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Qua trinh cin bang trong phan tng pha khi

Xet phan trng pha khi
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Activated

2 2 LA = ; complex
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GRr°. Phan ung dugc hoat hoa bang AGy!
ning luong G,° d¢ dat duoc san AGH T O
pham c06 ning luong G°. o o Reactants lAGFRO

G° > Gg° do d6 néu luong chat phan tmg va san pham
twong tu nhau thi s€ co phan trng nghich.

Trong vi du trén H,O la chat phan tng tuong d6i bén hon
chat san phér%.m
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Poi voi phan ung thuan 2 phan ti
ung.
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Toc do phan ung thuan Activated
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O diéu kién céan bang e 07 T
~AG ° TAG
= o 2 FA = 2 BA
S lyay o XD ry 8, @, exp
RT RT

Do ning lugng hoat tinh khac nhau, toc dd can bang s&
dat dugc bang cach diéu khién ti 1¢ chat phan Gmg va san
pham sao cho sy khac nhau vé niang luong hoat tinh sé&

quyét dinh boi so6 lugng chat phan ung.

Dinh luat khoi lugng hoat dong
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Phuong trinh hoa hoc
aA+bB—->cC+dD

Véia, b, ¢, d 1a hé s can bang phan tng
Dinh luat khoi lugng hoat ddng & diéu kién can bang dugc
bicu dién theo cong thirc hé s6 can bang K
L=
A (Y D

Dau [ ] thé hién nong do chat
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2H ,0(@) ~ 2H ,(@ T 0,(9)

o
— 20_ _ %40
K = = 2
FR 2 2
]12—!2— ay, a,
:exp_(AGBA_AGFA):eXp_AGFR
RT RT

Ker: hé sO can bang phu thudc vao su chénh 1éch ning

lwong cua chat phan ing va san pham.

Phan tng c6 thé qua nhiéu budc

- ) , Activated
(activated complex) nhung chi co complex
. G -
nang lugng cua qua trinh bat dau A,
) , . 4 , ) , N 0 Product
phan tng va két thuc phan ung la A — &
Reactants IAGFRO

lién quan dén hé s6 can bang. G?
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Phan g giita a phan tir chat A véi b phan tir chat B dé
hinh thanh ¢ phan tir chat C va d phan ti chat D.

aA T bB T cC T dD

a ai) L ~ AG

N K — exp

a, a, RT

AG = AH ° " TAS
B T AG AS ° ~AH °
K — exp —lexp eXp
RT R RT
S—
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Sai hong Schottky trong hop chat MO

[0 [M]

Doi v6i sai hong diem thi ky hidu 12 ti 18 vi tri X tac 13
ti sO gitta nong do sai hong va nong do vi tri thuc
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Pé don g1an ta biéu dién néng do MO theo ti 1€ mol (sé

nguyén tir/mol) gia su: [M] =[0] =1
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S + S
2RIn10 2RIn10 T

loglv _ 1= loglv .17

Néng dd sal héong phu thudc nhiét e N
dd, chung khong phu thudc hoat
tinh cua M va O,

Giao diém cua do thi van’t Hoff véi

In[]

N\ Vorl=v]

truc tung cho ta gia tri entropy. Do doc

d6 thi cho gia tri enthalpy:. .
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Sai hong dién tw 0=¢' *h

He¢ sO can bang
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N P _ - AG AS - AH
K.~ oexp oexp exp
N _ N RT R RT

Tuy nhién théng thuong ta hay viét biéu dién sy bién
thién ning luong Gibbs dudi dang bé rong ving cam
.  E

Ki/:[e’][h ] np~ N_N_ exp —
RT
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Oxit thiéu hut oxy

Gid st bo qua N, [O5*] =1 va py,° =1 bar

/ — —

*e 2 12
VoI p,
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ta thay nong do electron = 2 nong d6 nut khuyeét

Phuong trinh trung hoa
2v 17 n
B oo o _ _ / /3 T1/6
K/V _4[vo]3pt;2 \2 (fKVO)1 I0012

n T2 17 @K L) p,
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n=2v 17 @K )%,

— 0
0 AH _
3RT
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— — / 1/3 —1/6
n—2v 1 (2K ) p,
Lay log 2 vé

logn = log2 T loglv 17 —log(2K ' )~ —log %OZ

3 6

Do thi biéu dién sy phu [TETEITII LTI eI
thuoc cua logn (hoac log ¥ .
[V,**]) vao log py, cO dd doc
-1/6

LOG [Vg],n

Biéu do Brouwer

SRS ANAEFENER TR
LOG po,
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Oxit du thira kim loai M,,,Os.

Phan tng defect SO0, "M, =M, T 3e
Hé so can bang b e g 2
Ky ~M, In'p, -
R — /(U4 _ T3/16
3M |, 17 n T 3K ) py

[ & 0
0 AH _
n — (3K / )1/4 exp { vO Jpo?:/lﬁ
ART i

I+
=0,(9)

Do thi biéu dién sy phu thudc cta logn (hoic log [M.**])

vao log pg, €O do doc -3/16
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Thiéu hut oxy va dw thira kim loai (MO,) MO,y

Phuong trinh sa1 hong

. o= . **. 2 12
Oo _Vo +2 L 10 (g) I<VO [VO ]n poz
20, * M, T M, t2e’ o, (g)

L e Xét kim logi M cung cdp

K. —|IM. |n ) X
w M Po, 2 electron cho vung dan

Phuong trinh trung hoa dién

n=2[v, 17 2[M ]
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Chung ta chon diéu kién dé tinh toan don gian hon

Gia sir xét vung c6 nut khuyét oxy trdi hon

[v. 1> [M ]
n = 2[v, ]
n = 2[v, 17 (2K . ) p;j/G

Pua vao hé so can bang cua sai hong thi€u s6 du thura
kim loai
/ 213 ~1/3
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KMi [M i In po2 [M i ](ZKvo) po2 Po

2

/ 213 213

=M 12K ) el
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D061 vo1 nong dd sai1 hong thura kim loai
L /

M, 17 K,n ‘p,

M

/ 2/

M, 17K, @K o) " p,

3

/ 1/

— °e . _ 3 T1e
n 2lv o1 2K ) p02
Ta tim dugc ving trong do6 sai hong da s6 1a nit khuyét va
electron troi hon ¢6 sy phu thudc vao pg, /¢, con sai hong
thiéu so6 1a du thira kim loai thi phu thudc p,, 23 .
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Gia st xet vung co sa1 hong du thura kim loai tro1 hon

_ oo 5
Kl\/ll [M [ ]n pO2

—2[|v| ]_(2K )’ 3@

O 2
Pua vao he s6 can bang cua sa1 hong thi€u so nut khuyét oxy

/- *e 2
KVO [V, In
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Ta tim dugc ving trong dé sai hong da so 1a du thira kim loai
cd su phu thudc vao py, 13, con sai hong thiéu s6 la nit
khuyét va sai hong electron thi phy thudc po, 16 .
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Cach giai quyét bai toan
1. Viét phan ing hoa hoc va hé s6 can bang cé lién quan

ctia cac khuyét tat vai nhau.

2. Viét phuong trinh trung hoa dién cho tat ca defect.

3. Chon mot thiét 1ap don gian (thuong 1a mot cip) cua
cac khuyét tat va viét phuong trinh trung hoa dién cho
truong hop dugc don gian véi gia thuyét defect nao troi

hon.
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4. Pua phuong trinh trung hoa dién vao hé s6 can bang
chira defect twong (rng va tim nong do sai hong da so.

5. Pua két qua tir 4 vao hé s6 can bang khac dé xac dinh
nodng d6 cua defect thiéu s6. Néu ¢ nhiéu defect thiéu so,
tiép tuc dua vao dé xac dinh nong do cua tat ca.

6. Ngoai suy dé tim defect nao 14 thiéu so, quay tré lai
budc 3 xac dinh 1 phuong trinh trung hoa dién tich mai
don gian. Lap lai qua trinh ndy dé tim ra tat ca cac két
hop c0 thé ciia cac khuyét tat.
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Sai héng thiéu hut va dw thira oxy

Sai hong diém la nat khuyét oxy va oxy xen k&

Sai hong dién tir 1a electron va 10 trong
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Phuong trinh sa1 hong

X L N J
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Ko “I0, 10 p,.
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C6 thé bod qua v)*

Chung ta c6 4 phuong trinh cho 4 defect. Tuy nhién chi ¢6

3 hé s6 can béng doc lap.
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Xét truong hop sai héng nit khuyét oxy va electron

troi hon
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B Stoichiometric composition
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Dwa n vao hé so can bang

dé tim sai hong thiéu so

Pau tien duwa n vao hé so

can bang di¢n tw K';:

_ Ky _ /T3 16
p- — K@K ) Po,
n
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Tim nong do [O"], sit dung hé so cin bing anti-Frenkel

— //
K - - v
AF [OI][ O:I (HENIESTEEAE AR EE TN EERN S

—

Stoichiometric composition
f [ 1) A &) »
RuUt [v**o] tir n duwa vao K, \Q“"&ﬁs l i

— p— / 173 "1
n = 2v ;1 2K ) pg

2 b

/6

Hoac st dung hé so can sl e- \«n\ﬁ
bang cho oxy xen ké S| 1
[ I 2 "1 %‘

Ko “10 /10, 5| «
The p tir phwong trinh - .
— / /| TU3 16 - 0] Vo] -

- K. (2K
¥ '( VO) poz LJlH[llllllllLLlllllllllll

LOG po,

Két qua cudi cung 1a phwong
trinh phu thudc [O"] ~ po,**°-
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Xét truong hop sai héng oxy xen ké va 16 trong tréi hon

// [ N J

20 "1, p~~ 2v 1 n

Twong tu ta tim dwoc nong do

cac sai hong da so va thi€u so

0~ 25”i—:(2K 3

RS EREBEREAZER I EDEEANAR!
= Stoichiometric composition -
__\ Q‘P'o‘;s P=Pg) ~, / x

SRS ESNAN SR AN ANEN ERNEINE

LOG po,
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Gia sur sai hong hop thire troi hon

Il

p, N > 2[v "] 2[0 i] T TT T T T T T T T T T T T I T T I T TT7TT

= Stoichiometric composition
& / w

Ni“)ng d@ electron va 16 trong

khong phu thuéc 4p suat =

OXY.

Nong do cac sai hong diem o .
/

.o KV 1o AR I NN
— 0 LOG py,
Vo1~ —=p,

K
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Néu sai héng anti-Frenkel tr§i hon

Ko [0/ 1V ]

— 1/2

TTTTTT IV AMETERT TR T T i
-~ >
Stoichiometric composition

017,17 Ko

[O"i] va [v**5] khong phu

thudc ap suat oxy

— / 1/2 -1/4 -4
n (K Vo ) K AF p O,

— / 1/2 -1/4 1/4
p = (Ko )" Ky P,
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T d6 thi trén ta c6 thé két luan rang véi hoat tinh oxy
thap, thi oxit s& c6 sai hong thiéu hut oxy va dan dién loai
n boi vi do linh dong cua electron 16n hon @6 linh dong nat
khuyét oxy.

Vi &p suat riéng phan oxy cao, oxit s& thé hién sai hong
thtra oxy va dan dién loai p.

Véi ap suat oxy trung binh thi c6 thé dan déng thoi loai n
hodc p trong truong hop sai hong dién tir ndi tai (dan dién
bang ion hodc ca ion/dién tir trong trudong hop sai hong
anion Frenkel)
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Sai hong do qua trinh pha tap

Nhitng nguyén tir tap chat (forgein canion Mf) thém
vao chat nén (quéa trinh pha tap) thi cé thé hoa tan
thay thé hoic xen ké.

Néu nong d9 nhé thi goi l1a dopants hoic impurities.
Goi 1a dopants thi do pha tap vao véi muc dich thay thé
nguyén tir nén.

Hoéa tri ciia tap chat twong dwong véi hoa tri cia ion
nguyén tir nén ta goi 1a homovalent.

Hoba tri ciia tap chat khac véi hoa tri ciia ion nguyén
tir nén ta goi la heterovalent (aliovalent).
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Sw thay thé cation Mf,0, hda tri thap vao oxit thic¢u
hut oxy MO,

Phwong trinh sai héng

X = / / — *e 2 12
O, VO+2 +1O , (9) KVo [vo]n pO2
Mf O. — 2M f O+3Og = [Mf :\A]Z[Vo]
0=e Th | =
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L N ~ /

Xét trueong hop 2lv 1% n =7 [Mf ]

@)
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Int\rinsic region | Extrinsic region
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~ = N Mty
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Oxit thi¢u hut kim loai M,_ O pha tap véi cation héa tri
cao Mf,0,

Phuong trinh sa1 hong

1 — / ¢ f — —1/2
= + + A = 8/
;OZ VM h OO KVM !M—ppOz
1 L4 3 ! L]
= + /!t X = I
—Mf O, ME T v, T —0O K waM—!M
2 2
— ’_|_ ¢ /] —
0 e h K.~ np

Gia st nat khuyét kim loai tich dién -1
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Néu pha tap trdi hon

/ — D — 1/2
!M—[MfM] K

FREEIERER TR EERES SN

S

D _"7-5 —>  [Mfy]=[vy] 7
— / * _1 1/2 25— \ Y —
p K M[Mf I\/I] p02 r.:;"
/ ==
_ K. 172 e " > )
n- — ~ P —+] ne<pg /2
O, - Po,
P B / &
Néu thiéu hut kim loai L] | lll’,\J\lllllllllLlll
LOGp02

tro1 hon

p vyl
!:\A—:&'V 172 po 1/4

CuuDuongThanCong.com

https://fb.com/tailieudientucntt


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

