Silicatoes e Aluminossilicatos
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Qutroes Silicatos

® Os) silicates; forman Uma enorme familia
de compostes com! diferente
estequiometriale estereoduimica (@nanjo
espacial dos atomos):
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Ca,SiOy sintético
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Silicates e Aluminossilicatos

Table 1. Practical applications of natural silicates

Mineral (rock) Uses Production, 10° v/a

Kaolinite (kaolin) paper industry, ceramics, chemical 25 (kaolin)
and pharmaceutical industries

Smectite (bentonite) foundry molding sands, iron ore pelletizing, 7 (bentonite)
oil well drilling, building industry, chemical and
pharmaceutical industries

Tale, pyrophyllite filler, electrical insulation, ceramics 6

Feldspars glass and ceramic industry, filler 3.5

Micas filler, electrical industry 2.7

Olivine, forsterite refractory masses, fluxes, foundry molding sands 2.3

Perlite lightweight material for thermal and sound insulation 2.5

Vermiculite thermal insulation, filler, lightweight material (.65

Sillimanite refractory masses 0.15

Andalusite refractory masses

Kyanite refractory masses

Mullite refractory masses 0.005

ZAircon refractory material, ceramics, zirconium compounds 0.1

Spodumene, petalite production of lithium

Beryl production of beryllium

Chrysotil asbestos (high toxicity) 4 (1978)

“Including nepheline, leucite: 4.5x 10° t/a.

Lagally, G. et al, Silicates IN Ullman s Encyclopaedia of Industrial Chemistry.



Silicatoes e Aluminossilicatos

® Por qUE sao tao abundantes ?
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Parametiros Estruturais

1.62 A {d(Si-0)) 1.77 A
264 A {(d(0--0)) 250A



Coordenacao letraedrica

1.57 A < d(Si—0) <1.72A,
98° < xO-Si—0 < 122°,
120° <« Si—0O—Si < 1827

8
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F.Liebeau, Structural Chemistry of Silicates



Coordenacao letraedrica
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Brown ID, Shannon, RD (1973), Acta Crystallogr A29, 266-282



Distancia de Ligacdo e Angulo
de LLigacao

Table 3.2 Correlation between the 1wth d (Si—Oy,) and the Si—Oy,—Si bond
angle for silicates and for silica, cairuaio s the regression equations given by Hill and
Gibbs (1979)

e e o e e L e et

£Si—0,,—Si[°] 140 150 160 170 180

- e —_

Si ' .6 ; 611 1.610
d(Si—0,,) [A] 1.690 1.655 1.63¢ 1.622 1.615 1.61

for silicates 4
d(Si—-0,,) [A] 1.662 1.632 1615 1605 1.598 1595 1.59

for S10,
s




Ligagao Si-O

® [onica Vs Covalente

S d(SHER(O) 7 VSIRERLISan S SIFeranaules
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lonicidade Si-0

s v(SIH=1,74"  +(0)=3,50

S Ay(SIFO)= 1,76

Electronegativity
difference between
bonding atoms Bond type

Covalent

Pure covalent
character
Intermediate Polar covalent 'de(j‘reases;
ionic character

increases.

Bond Type

pure covalent
polar covalent

ionic



https://chem.libretexts.org/Textbook_Maps/General_Chemistry_Textbook_Maps/Map:_Chemistry_(OpenSTAX)/07:_Chemical_Bonding_and_Molecular_Geometry/7.2:_Covalent_Bonding
https://creativecommons.org/licenses/by-nc-sa/3.0/

lonicidade Si-0

$ Segunder ardumento; Usado; para refutar a
classificacaorda ligacan Si-0'como
pUramentelionica sao:

— {(Sit/r(02)= 0,19 (CN=2) e 0,29 (CN=6)

Razao entre Raios I6nicos Numero de Coordenacéo Estru‘t uras Exemplo
Binarias (AB)

1>eh>0732 | 8 |  cC
0732>rjr>0414 | 6 | N

I 0.414 > Jr. > 0.225 Zns I




lonicidade Si-0

® O/ tercelro argumentor contria a descricao
da ligacan: Si-0 como) puiamente Ionica e
0} fiato doVelUME ESPECIHICO PO IONIOZ,
V(@2 pararimimoedelordeigacan
pUEMERENONICOISEFMaIoFdoraUE agUElE
ongarveae (ezlletllzlele) 2 pelntlr el czlelo)s o/
DRXSGENTNONOCHSHE)FCOMONNOStcaitaldE]a



Table i ox atom, V,,, for a representaliv
cunpasr:dinpt.i\ug; tv:le::t?aﬁalu: g:lnculated us:;g an oxygen ion radius of 1.37 A

Vo [A%]  Radius ratio for CN

Silicate
Name Formula 4 6 >6

Oxygen ion o
|. Phases with six-coordinated silicon

S ; 0.30
Stishovite SiO, (hP) 11.6
Synthetic Si [P:O'] 14.9 0.12 0.30
2. Phases with four-coordinated silicon
a) Phases with four-coordinated cations only
Phenakite Be,[SiO,] 15.3 0.20
Coesite SiO, (hP) 17.7 0.19
Quartz Si0, 18.8 0.19
Synthetic Li,[Si,0,] 19.7 0.43
Synthetic Li,[Si,0,] 204 0.43
Synthetic Li,[Si;0,] 2.8 0.43
b) Phases with six-coordinated M cations only
Orthoenstatite Mg, [Si,0,) 174 0.53
Forsterite Mg, [SiO,] (R 0.53
Thortvcitite S¢,[Si,0,) 1&.7 0.54
Synthetic K,[Si;0,) 36.5 1.01
c) Phases containing M cations with CN > 6
Pyrope Al,Mg,[SiO,], 16.0 0.39 0.65
Ziroon Zr[SiO,] ) 16.1 0.61
Andradite Fe,Ca', [SiO,], 18.2 0.47 0.82
Syngheuc Ba,[Sn,Q.] (hT) 19.7 1.04
Albite Na[AlSi,0,] 20.8 0.28 0.82
Celsian Ba[ALS;,0,) 230 0.28 1.07
Sanbornite Ba[Si,04] (IT) 24.1 1.04

hT=high temperature phase; IT = low temperatur . . :
CN = coordination number of the cations perature phase; hP = high pressure phase;



Covaléncia da ligacao Si-O

s 'igacan dupla (7o) SIF0
— Pressupee; 0: Use dos orbitais Sd do; S|

= Sehaseianerdesyiordorangulotetaedricornos
angules SIF@=SIFem silicatos



Covaléncia na ligacao Si-O

® [igacae dupla ()
— Criteros CLOA paral formacao; de ligacaor por
CLLOAN(SUPEPOSIGan  dE Orbitals):
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questaio é quanto eles
participam e se se ha
evidéncias experimentais que
suportem isto.

2000




Covaléencia Si-0
Ligacao Dupla?

Partial x bond

Si 3d orbital ' O 2p orbital
(filled)



https://2012books.lardbucket.org/books/principles-of-general-chemistry-v1.0/s26-02-the-elements-of-group-14.html
https://creativecommons.org/licenses/by-nc-sa/3.0/

Covaléncia da ligacao Si-O
Proposta para o grau de participacao dos Orbitais 3d do

Si na ligagao Si-O em funcao da eletronegatividade de M
(Si-O-M)

5
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Repulsao O...0
Interacao Nao-ligante

290

3.00 310 320
I [ 1T RN () ——

330A

d(Si...Si)=3,06A

Fig. 3.19a,b. Geometry of the
Si—0-Si group.

a Geometry assumed by O'KeefTe
and Hyde (1978) for am “un-
strained"” Si-0-8i group.
b Hard-sphere model of the
Si—0~-Si group with ionic radii
tioa(S#) =026 A and 1,0 (OF))
= 135 A (solid circles) and non-
bonded radii r,,(Sil) = 1.53 A
and £, (OB =008 A (broken
circles)

Glidewell, C (1977) Inorg Chim Acta, 25, 77-90
O "Keeffe, M, Hyde, BG. (1978) Acta crystallogr B34:27-32
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Raio nao-ligante em tracejado
Raio ionico em linha cheia



Classificacao de Silicatos
Eriedrichr Liebau

e 05/ silicates sae) classificadoes Segunderstia multiplicidade
(M)rerstiardimensionalidade (D):

o Armultiplicidade (M)rse;refiere ao numero de poliedros;
anels) cadeias oul camadas que constitiiem e anion
COMpIEX:

s ANdImEnsionalidadeNiD)Se relere alextensaerdeste anion
cOmpIEXe: PalicranionsisilicatosiselacostotNonanc e
PEGUENOSIGIIPOSICOMONGIMEIGS arEIMENSIONalIdENENZENG
(0), =1 dimensiorelida &l eeire) czleldizls, 2 dere cankickls
( 03 ol larmeles), 3 vare radas iridimensionz]




Classificacao de Liebau

Dimensionality Multiplicity

1 2 3 4

Oligosilicates monosilicates disilicates trisilicates tetrasilicates
Cyclosilicates monocyclosilicates dicyclosilicates tricyclosilicates tetracyclosilicates
Polysilicates monopolysilicates dipolysilicates tripolysilicates tetrapolysilicates
Phyllosilicates monophyllosilicates diphyllosilicates triphyllosilicates tetraphyllosilicates
Tectosilicates tectosilicates




Exemplos de Arranjos de
Silicates segundo; Liebau

XM Dipd DI KK

Figure 1. Oligosilicates and cyclosilicates

A) Monosilicates (forsterite, olivine, phenakite, garnets, zircon; formulae see text); B) Disilicates (thortveitite, Sc,[Si,04];
C) Monocyclosilicate: dreier single ring (benitoite, BaTi[Si;0q]); D) Monocyclosilicate: vierer single ring (taramellite,
Bay(Fe,T1)4B>[Si4,0,,],05Cl,); E) Monocyclosilicate: sechser single ring (beryl, Be;Al,[SigO g]; tourmalines XY3Z¢B;
[Sig015]06(0, OH, F)4 (X = Na*, Ca®*;Z = AP*, Mg?*; Y = Li*, Mg?*, Fe?*, Mn?*, Fe**, AI**); dioptase, Cug[SicO;s]
- 6 H,0); F) Dicyclosilicate: sechser double ring (milarite, KCa,(Be,Al) [Si,,030] - 0.75 H,0)



Aplicandora CJaSS]ﬂcag? 0 @de Liebau

D=0; M=1




M=2;D=0




Aplicandora Classifi
Moenociclesilicato, Berlo;

D=0, M=1

Esferas rosas = Alt3
Esferas verdes = Be*?
Esferas vermelhas = O%




Aplicando a Classificacao de Liebau
Orteenstatita
(piroxeno, monoepelisicate, Mg;[SI5O:])

Lagaly, G., Silicates IN Ullman “s Ecyclopaedia of Industrial Chemistry.



Estrutural de Silicatoes

o Parametro; guial paral prever estruturas:
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Grau de Ligacao (Linkedness, L)

O grau de conexao é o numero de ions O% (nos vértices do poliedro — octaedro
ou tetraedro) compartilhados com o poliedro vizinho como ilustrado na figura
abaixo.




Conectividade em: Silicatos

' Conectividader e or termor utilizado, para’ designar o
numero; de Sii na segunda Vizinhancal dor SiF* ner cEntro
clo)tgifz]gelio) [S10).0)

0 1 2
")’ o Y o Y’
3 O O_"'S:i"‘OB' -Si S OB...S:i...OB. -Si
Y 0 0

: 3 : 4
0, ) 0p 2
o Op

Si

Phil. Trans. R. Soc. A (2012) 370, 1422-1443




Conectividade em: Silicatos

Q% silicate having two sharing oxygens

(Q?silicate having four sharing oxygens

Materials 2016, 9(2), 99; doi:10.3390/ma9020099




ODbservande’ a Conectividade
Ressonancia Magnetica Nuclear de 2°Si

em)| Estado Solido (MAS/NMR)

Natural Nuclear Magnetic Sensitivity Recept.
Abundance Spin Moment pd rel.
[%] rel.2) abs.b) to 13C

13C 1.108 1/, 07022 1.59x10-2 1.76x10+4 1
-0.5548 7.84x10-3 3.69x104

The effect of spinning speed

o bug __J-—/L—L_
= ¥ )
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L
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22222

Uhlig e Marshman, 29Si NMR Practical Aspects, Gellest Inc.
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Deslocamento Quimico

Ressonancia Magnetica Nuclear de 2°Si

Name Formula Common Chemical shift
Abbreviation relative to TMS
in ppm
Tetramethylsilane Me,Si TMS 0.0
Tetrakis(trimethylsilyl)methane (Me;S51),C 36
Hexamethyldisiloxane (Me;Si),0 M, 6.53
Octamethylcyclotetrasiloxane (Me,Si0), D, -19.86
Tetramethoxysilane (MeO),Si TMOS -78.54
Tetraethoxysilane (EtO),S1 TEOS -82.04
Tetrafluorosilane SiF, -113.5
Tetrakis(trimethylsiloxy)silane (Me;Si0),Si M,Q 8.62
-104.08

Silicon oil® (Me,S10), -22.0



200

Stlicon halides

Silicates

Silanes

Transition metal silvl

TMS | o
Hexacoordmated silicon
10M) () =100 =200

=300

=400



ODbservande’ a Conectividade
Ressonancia Magnetica Nuclear de 2°Si
em)| Estado Solido (MAS/NMR)

alkali and
alkaline earth silicates

aluminosilicate-type
zeolites

zincosilicate-type
zeolites

A VP-7, VPI-9
-60 =70 = -~ - - -120 -130

Freud. D. Universitat Leipzia




ODbservando a Conectividade
Ressonancia Magnetica Nuclear der2°Sitem: Estado

Slido (MAS/NMR)

DDM




Network Transformation 29Sj MAS-NMR
In Natrium silicate glasses

Q(1) Q(Z)
\
N020 molZ Q(s) Q“)
Q4) Q3) Q2) _—f/u
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) - ke 2
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33
O\éi/o 90—%—0@ 28
> P/
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-80 -100 -120
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-40 -8

Maekawa et al. J. Noncryst. Solids 1991, 127, 53



Grau de Ramificacao
(Brancheaness, B)

Exemplo de Cadeias Nao-Ramificadas obtidas pela Condensacao de
tetraedros (esquerda) e Octaedros (direita)




Grau de Ramificacao
® Silicates Ramificados
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Fig. 44a—1. Several branched fundamental anions formed by condensation of tetrahedra.
Solid lines indicate the linear part of the anion, broken lines indicate the branches.

a Open-branched triple tetrahedron: b and ¢ open-branched single rings; d open-branched
single chain; e loop-branched single chain; f mixed-branched single chain




Monopolissilicatos
Periodicidade (P)

Figure 2. Monopolysilicates
A) Zweier single chains (pyroxenes); B) Dreiersingle chains
(wollastonite, Ca;[Si,09]




Polisilicatos
Grau de Rotacao dos [Si0,]

pyroxene LiFe[5i,0, NaBa[51,0,

orthoenstatite Mg,[Si,O,] Na,[S1,0]

Liebau F. (1985) Influence of Non-Tetrahedral Cation Properties on the
Structure of Silicate Anions. In: Structural Chemistry of Silicates. Springer,
Berlin, Heidelberg




| .

a b ¢ o ¢ I q It i i

Liebeau, F.,, The Influence of Cation Properties on the Conformation of Silicate and
Phosphate Anions IN Industrial Chemistry Library, vol 2, nimero C, 197-232, 1981.



Grau de Estiramento
da Cadeia de Silicatos (1)




Polissilicatos
Graus de Estiramento(f.)

Fig. 10.1a—e. Several single chains with different degrees of flatness and different stretching
factors f,.

Vierer single chains in a haradaite (f;=0.654); b leucophanite (f; = 0.687); ¢ krauskopfite
(f,=0.783);
sechser single chain in dstokesite (£, = 0.718) and
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Dipolissilicatos

anfibdlitos

Figure 3. Dipolysilicates

A) Einer double chain (high-temperature sillimanite, AI1°[Al-
Si05] (hT)): B) Zweier double chain (amphiboles, e.g., trem-
olite, MgsCa»[Si404,]2(OH),): C) Dreier double chain (xo-
notlite, Cag[Sig0,7](OH),: D) Dreier double chain (epididy-
mite, Na>Bes[S10,5] - H»0)




Camadas ou Placas de Silicatos

8 Camadas)(placas) de silicates Sao
ermadasipelorcompantinamentorde
Venrtices) lateralmente; ou seja), pela
condensacaoateralide cadeiasiae
Slllezite)s, Czlcldzls &gty enlelnlelelzls e
CadElasHitncamERAISICOMONIUStEIEOMO
PIOXIMONCIEPOSIHIVO:



Camadas ou Placas de Silicatos

Em negrito estao
marcadas as cadeias ‘
fundamentais que por t-‘" < ‘r" *'* \i*

compartilhamento lateral A NN :
dos vértices dao origem oy

N (* NN SN N /*3
as placas. .
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Eilosilicatos
Silicates em Placas

Figure 6. Formation of a zweier single-layer phyllosilicate by linking zweier single chains
A) Unfolded layer with terminal oxygen ions pointing in the same direction; B) Folded layer with terminal oxygen ions
pointing up and down: Li»[Si»Os]; C) Folded layer in petalite, Li"A1%[Si,05],




iectosilicatos

J0)S tectosilicatos fOrmam redes
tridimensionais; FAMEWOIKS, PEIO
compartilhamento; de tm ou MaiS VERGICES,
GRS Oz coml  cadeias filndamentais
POSICIONAESREONEdRINGEaNCaCEIaNeHEInE]
COMONIUSHaEeMGEIaPESItVE arSE Uil



iectosilicatos

branched

; ,.:;:,»Jf \Vfd reier
V., 4

> =5

nbranched 5 e )jy (trio anela

4 < a,

% % 4 Co
A
\ \ b

Feldspato potassico, K[AISi;Oq]



Algumas Ceramicas mais
REIEVantes dolporSIcatos



Nomenclatura Usada em

Mineralogia

Dimensionality Muluphicity
| 2 3 4
() nesosubsilicates nesosilicates sorosilicates
0 cyclosilicates
| 1nosilicates
2 phyllosilicates
3 tectosilicates

Lagally, G., et al, Silicates IN Ullman s Encyclopaedia of Industrial Chemistry



iectosilicatos

o Dimensinalidade: 3

— Eormams  REJEST  tHAIMENSIONAIS, S20) 05
equivalentesrasiresinas polimencasi(@ltorara
GENIGaGOESIENECHUZAES):



Ceramicas de Estrtttra AiX 1:2
Numero de Coordenacao 4

® S cations, A, oclUpam) Sities! tetraedricos
CErCados! Por anions, X. Como’ oS
tetraednos estaoNtERCONECLaE0S Vi
VERtICESIEXIStE M diandergratide
IbERdade nariotacaerdaligacan A=X=A:
S ESIEreo i O GUENEMESINENSIOSGUE
zJofasenlie) Varlos wollrerios (¢ 2 & ellklriZe), o

ENSRuIEIMIERESUSHIBYILERCOESIIENE
crigtozellite




Por que Silicas?

8 Cristalinidade
— O elliglels & rlleerisli GldiEs):

SPAleLIOpI

— Quartzo, cristobalita, tridimita, estishovita,
coesita



Diagrama de Ease Unario
Silica

fundlda (L . O encarte |nser|do no graﬁco uma expansao do dlagrama com as regioes de
estabilidade termodinamca da cristobalita e da tridimita.

UPRF

PHYSICAL REVIEW E 70, 061507 (2004)



c-plane




a-Quartzo (

Habito cristalino

Grupo espacial Trigonal direcao [001] Direcao [100]
P3,21

<Si-O-Si = 146,79
-

N — 0]

U 9 \J 7 !
V= 113,131



B=qUartzo

Beta-quartzo

Grupos Espacials Hexagonais



http://www.galleries.com/minerals/gemstone/rock_cry/roc-26.jpg

Formas; Enantiomorficas dor Quartzo
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A Silica sob) Pressao
Elasticidade do Quartzo

® \/ariacao dos parametros de rede em

[UINGa0) dal PreESSa0.

Table 5. Unit-cell parameters of quartz at pressure

i ffﬁ]l ¢ (A)

4.916 (1)* 5.4054(4)
4.8362(5) 5.3439(4)
4.785 (3) 2307 (2)
4.7736(7) .3010(4)
4.739 (1) .2785(5)
4.7222(5) .2673(6)
4.7022(3) .2561(2)

)
)
)
|
)
|

5
]
5

5
5
B

v (%)
113.13(3)
-l[.]‘lr'-l
luﬁ.“

1EI'".




Elasticidade do Quartzo

PRESSURE (kbar)
.
=

ha
O
]

OG0 1608 1608 1608 18I0
<5i-0> A



Elasticidade do Quartzo

PRESSURE (kbaor)

[ ] A [ i e 1
I;:.IIE 134 136 138 140 42 144

S5i-0-5t ANGLE (deg)

Fig. 5. The pressure dependence of the flexible Si-0-Si angle.
The curvature of the data indicates a tapering off of the change in
this angle as pressure is increased.



o-cristobalita

d (Si-0) = 1,6034 A
d (Si-0-Si) = 3,070 A

cristobalita <0-Si-0=108-1099°

V=171,104




Transformacao de Fase
Silica

8" Quartzo) (ce=>[5) S73°C

870°C

o) Tridimita (oep)l 110-180°C

14700C

D Crigtgozllite) (e 8) ZiLe9e

> Fusao (1710 °C)

Passagem de a—f3
envolve rotacoes de
ligacOes, portanto é
reversivel.

Passagem do quartzo

para cristobalita ou
tridimita envolve
quebras de ligacoes
siloxano, Si-O-Si,
portanto envolve
grandes quantidades
de energia e é pouco
reversivel.



Transicao de Fase
Silicas

vapor pressure

1713C

glass phase B-cristobalite
1470C
Z . 2
» stobalite B:- tridymite
7 870°C
A
a-tridymite =
e s73¢ P quartz
a-quartz
temperature

Fig. 2.32 Vapor pressure versus temperature diagram of SiO, polymorphs



A lligacao Siloxano
Si-O-Si

O angulo Z pode variar entre 135 e 180° fazendo desta
ligacao uma das mais flexiveis reportadas até hoje!!!




Ligacao Siloxano

Z= 1800




Polimorfos dal Silica

J

O

I J

Quebra de ligacao Si-O-Si para rotacao do tetraedro superior U

cristobalita

tridimita




Difratograma de Raies-X
o-QUartze

Intensity

L

0.0
| |
10.0 20,0 30.0 40.0 20.0

2 theta
Wavelength: 1.54056 24,675, 10244 hk,1=1,0,1



Diffracao de raios-X
o-Cristebalita

Intensity

Wavelength: 1.54056 20.235, 10415 h, k,1=1,0, 1



Defeitos no Quartzo

e Defeitos doitipo E: Lacunas de 0% (Modelo
Semi-empIrico)

Lacuna de O%



Datacao e Defeitos no Quartzo

Banda de conducao

Banda de valéncia



Datacao de Artefatos
Cultura Mesolitica,Caverna Blombos, Africa

SOUTH AFRICA

(RS L

Cavernas de Blombos

} o
( P INDIAN
A OCEAN

Artefato mais antigo fabricado
pelo Homo Sapiens moderno ja
descoberto (70+5 x103 anos

atras)
C. S. Henshilwood et al, Science, 295 (2002), 1278




Desenhando na Superficie da
Sililacao. da Silica

o' Reacao de Organossilanes com
grupos; Silanois (Si=0-H) doiSio5

3-aminopropiltrimetoxissilano
(APTS)

Ligacao Si-O-Si
Entre APTS e a superficie da silica

‘./ -

dlica

0,Si
N
(@]

HO S'/
O .
\ O S|O3
(0]
7
HO—Si—=0—si0,

o
HO—Si—~0—SiO;
0]
0—sio,
HO—Si<<Q

0,Si




2°Si MAS/NMR

Distincao: de Formas de; Quimissorcao

Silicon chemical
shifts

R R R

| | 7
X0 —-Si—0—Si—0 —Si

| | /N

(6] 0 0 (0]

*i

| |
R—Si—0 —Si—R

| |

0] 0]

-h--h-

20 0 -20 -40 -60 -80 -100 -120 -140
I e —— C|)
Ssi/ ppm E—

28
Q¥ Durham

i " Pionee: esearch
University and skills



Aplicacao da Sililacao do Quartzo
Nanoeestruturade: para BIoChIPS
o' Usando de lbtegraliarserdesennam: Naneestruturas

[T

0, RIE CF, RIE

(a) (c)
cleaning
2 /\/\/\

S—
- S - Pa

Lo

an" Bt a g

h’ d r

§ = DNA de fita Unica marcado com sonda fluorescente

RIE = Corrosao (etching) Induzida por Plasma Reativo Colunas de
Quartzo com
M.-K.Oh, et, Biosensors and Bioelectronics 26 (2011) 2085-2089 180nm de altura




Silica Cristalina vs Nao-Cristalina
EStrutura: Projecao 2D

Silica Cristalina Silica Nao-Cristalina




Silica Nao-Cristalina
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Silica Nao-Cristalina

o Silical Gell (Xerogel)
— Sintese em selUcao) Vial Processe) Sol-gel

8)Silicar AerosiiNGumed Siica)
= SINESENIa oXIdacaerde SIClnaichame

0 Anilels e i) Aresl stgeriiekl esgedffiezr L0
00 2 =l



Estudando a Ordem-Desordem
Diffracao de Neutrons

s \eutrons- partictlas nucleares liberadas
EMm| Precessos del Eissan nuclear de
ISetopoes eEmrReEatorES INUCIEarES:

S EnNerdiarderatesiMeviermuiueraltarpara tiso
Priaticoy POtaNtO)EIESISa0 dESaCElErad0S:



https://simple.m.wikipedia.org/wiki/Isotope
https://creativecommons.org/licenses/by-sa/3.0/
https://phys.libretexts.org/TextMaps/General_Physics_TextMaps/Map:_University_Physics_(OpenStax)/Map:_University_Physics_III_(OpenStax)/10:__Nuclear_Physics/10.5:_Fission
https://creativecommons.org/licenses/by-nc-sa/3.0/

Principio da Dualidade

LLouis De Broglie

Relativity
rest .
4 mass=
SSl0E _/ pc’+ mﬂzc Momentum of _
Kinetic  Rest mass a photon The de Broglie
energy  energy p=E Hypothesis

term term -

E dj I‘ar o
photon
Wavelangth

ene
Photoelectric E=hf = hc Cﬂ relatri%!i:-u
effect Y

Esta Foto de Autor Desconhecido esta licenciado em CC BY-SA



https://physics.stackexchange.com/questions/358055/qft-range-of-collision
https://creativecommons.org/licenses/by-sa/3.0/

Energia e Comprimento de

Onda dos Neutrons

— hot neutrons:

* moderated at 2000°C e S
« 0.1-0.5eV, 0.3-1 A, 10 000 m/s e

— thermal neutrons:
* moderated at 40°C |
« 0.01-0.1 eV, 1-4 A, 2000 m/s 1 ; ——

— cold neutrons: e o S e e S s ey
* moderated at -250°C
« 0-0.01 eV, 0-30 A, 200 m/s




Difracao de Neutrons

Aparato Experlmental para Dif. Netutrons

— ‘ Lei de Bragg continua valida
HH im,“h%m [l - O ‘ ni= 2d seno

Esta Foto de Autor Desconhecido esta licenciado em
CC BY-SA


https://en.wikipedia.org/wiki/Inelastic_neutron_scattering
https://creativecommons.org/licenses/by-sa/3.0/
http://electrons.wikidot.com/x-ray-diffraction-and-bragg-s-law
https://creativecommons.org/licenses/by-sa/3.0/
https://en.wikipedia.org/wiki/Bragg's_law
https://creativecommons.org/licenses/by-sa/3.0/

Fator de Espalhamento Atomico
Raios X vs Neutrons




Ordem a Curta Distancia
Silica Vitrea
Difracao; de Neutrons

0 40 80 120 160 200 0 20 40 60 A0 100
Q (kH r (R)
Figure 8. Normalized diffraction pattern Figure 9. Total radial distribution function
of synthetic vitreous silica. of synthetic vitreous silica.

E Lorch 1969 J. Phys. C: Solid State Phys. 2 229



Estrutura Fractal da Silica Gel
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Silica Nao-Cristalina

=

N Extremamente leve
% " d=0,03-0,35g.cm?
. Emily Norvell
Purdue University

TasLE 2: Typical properties of silica aerogels.

Property Value

Apparent density 0.03-0.35 g/cm?
Internal surface area 600-1000 m?/g
% solids 0.13-15%
n=1.0149 (0.057 g/em’) n=1.0026 (0.010 g/cm’) Mean pore diameter ~20 nm
—— Primary particle diameter 2-5nm
oot ot o
Coefficient of thermal expansion 2.0-4.0x 107
Dielectric constant ~1.1

Sound velocity 100 m/s




Ease Estacionarial Cromatografica

S|I|ca Aerogel preparada a partir de Silical de Casca de Arroz
: &y Cromatografla de Camada Delgada (TLC)

extracao

»
»

CF,CO0/MeOH

Orquidea
Cattleya bowringiana

fSoIvent =

Inicio

CR1 CR2 CR3 CR4



Silica Aerogel/Larnita
Absorcao de €O,

8 (€a,5S10,/SI05(aeregel)

Ca,5i04 4+ 2C0; — CaC0s(calc.) + CaCO5(vat.) + Si0;




Silica Biogénica ou Opala

8 Silica nao-cristalina (@morfia)l produzida
PO SERESWVIVOS:

- 7 =
Fitolitos

e = Aoy '}j,’i

N 2 . 3 AT PR
. -~ T 84N ,,ffA. A > / ?:;5 : % Esta Foto de Autor
Diatomaceas & Q7 A W 5 Ppesconhecido esté
4 ‘\5\ 1L 4 Ly

A = 3 * /;/{// U ’ ‘, ‘irﬂ —BY—SA
Radiolarias EXER 0 b S ;
A"

Esponjas

Silica Bogénica



http://en.wikipedia.org/wiki/File:Diatoms_through_the_microscope.jpg
https://creativecommons.org/licenses/by-sa/3.0/
http://www.whatsthatfish.com/fish/black-ball-sponge/1517
https://creativecommons.org/licenses/by-nc-sa/3.0/

Umi exemplorde Silicas' Biogenicas (Bsi)
Morfiologias de Silicas Biogenicas encontradas nos Rios
Pahang, Endau e Pontiang na Malasia

Elongate
Globular echinate
Elongate echinate
Globular
Cuneiform
Saddle
Cylindric sulcate tracheid
Ovate . g 6.80
Bilobate short cell . 1.29
Lanccolate 227
Rondel - 0.65
Cylindrical polylobate - - - - 0.32
Sum of phytolith 96.5 96.8 . . 95.1 23.8 12.8
Centricae - - - - - 032 459(35.9)" 42.8(28.9"
Pennatae 2.81(0.65)" 3.20(1.87)" 7.17(2.61)° 3.62(0.33)’ 1.75 4.21(1.62)" 22.8(11.3)" 36.5(16.7)
Sum of phytoplankton 2.81 3.20 717 3.62 1.75 4.53 68.8 79.3
0.65 - - 033 - 0.32 7.50 7.89

Phytolith

Bacillariophyceae

Sponge spicules

* represents for the contribution of diatom fractions to the whole biogenic silica.

Chinese Journal of Oceanology and Limnology

ZANG et al.: Contribution of phytolith to BSi in tropical rivers  vel: 34 No. 5, P. 1076-1084, 2016



Y T

- b
Energy (keV)

Fie .4 SEM imace and EDS snectral analvsis of nhvtolith

Chinese Joumal of Ocecanology and Limnology
Vol. 34 Ko. 5, F 1076-1084, 2016



Fig.2 Microscopic observation of phytolith BSi particles in the Pahang, Pontian and Eadau Rivers

a. clongate; b, cylindric sulcate tracheid; ¢. globular, d. cuneiform; ¢. clongate echinate, 1. lanceolate; g. globular echimate; h. cylindrical polylobate; i, saddle;
J- bilobate short cell; k. randel; L. ovate. 2, ¢, and f show weathering features. Scale=20 pm.

Chinese Journal of Oceanology and Limnology
Vol. 34 No. 5, P. 1076-1084, 2016




Silica em Cinza de Bagaco de
Cana-de-Acucar

DA PALHA A TOMADA

QUEIMA DO BAGACO
GERA ENERGIA PARA
USAR EVENDER

CAS= Calcium Aluminate Silicate

= counts

28 26 24 23 22 2

4 3 1 .9 iX
d (Coupled 2Theta/Theta) WL=1.78897

E. Arif et al / Construction and Building Materials 128 (2016) 287-297


http://metanoverde.blogspot.com/2013/02/geracao-de-energia-com-bagaco-de-cana.html
https://creativecommons.org/licenses/by/3.0/

Fitdlito cilindrico
do bagaco de cana

Fitolito parcialmente
fundido

Fitdlito de cana

Fitolito
Fundido e globular
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fI

Fontes de Silica

0085 20KV %808 10vn HD39

Biol Fertil Soils (2006} 42: 231-240

200 nm
—

RR Zaky et al / Powder Technology 185 (2008) 31-35

Ry O

AccV  Spot Magn
15.0kV 4.0 50x
e -~

~

OBTAINING HIGH PURITY SILICA FROM RICE HULLS



Silica
Casca de Arroz e Seus Usos

Materiais para Construcgao (

Patente: BR200810757-A2 natural e nitrilica com

A. Nourbakhsha et al, Industrial silanos. Patente:
Crops and Products 33 (2011) JP2011068784-A
183-187



Producac Carbotermica de Siyatsnico
POr meio da Cinza de; Palha de’Arrez

Esta Foto de Autor Desconhecido esta B 7. LY =L g L R i : : .
licenciado em CC BY-SA N o nd AN 2 x R, 99.9997%

Esta Foto de Autor Desconhecido esta
licenciado em CC BY-SA

Table 2 Impurities in RHA during the various process steps of Path 1 ("—" not detectable)

Impurity (ppmw) Al Cr Cu Fe i Mg Ni

340 4.8 350 750

140 1.2 240 210

64 0.5 45 32
12 — — 14
1 = = 2

“Note that many of these impurities are eliminated during EAF operation. ” Boiling water wash.

SiO,+C—-Si+CO,

Green Chem., 2015, 17, 3931



https://en.wikipedia.org/wiki/Rice_hulls
https://creativecommons.org/licenses/by-sa/3.0/
http://www.appropedia.org/Rice_hulls_in_construction
https://creativecommons.org/licenses/by-sa/3.0/
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Silica Biogenica : ESponjas

\\;'.‘ S \/ LA Spicule
Silicatéine
T o i
Sais. 5 o . ) S Filament axial
R o . ?,g : d { < ' Dépot de silice (catalyse)
o <‘ o N %l B s / 2 & Regroupement de
Pl (RS g y : molécules
, : ..'\. . .\.o.)_‘.. i. ,"‘_< !
Esta Foto de Autor Desconhecido esta licenciado Polymérisation
em CC BY-SA

Esta Foto de Autor Desconhecido esta licenciado em CC BY-NC-ND



https://en.wikipedia.org/wiki/Suberites_domuncula
https://creativecommons.org/licenses/by-sa/3.0/
http://lemondeetnous.cafe-sciences.org/2015/12/lumiere-et-verre-partie-ii/
https://creativecommons.org/licenses/by-nc-nd/3.0/

Silicateina
Sitior Ativo




ESpiculas de Esponjas

Silicatein-o \‘-
%90
8 ' o “ lllntaphi Nanofibrils
\ Axial filaments
Maturation
-t

Nanofibrils Intra- and extracellular
formation biosilica deposition

Figure 8. Scheme outlining the genetic hierarchy of gene expression
during which sequentially silicatein-a and -f are expressed, followed by
the synthesis of silintaphin-1. These two protein species (silicateins and
silintaphin-1) form the initial nanofibrils that allow the synthesis and dep-
osition of the biosilica material around them. During the subsequent ma-
turation of the growing spicules, additional genes are expressed that
encode for silintaphin-2, galectin, and aquaporin. Figure 8 is partially
modified from reference [76], with permission.



Utilizando: as Espiculas

Table 3
Maximum tensile strength and apparent porosity percentage.

Sample Additive Max.load Max. tensile % Apparent
(kgf) strength (MPa)  porosity
50.60 3.18 23.568
66.88 3.40 22.699
66.34 4.40 22.964
3.66 +0.65 23.07+ 044

Mollusc shell 65.45 534 19.780
69.35 5.94 19.530
97.52 7.31 19.810

6.30 +1.17 19.70 £0.15

sponge spicule  129.80 11.73 25.909
140.83 9.80 24434
10.77 + 1.36 2517+ 1.04
93.68 6.48 24.880
97.78 8.56 24.963
7.52 +1.47 2492 + 0.06

# 1 =spicules were placed perpendicularly to the direction of the applied load.
b //= spicules were placed parallel to the direction of the applied load.

Journal of Archaeological Science, 37, 9, 2010, 2179-2187

Efeito guia de onda (fibra 6tica)
da espicula gigante

Chem. Eur. J. 2013, 19, 5790 -5804



