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 Bi2O3—SiO2—V2O5

Bi24Bi2O40– , Bi24Si2O40  Bi24V2O40,  [ 1—6 ], . . , -

-Bi2O3 Z = 13 (Z — )

-Bi(1)24Bi(2)2O40– Z = 1 ( . . I23).  Bi24M2O40 -

 (BiO5),  (MO4) -

 (BiO5),  [ 1 ] ( . ).  [ 1 ],  
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 Bi24M2O40

-Bi2O3 (Bi24(Bi3+
1,60 0,40)(O38,40 1,60)) -

 Bi3+,  M, 

-

 (BiO3E).

, -

 Bi(1)  ( -

 Bi3+),  Bi(2) 

.  [ 2 ],  Bi(2)  Bi3+  Bi5+ -

,  [ 1 ]  Bi3+

 O(3). ,

-Bi2O3 , -

-

.

,

Bi24M2O40 (M = Si4+, V5+),  Bi24(M ,M )2O40 (M  = Bi; M  = V5+), -

:

1.  [ 4 ]  [ 5 ] 

 Bi24Si2O40
3
24Bi 4

1,99(6)Si O40

(a = 10,104(1) Å) 3
24Bi ( 4

1,74(6)Si 0,26)O40–  (a = 10,10433(5) Å) (  — ). -

 Bi24
4
2Si O40  = 10,07723(8) Å -

 Si,  O(3) — Bi24(
4
1,48(4)Si 0,52)(O38,96(3) 1,04) (

).

2.  [ 1, 6, 7 ]  Bi24V2O40 -

:

— 3
24Bi [(V5+O4)(Bi3+O4)]O32 (  = 10,222(4) Å) [ 6 ] — 

O(3) (  8c)  (O1(3)  = 0,098 2(3)  = 0,121)  [V5+O4]
–

(dV—O = 1,735(36) Å)  [Bi3+O4]
– (dBi—O = 2,142(18) Å)  (d —O — -

—O);

— Bi24
5
1,50[Bi 5

0,10V 0,40]O40 (  = 10,255(1) Å) [ 7 ] — 

 M; 

— Bi24
5

1,78[V 3
0,06Bi 0,16]O40 i (0,54) (  = 10,247(8) Å) [ 1 ] — -

 M  1/2 0 0 (  6b).

— (Bi23,4(1) 0,6)
3
0,02(1)[Bi 5

0,98V ]2O40 —  Bi(1) 24f [ 8 ]. 

,  Bi24(M ,M )2O40 (M  = Bi; 

M  = V)  [ 1, 6, 7 ]  Bi3+

 BiO4, . . -

 Bi3+ .

,

,  M, -

 O(3) , -

 Oi(4).

 — -

 Bi24(Si,V)2O40 , .
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 1  

, R, %; . .
, Å

1* Bi24
3
0,215(3)[Bi (V4+,V5+)0,205

4
0,58 2Si ] (O39,97(2) 0,03)

R1 = 7,65, wR2 = 21,98, D = 5,1 

/  = 5,12/4,57 

P23 10,1429(2) 

2** 

Bi24(VxSi1–x)2O40

Bi24
3
0,220(1)[Bi (V4+,V5+)0,200

4
0,580 2Si ] (O39,9(1) 0,1)

R1 = 3,63, wR2 = 7,91, D = 4,99 

/  = 5,19/4,56 

I23 10,14405(5)

3* Bi24
3
0,226(3)[Bi

5
0,199V

4
0,575 2Si ] (O39,93(2) 0,07)

R1 = 7,73, wR2 = 23,35, D = 5,2 

/  = 5,18/4,55 

P23 10,1504(2) 

4** 

Bi24(VxSi1–x)2O40

Bi24
3
0,194(3)[Bi

5
0,173V

4
0,633 2Si ] (O39,00(4) 1,00)

R1 = 2,73, wR2 = 6,41, D = 5,2 

/  = 4,9/4,6 

I23 10,12710(4)

  * .

** .

. /  — -

,  [ 14 ], .

-

 7  Bi24(VxSi1–x)2O40,

 Bi24Ge2O40

( . 1).  300 3,

-4

 Fe, Ti, Cr, Cu . -

 NaBiO3, SiO2, BiVO4 ( ). 

 NaOH  30 .%, 

.

 (  1)  (3) -

 Bi24(VxSi1–x)2O40 3 3 3

,  5 2

Orphee (LLB, ;  = 0,828 Å) ( . 2). 

 ( 0,2 0,2 0,1 ) (2) 

 ( 0,2 )  (4) -

 Xcalibur S  Oxford Diffraction  CCD-

 (MoK - ) ( . . 2). 

-

 JANA2000 [ 9 ]  SHELXL97 

[ 10 ] ( . 3),  SHELXL97 -

.

-

R- , , -



 Bi2O3—SiO2—
5

2V O5 529

 2  

1* 2** 3* 4** 

a, Å 10,1429(2) 10,14405(5) 10,1504(2) 10,12710(4) 

V, Å
3 1043,49(4) 1043,840(9) 1045,80(4) 1038,617(7) 

dx, /c 3 9,227 9,225 9,211 9,231 

h, k, l 0 h  16,  

0 k  11,  

0 l  10 

–20 h  18,  

–18 k  20,  

–17 l  21 

–13 h  16,  

–16 k  13,  

–6 l  16 

–21 h  22,  

–22 k  22,  

–20 l  23 

2 max, . 85,40 95,18 85,7 110,12 

-

, ,
–1

0,01 101,07 0,01 101,578 

 407 16116 567 52597 

, -

-

. . I23

5 ( 1,2 %) 0 3 ( 0,5 %) 0

- .

/ .

257/274 1179/1604 469/472 2007/2197 

1/[ 2(
2

0
F ) + 

+ (0,1629P)2 +  

 + 0,0226P] 

P = (
2

0
F  + 2

2

c
F )/3

1/[ 2(
2

0
F ) + 

+ (0,0449P)2]

P = (
2

0
F  + 2

2

c
F )/3

1/[ 2(
2

0
F ) + 

+ (0,1458P)2 + 

 + 0,1038P] 

P = (
2

0
F  + 2

2

c
F )/3

1/[ 2(
2

0
F ) +

 + (0,0449P)2]

P = (
2

0
F  + 2

2

c
F )/3

Bi24
3
0,215(3)[Bi (V4+,

V4+)0,205
4
0,580 2Si ]

(O39,97(2) 0,03)

Bi24
3
0,220(1)[Bi (V4+,

V5+)0,200
4
0,580 2Si ]

(O39,9 0,1)

Bi24
3
0,226(3)[Bi

5
0,199V

4
0,575 2Si ]

(O39,93(2) 0,07)

Bi24
3
0,194(3)[Bi

5
0,173V

4
0,633 2Si ]

(O39,00(4) 1,00)

R1/wR2, % 7,65/21,98 3,63/7,91 7,73/23,35 2,73/6,41 

S 1,26 0,808 1,35 0,935 

*  ** . . 1. 

 [ 11 ]. ,

 ( ): / [ 1 / ]n
i i

i

k r

[ 12 ] (ki — ;  — -

; ri — -

— , n(Bi) = 4,5 — 

 [ 13 ]) Sij = exp[(Rij – dij)/0,37] [ 14 ] (Rij —  M—O 

(M ,M )—O, ; dij — -

 M—O  (M ,M )—O). -

D (D = | | / ( a), 

| | = | i – a|, i — ;  — ),

[ 12 ]  <5 % ( . . 1).
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 3  

,  U 102 (Å2)

*
1 2 3 4 

Bi(1) x

y

z

U

0,18167(3) 

0,32392(2) 

0,48422(3) 

1,0 

1,888(5) 

0,824126(10) 

0,681578(11) 

0,984042(11) 

1,0 

1,060(2) 

0,17592(2) 

0,31830(2) 

0,01629(2) 

1,0 

1,753(4) 

0,824135(6) 

0,681637(6) 

0,983988(6) 

1,0 

0,915(1) 
      

Bi(2) 

Si

V

U

0,215(3) 

0,750(12) 

0,580(3) 

0,205(3) 

0,234(1) 

0,987(16) 

0,497(1) 

0,274(1) 

0,226(3) 

0,711(11) 

0,575(3) 

0,199(3) 

0,194(3) 

0,656(8) 

0,633(3) 

0,173(3) 
    

O(1) x

y

z

U

0,24922(4) 

0,36543(4) 

0,01439(4) 

1,0 

2,024(8) 

0,8650(2) 

0,7491(3) 

0,5135(2) 

1,0 

1,39(4) 

0,13488(3) 

0,25113(3) 

0,48620(3) 

1,0 

1,881(6) 

0,86489(14) 

0,74827(15) 

0,51445(15) 

1,0 

1,15(2) 
    

O(2) x

U

0,30583(4) 

1,0 

1,882(9) 

0,8046(3) 

1,0 

1,28(6) 

0,19492(4) 

1,0 

1,859(8) 

0,80607(15) 

1,0 

1,06(3) 
    

O(3) x

U

0,10011(4) 

0,993(5) 

2,388(12) 

0,1000(3) 

0,91(2) 

1,39(7) 

0,89984(3) 

0,983(5) 

2,208(10) 

0,10113(17) 

0,75(1) 

0,89(4) 

* Bi(1) —  24f: x, y, z; Bi(2), Si  V —  2a: 0,0,0; O(1) —  24f: x, y, z; O(2)  O(3) — 

 8c: x, x, x.

. 1—4 -

 Bi24(VxSi1–x)2O40. -

 SHELXL97, JANA2000 :

1.  Bi(1) .

2. -

 O(3) ( . . 3). 

3.  Si  

 V  (Si = V, Si > V, Si < V)  JANA2000 -

, -

,  Bi. 

SHELXL97  M  (Bi, V, Si) 

,

-

 ( . . 3). 

, -

 [ 1, 6, 7 ]. -
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 4  

 d (Å)

1 2 3 4 

Bi(1)

[Bi—O]

— O(1) 

— O(1) 

— O(1) 

— O(2) 

— O(3) 

2,0673(4) 

2,2146(5) 

2,6181(5) 

2,2121(3) 

2,6220(4) 

2,3468(4) 

2,065(2) 

2,223(2) 

2,615(2) 

2,2159(9) 

2,624(2) 

2,349(2) 

2,0684(4) 

2,2218(4) 

2,6221(4) 

2,2120(3) 

2,6251(3) 

2,3499(4) 

2,0649(15) 

2,2162(15) 

2,6222(15) 

2,2063(5) 

2,6115(11) 

2,344(1) 

M — 4 O(3) 1,7587(7) 1,758(5) 1,7609(6) 1,774(3) 

 M ( . . 1),  ( -

 V4+  V5+), -

, R- D ( . . 1) 

:

— Bi24
3
0,215(3)[Bi (V4+,V5+)0,205

4
0,580 2Si ] (O39,97(2) 0,03) (  1 ),

— Bi24
3
0,220(1)[Bi (V4+,V5+)0,200

4
0,580 2Si ] (O39,9(1) 0,1) (  2 ),

— Bi24
3
0,226(3)[Bi 5

0,199V 4
0,575 2Si ] (O39,93(2) 0,07) (  3 ),

— Bi24
3
0,194(3)[Bi 5

0,173V 4
0,633 2Si ] (O39,00(4) 1,00) (  4 ).  

,  Bi24(VxSi1–x)2O40 -

 O(3)  Bi3+, V5+, Si4+ -

 ( . . 1), -

 ( ) V5  V4+ .

 (

)  0,50—0,92 e/Å3, -

 (1/2 0 0): 

—  ( -

 M  Si  V, . . -

 Bi; ),

— .

 1  3 ( . . 2) 

hkl h + k + l  2n, 0kl k + l  2n, hhl  l  2n, h00

 h  2n, . . 23.

 2  4 ( . . 2).  —  ( )

—  [ 15, 16 ] — -

 Bi2O3—SiO2—Mn4+O2 [ 17 ],  Bi2O3—SiO2—
5
2V O5.

 ( -

, , ,

, ),  ( -

, ,

400 C).

 ( -

)

Bi24(Bi,Si,V)2O40  Bi3+, Si4+, V4+, V5+ .
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.

 ( ) ,

, .

-

 Bi24
3
0,215(3)[Bi (V4+,V5+)0,205

4
0,580 2Si ] (O39,97(2) 0,03)  Bi24

3
0,226(3)[Bi

5
0,199V 4

0,575 2Si ] (O39,93(2) 0,07) ( . . P23 

. . I23),  Bi24
3
0,220(1)[Bi (V4+,V5+)0,200

4
0,580 2Si ]

(O39,9(1) 0,1)  Bi24
3
0,194(3)[Bi 5

0,173V 4
0,633 2Si ] (O39,00(4) 1,00), -

,  ( -

),

.

 Bi24

(VxSi1–x)2O40 -

 V4+ - .
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