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Introducao

Frenkel em 1926 -> introduziu o conceito de
defeitos

Schottky em 1930 -> defeitos em compostos
binarios

Importante para difusao em Cristais

— Habilidade de movimentar-se (veiculo de difusao)
— Presentes em equilibrio térmico

Vamos tratar defeitos relevantes para difusao
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Schottky defects within the NaCl

structure
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e defect-free MaCl structure
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Em metais a carga € equilibrada pelos elétrons de conducéo (blindagem)
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e \acancias

0000000000
Q0000000000

O Matrix atoms (N) [] Vacancies (n)

Da termodinamica estatistica

(desconsiderando interagéo entre vacancias)

N° de atomos

/

A N' =N + niv
Posicdes na rede

N° de vacancias

Vacancias existem pois reduzem a energia livre
de Gibbs do sistema

Energia livre total Energia livre de
¢ formacéo

v
Gip.T)=G"(p,T) + AG

N\

Cristal perfeito
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Entropia da configuracao
(razado da existéncia das vacancias)

AG = n1v (Tuﬁ — .Tscanf /

Energia livre de formacéo de uma vacancia

Entropia de formacgao
ﬂ

N.l]m.erq QOSSiVel de Entalpia de formacéo

distribuicdo de n

vacancias em N’

Posicbes de rede N
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niy ! N!
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Da analise combinatoria
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Aproximacao de Stirling
N'|

Iﬂ V — =~ o~ T
\ niy ! N! Inz! ~ xln ‘1..}

InWiy = (N +nyy)In(N +nyy) —niy Inngy — NIn N

Imposigéo termodinamica A (! . 2 - _
para o equilibrio AG = Min OAG /Onyy =0
L AG = n1yGhy — T'Seont G, — HE, —TSE,
y=hu =y = =u.
J . / w Scont = kg In Wiy
ﬂ&q
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Introduzindo a concentracao de vacancias

niv
Civ = —
H N 4+ nyv
HE, ~TSF, + knTln—"1V__ — g
1V 1V N+l

) GF . SE HE,
C —exp | =L ) = exp [ =L ) exp 1V
v ( kﬂ) Y ( ks )0\ keT

P dln C-'f?,
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Divacancias

1V +1V = 2V

)2 Z ¢ eq (2
(Crv) Z(c5)

Ganho de energia livre (menor numero
de ligacOes a ser quebradas)

H21 - TSQ‘.

Z Gy
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Divacancy
concentration

Monovacancy
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Melting temperature

>

Reciprocal temperature

Arrhenius diagram

Aglomerado de mais de 2 vacancias € geralmente despresivel
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* Determinacao das propriedades das vacancias

e Dilatometria diferencial
_ o V(T) Volume total
— Concentracao de vacancias |

Vo = NQ Q(T) Volume por atomo
AV = V(T) = Vo = (N +n)T) — NQy = NAQ +nQ(T)
AQ = (T') — Qo Numero de novos sitios

AV AQ  n QT") ,_—— Criacao de defeitos
- = + =
V 0 Qg N () 0

\

Expanséo da rede
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n=ny—njy

() O . »
Ci! — O = & — A $U7) Efeito omitido
Vo (o Qo (=1
Para metais, auto intersticiais podem ser considerados “zero”
Ced ATL B AL
! Vo 2o

(9 — 3 ﬂ _ f Dilatometria +
v DRX
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Fig. 5.3. Length and lattice parameter change versus temperature for Au according
to SIMMONS AND BALLUFFI [23]
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Préoximo do ponto de fuséo o numero de sitios relacionados a
divacancias é de aproximadamente 50%
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e Outros métodos:

— Resfriamento rapido
* Medida de resistividade
Ap = pg— po=pv Ci/(1o)
— Microscopia eletronica de Transmissao
 Medida de aglomerados de vacancias
— Aniquilacao de poésitrons (entalpia de formacao)

* Vacancias aumentam o tempo de vida (menor

densidade de elétrons)
1+ 10Crv
1+ Tf{Tf:_Tlv

ff"—i_ —|_ e — 2"; 7: — Tf
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Fig. 5.5. Mean lifetime of positrons in Al according to SCHAEFER ET AL. [28]
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Table 5.1. Monovacancy properties of some metals. C'7Z is given in site fractions

1V

Metal HE, eV SE, ks Ciy at T, Method(s)
Al 0.66 0.6 9.4 x 104 DD + PAS
Cu 1.17 1.5 2 x 1074 DD + PAS
Au 0.94 1.1 7.2 x 1074 DD

Ag 1.09 - 1.7 x 104 DD

Pb 0.49 0.7 1.7 x 1074 DD

Pt 1.49 1.3 - RQ

Ni 1.7 - - PAS

Mo 3.0 - - PAS

W 4.0 2.3 1 x 1074 RQ + TEM
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 Auto-intersticiais
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Fig. 5.6. Dumbbell configuration of a self-interstitial in an fcc lattice

Importante no caso de radiacdo energética e alguns solidos iGnicos
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Ligas Binarias Substitucionais

e Vacancias em ligas diluidas
00000000000

Vacancia entre atomos do solvente OQQ‘O@O © 000 OOO
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Fig. 5.7. Vacancies in a dilute substitutional alloy

GF,(A) < GF,(B) Repulsivo

e ~y . —— :F,{:l) o GFr(B]
C§#(C) = (1~ 2 e |- |+ 20 e |-
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Ligas Binarias Substitucionais

GF(A)
kpT

Ce(Cg) = (1— ZCp)exp { T

F
} + ZCpgexp {_ le(B)]

Solucao aceitavel para C'g < 0.01

Energia de interacao

\(_}‘B =G, (A) - G, (B)

Termo para solvente puro

O = exp _Giv(A) 1 - ZCpg+ ZCpgexp ”
= exy T U5+ ZCpexp | 1o

(WB
p = Ci{{ exp (L T) Probabilidade da vacancia
B estar na vizinhanca do soluto
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Ligas Binarias Substitucionais

* Vacancias em ligas concentradas (C;>0.01)
— Interacao entre atomos associados
— Interacao entre atomos associados e vacancias
— Modelos robustos indisponiveis
— Aproximacao:

-- Aproximacao para ligas
Go = GF,(4) G; = GE,(B) | diluidas
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Fig. 5.8. Frenkel disorder in the cation sublattice of a CA ionic crystal
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Frenkel

Co = Ve + 1o Formacéao de defeitos

. SFP Hpp .
Cyl Oy ‘3 = exp (A—) exp (— T = KFP Produto de
B B Frenkel

pr:H{fc—l—Hi and %FP_S —i_bf(_“

S H
Cyl =Crl =exp | ; ki exp | — F_P
2;3.3]3 QIC-BT
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e Schottky
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Fig. 5.9. Schottky disorder in an CA ionic crystal
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Compostos 16nicos

e Schottky

Co + A4q + 2 new lattice sites = Vo + Vy

Ssp Hsp ]
( = xp [ ——2 | = K« Produto de
v, = exp ( kB ) P ( 'ICBT) HsP Schottky

Sap Hgp
eq __ €4 — oy ' ,
Cye = Oy, = exp (E) Y (_ Q‘E"BT)

HSF — H —|— HF and (’SP = ('J —|— ()




Prof. Rodrigo Perito Cardoso

Compostos 16nicos

Table 5.2. Formation enthalpies of Schottky- and Frenkel pairs of ionic crystals

lonic compound (Hsp or Hpp)/eV  (Ssp or Swp)/ks Type of disorder

NaCl 2.44 9.8 Schottky
KC1 2.54 7.6 Schottky
Nal 2.00 7.6 Schottky
KBr 2.53 10.3 Schottky
LiF 2.68 Schottky
LiCl 2.12 Schottky
LiBr 1.80 Schottky
Lil 1.34 Schottky

AgCl 1.45-1.55 5.4-12.2 Frenkel
AgBr 1.13-1.28 6.6-12.2 Frenkel




Diversidade de estruturas @
Ordenados
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Intermetalicos

Fig. 20.1. Ideally ordered structures of some cubic intermetallics: B2 (left), D03
(middle), L12 (right)

Populacao de defeitos complexa

Estrutura diferente do solidos ionicos

Duas sub-redes

Table 5.3. Elements of disorder in intermetallic compounds

A atom on A sublattice

. r r . .) " . " r

B atom on B sublattice VatVp = :X_Aji%‘_ }_i’i;’il,
vacancy on _-éi f‘:i]_l}:}lq':-ltti{'.e triple defect bound triple defect
vacancy on B sublattice Ve T R

B antisite on A sublattice ‘AT VB = x_ij |

A antisite on B sublattice vacancy pair
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Semicondutores

e Covalente

CL=C&+CE, +CA_ +0C%, +C4_ +

Conduction band Conduction band
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Valence band Valence band

Double acceptor Single donor

Fig. 5.10. Electronic structure of semiconductors, with a defect with double ac-
ceptor character (left) and donor character (right)
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Semicondutores

e Covalente
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