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 ( ) H8(PW11TiO39)2O xH2O (I)

, -

, - , , 31P, 183W, 17O, -

. I

,  Ti—O—Ti. 

 [I] > 0,02 .  > 0,6 

[PW11TiO40]
5–,  6.  (150—400) C I

H3PW12O40 , - , H3PW10Ti2O38 .

I. I

450 C.

: , , .

 W6+  [PW12O40]
3– ,

 (Mn+ = V5+, Ti4+, Zr4+ .), -

,  ( ),  [ 1—5 ].  

 Mn+ n  3 

,  H3PW12O40

 H6P2W21O71(H2O)3 (  M ) [ 5 ].  

 [PW11TiO40]
5–  [ 6—13 ]. 

-

 (HPWTi),  H5PW11TiO40

[ 5 ],  [ 14—16 ].  HPWTi 

, -

-

 ([ 17 ] ). ,

 HPWTi  ( )

[(PW11TiO39)2O]8–,  Ti—O—Ti [ 18 ]. 

 Ti—O—Ti : [(SiW9Ti3O37)2O3]
14– [ 19 ], 

[(GeW9Ti3O37)2O3]
14– [ 20 ], [(PW10Ti2O38)2O2]

10– [ 21 ], [(PW9Ti3O37)2O3]
12– [ 22 ], [(P2W15Ti3O 62)n]

x–

(n = 1—4) [ 23, 24 ], {(P2W15Ti3O62)4[Ti(OH)3]4Cl}45– [ 25 ], [{SiTi2W10O36(OH)2}2O2]
8– [ 26 ]. 

,  HPW11Ti  ( . 1). -

 HPWTi 

[ 17, 18, 27 ].  HPWTi, 

,
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. 1.  PW11TiO
5
40  (PW11TiO39)2O

8–. -

            PO4 ( ).  — TiO6

. ,  HPWTi 

H8(PW11TiO39)2O, -

.

 H3PW12O40(PW12) . . .  Na 

 HCl. 

 3 M  Ti4+  HCl . . . , -

. .

.

 H8(PW11TiO39)2O xH2O.  

1.  30  0,2  [PW11O39]
7–,  [ 18 ] (pH 

4—6, 31P –10,7 . .),  2  Ti4+ (

Ti3+). ,  [ 5 ], 

 Na/ 0,1 / .  Cl2. -

.  Cl– -

 HClO4 (0,25—1 ),  290 . . -
17O .  HClO4 250 C. -

,

 30—40 C. - ,  100 %, -

 98—100 % ( 31P). 

2.

11H3PW12O40 + H3PO4 + 12Ti4+ + 24H2O  6H8(PW11TiO39)2O + 12H+

10  H3PW12O40 12H2O (3,27 )  100 ,  1  0,3 

H3PO4 (0,3 )  1,19  Ti4+ (3,57 ). , -

 5—10 . -

 30—40 C. -

 150 C 1  HCl.  HPWTi 95 %, -

 — PW12.  PW12

.  20 C  PW12, , -

.  HPWTi -

.  90—95 %,  99—100 %.  

3. 1,  10%-  HCl  

. . -

 NaCl,  HCl. 

.

HCl  PW12, 2. 50 %. 

, , . -
35Cl ,  Cl– . . -

, %: W 67, P 1,0, Ti 1,7,  7,7.  H8(PW11TiO39)2O 19H2O -

, %: W 69, P 1,1, Ti 1,6,  7,7.  (  KBr, , –1): 1070, 970, 

890, 800, 655, 590.  ( , . .): 31P –13,7, 183W –99,9, –100,5,  

–102,7(1/2), –107,4, –118,7, –119,2, 17O, 740 (O=W), 557, 545 (Ti—O—W), 413, 407, 396, 386 

(W—O—W), 65 (PO).  

 5 % H8(PW11TiO39)2O/

1  (S = 12 2/ )  10  0,1



. . , . . , . . .650

 1 . - -

 JEM 2010 (200 ,

1,4 Å).
31P, 17O 183W  MSL-400 

Bruker  161,98, 54,24  16,67  25, 50  25 C .
31P MAS  Avance-400 Bruker -

 161,97  5 .

- -

Thermo Finnigan LTQ-FTMS. -  0,02M -  (1:1) 

. - / m/z = 200—4000 

( . 2). 

 NETZSCH STA 449C 

 5 ./ .

 HPWTi -

 100 %.  

,

- .

 ( . 3)  ( )

 5000 (1090,29 5 + 5 + = 5456,49). , -

m/z = 1363,12 (1363,12 4 + 4 + = 5456,50). -

 H6(PW11TiO39)2 (  5456,2). -

m/z = 958,74  [PW12O40]
3–

( -

m/z = 959). - , -

,  2 ,  H6(PW11TiO39)2. . 4 

m/z = 1371,6. -

 1371,6 2 + 2 + = 2745,2. ,

, . 2 (914,1 3 + 3 + = 2745,3).  H5PW11TiO40 -

 2746,1. 

. 2. -  HPWTi
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, -

:  5456,5 ,  H3PW12O40  H5PW11TiO40

. 31P , , -

. -

H8(PW11TiO39)2O 2 , , -

 ( . ) -  [ 18 ],  HPWTi 

 H8(PW11TiO39)2O.

 Ti—O—Ti 

600—700 –1 [ 18—26]. , - - 7(PW11TiO39)2OH,

 HPWTi,  655 –1 [ 18 ], 

- - 8(PW11TiO39)2O —  640 –1 [ 27 ], 

5PW11TiO40 : 705  660 –1 [ 13, 18 ].  HPWTi 

 655 –1,  Ti—O—Ti, 

.

400—1200 –1 ,

.

. 3.

         -  HPWTi 

. 4. - -

 HPWTi, 

-

                          



. . , . . , . . .652

. 5. -

 0,1  0,5  NaOH 

                       70%- -

. 6. - -

 5 %-  HPWTi/ . -

-

                                   

-

, ,

 [ 28 ]. -

 HPWTi , ,  H3PW12O40.  ( . 5) ,  HPWTi -

.  [ 6—13, 18, 27] 

, -

 [PW11(TiO)O39]
5–,  (

) ,

. ,

4H+/HPWTi  H8(PW11TiO39)2O. ,

 Py4[PW11Ti],  Py8(PW11TiO39)2O [ 14 ].  

 FAB-MS,  0,2  HPWTi 

7(PW11TiO39)2OH [ 18 ].  [ 18 ] ,  FAB-MS 

,  (  [ 18 ] )

 (<0,01 M) . -

,  pH > 1,2  ( . ), -

 0,01  HPWTi  1,2. , -

,  655 –1 . ,  HPWTi -

 FAB-MS [ 18 ] .

 HPWTi -

.  [PW12O40]
3– -

 10 Å,

,  2,5 Å. -

 [001] ,

, ,  2,5 Å. -

 HPWTi/  ( . 6) -

10 15 Å.

 ( 2,5 Å)  ( 3,6 Å) -

,  — . , -

.  6—7 -

, . , -

, .

, ,  HPWTi 

H8(PW11TiO39)2O.

 HPWTi .
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. 7 ( ). 183W

 ( )

 ( ) PW11Ti 

0,2  HPWTi  ( ) -

                   NaOH (pH 2,2) ( )

. 8 ( ). 17O 0,2 -

 HPWTi 

                ( )  pH 2,2 ( )

31P  HPWTi -

 —  –13,7 . ., 183W 17O

( . 7, 8, . ).  HPWTi 

[(PW11TiO39)2O]8– 183W -

, .

– 183W, . . ( ) – 31P, . .

 H5PW11TiO40

(  — HPW11Ti)

100,2(2), 100,6(2), 102,7(1), 107,7(2), 118,5(2), 118,9(2)

 18,7 . .

13,6 

13,7 

13,68 

[ 5 ] 

[ 18 ] 

8(PW11TiO39)2O 92,1(2), 94,6(2), 95,2(1), 100,1(2), 112,3(2), 113,0(2) 

 20,9 . .

13,29 [ 27 ] 

7(PW11TiO39)2OH 89,5(2), 98,5(2), 99,2(1), 101,5(2), 105,4(2), 108,7(2) 

 19,2 . .

12,76 [ 18 ] 

Na-PW11TiO40 71,2(2), 104,8(2), 112,1(1), 117,9(2), 119,3(2), 127,7(2)

 56,5 . .

13,6 [ 9 ] 

Na-PW11TiO40   13,5 [ 13 ] 

Li-PW11TiO40 70,3, 103,7, 111,6, 116,5, 118,8, 126,7 

 56,4 . .

13,61 [ 12 ] 

5PW11TiO40 64,4(2), 94,7(2), 103,7(1), 108,1(2), 112,7(2), 119,6(2) 

 57,2 . .

13,34 [ 18 ] 

5PW11TiO40 57,2(2), 92,6(2), 101,9(1), 106,7(2), 109,2(2), 118,0(2) 

 60,8 . .

14,0 [ 8 ] 

4PW11(TiOH)O39  13,44  [ 27 ] 



. . , . . , . . .654

 8—10 . . .

 NaOH  HPWTi  pH  2,2 -

 [PW11TiO40]
5– [ 5, 79 ], 

 ( . . 7, ). -

, -

 ( . . 7, ).

 [PW11TiO40]
5– -

.  Ti=O -

. 17O

.  [PW11TiO40]
5–  O  O=Ti 

 945 . .  pH  5  914 . .  pH 2,2 ( . . 8, ) (963 . . -

 [ 18 ]). ,

 O. -

7(PW11TiO39)2OH [ 27 ],  HPWTi 

( . . 8, ) . , 17O 183W ,

,  HPWTi, -

.

 PWTi 
31P.  0,025  < 0,6  1,2 < 

< pH < 6  –13,7 . .  0,6 < pH < 1,2 -

0,04 . .  0,1  (pH 0,8—0,9) 

1:1,  pH -

,  pH — . 183W -

,
31P. ,

,  0,6 < pH < 1,2 :

[(PW11TiO39)2O]8– + H2O 2 H[PW11TiO40]
4–.             (1) 

 pH > 6  –10,7 . .  [PW11O39]
7– -

 [PW10Ti2O40]
7–  –11,5  –12,2 . . [ 12, 29 ]. ,

 [PW11TiO40]
5– -

.

, -

 H2O. 31P  HPWTi  CH3CN

CH3COOH .  PW12,

–14,7 . .,  –11,8 . .,  20—45 % .

 [(PW11TiO39)2OHx]
x–8  –12,2 

–12,5 . ., , ,  –12,8, 

 [ 18 ]. -

 Ti—O—Ti, 

Ti—O—W .
31P , -

. -

,

.  [PW11TiO40]
5–,

,  [ 30 ], ,

 O  PWTi. -

, -

:

[ (PW11TiO39)2OH]7–  [PW12O40]
3– + [PW10Ti2O38]

3– + H2O.           (2) 
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. 9. 31P: MAS 

HPWTi —  —  — 

 ( )  1  200  

                               ( ), 300 ( ) 400 C ( )

-
31P. -

 Ti  [PW10Ox]
y–

[P2W21O71]
6–,  [NaPW11O39]

7–

[ 5, 30 ]. 

H6P2W21O71 ,  Ti -

 (2) 

.  [PW10Ti2O40]
7–, -

 [ 8 ], 

-

, , ,

.  Ti 

 H2O. -

,  H8(PW11TiO39)2O ,

.  HPWTi 

, -

. -

 HPWTi .

-  HPWTi , -

 [ 8, 17, 18, 27 ].  

, 31P -

.  H8(PW11TiO39)2O 23H2O

 72  133 C,

,  577 C, . -

 200 C , ,  H8P2W22Ti2O79

5,3H2O,  300 C — H4,6P2W22Ti2O77,3.

 [ 5 ] ,  HPWTi 

 450 C, -

, .

 1070 –1 ( as P—O) ,  655 –1  Ti—O—Ti 

.  50%-

 ( 0,05 ) , ,

. 31P ,

 150 C ( -150 ),  (  25 % )  PW12

( . 9, ). , -

50 % -300 , . -300—450 -

 –12 … –12,6 . .  –14,2 . .,

 [P2W20O70]
10– [ 31 ].  –13,7 . .

 2—3 , -

. 31P -

 HPWTi ,

 Ti , .



. . , . . , . . .656

 1  4 31P .

-
31P  HPWTi.

 HPWTi, 

 1 , 31P MAS. -

 20 C 70 % , -

 [ 32 ]. -

,  –13,5 . . .

 ( . . 9, A)  300—400 C

,  –15  –12 . ., 

 PW12 , -

, H3PW10Ti2O38. , , ,

, -

, , , -

.  HPWTi .

,  HPWTi -

.

, - -

, , -

,  H8(PW11TiO39)2O,

 150 C   > 0,02 M. 

 [PW11TiO40]
5–

.  Mn+, n  3, -

 [PW11TiO40]
5–  O 

 Ti4+ .

 H8(PW11TiO39)2O

, -

, -

 Ti.
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