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VIDRO : um dos materiais mais antigos conhecidos,juntamente com a madeira e a
pedra.

Sinbnimo de transparéncia, brilho e fragilidade, porém de grande presenca no el
dia do homem.

Obsidiana: vidro natural de origem vulcanica, proveniente do resfriamento rapido
lava.

Antiga receita da Biblioteca do Rei Assirio Assurbanipal (669626AC). Tome 60
partesdeareia, 180 partesde cinzasde algasmarinhase cinco partesde cal. Assimvocé
obteraum vidro.
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Vaso de vidro encontrado na tumba do Farag | Vasilhame de vidro produzido em Colonia
Egipcio Tutmés Il (cerca de 1450 AC) Agrippina - Cologna (cerca de 400 DC)

Contribuicao de muitos povos: egipcios, fenicios e romanos.



Introducao: Breve Historia,

O Metodo do Soprdprimeiros anos da Era Cristd).

Artesanato.

Comercializacao.

Industrializacéo.

Ciéncia.

VIDRO : Solido NaeCristalino.
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8 Garrafas de Vinho i Inicio da Idade Média

Copo de Vidro de Veneza i Final da Idade Média
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Evolucao do Vidro?

Inicio da producao em massa
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Producao em Massa (Séc. XIX)

Diminuicao de custo e diversificacao de usos
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Homogenesidade | PTOPriedades do Vidro

Baixa _
Dilatacao densidade devitrificacéo
MnO, BaO  CaO a0
Isotropia J
P COr | FeO, ZnO
Baixa Cr,0O,
Dureza CuO <« resisténcia
quimica
|Isolante indice de PbO VIDRQO AlLO
Térmico refracao >
SIiO,
Facilidade Li,O SO
de NAO 8.0 viscosidade
Fabricacao - > K0 gk
condutividade — baixa
Durabilidade solubilidade dilatacéio
- em agua
Quimica

Transparéncia




Universidade
Federal
da Bahia

Ceramicas Vitreas

Fibras
Oticas

Vidros GIRE

Aplicacoes Gerais

Vidros Sol-Gel

Micro-esferas

Semicondutores Amorfos




ade

| AplicacBes: Conducéo 16nic

1

Tradicionalmente, os vidros sao conhecidos como
Isolantes elétricos Contudo, € possivel aumentar a
condutividade aumentandoa mobilidadedosions

Baterias de automévei#

Dispositivos eletrocromicos $MART window$

Baterias especiais. marcapassos, telefones celulardamop
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Definicao de Vidro

VIDRO: Sdélido nao-cristalino que
apresenta o fendOmeno da transicao vitrea.

A liquido

v i
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Q | vidro
> i J
" Io" 1
crlstfll__,—ll' i
L
I
a1 e
Ty Tiisso Temperatura

Definicao de temperatura de transi¢ao vitrea T,. Variagao do
volume V com a temperatura (Is: liquido super-resfriado).




Condigdes para Vitrificacao*

W. H. Zachariaseh.Am. Chem. Sé&e! (1932)

[CoNTRIBUTION FROM THE RYERSON PrysicaL LABoORATORY, UNIVERSITY oF CHICAGO]

THE ATOMIC ARRANGEMENT IN GLASS

By W. H. ZACHEARIASEN
Receiven May 13, 1932 PyusrLisgen Ocroser 5, 1932

1. Introduction

It must be frankly admitted that we know practically nothing about the
atomic arrangement in glasses. Glasses are described as supercooled
liquids or as solids. The former term is justifiable from the point of view
of physical chemistry, the latter from the theory of elasticity. It seems
rather futile, however, to try to decide which of the two descriptions is the
proper one to use, when we are ignorant about the characteristic properties
of the atomic arrangement.

It has been said that the x-ray diffraction patterns obtained from glasses
indicate that glasses consist of crystalline material.? It is claimed, for ex-
ample, that the main features of the diffraction pattern of vitreous silica
can be accounted for on the following basis: (1) vitreous silica consists of
cristobalite crystallites; (2) the average linear dimension of the crystallites

1 7. T. Randall, H. P. Rooksby and B. 3. Cooper, 2. Krist., 75, 196 {10830).

FredericlWilliamHoulderZachariasen
(1906 6 1979, NorwegiarAmerican
physicist

formadores de rede SIO,, B,O;, GeQ, P,0Ox ...
modificadores Li,O, NgO, K,O, CaO, BaO...
intermediarios: Al ,O,, PbO, TiQ, ZnO...




& Condicdes para Vitrificac&o?

Zachariesen (1932)

Elementos formadores

1

S SR S

Estrutura Cristalina (B,0O,) Estrutura Vitrea (B,O,)



& Condicdes para Vitrificac&o?

Elementos modificadores e intermediarios
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Y] Sistéinas Vitreos Produzidos

\HRTUTE SPIRI TUS,

|RDR

Vidros a base de Boratos e outros

Vldros Silico-Sulfatados de Litio Vidros Silicatos de Litio
30Li,0Q5Li,S0,65Si0, SOL_iZO?OBZO%(.ZOSiOZ 35Li,085Si0,
35Li,045Li,S0,6B0Si0, 30L1,0608,0,30A1,0; o
40Li,0Q5Li,50,@5Si0, 40L1,0608,0,00A1,0, MR
25Li,040Li,50,85Si0, 40Ng0G0B,0,Q0A,0;
25Li,085Li,50,60SI0, 30K,060B,0,Q0A1,0, Vidros Silico-Sulfatados de Sc@
35Li,040Li,SO,85Si0, 30Ca0f_1_508203?0A'203 30Na0A5NaSO,B5SIO, |

40Cad308,0,40A1,0; 35Na005NaSO,B0SI0, |

SUBECEL 000 40NaOA5NaSOd5SI0, |

_ 40BadB50B,0,40A,0, 45Na0A5NaSO,@0SI0,

idros Silicatos de Sodio 30Li,0B0B,0,A0TiO0, 50Na,0A5Na,SO,35Si0, ‘
30Na00SiO, 40Li,060B,0,40TiO, 30NaOA0NaSO,B0SI0, |
35Na,0B5Si0, 30Li,080P,0,Q0A,0, 35Na0A0NaSO,B5SI0, |
40Na0BOSIO, 20Li,085PbAA5SIO, 35Na0BNaSOB0SI0, |
45Na0B5SI0, 32,1L,084,3B,0,3,6Si0 40NaOBNaSO@55i0, |
50Na,0B0SIO, 30,8LL,061,58,0,0,7Si0, 45Na0BNaSO,B05SI0, |

27,3Li,064,5B,0,08,2SiQ
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Diagramas de Composicdes

‘;.i
20 “llak‘SO

‘V‘V Sistema SilicSulfato de Liti
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Estrutura e
Resultados de Vidros
por Difracao de Ralos X
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Estrutura:
QRX Vidros
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W H. Bragﬁlﬁ,w L. Bragg,
Proc R Soc Lond A 88

428 Prof. W. H. Bragg and Mr. W. L. Bragg. [Apr. 7,
investigation given above has been confined to that portion of the spectrum
on the red side of the blue. If we wish to extend our investigation into the
blue and violet then we should have to take account of the effect of the blue
sensation. Further, although it seems quite clear that the major part of the
luminosity perceived in that part of the spectrum including the red, yellow
and green, at any rate with fairly bright spectra, is due to the red and green
sensations, there is much evidence to indicate that, at any rate in the green

and blue, there is a fourth sensation which may be called the fundamental
white sensation. This probably corresponds to the rod-effect of von Kries,
which would have to be taken into account if extremely minute differences
of luminosity were under consideration, or if we were dealing with spectra of
small intensity.

The Reflection of X-rays by Crystals.
By W. H. Brage, M.A., F.R.S, Cavendish Professor of Physics in the
University of Leeds; and W. L. Bracs, B.A., Trinity College,

(Received April 7,—Read April 17, 1913.)

In a discussion of the Laue photographs it has been shown* that they
may conveniently be interpreted as due to the reflection of X-rays in such
planes within the crystal as are rich in atoms. This leads at once to the
attempt to use cleavage planes as mirvors, and it has been found that mica
gives a reflected pencil from its cleavage plane strong enough to make a
visible impression on a photographic plate in a few minutes’ exposure. It
has also been observed that the reflected pencil can be detected by the
ionisation method.t

For the purpose of examining more closely the reflection of X-rays in
this manner we have used an apparatus resembling a spectrometer in form,
an ionisation chamber taking the place of the telescope. The collimator is
replaced by a lead block pierced by a hole which can be stopped down to
slits of various widths. The revolving table in the centre carries the
The ionisation chamber is tubular, 15 cm. long and 5 cm, in

Tt can be rotated about the axis of the instrument, to which its
own axis is perpendicular. It is filled with sulphur dioxide in order to
increase the ionisation current: both air and methyl iodide have also been
used occasionally to make sure that no special characteristics of the gas in

crystal.
diameter.

# W. L. Bragg, ¢ Proc. Camb. Phil. Soc.,’” vol. 17, Part I, p. 43.
+ W. H. Bragg, ‘ Nature,” Jan. 23, 1913.
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Angle of setting of crystal.
Iron pyrites.

~F16. 2—Reflection from face (100) of iron pyrites, at varying angles of incidence.

a bscissa—Angle of incidence of rays on crystal face; Ordinate—Strength of
reflected beam, arbitrary scale.
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Fie. 3.—Reflection (I) from face (100) and (II) from face (111) of rock-salt. The curves
show the variation of strength of reflected beam with angle of incidence.
effects ; but, of course, it takes much longer time to make, and more space
to exhibit. The results for iron pyrites are shown in the series of curves of
fig. 4: a series in which each curve is obtained in the same way as the curve
of fig. 1, the crystal being set at some definite angle which is altered in going
from curve to curve. The curves are arranged so that the vertical distance
between the horizontal lines of reference of any pair is proportional to the

difference in the angles of setting of the crystal in the two cases.

In comparing the curves at the different angles two principles must be
borne in mind. In the first place if there is a general reflection of rays
throughout the whole range of the pencil which is emerging from the slit
near the bulb, the curves show, as in fig. 1, a maximum with similar slopes

value of n in the equatio

seems clear. The difficulty v gy e wave-length to the rays
arises when we attempt to determine the value of d, the distance of plane
from plane,

* We learn that Messrs. Moseley and Darwin have lately been making experiments

similar to some of those rvecorded here. Their results, which have not been published,
agree with ours.
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condutividade s definida pela relacao:

Lei de Ohm macroscépica: V= R

onde 1 = lé =S é e a Lei de Pouillet
R r X X

Lei de Ohm microscopica: S = NQM  Georgsimonohm(17591853,
fisicoe matematicalemao

onde N é o numero de portadores de carga () e ma mobilidade.

Existem basicamente dois tipos de transporte eléetrico: por
conducao de elétrons ou por conducéao de ions.




——

Krafte hervorgebrachten elektroskopischen
ErscheinungenAnnalen der Physik und

A Versuch einer Theorie der durch galvanische ‘i
Chemie32 (1826) 45969
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Vor Km‘zem ]mbe Jch in Sch\\re:ggers Jaurnai ) Ver-‘

-fuche bekannt gemaoht di¢ mich zireiner Theoria

dés’ elekirifohen Stromes fuhrfen, welche durch. ihre

'ganz ungeiuchte und. dock’ vollkommene Ueberein-~

fiimmung mit der Erfahrung als die i in der Natur ge~

‘griindete fich zit erkennen giebt. Seitdem aber bin

ich [o gliicklich gewelen, anf entgegengeleiztem VWege

ans der allgemein anerkannten und in diefer Region
‘oberfien Thatfache, die wir mit dem Namen der
elektrifchen Spannung zwifehien verfchiedenartigen
‘Kirpern zn bezeichnen pflegen , mit'Hiilfe der Ma-

thematik , dem wundervollen Gedankenmedium, zwei -
den innern Znfammenharig aller bei der galvanifchen '

- Kette thitig einwirkenden Elemente anflchlielsende
Geleize zu entdecken, die beflimmt und doch fo ein-
fach alle frither gefundenen wiedergeben und aulser-
d'"clem, was jene noch’zu witnfchen iibrig liefsen, in

" "fch zn fallen [cheinen. Diefe factilch Iner mederzu-

_Iegen und ihre Anwendung auf befondere Fille in kurs
zen Umrillen zn zéigen, it meine Abficht, Ihre Her-

*) Iin zweiten Hefte des laufenden Jahrganges,
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'luubt die Gleichnng (@) m folgendf

{4521 ‘ .

- by bei glemher szmmmg und gleichem Quer-

‘ fchmtte, wenn fich ihre Lingen wie die Zah-
len. verhalten darch. welche ihre Leltungs-
giite ausgedruckt wird, ‘.

I Bei glexchem Leﬂungsvermogen und glemhem

~ Querlfchnitte in Verfcluedenen Leitern richtet fich

- die Stiirke des Stromes nach’ dem Quotlenten, der

gebﬂdet wird aus der an den Enden eines ‘jeden

. Leiters ]1ervortretendeu elektn['chen Spannung
~ und ans der Lﬁnge dellelben Le1iers.

* Es hlt nicht chwer mit Zuz:elmng der Glelchung .
(b) fich zu ‘iiberzeugen, ﬂafswi‘l_;e_ in L. q;lf.sgelpyochee .
nen Gefeize'noch wahr bleiben, wenn anfiatt der gan-
zen'Leiter irgend beliebige Theile derfelben betrachtet

. werden, Dadurch- w:rd es moglmh, fur jeden Theil
“des homogenen und pmsnmhfchen Lelters einen an-

deria’von gegebenem: Lexmngsvermogen und gegebe~
nem. \Querfclm;.tfte‘ zn. felzen, der. den elektrilchen
Strom in Nichts &ndert, nnd umgekehrt jeden ans
Theilen von verfchiedenem Leitungsyermégen und
verfchiedenem Querfchmtte beﬁeheude:: Leiter in ei-
nen andeérn zu ver wandeln, der in feiner ganzen Liin-
ge cinerlel Le:tungsvermogen uml emerlex Ouerfchnitt"

'ha.t? wenn man nur jenem Geletze
gen fich vertindert denkt. Auf I'olc @/ / R
umzuiindern, wobel blos zn bemerken i, dafs jede ._

Lﬁnﬂe emee Le1ters oder Theil des Leiters, delfen

Leltun gsvermogen oder Querfchmtt von den zur Norm
gewihlten abweicht, znvor erft nach dem Gefetze L




em movimento

Cargas
através de uma superficie de area A. A
taxa temporal em que tais cargas (

positivas

atravessam A ¢é definida

corrente |: Dq

Dt

Por convencéo, o sentido da corrente
€ 0 mesmo das cargas positivas

como

Die galvanische Kette mathematisch
bearbeitet 8 o0 O Circuito Galvanico

Investigado Mat emat i c ameg

Die © &=———
calvanische Kette,

mathematiscl bearbeitet

PDr. ¢ S, Ohmnm

Mit einem Figurenblatte,

Berlin, 1827

Bei T. H. Riemann,

Berlin Riemanr{1827 245pgs.
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A A relacio entre
resisténciak e
resistividade foi
obtidaexperimen
talmentecomo:

R:ri
A

A | éaresistividadeslétrica(lemohmmetro,q @);
A R é a resisténciaelétrica de um especime uniforme do

UniversidaCIe_ei d e PO U | I I et

Numaanalogiahidraulicaa passagem
de corrente num material de alta

resistividade seria equivalente a

passagemde agua numa tubulacao
cheiade areia,enquantanummaterial
de baixa resistividadeo equivalente
seria 0 da mesmatubulacaoapenas
com agua Se os tubos forem de

mesmo comprimentoe diametro, o

com areia tera maior resisténciaao

escoamentale agua Importantenotar
gue a resisténciando dependeso6 da

presencade areiad dependeambém
de quaolongaé atubulacéoge qualo

seudiametro

material(enohms,q);

A x é o comprimentalo espécimémedidcemmetrosm);
A A é aareadasecaodo espéecimdemmetrosquadradosm?).

Claude Servais
MathiasMarieRoland
Pouillet(17916 1868,
fisicofrancés
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http://pt.wikipedia.org/wiki/Prata
http://pt.wikipedia.org/wiki/Cobre
http://pt.wikipedia.org/wiki/Ouro
http://pt.wikipedia.org/wiki/Alum%C3%ADnio
http://pt.wikipedia.org/wiki/Tungst%C3%AAnio
http://pt.wikipedia.org/wiki/Niquel
http://pt.wikipedia.org/wiki/Lat%C3%A3o
http://pt.wikipedia.org/wiki/Ferro
http://pt.wikipedia.org/wiki/Estanho
http://pt.wikipedia.org/wiki/Platina
http://pt.wikipedia.org/wiki/Chumbo
http://pt.wikipedia.org/w/index.php?title=Manganin&action=edit&redlink=1
http://pt.wikipedia.org/wiki/Constantan
http://pt.wikipedia.org/wiki/Merc%C3%BArio_(elemento_qu%C3%ADmico)
http://pt.wikipedia.org/wiki/Nicromo
http://pt.wikipedia.org/wiki/Carbono
http://pt.wikipedia.org/wiki/Germ%C3%A2nio
http://pt.wikipedia.org/wiki/Sil%C3%ADcio
http://pt.wikipedia.org/wiki/Vidro
http://pt.wikipedia.org/wiki/Ebonite
http://pt.wikipedia.org/wiki/Enxofre
http://pt.wikipedia.org/wiki/Parafina
http://pt.wikipedia.org/wiki/Quartzo
http://pt.wikipedia.org/wiki/PET_(pl%C3%A1stico)
http://pt.wikipedia.org/wiki/Teflon

Comparacao entre

= Condutividades
AValores em T ambiente (Ohm@n) L= (wam) 1
METAIS condutores CERAMICAS
Prata 6,83 107 Vidro soda-cal 1010- 1011
Cobre 6,03 10’ Concreto 109
Ferro 1,03 107 Al O, <101
\7/alores selecionados das Tabelas 18.1, 18.3, e 18.4, Callister

e.
SEMICONDUTORES POLIMEROS
Silicio 43 104 Poliestireno <104
Germanio 23 10P Polietileno 1015- 101/
GaAs 106

semicondutores Isolantes
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Modelo TN
I\/I I Crosc C,) p | CO ljf 7 _,,Vdiff /

{
.'I; ‘-11.. | [ 1’1

da Corrente! || | jio—=i"] |
A Uma secgéo de condutor uniforme L 4>|
v AL

de ared\, distancidDx e volume
ADx, comn portadores de carga
neste volume.

Ostransportadoresle cargag se movemcomvelocidadey,, e
a distanciaque se deslocamnum intervalode tempo Dt é
Dx=v,Dt. O numerode portadoresde carga na seccaode
comprimentdx é: —

P Dx = v,Dt

Portanto,0 numero de portadoresde carga na seccaode
comprimentdx €: NADx = nAv Dt

onden é o numerade portadoresorunidadedevolume




Modelo N
Microscopico (/o

|
I A
|

da Corrente? | | | Jio—|
A quantidadede cargaDqg neste ] )
volumeADx e igualaonumerode LI_WJ

portadoresiecargad q:
Dqg = (nADx)q = (nAv4Dt)q

Sendoacorrentd definidacoma

— % = (nAVth)q — nAqu
Dt Dt

A velocidadev, é definida como velocidadede deriva, e
corresponde mediadasvelocidadealeatoriagdascargasgd
emmovimento
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Condutividade
A= Eletronica em Solidos

\ 180

[
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MDELO DE DRUDE Paul Karl Ludwig Drude

(18631909, fisicoalemao

) os elétrons sao livres e enquanto nao
colidem com a rede descrevem trajetérias
retas segundo as Leis da Mecanica de
Newton.

A ii) a colisdo dos elétrons é instantanea.

i) a probabilidade por unidade de tempo do
elétron colidir com a rede (apods ter colidido com
um outro anterior) depende do tempo (chamado
tempo de relaxacao t):

t
A probabilidade de uma colisao num intervalo de }
t

tempo dt é:
IV) imediatamente apos a colisao o elétron adquire
novamente a sua velocidade.




Paul Karl Ludwig Drude (18631906,

fisico alemao, professor universitario,
editor da revista Annalender Physik e

membro da Academia Prussiana de

Ciéncias

Zur Elektronentheorieler Metalle Ann
Phys 306(1900566- 613

566

11. Zur Elektronentheorie der Metalle;
von P. Drude.

1. Teil

Dass die Elektricititsleitung der Metalle ihrem Wesen
nach nicht allzu verschieden von der der Elektrolyte sei, in-
sofern der elektrische Strom durch den Transport kleiner
elektrischer Teilchen bewirkt wird, ist eine Anschauung, welche
von W. Weber zuerst ausgesprochen und spiter von Giese!)
weiter durchgefiihrt ist. Tch will diese elektrischen Teilchen
im Anschluss an neuere Bezeichnungen FElektronen, oder {(um
einen bequemeren Ausdruck zu haben) elektrische Kerne, oder
auch kurz Kerne nennen. Den Ausdruck Corpuskeln oder
Ionen méchte ich vermeiden, da mit hbeiden Ausdriicken die
Anschauung verbunden ist, dass die elektrischen Teilchen auch
eine gewisse, wenn auch sehr kleine ponderable Masse mit
sich filhren. Ich glaube, es ist zweckmissiger, wenn der Aus-
druck ,,Ionen* fiir di¢ Aggregate elektrischer Kerne und pon-
derabler Masse reservirt bleibt, welche wir in den Elektrolyten
antreffen.

Ob ein Klektron eine sehr kleine ponderable Masse mit
sich fithrt, oder nicht, lassen wir vorliufig unentschieden. Ich
«will nur gleich hier bemerken, dass es durchaus nicht nbtig
ist, einem Elektron ponderable Masse beizulegen, um ihm
trotzdem eine gewisse kinetische Energie seiner Bewegung zu-
zuschreiben und eine Trigheit fir Bewegungsinderungen, wie
sie z. B. aus den Ablenkungen der Kathodenstrahlen im Magnet-
feld und aus den optischen Eigenschaften der Metalle hervor-
geht. Da jedes bewegte Klektron einen elektrischen Strom
reprasentirt, welcher eine gewisse Anzahl magnetischer Kraft-
linien im umgebenden Aether érzeugt, so miissen bei Antrieben,
welche Richtung und Grésse der Geschwindigkeit des Elektrons
zu #ndern suchen, entgegenstehende Krifte einsetzen, welche
durch die Veréinderung der vom bewegten Elektron hervor-

-

1) W. Giese, Wied. Ann. 37. p. 576. 1889.
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modelo consiste
& basmamente numa

Qo
9 Q Q . ~ . . ;.
@ @ @ aplicacdo da teoria cinética
Q9 Q@ 0 Q9 Qo

& 2 2 dos gases numa estrutura

(o]

o

Q
o

metalica, assumindo que o
comportamento Mmicros-

o % copico dos elétrons das
il X e ? ligacBes metalicas podem

o e e _° & @ o _~ ° ser tratados de maneira
d Y a W oa %o , Classica (Leis de ~Newton)
S o @ . como se fossem A u nmar

¢ 4 X °°@°°@°de g8s 0 Uma outra
° o 0%0° = o, — 4 o , ¢ comparagdo seria de
o o ° 3 o elétrons como num de um
i s S o\l /~ o\ o/ o jogo de pinball, onde os
o ° 9 ° 0 ° 9 ¢ jons metalicos (positiva-
. . o o e oF B° ¢ Mmente carregados) servi-

o Q Qo

riam de barreiras.
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Se calcularmos a velocidade media de
um conjunto de elétrons de carga q =
@ @ @ - € submetidos a um campo elétrico

—¢ || num intervalo de tempo dt :

dg=- neAdx = - neAvdt

Por definicdo, | ¢é a

‘E densidade de corrente (em
unidades C/nys):
@ =
/ o= =
I =]V, .
areaA AN d _ dg _ (nAvydt)g _ N

<« “ ~ J Adt Adt
J dx
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Federal Modelo de Drude?

da Bahia

Como o modelo assume que entre as colisdbes t =t (tempo de
relaxacdo ou tempo médio entre colisbes) o0s elétrons sé&o
particulas, e ha um campo elétrico de intensidade E atuando, tais
particulas sofrem a acao de uma forca F = gE =ma.:

m m m
« Da Lei de Ohm
E J = I_:l — VA — l =
._>o-> N A AR Ardx dx
éreaA @)l i Vd Portanto:
R A— S = n=—- e2t
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E. G. Warburg Ueberdie Electrolysedes festenGlases Ann Phys Chem 21
(1884622 646

A A condutividade idbnica em vidros foi verificada pela
primeira vez por Warburg (1884): transporte de
ions Na* através de um vidro de lampada elétrica

V. Ueber die Electrolyse des festen Glases;
von E. Warbunrg.
(Hierza Taf, YI Fig, 6 —8.)

(Aus den Berichten iiber die Verhandl. der naturforsch. Gesellsch. zu
Freiburg i. Br. Bd. 8. p. 2, mitgetheilt vom Hrn. Verf.)

Der Durchgang der clectrischen Stromes durch das
feste (las ist vielfach Gegenstand der Untersuchung ge-
wesen. Der electrische Leitungswiderstand des festen Glases
in seiner Abhingigkeit von der Temperatur wurde zuerst
von Buff!) bestimmt; neuere Bestimmungen derselben Grosse
wurdes ausgefiihrt von Beetz?), Perry?), Foussereaun?),
Th. Gray.9)

e

1) Buff, Lieb. Ann. 90. p. 257. 1854. EmilGabrieMarburg1846
2) Beetz, Pogg. Ann, Jubelband. p, 23. 1874. fai =
3) Perry, Proc. Roy. Soc. 23. p. 468. 1875, 0 1933" fisicoalemao

4) Fousserean Jonrn de nhve (2 11 » 954 1883 Rethl 7. 1 14
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Potencial Elétrico Condicao apos
——)  2PliCaca0 &
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SvanteAugust
Arrheniug185%

1927), fisico e
guimico sueco.
Prémio Nobel de
Quimica em 190

Condicéao

inicial\

Probabilidade de salto:

! B
Vv exr% DG Q -
-0 KT u
(; kBT - a/ 2 % o

o]

0 Distancia
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E

Na presenca de:

1
Trabalho / Energia |U = anE

a

....i ’
Vi,

v =y expéa DG- u@ :>
FOUTTE kT 8
V, =V, exp§= DG +u@ <:|
> Iu 2 = Vo : S KT g
>
0 Distancia  _ .
Densidade _ _ a DGO . aaqEQ
de corrented: J= nqa(vl- v2)— 2ngay, exp(%g T gsmr%%kBTg
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Uber die Reaktionsgesehwindigkeit bei der Inversion

von Rohrzucker durch Séiuren.
Yon
Svante Arrhenius.

Die Geschwindigkeit der Reaktionen, welche von Elektrolyten (Sduren
und Basen) bewirkt werden, steht in einem sehr engen Zusammenhange
mit der elektrischen Leitfilhigkeit derselben. Aus theoretischen Griinden
wurde Proportionalitit zwischen diesen beiden Grissen angenomment!),
und die nachher ausgefiihrten experimentellen Bestimmungen?) zeigten,
dass dies anniibernd der Fall ist. Jedoch konnte diese Beziehung nicht
strenge aufrecht erhalten werden. Nachdem man die Mdglichkeit gefunden
hatte, den Dissociationsgrad zu berschnen, lag es nahe, zu versuchen, ob
nicht Reaktionsgeschwindigkeit und Menge von wirksamen Jonen pro-
portional seien, wie in erster Annidhsrung zu erwarten war; dies ist aber
unterblieben, da die Beziehung auch in dieser Form keine streng giiltige
ist. FEine andere ins Auge springende Schwierigkeit, welche moglicher-
weise mit dem Mangel an Proportionalitiit zusammenhéingt, ergiebt sich
aus der Thatsache, dass die Reaktionsgeschwindigkeit (z. B. bei Inversion
von Rohrzucker etc.), welche der Theorie nach von den Jonen des an-
wesenden Elektrolyten bewirkt wird, unter Umstéinden (durch Zusatz von
Neutralsalzen) zunehmen kann, cbgleich die Anzahl der wirksamen Jonen
abnimmt. Da die Frage nach der Art des Zusammenhanges zwischen An-
zahl der wirkenden Jonen und Reaktionsgesehwindigkeit von nicht unbe-
deutendem theoretischen Interesse ist, so habe ich versucht, diese Frage
fiir einen der am meisten studierten Fille, Inversion von Rohrzucker durch
Siiuren, unter Zuziehung von den vielen schon gemachten Versuchen zu
einigen eigens fiir die Diskussion vyon mir neu ausgefiihrten einheitlich
zu beantworten.

1, Hinfluss der Temperatur auf die Reaktionsgeschwindigkeit.

Die Geschwindigkeiten der bisher in dieser Beziechung untersuchten
Reaktionen werden sehr stark durch steigende Temperatur befordert.

1) Arrhenius: Bihang der Stockholmer Akad. 8, Nr. 14, S. 60. 1884.
% Ostwald: Journ. f. prakt. Ch. (2) 30, 95. 1884; Lehrbuch 2, B23. 1887.

Ueberdie Reaktionsgeschwindigkdaei der In
taxade Reacaalalnversdade Acucarde Can

€
0

Uber die Reaktionsgeschwindigkeit bei der Inversion etc. 229

t ¢ beob. o ber, o ber.y
18 1453 1519 1466
24 3010 (3010) 3024
30 6250 BBOT 6287

Es giebt noch drei Vorgéinge, deren Beeinflussung durch die Temperatur
gemessen worden ist. Die Messungen sind von Schwab in van’t Hoffs
Laboratorium ausgefiihrt, und die benutzten Temperaturen sind relativ
genommen sehr hoch. Von einem dieser Vorgiinge hat van’t Hoff schon
gezeigt, dass er durch Formel (1) reprasentiert werden kann. Es ist dies die

. Ze i i i

in wisseriger Losung. van't Hoff, Etudes de

chimique, p. 114. van’t Hoffs Formel dafiir ist: log.w()=-—a‘
11.695. In Formel (1) sind: {,=80; ¢,=2-22; 4 = 13280.

¢ beob.

90 6.03 6.27
100 17-3 16-7
110 43-6 424
120 105 102
130 237 (237)

Die beiden andoren von Schwab untersuchten Falle, Umsatz von
Natrium-Monochloracetat mit Natronlauge, und Zersetzung von Dibrom-
bernsteinsiiure mit Wasser, schliessen sich besser einer exponentiellen
Formel an. Der Vollstindigkeit balber geben wir unten die Messungen.

6. Umsatz von NeCHy;ClCOO mit NeOH. van’t Hoff, Etudes,
p-113. van’t Hoffs Formel dafiir: log.,,0 = 0-0404¢ — 5-91554. Kon-
stanten der Formel (1): f,=280; 9,=19.8; 4 =13060.

t o beab. ober, o berg
70 8.22 6-73 8-18
80 19.8 (19-8) 20-7
90 499 54.9 52-5

100 128 141 133
110 305 359 338
120 857 (85T) 856
130 2170 1950 2170

1. Zersetzung von Dibrombernsteinsiure mit Wasser. van’t Hoff,
Etudes, p. 112. van’t Hoffs Formel: log. ,¢=0.0412¢ — 6.02219.
Konstanten der Formel (1): ¢,=750; ¢,= 108; 4 =11110.

brsionvon Rohrzuckedurch Sauren 0Sobrea
rAcido® Z Phys Chem4 (1889 226- 248




Prémio Nobel de Quimica de 1903 oem
reconhecimentodos extraordinarios servigcos
realizadogparao avancoda quimicaa partir da
suateoriadedissociacaaletrolitica

trolyfiskn dissociations-teori mlage,
om kemiens uruenklmg' LI

Stockholm den 10 Fecember 1903,

Kgl. Ver. Ak:s Prases.
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A Mecanismo de
Condutividade Ionica
em Vidros (Souquet)

oConduction mechanism in ionic e
glassesis still consideredone of the §§= §&
great challenges in physics andgs =
chemistryof glasse®
Yol g ; o7

A. Bunde K. Funke M Ingram Sol Statelonics105(19981  y|ausFunke Malcolringra




Mecanismo de Conducao
lonica (Souquet)

DH,
® ormacio de portadores de carga: N = Ny €XpP )
2Kk T
EY DH,,
® Migracédo de portadores de carga M= 2 W onde W= exp
Okg T kg T
® DaleideOhm: |S®emm E.
' 4 A N\
2
® Temse: ST = engl *Vo expl- DH, /2 +DHm) SvanteAugustArrhenius
6kg kg T Premio Nobel em Quimica (

H_I

A, = Equacéio de
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Georg Simon
Ohm (17891854,

fisicoalemao

S = ngm

Lei de Ohm:

Universidad

log s (CondutiQidgde em S/cm)

-11

Condutividade I06nicas
S = Aexp(-E,/ kgT)

-10 -

Vidros SODA CAL
s.._=6,837X 10° (S/cm);

150

E, = 0,762(20) (eV)

s,.,= 6,882X 10° (S/cm);
E, = 0,778(14) (eV)

| 2,6 | 2I,8 | 30 3.2 |
1000 (Temperatura em K)

1,4
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S = s exp(- ExlkgT)

Daleet al

Hahnertet al

Higby & Shelby

Koneet al

Leko

Mazurin & Borisovskii
Mazurin & Tsekhomskii
Pronkin

Souquett al
Vakhrameev
Yoshiyagawa & Tomoza

Grafico tipo 3_
Arrhenius:

> O DO D &4 peon

Li ,OASIO,
S, = 96,9 (WEm) !

log,, s (W' cm')

-8

: E,= (0,616 0,011) eV
Lel de Ohm: §
1.75Ix103 | 2.00Ix103 | 2.25le03 | 2.50le03 | 2.75le03 | 3.00le03 | 3.25Ix103 | 3.50Ix103
S = ngm T
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-2 {-2
4] 1.4
T 0.67

-6 {6
. -8-_ AEH \Q} 15

= : } 01-04 °
_O -104 1 -10
S 124 112
" 14 ] -14

g 14 £ 0.08 _

8) '16— "t. 7] _16
-18 "+ 0.05 & 0.07 118
-20- 0.06 - -20
R : : : : 22
Dados de condutividadg b b b 2
2.0x10 3.0x10 4.0x10 5.0x10

de 43 vidros no sistema
XLi ,0O(1- x)SIO, . T (K




Definicao Resisténcia
[ Impedancia

James Macdonald.(1923) fisico americano

Obstrucao de corrente ou fluxo de e

Corrente continua : Corrente alternada
|

V amostra —» |

l

amostra Z —

1 1{w)

| =losen@t+f)  w=opf

R =

v
|
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Eletrolito Forte n=n,em «£T)

Eletrolito Fracan=n(T) em 5

Modelos a base de Defeitos
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Eletrolito FortéAnderson/StuavIt | Eletrélito Fracd Ravaine/Souqué
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AUma pequena concentracdo de
portadoresie cargan dissociadogla
estrutura vitrea promovem a
condutividadabnica A mobilidadee
maisrelevanteano processo

m= exER
T

JeanLouis Souquet (n.
1942, engenheiro
guimicofrancés

uiesiihOodelo Eletrolito Fraco

D. Ravaine, J. L. Souqugitlys. Chem. Glass&8 (14

Ravaine & Souquet

PAPERS

A thermodynamic approach to ionic conductivity
in oxide glasses.
Part 1. Correlation of the ionic conductivity
with the chemical potential of alkali oxide
in oxide glasses

D. Ravaine & J. L. Souquet
Laboratoire de Cinétique Electrochxrmque Mwemle.
et d’El

Ecole Nationale Supérieure d'.
Saint Martin d’'Héres, France

Manuscript received 31 March 1976

Revision received 7 July 1976

Accurate measurements of electrical conductivity of
glasses in the systems Si0,~M,0 (M=Na, K) are
deduced from impedance plotted in the complex plane.
The conductivity rises steeply with increasing alkali
oxide. The simultaneous measurement of the electro-
motive forces of different concentration cells involving
two glassy zlectro[ytes permits the correlation of the
electrical di 'y with the chemical ial of
alkali oxide in the glass.

An interpretation is proposed assuming that, in these
disordered materials, the limiting factor for the ionic
motion is not the number of interstices in the random
network but the number of mobile cationic carriers
obtained by the dissociation of the “electrolyte”™ M,0
in the “solvent™ Si0,.

Many oxide glasses show cationic conduction. These
materials are obtained by the iation of lled
forming oxides such as SiO,, Al,0,, and B,0; whose
covalent bonds ensure the rigidity of the macro-
molecular structure, with so-called modifying oxides
such as Li;O, Na;0, K,O, and CaO which intro-
duce the ionic bonds which are at the origin of the
cationic conduction. No model has yet been presented
to explain the considerable influence of the kind of
oxide and of the alkali or alkaline earth cation con-

ion on the conductivity of these el (8.2

Generally, the conductivity, g,is the product of the
concentration in mobile species n, their charge ze,
and their mobility u: g =nzeu. In the case of crystals
with ionic conduction, the concentration in mobile
species is identified with the concentration of intrinsic
or extrinsic defects.

Because of the disordered structure of glasses the
number of defects cannot be taken as the limiting
factor of the transport properties; n is thercfore
usually identified with the total number of alkali or

Physics and Chemistry of Glasses Vol. 18 No. 2 April 1977

)77) 331

alkaline earth atoms per unit volume. Experience
shows that the variations of conductivity with the
alkali oxide content can never be fully accounted for
by the variations of n defined above. For instance, for
different glass compositions in the Si0,-Na,O
system, the increase of the concentration in sodium
atoms by a factor of 2 produces an increase of two
orders of magnitude in the electrical conductivity
at 100°C.® Consequently it can be assumed that only
a minor share of the alkali ions have sufficient energy
to break thc lomc band which binds them to the
macr and port the current,
and that lhm portion is strongly influenced by the
alkali oxide content. Thissituation would be analogous
to that of weak electrolyte solutions. A satisfactory
definition of the concepts of solvent and solute with
respect to glassy electrolytes should therefore enable
thermodynamic studies of dissociation phenomena
to be extended to glasses.

The present study, which was carried out on simple
glasses in the SiO,-M,0 systems (M = Na, K),
shows that it is particularly interesting to consider
these glassy electrolytes as modifying oxide solutions
(M,0) in the solvent composed of the formmg oxide
[SlOz) ‘With this aim, we have compared variations
of conductivity and alkali oxide activity in these
systems.

C by complex i
measurements

In an earlier paper'’ we haye shown that the complex
plane repi of th Z*=7Z'-jZ",

of symmetrical cells of the meml/alkall metal oonduc-
tive glas/mctal type can be used for the dclcrmmauon
of the of glassy tes.

b
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Orson Lamar Anderson,
fisicoamericano

O. L. Anderson, D. A. StuartAm. Ceram. SG@ (1954) 53380




