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ELR 541.11

Repytwjdf J&D&^ Ctvtyb[by D&B&^ Helysq T&<&^ Cbljhjd K&Y&

- -
JGHTLTKTYBT "YNFKMGBQ J<HFPJDFYBZ BJYJD BiO B BiO2

VTNJLJV BJYYJ-VJKTREKZHYS{ HFDYJDTCBQ

Lfyyfz hf,jnf ghjljk;ftn cbcntvfnbxtcrjt bccktljdfybt

nthvjlbyfvbxtcrb[ cdjqcnd rbckjhjlcjlth;fob[ jnhbwfntkmys[ bjyjd^

ghjdjlbvjt d yfitq kf,jhfnjhbb [1^2]& "ythutnbrf jnhbwfntkmys[

bjyjd ytj,[jlbvf lkz vjltkbhjdfybz ghjwtccjd pf[dfnf ’ktrnhjyjd

’ktrnhjjnhbwfntkmysvb lj,fdrfvb d ybprjntvgthfnehyjq gkfpvt [3]& C

lheujq cnjhjys^ yfkbxbt jnhbwfntkmys[ bjyjd d gfhf[ ytjhufybxtcrb[

cjtlbytybq gjpdjkztn bcgjkmpjdfnm b[ lkz jghtltktybz nthvjlbyfvb-

xtcrjq frnbdyjcnb jrcbljd d dscjrjntvgthfnehys[ cbcntvf[ [4]& D

ckexft lfyyjq hf,jns gjkextyyst htpekmnfns vj;yj bcgjkmpjdfnm lkz

hfphf,jnrb vtnjlbrb jghtltktybz frnbdyjcnb Bi O &2 3

"rcgthbvtyn& Hf,jnf dsgjkytyf yf vfuybnyjv vfcc-cgtrnhjvtnht

0
V{-1303 (200 vv^ 60 )^ vjlbabwbhjdfyyjv lkz bpextybz bjyyj-

vjktrekzhys[ hfdyjdtcbq [5^ 6]& Ntvgthfnehf bpvthtyf Pt - Pt/Rh

(10%) nthvjgfhjq b gjllth;bdfkfcm gjcnjzyyjq htuekznjhjv ntvgthf-

0
nehs DHN-3 c njxyjcnm. 1 & Njxyjcnm bpvthtybz ntvgthfnehs jwtybdf-

tncz +4 R& Bjyyst njrb bpvthtys rfyfkmysv dnjhbxysv ’ktrnhjyysv

evyj;bntktv D"E-6&

-
Bpvthtybt rjycnfyn hfdyjdtcbz c exfcnbtv BiO & Bccktljdfyj2

bcgfhtybt Bi O c yt,jkmibvb lj,fdrfvb Cr O b K CrO & Hjkm2 3 2 3 2 4

lj,fdjr pfrk.xfkfcm d gjdsitybb rjywtynhfwbb ’ktrnhjyjd d gfhf[

-Bi O ^ xnj cgjcj,cndjdfkj gjzdktyb. bpvthbvs[ rjywtynhfwbq BiO b2 3
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-BiO (cjjndtncnde.obq djghjc j,ce;lty d [1] lkz CoO)& Lj,fdrb2

nfr;t lfkb d gfhf[ cbcntvs [hjvcjlth;fobt jnhbwfntkmyst bjys^

rjnjhst bcgjkmpjdfys rfr "cnfylfhns"& Pfhtubcnhbhjdfyyst jnhbwf-

ntkmyst bjys ghbdtltys d nf,kbwt 1&

-
Lkz jghtltktybz ’ynfkmgbb j,hfpjdfybz bjyf BiO bpvthtyf2

rjycnfynf hfdyjdtcbz htfrwbb (1)

- - -Bi O (nd&^;&) + 4CrO = 2BiO + Cr O (nd&) + 2CrO (1)2 3 3 2 2 3 4

rjnjhfz pfgbcsdftncz d dblt

2 - 2 -p (BiO ) p (CrO ) a(Cr O )
0 2 _____ 4 2 3K (1) =[------------------------------------------------------------------------------------------------------] [------------------------------------------------]4 -p (CrO ) a(Bi O )3 2 3

Frnbdyjcnm Bi O , rfr jcyjdyjuj rjvgjytynf cbcntvs2 3

(> 90 vjkm&%) ghbyznf hfdyjq tlbybwt&

Frnbdyjcnm jrcblf [hjvf jghtltktyf bp jnyjitybz gfhwbfkmys[

- - -
lfdktybq bjyjd CrO , CrO b Cr O3 4 2 6

2 - -p (Cr O ) p(CrO ) 12 6 3a(Cr O )=[------------------------------------------------------------------------------------------------------] [------------------------]2 3 3 - op (CrO ) K (2)4

0
ult K (2) - rjycnfynf hfdyjdtcbz htfrwbb

- - -Cr O (nd.) + 3CrO = 2Cr O + CrO (2)2 3 4 2 6 3
0

Cjukfcyj hf,jnt [4] ln K (2) = 9734/T + 3&28&

Ghb gtht[jlt jn gfhwbfkmys[ lfdktybq r bpvthztvsv d jgsnt

bjyysv njrfv (cv& gjlhj,ytt [5])^ c extnjv dsitghbdtltyyjuj

ehfdytybz lkz frnbdyjcnb Cr O ^ gjkexftncz cktle.ofz ajhvekf lkz2 3

hfcxtnf rjycnfyns hfdyjdtcbz htfrwbb (1)

2 - 2 -I (BiO ) I (Cr O )
0 2 2 6 0ln K (1) = ln[------------------------------------------------------------------------------------------------------------]]- ln K (2) + 2.983 - -I (CrO ) I(CrO )3 4

"rcgthbvtynfkmyst lfyyst gj jghtltktyb. rjycnfyns hfdyjdtcbz

htfrwbb (1) ghbdtltys d nf,kbwt 2&
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-
Bpvthtybt rjycnfyn hfdyjdtcbz c exfcnbtv BiO . Lkz jghtltkt-

-
ybz ’ynfkmgbb j,hfpjdfybz jnhbwfntkmyjuj bjyf BiO bpvthtyf

rjycnfynf hfdyjdtcbz htfrwbb

- - -Bi O (nd.) + 6CrO = 2BiO + Cr O (nd.) + 4CrO (3)2 3 3 2 3 4
-

Frnbdyjcnm Cr O jghtltktyf nfr;t^ rfr b d ckexft BiO &2 3 2

Fyfkjubxyj^ rjycnfyne hfdyjdtcbz htfrwbb (3) vj;yj pfgbcfnm xthtp

bpvthztvst bjyyst njrb cktle.obv j,hfpjv

2 - - 2 -I (BiO ) I(CrO ) I (Cr O )
0 4 2 6 0ln K (3) = ln[------------------------------------------------------------------------------------------------------------------------------------------------------------------]]- ln K (2) + 3.155 -I (CrO )3

"rcgthbvtynfkmyst lfyyst gj jghtltktyb. rjycnfyns hfdyjdtcbz

htfrwbb (3) ghbdtltys d nf,kbwt 3&

- -
Nthvjlbyfvbxtcrbt aeyrwbb BiO b BiO . Nthvjlbyfvbxtcrbt2

aeyrwbb hfccxbnfys vtnjljv cnfnbcnbxtcrjq nthvjlbyfvbrb bp ds,hfy-

ys[ vjktrekzhys[ gjcnjzyys[ (cv& nf,k 4)&

-BiO . D hf,jnt [8] bccktljdfys BR-cgtrnhs cbcntvs Bi+O2 2

vtnjljv vfnhbxyjq bpjkzwbb& Gjrfpfyj^ xnj vjktrekf BiO bvttn2

ytkbytqye. cnhernehe c cbvvtnhbtq C b ghjdtltyf jwtyrf dfktynyj-2v
o

uj eukf bOBiO = 112+10 & "rcgthbvtynfkmyj jghtltktys xfcnjns

-1 -1
cbvvtnhbxyjuj (n =499 cv ) b fynbcbvvtnhbxyjuj (n =751 cv )

1 3 o
rjkt,fybq& Vt;fnjvyjt hfccnjzybt Bi-O ghbyznj hfdysv 1&98 F& D

hf,jnt [9] bpvthtyf xfcnjnf ltajhvfwbjyyjuj rjkt,fybz (n =231
2

-1
cv )&

-
Vjktrekzhyst gjcnjzyyst jnhbwfntkmyjuj bjyf BiO ghbyzns2

hfdysvb cjjndtncnde.obv dtkbxbyfv vjktreks BiO (I I I =2 A B C
-114 3 61.06W10 u cv ) pf bcrk.xtybtv dshj;ltyyjcnb jcyjdyjuj

o
’ktrnhjyyjuj cjcnjzybz (g = 1)& Gjuhtiyjcnm F jwtybdftncz d

j 1000

+6&3 L;/vjkmWR&

-BiO . Nthvjlbyfvbxtcrbt aeyrwbb vjktreks BiO ghbdtltys d
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-
j,pjht [10]& Lkz bjyf BiO ghbyzns nfrbt ;t vjktrekzhyst gjcnjzy-

yst^ rfr b lkz vjktreks BiO^ pf bcrk.xtybtv dshj;ltyyjcnb jcyjd-

o
yjuj ’ktrnhjyyjuj cjcnjzybz (g = 1)& Gjuhtiyjcnm F

j 1000

jwtybdftncz d +0&5 L;/vjkmWR&

Nthvjlbyfvbxtcrbt aeyrwbb b ’ynfkmgbz j,hfpjdfybz

Bi O . Gjkbvjhabpv b nthvjlbyfvbxtcrbt cdjqcndf jrbcb dbcvenf2 3

zdkz.ncz ghtlvtnjv ghjljk;bntkmyjuj bpextybz [11-25]&

Htynutyjcnhernehyst bccktljdfybz ghb hfpkbxys[ ntvgthfnehf[

erfpfkb yf ceotcndjdfybt xtnsht[ rhbcnfkkbxtcrb[ ajhv jrbcb

dbcvenf: ybprjntvgthfnehyjq a-Bi O , dscjrjntvgthfnehyjq d-Bi O b2 3 2 3

lde[ vtnfcnf,bkmys[ afp b- b g-Bi O . Ecnfyjdktyj^ xnj ghb2 3

yfuhtdfybb vjyjrkbyyfz a-Bi O gtht[jlbn d re,bxtcre. d-Bi O ghb2 3 2 3

1003+2R^ rjnjhfz jcnftncz ecnjqxbdjq dgkjnm lj ntvgthfnehs

gkfdktybz jrbcb dbcvenf 1098R [26]&

Ghb j[kf;ltybb yf,k.lf.ncz ubcnthtpbcyst zdktybz^ gj’njve

gjkbvjhayst ghtdhfotybz pfdbczn jn ufpjdjq chtls^ jn ntvgthfnehs^

lj rjnjhjq ,skf yfuhtnf jrbcm dbcvenf^ jn lkbntkmyjcnb dslth;rb

ghb ’njq ntvgthfneht^ jn crjhjcnb j[kf;ltybz^ jn cjlth;fybz ghbvt-

ctq d j,hfpwt&

"ynfkmgbz ndthljafpyjuj gtht[jlf a-d ds,hfyf hfdyjq 33&05

rL;/vjkm d cjjndtncdbb c [24]& "ynfkmgbb gkfdktybz^ jghtltktyyst

’ktrnhj[bvbxtcrbv b rfkjhbvtnhbxtcrbv vtnjljv^ cbkmyj hfpkbxf.ncz

vt;le cj,jq (58&8 rL;/vjkm [18] b 10&9 rL;/vjkm [22] cjjndtncndty-

yj)& Gjcrjkmre rfkjhbvtnhbxtcrbt bpvthtybz ghtlcnfdkz.ncz ,jktt

yflt;ysvb^ nj d lfyyjq hf,jnt lkz ntgkjns gkfdktybz ds,hfyj

pyfxtybt 10&9+0&8 rL;/vjkm&

D hf,jnt [27] ’rcgthbvtynfkmyj bpextyf ntgkjtvrjcnm Bi O2 3

dbynthdfkt 11-50 R^ f d hf,jnt [26] - d bynthdfkt 60-298 R& Lkz
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gjkextybz cjukfcjdfyys[ htpekmnfnjd cjdvtcnyj j,hf,jnfys lfyyst gj

ybprjntvgthfnehyjq ntgkjtvrjcnb (11-300 R) bp hf,jn [22^ 23] b

dscjrjntvgthfnehyst lfyyst (400-800 R) bp cghfdjxybrf [30] c

gjvjom. aeyrwbb Htitnybrjdf [31]&

Yf jcyjdt ds,hfyyjq ntgkjtvrjcnb^ ’ynfkmgbq b ntvgthfneh

afpjds[ gtht[jljd hfccxbnfys nthvjlbyfvbxtcrbt aeyrwbb Bi O ( cv&2 3

nf,k& 5)& Gjuhtiyjcnm ghbdtltyyjq ’ythubb Ub,,cf Bi O ghb 1000 R2 3

jwtybdftncz d +4 L;/vjkmWR&

"ynfkmgbz j,hfpjdfybz Bi O ghb 298 R dpznf bp cghfdjxybrf2 3

[28] b gthtcxbnfyf r 0 R c bcgjkmpjdfybtv aeyrwbq^ hfccxbnfyys[

yfvb& Gjkextyf dtkbxbyf -573&5+4&2 rL;/vjkm^ xnj [jhjij cjukfcetn-

cz c htpekmnfnfvb hfcxtnf hf,jns [27]&

- -
"ynfkmgbb j,hfpjdfybz bjyjd BiO b BiO . Hfcxtn ’ynfkmgbq2

htfrwbq ghjdtlty gj III pfrjye nthvjlbyfvbrb& Gjkextys pyfxtybz

o o
D H (1) = 178+24 (+2) rL;/vjkm b D H (2) = 262+34 (+4) rL;/vjkm&r 0 r 0

- -
Ghbdtltyyst ’ythubb Ub,,cf lkz Bi O ^ BiO b BiO jwtytys yfvb^2 3 2

- -
lkz Cr O b CrO dpzns bp cghfdjxybrf [32]^ lkz CrO bp hf,jns2 3 3 4

[29]& Ghb jghtltktybb gjuhtiyjcntq htfrwbq exbnsnfyf gjuhtiyjcnm

djcghjbpdjlbvjcnb (erfpfyf d crj,rf[) b gjuhtiyjcnm bcgjkmpjdfyys[

nthvjlbyfvbxtcrb[ aeyrwbq&

- -
Lkz hfcxtnf ’ynfkmgbq j,hfpjdfybz bjyjd BiO b BiO2

o
bcgjkmpjdfys ’ynfkmgbb j,hfpjdfybz D H (Cr O ) = -1134&8+1&7r 0 2 3

o - o -
rL;/vjkm [32]^ D H (CrO ) = -669+9 rL;/vjkm b D H (CrO ) = -781+11r 0 3 r 0 4

o -
rL;/vjkm [29]& Gjkextys dtkbxbys D H (BiO ) = -187+10 rL;/vjkm br 0 2

o -
D H (BiO ) = -33+7 rL;/vjkm&f 0

- -
Ghb hfcxtnt gjuhtiyjcntq ’ynfkmgbq j,hfpjdfybz BiO b BiO2

exntyj^ xnj gjuhtiyjcnb nthvjlbyfvbxtcrb[ dtkbxby bjyjd-

o -
@cnfylfhnjd@ rjhhtkbhjdfys vt;le cj,jq$ cov{D H (CrO ),f 0 3

o - 2 o - o -
D H (CrO )} = 58 (rL;/vjkm) ^ cov{D H (CrO ), F (CrO )} = 20f 0 4 f 0 3 3
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2 o - o - 2
rL;WL;/vjkm WR^ cov{D H (CrO ), F (CrO )} = 43 rL;WL;/vjkm WRf 0 4 4

(hfcxtnye. ajhveke cv& d [2])& Ghbdtltyyst rjdfhbfwbb gjkextys d

[jlt htitybz gthtjghtltktyyjq cbcntvs ehfdytybq d hf,jnt [29]&

o
"ynfkmgbz j,hfpjdfybz D H (BiO, u) = 123+13 rL;/vjkm ds,hfyff 0

d hf,jnt [10]& D lbccthnfwbb [33] ghjdtltyf jwtyrf ’ynfkmgbb j,hf-

o
pjdfybz D H (BiO ^ u) = 124+25 rL;/vjkm& Ghb bcgjkmpjdfybb ’nb[f 0 2

dtkbxby gjkextyj chjlcndj r ’ktrnhjye EA(BiO) = 156+14 rL;/vjkm b

EA(BiO ) = 311+27 rL;/vjkm.2

{bvbxtcrbq afrekmntn^ Gjcnegbkf d htlfrwb.

Vjcrjdcrbq ujcelfhcndtyysq eybdthcbntn

bv& V&D& Kjvjyjcjdf
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Nf,kbwf 1

Vfcc-cgtrnhs jnhbwfntkmys[ bjyjd d cbcntvt

Bi O -Cr O -K CrO ghb 1182R
2 3 2 3 2

p p
[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

p pp Cjcnfd pBjys (jnyjcbntkmyfz

p *Np cbcntvs byntycbdyjcnm)
’rcg&

p p
[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

p pp p - -1 p91&4Bi O -3.3Cr O -5.3K CrO pCrO (100), CrO (0.4),p 2 3 2 3 2 4 p 3 4
p - -p Cr O (2.6), BiO (0.3),p 2 6 2

p p -p pBiO (0.02)p p
p p - -2 p91.1Bi O -3.5Cr O -5.4K CrO pCrO (100), CrO (0.5),p 2 3 2 3 2 4 p 3 4
p p - -p pBiO (0.18), BiO (0.02),p p 2
p p -p pCr O (3.7)p p 2 6p pp p

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*
Bjyyst njrb bpvthtys ’ktrnhjyysv evyj;bntktv& Lkz [hjvcjlth;fob[

52
bjyjd ghbdtlty bjyysq njr bpjnjgf Cr.
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Nf,kbwf 2

"rcgthbvtynfkmyst lfyyst lkz htfrwbb (1)

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Yjvth o * ** o
N^R ln K (1) s n D H (1), kL;/vjkm

’rcgthbvtynf i i r 0
[----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 1070 -24.33 0.53 2 179.8

1089 -23&33 0&26 4 173&0

1108 -23&35 0&43 5 175&3

1127 -23&09 0&15 4 174&9

1145 -23&24 0&54 6 178&3

1182 -22&36 0&36 4 173&6
[----------------------------------------------------------------]

2 1089 -23&72 0&73 4 176&6

1108 -23&90 0&59 10 180&4

1127 -23&46 0&56 10 178&4

1145 -23&44 0&61 12 180&2

1164 -22&92 0&61 5 177&2

1182 -22&87 0&63 2 178&6

p p
[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

* s -cnfylfhtyjt jnrkjytybt jnltkmyjuj bpvthtybz jn chtlytuj [7]i
** n - xbckj bpvthtybq ghb lfyyjq ntvgthfneht&i
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Nf,kbwf 3

"rcgthbvtynfkmyst lfyyst lkz htfrwbb (3)

[-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

o o
Yjvth N^R ln K (3) s n D H (3),rL;/vjkmi i r 0
’rcgthbvtynf
[-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------[------------------------------------------------------------------

1 1145 -39&98 - 1 269&9

1182 -38&16 0&53 4 258&6
[-------------------------------------------------------------------]

2 1108 -38&64 0&19 3 250&8

1127 -39&44 0&82 10 261&6

1145 -39&65 0&56 9 266&7

1164 -38&88 0&37 5 262&6

1182 -37&91 0&42 2 256&2[----------------------------------------------- ---
p p

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Nf,kbwf 4

- -
Nthvjlbyfvbxtcrbt aeyrwbb bjyjd BiO b BiO2

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

- -
N^R BiO BiO2o o o o o o

A H -H A H -HT 0 T T
L;/vjkmWR rL;/vjkm L;/vjkmWR rL;/vjkm

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

298 210.1 9.0 242.3 12.1

400 219.1 12.4 254.6 17.3

600 232.0 19.5 272.9 28.1

800 241.4 26.8 286.6 39.2

1000 249.0 34.1 297.8 50.6

1200 255.2 41.6 307.1 62.0

1400 260.6 49.1 315.1 73.5

1600 265.3 56.7 322.2 85.0

1800 269.5 64.3 328.5 96.6

2000 273.3 72.1 334.1 108.2

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]
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Nf,kbwf 5

Nthvjlbyfvbxtcrbt aeyrwbb Bi O (rh^ ;)2 3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

o o oC H - H S Ap T 0 T T
N^R L;/vjkm/R rL;/vjkm L;/vjkm/R L;/vjkm/R

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

100 65&3 3&2 55&4 22&9

200 95&5 11&5 111&5 53&9

298&15 109&4 21&6 152&4 79&9

300 109&6 21&8 153&1 80&3

400 117&7 33&2 189&9 102&8

500 123&0 42&3 212&8 122&2

600 126&7 57&8 235&5 139&2

700 129&4 70&6 255&3 154&4

800 131&4 83&7 272&7 168&1

900 133&1 96&9 288&3 180&6

1000 134&4 110&2 302&4 192&1

1003 144&6 110&7 302&8 192&4

1003 144&6 143&8 335&8 192&4

1098 144&6 157&4 348&8 205&5

1098 150&9 168&3 358&8 205&5

1100 150&9 168&6 359&0 205&8

1200 150&9 183&9 372&2 218&9

1300 150&9 199&2 384&3 231&0

1400 150&9 214&5 395&4 242&2

1500 150&9 229&9 405&9 252&6

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------[------------------------]
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