Figure 1. A crystal of almeidaite (23 x 22 x 6 mm).
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CHEMICAL DATA

Chemical analysis (5) were carried out using an electron microprobe (EDS mode, 20 kV, 600
pPA. 300 nm beam diameter). F. Na. Mg, Al P, Cl. K. Sb and REE heavier than La are below
detection limits. H,O was determined by gas chromatography of products of ignition at

1200°C. CO; was not determined because of the absence of absorption bands corresponding
to vibrations of C-O bonds in the IR spectrum. Analytical data are given in Table 1.

Table 1. Analytical data for almeidaite,

Constituent wt% Range SD Probe Standard
CaO 0.12 0-0.27 0.10 Wollastonite
SrO 0.69 0.49-0.88 0.14 SrSOy4
PbO 7.13 6.51-7.68 0.44 PbTe
MnO 2.64 2.25-2.85 0.21 Mn
Zn0O 6.26 5.93-6.43 0.18 Zn0

Fe,05* 22.83 21.99-23.62 0.64 Fe
Y,0; 2.81 2.09-3.55 0.61 YPOy,
La,0; 0.25 0-0.48 0.13 LaPOy,
TiO, 56.10 55.33-56.80 0.64 TiO,
H,O 0.4(1)

Total 99.23

*According to Mdssbauer data, all iron is trivalent.




The empirical formula (based on 38 O apfu) 1s
H{].SJ(PbO.SQSfU.IJC‘aG.OiLa{J.DS)E[i.TSZH1.43(I\’h]ﬁ.ﬁgYCI.46)E].15(Til3.EEFE'SJr:‘«.EE'a)EIS.B_“’OSS-
The simplified formula is PbZn,(Mn.Y)(T1.Fe’")1s03-(OH,0). The end-member formula is
PbZn,MnTi;Fe’ s03-(OH), which requires PbO 11.72, ZnO 8.55, MnO 3.73, Fe,0; 20.97,
T10, 54.56, H,O 0.47. total 100.00 wt%.
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Table 6. The main components in different sites of crichtonite-group minerals.

: Sites _
Mineral MO(4) | MUB) | MXT) M3-5(C) Moo |
Landauite NaPb  |MnY | Zm (TiFeNb) | (O-OH)ss 1]
Loveringite CaREE | ZrFe (Mg.Fe)s (TiFe.Cr.Al)g O3 [2]
Lindsleyite Ba.K ZrFe (Mg.Fe)y | (Ti.Cr.Fe)ig Oss [3]
Mathiasite f“M‘B“'S ZrFe  |(MgFe) |(TiCrFe)is | O [4]
Davidite-(La) La.Ce.Ca |Y.REEU |(FeMg), |(TiFe.CrV)yg |(0.0H)s [5]
Davidite-(Ce) | Cela Y.REEU | (FeMg), |(TiFe.CrV)iz | (0.0H)s;s [5]
Crichtonite Sr.Ba.Pb Mo (Fe.Zn); | (Ti.Fe)sg O35 [6]
Dessauite-(Y) | St.Pb YU (Fe.Zn); | (TiFe )y O 7]
Senatte Pb.Sr Mn (Fe.Zn)y | (Ti.Fe)ss (0.0H)sg 8]
gff;’“m“m““f' Pb,St YMn |(FeZn)y | (TiFe) O3 [9]
Cleusonite Pb.Sr uruT (Fe " Zn); | (TiFe Fe' )ig | (0.0H)sg [10]
Paseroite Pb.Sr Mot (Mn.Feg_}: (V.TLOFe ) Os3 [11]
o . (Mety g
L T A7 1 1 . . 3 4 3. '2
U-senaite (Pb.0)ozs | Unas Met 34 Tl[:._gng[;_g}f. g Mets | [12]
o - MngpsYp TijsaFe 44 (Fe. This
Almeidaite Pb.Sr.] 4 Inys Mn* g, (0.0H)ss | Mn)gs | work

*1: Grey and Gatehouse (1978): 2: Gatehouse et al. (1978): 3: Zhang et al. (1988): 4: Gatehouse et al. (1983); 5: Gatehouse et al. (1979): 6: Grey
etal. (1976): 7: Orland: et al. (1977): 8: Grey and Lloyd (1976): 9: Orlandi et al. (2004): 10: Wulster et al. (2005); 11: Mills et al. (2012); 12:
Armbruster and Kunz (1990).
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1.008 4. 003
s 6 |7 8B % 10

- Part of the modern PERIODIC TABLE B C N O F Ne
' showing atomic {proton) numbers AND [19:£112.0114.01 16.0019.00 20.18

. . . [ 14 16 17 18
the elements’'s relative atomic mass | 2 M (18 16D
Al Si|P S Cl Ar

 |26.9828.0030.97 32.07 35.45 39.95
w | 2 2 |28 26 [ 27 |28 [ 20 [30 |30 32 |33 34 35 36
Ca| Sc|Ti Cr [Mn| Fe |[Co Ni [Cu Zn Ga Ge|As Se Br Kr
40.08/44.96 158.93 58.71/63.55 §5.3969.72 72 61|74.92 78.96 79.90 83 80
w30 42 [ 43 | 44 | 45 |46 |47 |48 | 40 S0 | st | 52 s3 0 s4
Sr| Y |Z Mo |Tc|Ru |Rh Pd |Ag Cd In Sn|Sb Te 1 Xe
87.62/88.91 95.94| (99) [101.1/102.9106.4(107.9/112.4/114.8 118.7/121.8 127.6 126.9 131.3
56 | 57 4|75 | 6 | 7T | 7R [ 79 | 80 | 81 B2 | 83 | 84 | 85 86
Ba | La Ta|W |Re|Os |Ir Pt [Au |Hg | Tl Pb|Bi Po At Rn
137.3(138.9 0]183.8186.2]1190.2192.2 195.1/197.0/200.6(204.4 207.2(209.0 (209) (210) (222)
83 ; 89 the top number is the atomic or proton number.

Ra | Ac the bottom number is the relative atomic mass.
EEE.DEEE?.G {which used to be called the "atomic weight")




- calcopirita




Chalcopyrite CuFeS,

halcopyrite has a very similar structure to sphalerite. Cells with iron atoms (orange) alternate with cells

ontaining copper (blue). This double cell means chalcopyrite is tetragonal, but the fact that the unit cell

onsists of two cubes means chalcopyrite mimics cubic forms very often. In particular it can occur as
pseudo-tetrahedra (actually tetragonal disphenoids, but they look exactly like tetrahedra.)




Passo 1
Calculo da proporcdo atomica de cada elemento presente:

% elemento/ peso atémico

Peso
Atomico do | Proporgoes
Calcopirita | % em peso | elemento | Atdmicas
34.3 63.55 0.53973
30.59 55.85 0.54772
34.82 1.08609




©1 358 Encyzlopaedia Britannica, Inc.

( Te‘rmedros de SiO,* e octaedros de Mg/ Fe c‘ompar'fllham O

s sitios M1 formam cadeias de octaedros distor. (compartilham uma
dresta), // c. Os sitios M2 fixam-se nas laterais das cadeias de M1.




E Objetivo:

|H’

B ¢ Obter a “formula quimica real” de um

5 determinado mineral a partir de sua analise
quimica.
I.e., encontrar a resposta para a seguinte
questao: ao obtermos uma analise quimica
geral, expressa em porcentagem de oxidos,
como escreveriamos a formula quimica

desse mineral? Quantos atomos/cations

estariam, em média, associados aos 4tomos 4
de 027




SILICATOS ‘
FORMULA GERAL

X, Y, (Z, Og) W,

Na* =8 -6 Fe2+/3+= 6 Si“[= 4 OH-

Ca>*= 8 -6 Mg?*= 6 Al*= 4 F-

K+= 12 - 8 Ti4*= 6 Cl-
Mn2+= 6

| AP = 6




SILICATOS

Sub-classe |p |Z:0 Exemplo |Formula
Orto (neso) 4 1:4 Forsterita Mg,SiO,
(olivina)
SOro 3 1:3,5 | Melilita Ca,Mg|Si, 0]
ciclo 2 1:3 berilo Be;Al,Si Oy
ino 2 1:3 diopsidio CaMg[Si, O]
DIroxénios
INO 1,5 [1:2,75 |tremolita Ca,Mgs| Sig05,](OH),
Anfibolios
Filo 1 1:2,5 |muscovita |KAL[AISI;O4,](OH),
Técto 0 1:2 ortoclasio | K[AISi;Og]

p= numero de vertices “livres”
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Exemplo de uma analise quimica de
um mineral

»S

Analise quimica ... ... de uma olivina

Oxido %

SI0, 39,41

FeO 16,46

MnO 0,21

MgO 43,27

Cal 0,23

5 99,58
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e Trata-se de uma OLIVINA, um

ORTOSSILICATO, cuja formula geral &
Y,ZO,, onde Y € o sitio cristalografico a

ser ocupado por ions de coordenacao
octaédrica (N.C. 6) e Z é o sitio

cristalografico a ser ocupado por ions
q it F "
E  de coordenacao tetraedrica (N.C. 4).

" 1




. A
v PR

A~
P,
-

e 5

§ o Ent3o, para respondermos a questo, é

necessario recalcular a analise em

# termos relativos de atomos, ao invés de
porcentagens de massas de oxidos.

T

e A tabela seguinte indica, passo a passo
(ou “coluna a coluna”) como o calculo

dos sitios de ocupacao é efetuado.
) X S N O

:
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Calculo da formula do mineral e sitios de
ocupacao para uma olivina.

Oxido Massa molecular | 1 - % oxido
(resultado da
analise)

510, 60,09 39,41

FeO 71,85 16,46 Dados de
partida

MnO 70,94 0,21

MgO 40,32 43,27

56,08 0,23

99,58




Molecular weights of some oxides and factors to convert them to elements by weight.

| Oxide | Mol. Wt. | Factor || [ Oxide|| Mol. Wt. || Factor |
ALO; [101.96128]0.529251] [MaO, [86.9368 |0.631930
As,0;[197.89  [0.7574 | [Mn;04228.8116 [0.720304
Aw,0 [100.03  [o9610 | [MoO; 14304  [0.6665
B,0; [69.6182 (0310551 [NayO |l61.97894 |0.741857
BaO 153.3394 [0.895660| |[NbyOs[265 8098 || 699044
B0 2501158 [[0.360320| |Nd,0,[336.4782 [0.857351
CO, |44.0098 [0.272916) o [[74.7094 [0.785845|
[Ca0 [56.0794 0.714701]| [[p,05 [[141.94452][0 436421
Ce0, |172.1188 j0.814089) |ppo [[223.1994 [[0.928318]
Cey05328.2382 0.853770|| |[Pr,05 ([329.8136 [0.854469
[Co0 [74.9326 [0.786483|| [Rb,0 [186.9350 |[0.914412 | I
Cry05|(151.9902 (0.684202|| |[g0. 200522 |0 40045¢ HfO, |1210.4888 ||0.847979
CS:D 281.8102 (|0.943226 Sb'_\DS 201 4082 (|0 835340 HD_?D; 377 8588 |([0.872973
(CuO 795454 [0.798865| 5.0 [137.0100 [065196¢  [KpO 941954 [0.830147
0. 1372 9 = -
Dy205]372.9982 0871318 ISi5, |le0.0848 0467435 |[LayOs [325.8092 |[0.852680
Ery0; [[382.5182 [0.874520]| | — :
|E_D st Josonsd Smy03|348.7982 [0.86239C  lI5,0 |29.8814 ||0.464570
e 2R A gho, |lis 78765
Eu,0; [351.9182 [0.863610 0 |190.68%8 OTETER Luy0; [397.9382 [Jo.879383
S 5r0  [103.6194 [0.84559% 10 103022 b 60s0se
71 846 777 Mg 40.304- .
[Fe0 |[718464 J0.777311 Ta,05 ([441.8928 [0.818967 — ————
Fe,0; [[159.6922 [0.699433 MnO ([70.9374 ||0.774457
Tb,0; |[365.8490 [|0.868803
Gay0;/[187.4382 [[0.743925 =
ThO, |264.0369 |0.87880,
Gdy05(362.4982 {[0.867591| |=——=
TiO, |[79.8988 ||0.5993508
GeO, |[104.5858 [[0.694051]| |= -
Ti0; |[143.7982 [|0.666211
H,0 [18.0152 [0.111694 -
Tm;y0;|[385.8666 ||0.875609
[HFO, (210 4888 [0847979] [=—mr——=

|[Lmy U3 385. 8600

” fa0UY

U0,

270.0278

0.881498

U350

£§42.0822

0.848002

V405

181.8798

0.560166

WO,

231.85

0.7930

Y503

2558100

0.787440

Yb,0;

394.0782

0.878201

InC)

81.3794

0.803397

ZI’D 2

123.2188

0.740309




.

Como fazer?

e Os resultados da analise quimica,
expressos em % de oxidos, ja sao
conhecidos (transcritos na coluna 1).

e O primeiro passo é calcular a
quantidade em mols para cada oxido

presente, dividindo-se a coluna 1 pela
massa molecular respectiva.

* o Os resultados sao escritos na coluna 2.




Massa
molecular

60,09

71,85

70,94

40,32

56,08




Podemos escrever a formula
quimica desta olivina como:

(M3, 435F€0 350C30 006MNg 005) Sii 00104

Ela € uma FORSTERITA




Exercicio: Calcule os sitios de ocupacao e
forneca a formula quimica do mineral com a
seguinte composicao

% (m/m)

57,73
12,04
1,16
5 41
0,10
13,02
1,04
6,98
0,68
227
100,43




Trata-se de um anfibolio

Formula geral: AX,Y:Z,0,,(OH),

A = sitio cristalografico de N.C. 12
X = sitio cristalografico de N.C. 6-8
Y = sitio cristalografico de N.C. 6

Z = sitio cristalografico de N.C. 4







Massa molecular

1

% oxido

60,09

57,73

101,94

12,04

159,70

1,16

71,85

5,41

70,94

0,10

40,32

13,02

56,08

1,04

61,98

6,98

94,20

0,68

18,02

2,27

100,43




Formula geral de um anfibolio: [AX,Y:Z;0,,(OH),]

Formula do mineral:

Ko,117 (Na; g25 Cag 150 ) (M35 617 Als 700 F€0 610 F€0,118 MNg 011)
(Alg 214 Sl7 786) 025 (OH); ¢4

A formula é proxima a do glaucofanio:
Na,(Mg, Fe?*); Al, SigO,, (OH),



Oxygen

Calcium

Fluorine

PO

4

Fluorapatita

Cas(POs)sF

CaO 55.60% em massa

P>0s542.22%
F3.77%

Massa Molecular:

Ca056.08

P,Os 141.94
F 19.000




Fluorapatita
Cas(POy)sF

Ca0 55.60% em massa
P>0542.22%
F 3.77%

-O=F -1.59%

Total 100,00%

Massa Molecular:
CaO 56,08
P>Os141.94

F 19.000

O 16.00|
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Fluorapatita
Cas(POy)sF

Ca0O 55.60% em massa

P>0Os542.22%

F 3.77%

-O=F -1,59%

Total 100.,00% 2F 38,00
10 16,00

1\--1:.15_453 I_\--Iolec-ular: 38,00 : 16,00 = 2,375
CaO 56,08

Pﬁ(:)s 141.94 3,77 1 2,37 SN
F 19,000

0 16.00|

NS
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Cloroapatita
Cas(PO4)3Cl

CaO 53.84% em massa
Pg(:)j —10.,89{}{}
Cl16.81%

Massa Molecular:
CaQO 56,08
P-0Os5141.94

Cl 35.45

e W CoT SN

»
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CHEMICAL DATA

Chemiucal analyses (13) were carried out by means of a Cameca SX100 electron
microprobe (WDS mode, 15 kV, 2 nA, < I um beam diameter). H,O from the crystal
structure. Analytical data are given m Table 1.

L
Table 1. Analytical data for melcherite.
Constituent wt% Range Standard deviation | Probe standard
K>,O 3.03 2.92-3.13 0.06 orthoclase
BaO 13.96 13.57-14.49 0.25 barite
CaO 4.00 3.78-4.22 0.12 wollastonite
MnO 0.22 0.14-0.33 0.05 rhodonite
MgO 3.09 3.04-3.19 0.04 forsterite
Nb,Os 65.04 64.21-65.92 0.51 Nb
Ta,0s5 0.11 0.00-0.38 0.13 LiTaO;
H,O 9.79

Total 99.24




EM , O DESVIO PADRAO E
A MEDIDA MAIS COMUM DA DISPERSAO ESTATISTICA
(REPRESENTADO PELO SIMBOLO SIGMA, >). ELE MOSTRA
O QUANTO DE VARIACAO OU "DISPERSAO" EXISTE EM
RELACAO A MEDTA (OU (w0 y~UM BAIXO
DESVIO PADRAO INDICA QUE OS TENDEM A ESTAR
PROXIMOS DA MEDIA; UM DESVIO PADRAO ALTO INDICA
QUE OS DADOS ESTAO ESPALHADOS POR UMA GAMA DE

VALORES.

]I.HIII. -

(x. - X
i =l

n-1



http://pt.wikipedia.org/wiki/Probabilidade
http://pt.wikipedia.org/wiki/Estat%C3%ADstica
http://pt.wikipedia.org/wiki/%CE%A3
http://pt.wikipedia.org/wiki/Valor_esperado
http://pt.wikipedia.org/wiki/Dados
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s 6 |7 8B % 10

- Part of the modern PERIODIC TABLE B C N O F Ne
' showing atomic {proton) numbers AND [19:£112.0114.01 16.0019.00 20.18

. . . [ 14 16 17 18
the elements’'s relative atomic mass | 2 M (18 16D
Al Si|P S Cl Ar

 |26.9828.0030.97 32.07 35.45 39.95
w | 2 2 |28 26 [ 27 |28 [ 20 [30 |30 32 |33 34 35 36
Ca| Sc|Ti Cr [Mn| Fe |[Co Ni [Cu Zn Ga Ge|As Se Br Kr
40.08/44.96 158.93 58.71/63.55 §5.3969.72 72 61|74.92 78.96 79.90 83 80
w30 42 [ 43 | 44 | 45 |46 |47 |48 | 40 S0 | st | 52 s3 0 s4
Sr| Y |Z Mo |Tc|Ru |Rh Pd |Ag Cd In Sn|Sb Te 1 Xe
87.62/88.91 95.94| (99) [101.1/102.9106.4(107.9/112.4/114.8 118.7/121.8 127.6 126.9 131.3
56 | 57 4|75 | 6 | 7T | 7R [ 79 | 80 | 81 B2 | 83 | 84 | 85 86
Ba | La Ta|W |Re|Os |Ir Pt [Au |Hg | Tl Pb|Bi Po At Rn
137.3(138.9 0]183.8186.2]1190.2192.2 195.1/197.0/200.6(204.4 207.2(209.0 (209) (210) (222)
83 ; 89 the top number is the atomic or proton number.

Ra | Ac the bottom number is the relative atomic mass.
EEE.DEEE?.G {which used to be called the "atomic weight")




The empirical formula [based on 6 Nb+Tal 1s:
Bay 11Cag,87Ko 70(Mgo.04Mn 04) 50.98(NDs 90 Ta0.01)56.00{ 1770 OH)1.30] 19,00 6H, 0.

The simplified formula 1s BaCayMgNbgO19:6H;0, which requires: BaO 12.66, Ca09.26,
Mg0 3.33, NbyOs563.83, Hy0 8.93, Total 100.00 wt.%.
h S e

S 4

) 2 X 1




