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SUPERMAN'S X-RAY VISION
PENETRATES THE PENITENTIA
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Difracéo de raios X

DANIEL ATENCIO



Utilidade:

Desde a simples identificacao de
substancias cristalinas, ate a
determinacao da posicao de cada
atomo na estrutura
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Ruifrancoita,
Ca2(],Mn2+)2
(Fe3+,Mg,Mn2+,Fe2+,Al)4Be4
(PO4)6(OH)4(OH,H20)2-4H20




Cyrilovita -
NaFe3+3[(OH)2|PO4]2-2H20
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Ws1lento - File: Silento.RAW - Type: 2Th/Th locked - Start: 3.00 ° - End: 80.00 ° - Step: 0.02 ° - Step time: 5. s - Temp.: 25 °C (Room) - Time Started: 36 s - 2-Theta: 3.00 ° - Theta: 1.50 ° - Phi: 0.00 ° - Aux1: 0.0 - Aux2: 0.0 - Aux3:
@85-1315 (C) - Cyrilovite - NaFe3(OH)4(P0O4)2(H20)2 - Y: 50.00 % - d x by: 1. - WL: 1.54056 - Tetragonal - a 7.31300 - b 7.31300 - ¢ 19.31500 - alpha 90.000 - beta 90.000 - gamma 90.000 - Primitive - P41212 (92) - 4 - 1032.97
[®]11-0355 (l) - Roscherite-M - (Ca,Mn)3Be3(PO4)30H3-2H20 - Y: 50.00 % - d x by: 1. - WL: 1.54056 - Monoclinic - a 15.972 - b 11.934 - ¢ 6.622 - alpha 90.000 - beta 95.25 - gamma 90.000 - Base-centred - C2/c (15) - 4 - 1256.9
m85-2147 (C) - Muscovite 2M1 - (Na0.37K0.60)(Al1.84Ti0.02Fe0.10Mg0.06)(Si3.03A10.97)010(OH)2 - Y: 50.00 % - d x by: 1. - WL: 1.54056 - Monoclinic - a5.174 - b 8.975 - ¢ 19.76999 - alpha 90.000 - beta 95.2 - gamma 90.000
E86-1386 (C) - Muscovite 2M1 - K0.94AI1.96(Al0.95Si2.85010)((OH)1.744F0.256) - Y: 50.00 % - d x by: 1. - WL: 1.54056 - Monoclinic - a 5.18050 - b 8.99400 - ¢ 20.08600 - alpha 90.000 - beta 95.740 - gamma 90.000 - Base-ce
[m]82-2452 (C) - Muscovite 2M1 - (Na0.37K0.60)(Al1.84Ti0.02Fe0.10Mg0.06)(Si3.03AI0.97)010(OH)2 - Y: 50.00 % - d x by: 1. - WL: 1.54056 - Monoclinic - 2 5.130 - b 8.886 - ¢ 19.241 - alpha 90.000 - beta 95.5 - gamma 90.000 -
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1912 — von Laue — interagéo
raios X - cristais




Interferencia:
as ondas produzem efeitos de
Interferencia quando difundidas
por objetos separados a distancias
equivalentes ao comprimento das
ondas.
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Experimentos de Laue:
calcantita — triclinico

Einkristall

depolis: cristals cubicos
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Crystalline solid screen

' — Spot from incident beam
\ Spots from diffracted X-rays
\ Photographic plate
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Producao de raios X:
Tubo de raios X:

tipos de metais utilizados:

Mo, Cu, NI, Co, Fe
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Difracao de raios X em reticulos
cristalinos:

diferenca entre reflexao da luz por um espelho e reflexao dos
raios X por uma camada de atomos do crlstal
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W.H. Bragg ond his X-ray spectrometer at
University College, London.
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KING WILLIAM'S COLLEGE 1833-1983
Bir Willinm Bragg OM Nobe! Prise Winner
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Bragg e Pauling



Scanned at the American
Institute of Physics

Bragg, Laue, Fankuchen









Metodos:
PO
Camara Debye Scherrer
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Preparacao do material
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Preparacao do material:
PO prensado em lamina.



Difratometro de raios X
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Difratograma de raios X

QUARTZ

Py 3.344
NS

4,260
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2-Theta -Scale
BAIQUARTZ - File: Quartz.raw - Type: 2Th/Th locked - § tart: “%.000 * - ErA: 90.000 ° - Step: 0.020 ° - Step time: 10.0's - Temp.: Room - Time Started: 05 - 2-Theta: 18.000 °* - Theta: 9.000 ° - Chi: 0.0
A1) QUARTZ - Left Angle: 25.980 ° - Right Angle: 27.440 ° - Left Int.: 34.957 Cps - Right Int.: 34.414 Cps - Obs. Max: 26.628 ° -d (Obs. Max) 3.345 - Max Int.: 23625.912 Cps - Net Height: 23591.
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Intensity (counts)

pUS EPA [XRD|Administrator] cc\DATAS CAN\DATAO1> Wadnesday, Feb 08, 2002 04:13p (MDLUJADEY
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50/50 CALCITE - ARAGONITE MIXTURE

RANDOMLY ORIENTED AGGREGATE MOUNT
Cu Ko




Resultado final da analise quantitativa de corindon,
ﬂuorlta zincita e um v1dro
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Lewisita
Hussak & Prior (1895)
CaSb>",5(Sb*", Ti*),06(OH), com Sb>*:Ti*" = 1:1,

cubicc

Dadios ae difratometria de raios X para lewisita de

Tripui, Ouro Preto, Minas Gerais.

Ficha 7-66

dobs. (A) Tobs (%0) dobs (A) Tobs (20) hkl deaic.(A)
5,794 7 5.84 _ 20 111 5,953
3,069 o 3,08 30 311 3,109
2,9394 o7 2,94 109 A 2,9765
| 2,5415 22 255 30 400 2.5777
| 2,3656 3 | 331 2,3655
| 1,9710 (&3 1,966 30 511 1,98449
1,8097 32 1.813 100 440 1,8227

1, 7328 13 1,734 30 531 1,7429
1,5655 4 533 1,5724
1,5434 100 1,548 100 622 1,5544
1,4782 6 1,483 30 444 1,4883
1,438% » 10 1,438 30 551 1,4438
1,3364 12 1.337 30 731 1,3424
1,2832 19 1.284 : 30 800 1,2889

a10,311(7) A, V1096,23 A3



Interpretacao:
JCPDS-ICDD

33-1161 x
Si0, dA Int hk{ dA | Imt { WKL
o : 4.257 22 1100 1.1532 1 |31
Fcon Ouide a2 |00 [101 11305 | <t {204
%
Quarts. ya | s | 8l |t | 2 [o02
Rad. CuKa, A 1540598 Filter Mono. d-sp Dill 2237 4 L 10635 | <) 1400
Cut off Int. Diffsactometer . in, 16 2177 6 200 1 0476 1 ios
Rel. Natl Bur. Stund. (U.S ) Monegr. 25, 18 61 (1981) 19792 4 101 io13s b o< Lol
18179 | 14 112 10347 | <t |214
Sys. Hexagonal S.G. 321 (154) 1.8021 | <1 |00} 1.0150 1 §223
®4913%2) b ¢ 540534 A C 11001 1.6719 4 1202 0.9898 1 [402
a ] Z) mp 16591 | 2 |10} 09873 | 1 |313
Rel. tbwl L2 1 <1 210 09783 | < |34
" . 1.5418 9 |21l 0.9762 1 1320
», 2.65 D, 2.66 SS/FOM F=77(.013.31) 1.4536 1 L 09636 | <1 1208
e« nf 1544 ry 1553 Sign + 2V 14189 <l {300
Color Colosless 1.3752 7 1203
Patern taken ab 25 C. Sample from the Glass Section at NBS, Guithers- 1.3718 8 {301
burg. Maryland, USA, ground single cystals of opical quality. Patiern se- | 12880 2 114
viewed by Holzer, )., McCanthy, G.. North Dahota State University, Fargo, | 1.2558 2 1302
Noeth Dakote, USA, ICDD Grant-in-Aid (1990). Agrees well with expen- | | 2285 1 {220
mental and caloulsted potierns. O,Si type. Quanu group. Also called: sibica. { 1999 2 1213
Also called: Jow quartz. Silicon used as iniemal standard. PSC: hP9. Tore- | 1.1978 1 |221
place 5490 and valikued by calculated pattem. Plus 6 akditional ¢eflec- 1.1843 3 1114
tons 1o 0.9089. 11804 3 1310




Determinacao de estrutura
cristalina







X-Ray generator

collimator

ARD

Figure 1. Schematic Diagram of breadboard CHEMIN in.ﬁtrurnenl,
showing simultaneous XRD/XRF data.



Principais aplicacoes:
- Determinacao qualitativa de minerais;

Determinacao semi-quantitativa
(proporcoes relativas de minerais
numa amostra)



-Composicao de series iIsomorfas
(plagioclasio, olivina, granada)
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-Determinacao estrutural
(parametros de cela, grupos

)
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-Estudo de filossilicatos

W—ZFa21540 FEERE (2)

1494
A) Ca-saturated
| 2954
J 4935 3.69A
TH4AE
R o) -
14 45
287
- B) Mg-saturated
l 3594
J 14.794 2394
: 20548
| 1204
/ C) Na-saturated
2954
k‘ S.94 4 J’L
D) K-saturated
1034
3384
e W = ARt
1 T T 1 1
10 20 30 40 50 60

28 {(CuK a)! DEGREE



-Minerais de alteracao







Bibliografia: Bloss, Bunn, Dana,
Técnicas Analiticas...
Malis profundos: Buerger,
Azzaroff, Reviews In
Mineralogy.



O que esta no guadro... O gue o professor ve...

F(3%X~2 . 5X) =
6X.5X + (3X~2).5 =
30%X~2 + 15%~2 5

O que os alunos veem... O gue os alunos estdo entendendo...
A3 -2 =05

BENVED, MANHEE,

BEOXR N ZHBRT S

BUEE, wEE

O gue vai cair na prova... A nota da galeral!! 0.8
(X-=(U+W)X-(WwWu+wvX-(wu+
wv)] = [X - (U + V][X - (WU + W2V)](X -
(W2U + WV)] = [X - (U+V)] (X2 -
(WU+W2V +W2U+WV)X+(U2 +Ww2uv +wuv
+V2)]) = (X = (U +V)])(X2 - (U + V)(W +
W2)X + U2 = UV + V2] =X3

((U+V)+ U+ V(-2 ]2+
((U+V)2(-2)+U2-UV+V2]X~
(U+VI(U2-UV+V2) =

X3-3UuV+(U3+V3)




