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Cach sir dung ky hi¢u
Vi du: Sy hinh thanh cap sai hong Frenkel trong ZnO

X 4 X — I 4+ *° < Y ,
Nz Vi " Va4 Phwong trinh phan wng

X 4+ X &> I 4 *° . A 3
N Vi " Vx4 Phuwong trinh cin bang

zn X Ty =v! *zn " Céch viét don gian cho
ca hai trweong hop

Phan tng lay di 1 ion Zn (Zn,,*) va 1 vi tri xen ké trong

(vi¥). Pét vao vi tri xen ké trong d6 1 ion Zn (Zn**) va dé

lai 1 vi tri trong tai vi tri ban dau cia Zn (v,,").
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X X = /l
Zn Tv T v, T zn
n I Zn I

Chuy

¢ Phai c6 sw can bang khoi lwong trude va sau phan
wng (1 Zn trwée va 1 Zn sau phan wng)

¢ Dién tich trwdc va sau phan wng phai bao toan

¢ Nhitng vi tri ciing phai giong nhau trwée va sau

phan ung
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Viét va can bang phwong trinh phan @ng sai héng: Ba
quy tac

1.Can bang khéi lwong (Bao toan Kkhéi lwong): so lwong
nguyén tir cung loai trwéec va sau phan itmg nhw nhau.

2.Can bang dién tich (Bao toan dién tich): tong dién tich
hiéu dung trwéc va sau phan wng nhw nhau. DPién tich hiéu
dung va dién tich thwe khac nhau do d6 tranh dung dong
thoi hai loai dién tich.

3. Can bang vi tri (Bao toan ciu tric nguyén tir nén): ti 18

ciia s0 vi tri cation va anion trong hop chat 1a hang so.
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Vi du: trong oxit kim loai MO, ti I¢ cuia vi tri M va O la
1:1 bdt chép viéc hop chit do 1a hop thire hay khong hop

thirce.

Trong hgp chit M,O,, ti I¢ ciia vi tri cation M va anion O
la 2:3, néu 3 vi tri oxy dwoc tao ra thdng qua phdn irng
defect thi 2 vi tri ciza M hodc nUt khuyét phdi dwoc tao ra

dong thoi.
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Sai héng ndi tai trong hop chat hop thirc
(Stoichiometric compounds)

Sai hong Schottky trong MO

g, 5 5 4% new structural unit
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Xét phan @ng ciia sai héng Schottky doi véi Al,O, va
BaTiO,.

NUt khuyét caion va anion dwec hinh thanh, do d6 dién
tich tu can bing.

e o0

ALO; A Tol T2v, T3v_TA TOo

Al Al @) Al
0~ 2v, T3v,
BaTiO3 0O " v + Vv + 3v
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Sai hong Schottky trong M_O,:

|
o
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bv
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Sai hong Frenkel trong MO
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Sai héng Anion (anti-Frenkel) trong MO
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Phan g ciia sai hong Frenkel d6i voi AgCl
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Sai hong electron (Intrinsic electronic ionisation)

X — ° /
e Th” = h Te
C V

\Y C

Céch viét don gian bé qua vi tri 16 trong trong ving

dan va electron ving héa tri

* /

0= h Te
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Sal héng khong hop thire
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Sai héng do thiéu hut oxy (Oxygen deficiency)

Sw thiéu hut oxy cO thé dwec viét nhw sw lay mat oxy dé
hinh thanh oxy dang khi va dé lai nt khuyét oxy. Mot

nat khuyét oxy cung cap 2 electron tw do trong chat

ran.
Phan wng defect
EC | ) @ 9
\j\)) X [ ] o0
X oe VO 9 VO VO

= + 1 + 5n
O Y% ~0,(9) 2e

O O

vV [3333333330 | 23333330
|
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M2t 02 M2t 0% M2t | M2t 0% M2t 0 M2 | M2t 0 M2t 02 M2
0¥ M* (9 M* 0¥ |0 M¥ () M* 0 | 0T M* () M* o*

M2+ 02~ M2+ Oz— M2+ M2+ 02— M2+ 02— M2+ M2+ 02— M2+ 02-— M2+

Vi v, VS
(a) (&) (¢)

Figure 6.4 (a) The formation of an oxygen vacancy by the loss of an oxygen atom to the
gas phase. This is a nonstoichiometric reaction because the crystal chemistry changes as a
result. Note that as drawn, the electrons are localized at the vacancy site, rendering its
effective charge zero. (h) A Vy, site is formed when one of these electrons is excited into
the conduction band. (¢) The escape of the second electron creates a Vg site.
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Sai hong do du thwra kim loai (Metal excess) — kim loai
xen ké (Metal interstitials)

Vi du: MO, - M,,,O,.

X 4+ X _|_ — n I
M, 720 "M e’ 0 ()
Sw hinh thanh ion M xen ké trong
h()’p Ch?’lt oxit la do sw chuyén EC 2000 |
— Vs

nguyén tir M,, ra vi tri xen ké khi

> , E
do dong thoi tao ra 2 vi tri oxy =[P e

hinh thanh oxy dang Kkhi.
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Hai trwomg hop trén la sy hinh thanh donor — tao

ra electron trong ving dan

E &) * ) J

| B B

Q999 |

M
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Sai héng do thiéu hut kim loai (Metal deficiency) — NUt
khuyét kim loai (Metal vacancies)

Vi du: MO —M,_O.

Il

1 = + ~ X + )
~0,(0) v, O, " 2h

Trong hop chat oxit MO, 1 nUt khuyét kim loai dwoc
hinh thanh 1a do phan wng ciia khi oxy véi oxit dan dén
tao ra nhirng vi tri oxy méi dong thoi sé hinh thanh

nhirng vi tri nUt khuyét kim loai twong ng.
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Pé hinh thanh ion O thi oxy sé lay trong mang tinh thé
2 electron do d6 sé hinh thanh 2 16 trong — hinh thanh

aceptor (16 trong trong vung hoa tri).
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Béang tom tit cac phwong trinh sai héng doi véi

oxit MO,
Schottky disorder 0= vﬁf +hy
Frenkel disorder M +v' = VE/ L M;f'
Anti-Frenkel disorder OF +vi=v> +0/

Intrinsic electronic 1onisation | 0 = ¢’ + 4°

Oxygen deficiency OF =vir +2¢' +10,(g)

I
Metal excess M 4208 +vi =M +2¢ +£0,(g)
Metal deficiency 2 0,(g)= vg +LOE 42y

Oxygen excess LO(g)+v =0/ +2h°
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Sai héng do tap chat
(foreign elements)
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Sw cO mat cua tap chat anh hwong lom dén ni“)ng do sal

héng ndi tai trong hop chat

Hoéa tri ciia tap chat twong dwong véi hoa tri cia ion

nguyén tir nén ta goi la homovalent

Hoba tri ciia tap chat khac véi hoa tri ciia ion nguyén
tir nén ta goi la heterovalent (aliovalent)

» Kim loai hoa tri 16n hon ky hiéu Mh

» Kim loai hoa tri nhé hon Ky hiéu Ml
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Tap chét trong ban dan

Electrons shared
neighbouring
atoms
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Doping of Si with P (donor) or B (acceptor)

o
- I:)Six - |:)Si.
= BSiX - BSi/
— X —= ¢ -+ / = X = I+ *
P P Si P Si € B B Si B Si h
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Sw thay thé tap chat aliovalent oxit Mh,O; vao hop
chét thiéu hut kim loai M,_ O.

Sai héng noi tai trong chat nén la thiéu hut kim loai
twong tng véi sw hinh thanh ndt khuyét kim leai (v,,")
va dwoe bu trir bang 16 trong (h*) = dén dién loai p.
M6t hop chat oxit hoéa tri cao hon Mh,0O, dwge thém vao

rr

Mh ,O, ——2Mh _ v, *30

M M @)

X

Khi Mh,O, dwge thém vao thi sé lam ting nong dd cia
nat khuyét kim loai nén. Khi dé twong téng sé 1am giam
nong df 16 trong h. Phan @ng defect dwore viét voi sw mat

di 16 trong: . .
Mh ,O,"2h — 7 2Mh , 720 _ " >0,(g)

M O 2
https:/ t
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Sw thay thé tap chat oxit hda tri thap MI,O vao hop
chét thiéu hut kim loai M,_ O.
Sai héng ndi tai trong M,_,O la nGt khuyét kim loai M

va 16 trong h.

Khi pha tap MI thay thé sé lam mét di nat khuyét.

"= oMl !

M M

+ + A X
Ml O(s) Y O .

Hoic sé tao ra 16 trong h. Pay 1a phan tng oxy hoa doi

héi phai hap thu oxy

/
M

Ml L0 " 20 (@ —2m |, T20% "o
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Vi du: Ni, O dwgc hoa tan thay thé bing Li,O

Li* (r = 0.76A°) va Ni2* (r = 0.69 A°) twong tw vé ban
kinh do dé Li* co thé thay thé Ni2* hinh thanh pha tap
aceptor (p - type)

Sai héng noi tai trong Ni,, O la nGt khuyét Ni va 16
trong h. Khi pha tap Li thay thé Ni sé lam mat di nat
khuyét Ni hoic tao ra 16 trong h.

. + A ./ + X
Li  O(s) V. 2L1 . " O 4

Ni Ni

] 11 — . /4 X 4 *
Li ,O(s) ~ 0, (9) 2L . 7 20 _ " 2h

2
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Sw thay thé tap chat aliovalent oxit hoa tri lom Mh,O.
vao hop chat thiéu hut oxy MO,

Sai héng ndi tai trong chat nén (chat chi) la thiéu hut
oxy twong tng véi sw hinh thanh nat khuyét oxy (v,**)

va electron (') = dan dién loai n.

Khi pha tap Mh thay thé sé lam mat di nGt khuyét oxy.

Mh O, *v_ ~——72Mh _, *50

@) M @)

Hoac sé€ tao ra electron.

— > + "+ X+
Mh O 2Mh 2e 740 7 —0O (9)

M
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Sw thay thé tap chat oxit hoa tri thap MI,0, vao hgp
chat thiéu hut oxy MO,.,.

Sai héng ndi tai trong chat nén (chat chi) la thiéu hut
oxy twong tng véi sw hinh thanh nat khuyét oxy (v,**)
va electron (e"). Oxit dan dién loai n.

Khi pha tap Ml thay thé sé hinh thanh nit khuyét oxy.

M O, —2M 1, *v

2 3

+ X
30

O

Hoic sé mat di electron.
Ml O+ 2e + 20 € —om1 +10°
2 3 € 2 2 M @)
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Vidu: ZrO, , dwgc hoa tan thay thé bing Y,0,.

Sai héng ndi tai trong ZrO,, la nit khuyét oxy va

€

E

lectron.

V3333333339 QII333339

/
YZr

Electron dwoc tao ra tir nut
khuyét oxy sé lien két voéi sai
héng Y',, (thiéu 1 electron) do
do khong cé sal héng electron

trong ving dan.
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Hop chat Aliovalent: gia sir Al,O, pha tap hoa tan
thay thé vao MgO

A O —™=2oA T30kt

Mg @ Mg

Ao —™-—o *to *t2

Mg

Hoa tan xen ké

+ X = "+ X 4+ n
3MgO V. 3Mg . 30 | SVMg

+ X = T+ X 4+ o
Al . O v, — 2A 30 , " 3V,

2 3 I

—_— (o) —_— o —_— o
Mugee = 0.72A°, T, = 0.535A9 1o, = 1L4A®
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Khio sat sir hoa tan ciia MgO vao Al,O,. lon Mg cé thé
hoa tan thay thé ciing nhw xen ké.

Néu hoa tan thay thé thi phan tng la

Al _ QO f

2MgO > Mg, T20 % tv

O

4

X Al O X ¢
3Mgo " v, 7 2M g, T30 " Mg

Néu hoa tan xen ké thi phéan wng la:

+ X — ooo_l_ X 4+ 1"
AI203 V. 2AIi 30O 2vAI

+ X = I X+
3MgO V. 3Mg . 30 , " 2V

—_— (o) — (o] — o
Mgz = 0.72A°, Fais, = 0.535A9 1, = 1AA®


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Host crystal

Al Al IV O O O Mg Mg |V|] O O

g 0 § 8 ¢ g 3 g 8

MgMgMg O O O | Al Al O O 0O

MgMMgMgOOOI Al Al O O O

= VA X

AIZO3 2 Al " VMg 30 |
3MgO

2Mgo =™  2Mg, t vy, T
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Vi du: sw hoa tan cia CaO vao ZrO.,.

Z10 o *e

> —> + A~ X +
CaO CaZr OO Vi,

r ®

20 tv' —*=>ca, t20X*ca.

Néu hoa tan xen ké thi phan vng la:

oo 00 rr

+ X = + X +
Zro , V. Zri 20O vV

o0 rn

20 Tv. T 2Ca. T20, v,

Feaoe = 0.99A° 154, = 0.72A° ry,. = 1.4A°
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Vi du: sw hoa tan cua CaCl, vao NaCl

Hoa tan thay thé

® !

— NaCl + + X
CaCl | Ca ., v, 2C

) 4

cacl ,Tv' —™ 2ca Ttclta

X

Hoa tan xen ké

2NaCl *v*=2Na ta2v_ T2a’

X o0 ]

CaCl . tTv T ca. T2v._ Tocl

2 I I Na cl

X

(o = 0.99A°, fy,, = 1.02A% 1y = 1.81A°
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Ca Cl |V| Cl Ca Cl
g 7 ] § 8

Na Cl Na Cl: Na Cl Na Cl
Cl; Host crystal
.Cl Na CI Na Na_Cl Na_Cl

(a) (b)

4

cacl ,— ™~ ca _*tv,_Tocl

2 Na

X
Cl

—— NaCl
CaCl ," v, ~ Ca

+ L x
ClL.™ Cl
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Hop chat 3 thanh phan hoiic cao hon

Hop chat 3 thanh phan dién hinh 1a perovskite CaTiO..

Phan wng defect:
Qua trinh hinh thanh Schottky defect

— I 4+ 4
O v Ca v Ti 3V O

Sw thiéu hut kim loai: quéa trinh hap thu oxy dé hinh

thanh nat khuyét cation va 16 trong h

I

3 — TR/ X 4+ .
20,(9) vy, Tyl T30 T en
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Hop chat 3 thanh phan thwong khong hop thire vé ti 16
oxy — kim loai va ti 1é giira cac cation khac nhau (diéu
nay la do qua trinh thiéu két)

Vi du su thiéu hut vi tri A tr$i hon sw thiéu hut vi tri B
trong hep chat ABO, thi ta c6 thé bé qua su thi¢u hut vi

tri B

Sai héng Schottky A . TOX T v, Tv_ T AO(g)
Qua trinh oxy héa hinh thanh nit khuyét va 16 trong
viét doi véi A

AL TLo (@ T v, T2h T AOG)

A 2
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Pha tap hop chat 3 thanh phan

Pé tao thanh hep chat 3 thanh phan khong pha tap
LaScO;, chung ta c6 phan wng gitra La,O; va Sc,0,

X X

_|_
La SC Sc

1 + 1 — > + X
2La203 ZSc:ZO3 La 300

Khi pha tap CaO vao thi c6 su thay thé cia Ca2* vao

La3* va CaO ciing phan wng véi Sc,0..

1 i C L5 L1 .
CaO T —sc 0, — OIS cq |t T —0X Ty

La Sc 0] 0]

2 2 2

— fo) — o _ o
rCe;-12+ = 0.99A , r|_a;3+ = 1.061A , rSC3+ = 0.745A°
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