Sot e Indices de Miller: Planos Cristalograficos

Determinacgao dos indices de Miller de um plano cristalografico:

— determinar os interceptos do plano com os eixos do sistema
de coordenadas em termos dos parametros de rede a, b e c.
Se o plano passar pela origem, transladar o plano para uma
nova posicao no sistema de coordenadas.

— obter os reciprocos desses trés interceptos. Se o plano for
paralelo a um dos eixos, considera-se o intercepto infinito e o
Seu reciproco zero.

— representar na forma ( A k/)

Nota : as vezes € necessario multiplicar os trés nimeros resultantes
por um fator comum para assim obter trés indices inteiros.



Ry fNDICES DE MILLER (Planos)

(hkl)

(a) (b)
Fig. 2-9 Plane designation by Miller indices.



Planos cristalograficos

(111) Plane referenced to
origin at point O

(001) Plane referenced to
the origin at point O

Q‘)ther equivalent
(111) planes

(110) Plane referenced to
/origin at point O

\Othef equiva|en_t/
(110) planes

. Other equivalent
¥ (001) planes

Nota: uma familia de planos, como
por exemplo (111), (111), (111),
(111), (111), (111), (111) e (111) é
representada por {111}




L Estruturas compactas — HC

Plano compacto formado por esferas
rigidas (A). Observam-se dois tipos de
intersticios, que sao assinalados como
BeC.

(b) Empilhamento de planos compactos

Empilhamento  de  dois  planos formando uma estrutura HC.

compactos.



L Estruturas compactas - CFC

ﬁ!‘

B
AR s
A A L A
A M L "!f M -

fa) C

Plano compacto formado por esferas rigidas
(A). Observam-se dois tipos de intersticios, que B

sao assinalados como B e C.
A
A / (111) /
[111] / ' - o
B
A

/ 4

Ek Empilhamento de planos compactos
ubic close-packed (CCP) formando uma estrutura CFC.



Fator de empacotamento atomico (FEA)

V,
FEA — atomos

célula

3 3
(5] 4%
- =0,74

a®  (2RV2)




BEScEal Alotropia e polimorfismo

Polimorfismo: fendbmeno no qual um solido (metalico ou ndo metalico)
pode apresentar mais de uma estrutura cristalina, dependendo da
temperatura e da pressao (por exemplo, a silica, SiO, como quartzo,
cristobalita e tridimita).

Alotropia: polimorfismo em elementos puros.

Exemplo: o diamante e o grafite sdo constituidos por atbmos de carbono
arranjados em diferentes estruturas cristalinas.

'

Diamante Grafite
Hibridizacao sp? Hibridizacao sp?
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Fig. 2-4 Relation of tetragonal C lattice (full lines) to tetragonal P lattice (dashed lines).



Bt fNDICES DE MILLER E DISTANCIAS
SRS INTERPLANARES
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(110) (111) (102)
Fig. 2-10 Miller indices of lattice planes. The distance d is the plane spacing.
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INDICES DE MILLER-BRAVAIS

[001]
&

|011]

| (1210)

[010]

(a)

Fig.2-11 (a) The hexagonal unit cell (heavy lines) and (b) indices of planes and directions.
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Fig. 2-12 All shaded planes in the cubic lattice shown are planes of the zone [001].
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= CRISTAIS METALICOS

BCC

Fig. 2-14 Structures of some common mectals.
etc.: face-centered cubic: y-Fe. Cu. Pb, Ni, etc.

Body-centered cubic: a-Fe, Cr, Mo, V,

STACKING OF (0002) PLANES

[001]

(0002)
|-

A

© 3 FACE-CENTERED CUBIC HEXAGONAL CLOSE-PACKED

Fig. 2-16 Comparison of FCC and HCP structures. The black atoms in the FCC drawing
delineate half a hexagon, which is completed on the same plane extended into the next

unit cell below (not shown).

Fig. 2-15 The hexagonal close-packed structure, shared by Zn, Mg, Be, «-Ti, etc.



paeseet CRISTAIS IONICOS

o8 O Ne*  ppico face centradas
@ @

Cubico simples * m/‘ 7
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(a) CsCl (b) NaCl

Fig. 2-18 The structures of (a) CsCl (common to CsBr, NiAl, ordered f-brass, ordered
CuPd, etc.) and (b) NaCl (common to KCl, CaSe, PbTe, etc.).



%fé-//\ CRISTAIS COVALENTES
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(a) Diamond (b) Zinc blende

Fig. 2-19 The structures of (a) diamond (common to Si, Ge, and gray Sn) and (b) the
zinc-blende form of ZnS (common to HgS, Cul, AlSb, BeSe, etc.).

Cubico faces centradas



CRISTAIS ORDENADOS

O

Fig. 2-20 The structure of AuBe, shared by FeSi, NiSi, CoSi, MnSi, etc. It is known as
the FeSi structure [2.2].




T SOLUGOES SOLIDAS

O Cr | O Fe
@ Mo ® C position

(a) ' (b)

Fig. 2-21 Structure of solid solutions: (a) Mo in Cr (substitutional); (b) C in a-Fe
(interstitial).



CRISTAIS MACLADOS

Fig. 2-23 Twinned grains: (a) and (b) FCC annealing twins; (c) HCP deforma

~(111]
twin axis

(111)
twin plane

PLAN OF CRYSTAL PLAN OF TWIN

Fig. 2-24 Twin band in FCC lattice. Plane of main drawing is (110).



PROJECAO ESTEREOGRAFICA

1 cryduan

projection plane

reference
sphere

point of
projection

Fig. 2-26 Angle between two planes.

observer

SECTION THROUGH
AB AND PC

Ps_P

Fig. 2-27 The stereographic projection.



PROJECAO ESTEREOGRAFICA
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Fig. 2-28 Stereographic projection of great and small circles.
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RSk PROJECAO ESTEREOGRAFICA

Paole to {111) face

.. (010) Face

NEDNJ (100
o) 11y
- cio) i
GRR VI * & (111
aZEM ot 01N
Wy E Wy » E
(i) L/ 1) L ow
Pz (1 *

(1003



S PROJECAO ESTEREOGRAFICA NO
T SISTEMA CUBICO

/,/ /\l

/t \ (100) Pole
4 (100) Plane 100) Pole \

(100) Pole and line % /

of sight ‘ i
(100) Plane Basic circle is (100) plane
(A)
/ \ / ,// \
| '|
(10

\(110) Pole /

(11 /
Pole \2\
QA Xy

[100] Direction (110) Plane (110) Plane

(B)
(111) Pole
‘ (111) Plane

[100] D:rectlon

Plane \

/ (110) Pole
-

(111) Plane (111) Plane



e EIXOS DE ZONA [111]

T S
Existem 3 planos {110} que
: | i passam pela d[regao [111]
| Pole /| , Existem, também, 3 planos {112}
N } e seis planos {123}, bem como
[111] - g [111] — iog! um namero maior de planos de
Pole —1 / / 7p | / mais lato indice que possuem o
' / g mesmo eixo de zona.
(110) Plane (011) Plane (101) Plane
[111] zone axis
Stereographic projection
(011) Pole —— N
_ / :} —— [111] Direction
(101) Plane —__ T 7 \
"(170)0 'I\{
‘.\Po!e "‘ /
(011) Plane ——




PROJEGAO ESTEREOGRAFICA NO
SISTEMA CUBICO

L

Fig 9. Simple c1
plane

P Fayrmals for second zone

//

Second zone axis
\/

e

< ==_Face normals for the prism zone

[~ Prism zone axis

1/

vstal showing two zones of faces, their zone axes, and their sets of face normals each lying in a single



PROJECAO ESTEREOGRAFICA
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PROJECAO ESTEREOGRAFICA
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TEE PROJECAO ESTEREOGRAFICA

[001] [001)

Fig. 2-29 Waulff net drawn to 2° intervals.

Fig.8a Fig.8b



PROJECAO ESTEREOGRAFICA

PROJECTION

Wulfl net

S

PROJECTION

PaE

I

N

®F

F1G6. 2-30. Stereographic projection superimposed on Wulff net for measurement

of angle between poles.




PROJECAO ESTEREOGRAFICA

FROJECTION

P®

N

® Fi

Wulff net

Fig. 2-31. (a) Stereo-
graphic projection of poles
P; and P, of Fig. 2-26. (b)
Rotation of projection to put
poles on same great circle of Wulff
net. Angle between poles = 30°.



PROJECAO ESTEREOGRAFICA

FiG. 2-32. Method of finding the trace of a pole (the pole Py’ in Fig. 2-31).

FROJECTION

trace of M

-'—“:-;___-_-_-1

truee of 3 /

Fig. 2-33. Measurement of an angle between two poles () and Py of Fig. 2-26)
by mepsurement of the angle of intersection of the corresponding traves,



et e PROJECAO ESTEREOGRAFICA

P
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anm TN
B oo y ; }‘_ |y
W 1 E \‘ VN A %
" et TI,
H n : ".";u/ A, ¢
B,
40°
B’
I (b)
S

Fic. 2-34. Rotation of poles about N'S axis of projection.

Fi6. 2-35. Rotation of a pole about an inchned axis



T PROJECAO ESTEREOGRAFICA

. A (111) Pole //‘
*{\\150/,/ i/ 7 [100]/ (111) Pole
N [100]/

(A) (8)

» \ // \

{ (111).Pole ' ‘
\ [100] | ' { [160] (1.11) 0'

Before rotation After rotation




PROJECAO ESTEOROGRAFICA
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} Axis of rot "
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After rotation f AW g S frope—=)
of rotasion // / } / rotation ( "—.' \
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[100) Direction after rotation e, before rotation
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e PROJEGAO ESTEREOGRAFICA

Fig. 2-36 Standard projections of cubic crystals, (a) on (001) and (b) on (011).



Fra PROJEGAO ESTEREOGRAFICA

FIG. 1.31 A 100 standard stereographic projection of a cubic crystal
showing additional poles

FI1G. 1.32 A 111 standard projection of a cubic crystal
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T PROJECAO ESTEREOGRAFICA

Too

3130 o712

%13
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001] _* b -
o
[ ] — 123 133
zone
2 FAY 010
Q0 o3 01z 023 ) 032 021 O3
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wos NS 133
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Fig. 2-37 Standard (001) projection of a cubic crystal, after Barrett [1.7].

010

1070

238 Standard (0001) projection for zinc (hexagonal, ¢/a = 1.86) after Barr:



7| DETERMINAGAO DOS INDICES DE MILLER DE UM POLO

d d
P =COBp = —— = R g = —» rFr=COBT = —
‘ k ¢/l

100
(a) (b)
Fic. 2-39. Determination of the Miller indices of a pole.

h:k:l = pa:gb:re.



DIFRACAO DE RAIOS-X

I'requency, Name of Photon
hertz radiation energy, eV
102
1021 Gammil rays j 107
10201 —H106
109 (Hard) 105
1018 - X-rays -t
IOJTL l(Soft} {103
1016~ Ultraviolet 102 =
10151 Z vz 7
10 ! AVisible light !
1018} Infrared ' 1101
10121 ) —H10-2
101 —10~% ——
10101 (UHT) —10¢
10° |- Shortwave  —10-5
108 TV, TN N2, 10 T
107+ v —10-7
L MHz~106 - Standard /broadcast —10-8 %
105k T (LI) 1109
104 - Long wave —{10~10
1 kHz-103} | (VLF) —10-1

Wavelength,
angstroms

10-3—1 X-unit, XU
10-2

101

(=]
1 1 angstrom, A
10 1 nanometer, nm
102
108

107

108——1 centimeter, em
109

1010—1 meter, m

1011

1012

1013-—1 kilometer, km
1014

1018



ONDAS ELETROMAGNETICAS




INTENSIDADE DE RAIOS-X

X-RAY INTENRSITY (relative units)

6
|

3 /|, Ka ™
('harz—l.('terii.\'tiv
radiation ‘
g4 v e ' ‘.
95 1KV continuous
"’I e radiation
3 N\ wi /,./ ;
'K »
‘3 20 »\\<
2 : . : N be
j \\
1k ]
/ / //]0/ \\
SWIL S
() e

1.0 2.0
WAVELENGTH (angstroms)




INTENSIDADE DE RAIOS-X

o

—||=— < 0.001A

INTENSITY (relative units)

KB

Ko

N

L.

\_‘_______

0.4

0.

6 0.8 1.0
WAVELENGTH (angstroms)

0.72




INTENSIDADE DE RAIOS-X

\ (angstroms)
™

3.0 25 20 1.5 1.0 0.8 0.7
80 | 1 |
70
& 60
5
&
S 50
Z
O __Mo
S 40
2
< Ka
30—_Cu
|__Fe
- Cr
B
20 -
10 | | | | |
1.0 1.2 1.4 1.6 1.8 20 22 X10°

Vi (sec?)




R DECAIMENTO DE ELETRONS

% nucleus




DECAIMENTO DE ELETRONS

Y OF ATOM

SRG

ENE

W

K excitation

Ka

KB emission

L excitation

La

K state (K electron removed)

11

of
L

L]

L state (L electron removed)

Ma

M state (M electron removed)

___ N state (V electron removed)

: neutral atom

valence electron removed
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APLICACAO DE FILTROS

1.8 1.2 1.4 1.6 1.8
A (angstroms)

1.6

1.4

1.2

LNAIDIAIHO) NOLLdHOSdY SSVIN
ALISNHLNI AVE-X

A (angstroms)

(b) Nickel filter

(a) No filter

2
T

e ¢ ¢ ® b e
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APLICACAO DE FILTROS

Table 1-1

Filters for Suppression of K Radiation

Filter thickness for

Incident beam* I(Ko) 5 500 Tk s trans
Target Filter I(Ka) I(KB) 1 ——
1(KB) in trans. beam I(Ka) incident
mg/cm?2 in.

Mo Zr 54 ¥ &4 0.0046 0.29
Cu Ni 7.5 18 0.0008 0.42
Co Fe 9.4 14 0.0007 0.46
Fe Mn 9.0 12 0.0007 0.48
Cr V 8.5 10 0.0006 0.49




TR TUBOS DE RAIOS-X

copper vacuum glass

tungsten filament /
eaolin ///////k

beryllium window X-rays metal focusing cup

N
L//// 7% 3 7 7 j

Wz 77 2 & Y i

Fig. 1-15 Cross section of sealed-off filament x-ray tube (schematic).



Bt TUBOS DE RAIOS-X

x-ray tube

B
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L

high-voltage transformer
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—_—

_ ground

antotransformer rrmmo‘\l
110 volts AcC

v

filament
transformer

filament =
rheostat

Y
110 volts Ac
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DIFRACAO DE ONDAS
ELETROMAGNETICAS

DVD HD DVD Blu-ray

| =400 nm | =200 nm | =150 nm
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SRR DIFRACAO DE ONDAS

ELETROMAGNETICAS
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Diffraction Mechanism
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Wé/f//\ DIFERENCA DE TRAJETQRIAS DE
SRRRERS ONDAS ELETROMAGNETICAS




Wé/f//\ DIFERENCA DE TRAJETQRIAS DE
SRR ONDAS ELETROMAGNETICAS




L %//‘ LEI DE BRAGG

plane normal ) 4

OK — PR = PKcos @ — PKcos 0 = 0.

ML + LN = d' sinf) + d’ sin 0.

nst = 2d’ sin 0.




L %/‘ LEI DE BRAGG

1 1 1 1
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e DIFRATOMETROS

Configuracédo Bragg-Brentano 0 - 20

A lei de Bragg pode ser usada de duas maneiras:

a) Analise estrutural

« Raios-X de comprimento de onda A
conhecido (monocromatico) permitem medir
0 angulo 6 de difracao e determinar o
espacamento d entre planos cristalinos.

b) Espectroscopia de raios-X
« Usar um cristal de com espacamento
interplanar d conhecido e medir o angulo 6
de difracdo e assim determinar o
comprimento de onda da radiacdo emitida.






DIFRATOMETRIA

Fic. 3-9. Rotating-erystal method.

Fic. 3-10. Rotating-crystal pattern of a quartz crystal (hexagonal) rotated
about its c axis. Filtered copper radiation. (The streaks are due to the white radi-
ation not removed by the filter.) (Courtesy of B. E. Warren.)




e METODO DE LAUE PARA MONOCRISTAIS

(a) (b)

® -
[ 4
Fic. 3-8. Stereographic projection
of transmission Laue method.
s "
§
. o




Eraey CONES DE DIFRAGAO
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A CONES DE DIFRAGAO
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point where
incident bheam
enters (20 = 180°) —~ v 20 = ()°
"': \b
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Fi6. 3-12.  Debye-Scherrer powder method: (4) relation of film to specimen and
incident beam; (b) appearance of film when laid out flat.



S CONES DE DIFRACAO

(a)

(b)

()

Fic. 3-13. Debye-Scherrer powder patterns of (a) copper (FCC), (b) tungsten
(BCC), and (c) zinc (HCP). Filtered copper radiation, camera diameter = 5.73
cm.



TIPOS DE MATERIAIS

INTENSITY

crystal

INTENSITY

liquid or amorphous solid

INTENSITY

monatomic gas

—1

90 180
DIFFRACTION (SCATTERING)
ANGLE 26 (degrees)




A3-1 PLANE SPACINGS

The value of d, the distance between adjacent planes in the set (hk/), may be found

from the following equations.

: 2 2 2
Cubic: ] = Bk A

d* a*
I W kr 17
Tetragonal : = ot " + =
2 2
Hexagonal : LI o foals hl; . .
4% 3 a
Rhombohedral :
a1 sin2 o + 2(hk + kI + hl)(cos® « — cos a)
d> a*(1 — 3 cos? o + 2 cos> a)
2 2 2
Orthorhombic: JIE = % l;—z + 2—2
2 2L i 2
R ompliies 3 TR </l_ s k* sin ¢ [ 2hlcos B

a* b* &



APPENDIX 10
QUADRATIC FORMS OF MILLER INDICES

Cubic Hexagonal
hicl
h2 + k2 4 2 : Fage= Body- . h2 + hk + k2| hk
Simple Diamond
centered centered
1 100 1 10
2 110 SR A 110 2
3 111 111 S e 111 3 11
4 200 200 200 4 20
5 210 5
6 211 211 é
7 7 21
8 220 220 220 220 8
9 300, 221 9 30
10 310 A% 310 10
11 311 311 o e 311 11
12 222 222 222 12 22
13 320 13 31
14 321 321 14
15 15
16 400 400 400 400 16 40
17 410, 322 17
18 411, 330 SRS 411, 330 18
19 331 331 L 331 19 32
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Difracao
PICOS| 2+0 o| /180 r11*6| sino| (sin6) X1 X2 X3 X4
pico1| 445| 22,25]|0,0175] 0,3883] 0,3786] 0,1434 1,0 2,0 30 4,0
pico2 | 51,8 25,9]0,0175] 0,4520] 0,4368] 0,1908 1,3] 2,7 4,0 5,3
pico3 | 76,4 382]0,0175|0,6667| 0618403824 27| 53 8,0 107
pico4 | 92,9 46,45|0,0175]| 0,8107|0,7248{0,5253] 37| 73] 11,0 147
pico5| 984| 492]0,0175]0,8587[0,7570[0,5730] 4,0 80 12,0 16,0
pico 6 | 121,9] 60,95| 0,0175| 1,0638] 0,8742] 0,7642] 53] 10,7 16,0 21,3
nA=2dsind n=1  A’=4d’sin®0 A2/(4*sin*0)=d’

CS
CCC
CFC

n’A’=4d%sin’0

d?=a?/(h*+K*+P)

1,2,3,4,5,6,8,9,10,11,12,13,14,16
2,46,8,10,12,14,16
3,4,8,11,12,16

mas

e 2%/4a°

n’A’=4a’/(h*+k*+1%)sin’0

€ sempre inteiro

é constante para cada padrao

.....

sin0=(\*/4a%)(h*+k*+1%)




ESPECTROMETRIA DE RAIOS-X

ENERGY OF ATOM

Wi

Wi

Wy

K state (K electron removed)

K excitation

I
L{ 11
E— 1L

L excitation

L state (L electron removed)

M state (M electron removed)

N state (N electron removed)

valence electron removed

neutral atom

Bombardeamento de amostras com feixe de elétrons
havera emissao de raios-X caracteristicos dos elementos
constituintes da amostra




ESPECTROMETRIA DE RAIOS-X
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L ESPECTROMETRIA DE RAIOS-X

As emissoOes caracteristicas de cada elemento tém uma energia associada.

E possivel identificar os elementos pela separacao dos canais de energia.

» Ejected Orbital
/’ Electron

Incident ®
Electron

“®gcattered Primary
Electron

Electron Relaxation
and Photon Generation

/ \ g X-Ray Photon
L Emitted
K Photon
Internally
Converted
A and Auger QO

Electron
Emitted

K Excitation

Ko

Increasing Energy ——»

L Excitation

K Electron

Removed

Kp Emission

L-Electron
Removed

M-Electron
Removed

N-Electron
Removed

Valence
Electron
Removed



ESPECTROMETRIA EDS DE RAIOS-X

Si {Li) Detectar

Si (Li} Detector

LN To Preamp
Dawar le Beam
i
: Objective Lens
Pole Piece
Preamp——| — 3 ) Be-ryltium
- 1\\ Cold Finger Wmduw/”
! : Sample X-Rays
Motor Horizontal | Adapter
Crank  Adjust Flange (b)
Vertical
Ad|ust Position
Indicator
Adjustable
Limit Stop
(Cencealed)
(a)

Dispersao de energia



et ESPECTROMETRIA EDS DE RAIOS-X

Label A: Inclusao proxima a trinca

FEK

oK

AlK

1.00 2.00 3.00 4,00 5.00 6.00 7.00 8.00 9.00



Wfé-//‘ ESPECTROMETRIA WDS DE RAIOS-X

20.0 P T
10.0 2 K(II —
Lei de Moseley: g °F -
£ La,
~<
i =
A=B/(Z-C)?,onde B 10 My 3
3 0sf \ -
_ 3
A - comprimento de onda = |
B, C - constantes diferentes para K, o1 | ;
L, M 0.05 | ]
Z - numero atomico 00p Loadcd 1
2 5 10 50 100

A=1,2396/E

Atomic Number Z

Dispersao de comprimento de onda



: ‘2____',‘4“tr6metro por dispersao de comprimento de onda - WDS

Electron

Rate
Meter

Scaler

Computer
and/or
CRT
Display

Recorder or CRT Display



)ISPERSAO DE COMPRIMENTO DE ONDA - DIFRACAO

Receiving
slits

Fully focusing crystal

Lei de Bragg nA = 2dsen® Geometria do WDS



ESPECTROMETRO WDS

CRYSTAL CHANGE MECHANISM

LINEAR GUIDANCE SYSTEM

CRCR R

SLIT POSITIONING MECHANISM

10
11

12
13

Electron Beam
Proportional
Counter

Focusing Circle

Analyzing
Crystal o~
r=dL Specimen
a "R
) Electron Beam
Proportional
Counter ‘ Focusing Circle
;’;iggfgxcommnw Ana|yZil'IQ Solid-State
X-RAY PREAMPLIFIER
E:;g S\EZEEAS;S:ANISM Crystai x-ray Detector
RECEIVING SLITS Specimen

SPC DETECTOR —_ g L
A= R



