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The catalytic activity in the hydrogen oxidation reaction has been examined for supported Pt–NbOx and Cs
+
/Pt–NbOx catalysts. It has 

been shown that the composite catalysts show higher catalytic activity than traditional catalysts with the same content of supported 
platinum. By XRD, XPS and electron microscopy it has been determined the active surface formation – oxygen deficient oxides NbOx.

.
'

[10].  (Pt, Pd, Rh  Ir), 
,

-  ( 2,
, NH3) [2], -

 [6].  [13, 14] 
, -

,
 Pt(Pd), 

 Cs+, -
3– (  =  W), -

. -
, Nb2 5 -

, -  Nb ,
-

 [7], 2  [3];  [3]; 
 [7, 9],  [8]; -

 [1]  [4]. ,
-
-

,
 Red-Ox 

 [12].  
, -

2

. -

 Pt  Cs+/Pt ,
,

.
' . -

 Nb2O5 (99,92 % ., -
:  = 100 ) 2PtCl6

 0,5 % . -
.  Pt/Nb2 5

 = 393  (1 .)  (10 % .
2  Ar)  = 673  1 .

Cs+  Nb2 5  Pt/Nb2 5 -
 CsJO3  0,05 % . Cs+

-
.

-
 Pt/Al2O3, -

.

 ( ( 2)/ ( 2) = 1:20). 
, -

–8
( -  – ).

 0,1 / ,
0,5 . 2, -

, .

© ., ., ., ., 2008



~ 30 ~

 "Stoe STAP D " (MoK –
),  ( )

[11].
 ( ) -

-  "Cameca Camebax-
m crobeam", -

   , (
 25 ,  = 15 .). -

 ( ) (  "Ax s-165", AlK  = 
1486,6 ,  Au 4f7/2 = 83,8 ). -

, -
, -

. -
. . ., 

,
: Pt 4f7/2, Nb 3d5/2, Cs 1s1/2  1s1/2.

. .
2

. -
2

Pt/Nb2O5  Cs+/Pt–Nb2O5 ( .,  4, 5). -

 (Pt/Nb2O5  Cs+/Pt–Nb2O5)
, -

 Pt/Al2O3  Pt ( .,
 3). 

Nb2O5,  ( .,
1).  Nb2O5

 725–800  ( -
 50 %  = 800 ). -

 Nb2O5  (+1)

50 . ., 
 Nb2O5

Cs+/Nb2O5 . -
 (Pt/Nb2O5, Cs+/Pt–Nb2O5

Pt/Al2O3) ,
 Pt/Al2O3 (  = 

22 ). -
,

 = 9  (Pt/Nb2O5)  = 7  (Cs+/Pt–
Nb2O5). ,

, -
 – 
 Pt/Al2O3

.

250 275 300 325 350 600 650 700 750 800 850
0

10

20

30

40

50

60

70

80

90

100
5
4 3

2

1

T, K 

X
, 

%
 

1

2

3
4

5

. 2 : 1 – Nb2O5, 2 – Cs
+
/Nb2O5, 3 – Pt/Al2O3,

4 – Pt/Nb2O5, 5 – Cs
+
/Pt–Nb2O5.  – ,  – 

,  Cs+/Nb2O5

Nb2O5

-Nb2O5 ( . . Pbam, a = 6,18(1) Å, b = 
29,18(1) Å, c = 3,93(1) Å). 2  Pt/Nb2O5

 Cs+/Pt–Nb2O5  Pt 
.

,  Pt, 
'

,  Nb2O5

 – -
(+4, +5). 

, , -
:  Pt ( . . Fm 3m, a = 

3,965(2) Å), Nb2O5, - : Nb 2.46 ( .
. A12/a1, a = 31,31(2) Å, b = 3,83(3) Å, c = 20,71(2) Å,  = 

112,90(5)°)  Nb 2.42 ( . . P, a = 57,75(1) Å, b = 3,82(1) 
Å, c = 21,18(1) Å,  = 105,3(1)°). 
Nb 2.46 : Nb 2.42  Pt/Nb2O5

Cs+/Pt–Nb2O5  88 % : 12 %  90 % : 10 %, -
.  Nb 2,46

Nb 2,42

,
.

,
,  Nb : , -

, : 2,44 (Pt/Nb2O5), 2,36 
(Cs+/Pt–Nb2O5), 2,47 (Cs+/Nb2O5),  2,49 (Nb2O5). -

 Nb : ,
 Pt/Nb2O5  Cs+/Pt–Nb2O5, -

 – 
-  Nb  (  = 2,36, 2,39 

 2,42–2,47). -

, .
, ,

Pt/Nb2O5, Cs+/Pt–Nb2O5, Cs+/Nb2O5  Nb2O5, -
, -  Nb 3d -

,
 Nb 3d5/2  3d3/2,  Nb2 5

 Nb x,  Nb5+

 Nb4+.
Nb 3d  (3d5/2 – 3d3/2)  2,8 ,



. 46/2008 ~ 31 ~

 [5].  Nb 3d
 Nb2 5

207,3  (3d5/2)  210,0  (3d3/2),
(S 3d5/2  : S 3d3/2) = 2,75, -

 Nb 3d. ,
-  Nb 3d

- ,
, : -

:  (Nb 3d5/2) = 207,3–207,2  Nb5+  Nb2 5;
 (Nb 3d5/2) = 207,1  Nb5+  (Nb 3d5/2) = 

206,7  Nb4+  Nb 2.46;  (Nb 3d5/2) = 207,0 
Nb5+  (Nb 3d5/2) = 206,6  Nb4+  Nb12 29 

(Nb 2.42).  Nb 3d,
 Nb x, -

 Pt/Nb2O5  Cs+/Pt–Nb2O5,
 Nb2 5  Cs+/Nb2O5,

 Nb x, -
 [7, 8, 9].  Pt/Nb2O5

Cs+/Pt–Nb2O5 '  Pt 4f5/2

 74,2  74,4 , ,
.

 1s1/2

,  = 530,0 
– 531,1 
530,2  530,5 , -

 ( -
) : Nb x  Nb2O5. ' -
 Cs 3d5/2  724,2  (Cs+/Nb2O5)

 724,7  (Cs+/Pt–Nb2O5).
 Cs+, -

.  Pt/Nb2O5  Cs+/Pt–
Nb2O5 , -

-
. ,

 – -
 Pt  NbOx, -

NbO5/NbO6, , ,
'  Nb–O–Nb. 

.. -
 H2 , -

 Nb2O5 -

 Pt  Cs+. , -
, -

. ,  Pt–NbOx

Cs+/Pt–NbOx -
 H2  Pt/Al2O3, ' -

 – -
NbOx.
Cs+ -

 NbOx -
.

1.Aranda, D.A.G., Ramos, A.L.D., Passos, F.B., Schmal, M. Characterization 
and dehydrogenation activity of Pt/Nb2O5 catalysts // Catal. Today. – 1996. – 
Vol. 28, 1. – . 119–125. 2. Bielanski, A., Haber, J. Oxygen in catalysis. – 
N. Y., 1991. 3. Boffa, A.B., Lin, C., Bell, A.T., Somorjai, G. A. Lewis acidity 
as an explanation for oxide promotion of metals: implications of its 
importance and limits for catalytic reactions // Catal. Lett. – 1994. – Vol. 27, 

3–4. – P. 243–249. 4. Chen, K., Bell, A.T., Iglesia,  E. The relationship 
between the electronic and red-ox properties of dispersed metal oxides and 
their turnover rates in oxidative dehydrogenation reactions // J. Catal. – 
2002. – Vol. 209, 1. – . 35–42. 5. Crist,  B.V.Handbook of Monocromatic 
XPS Spectra, J. Wiley & Sons Inc., Vol. 1 (2000). 6. Hagendorf, U., 
Janicke, M., Schüth, F., Schubert, K., Fichtner, M.A. Pt/Al2O3 coated 
microstructured reactor/heat exchanger for the controlled H2/O2-reaction in the 
explosion regime // Proc. 2nd Int. Conf. on Microreaction Technol., – New 
Orleans, 1998. – New Orleans, 1998.  7. Ito, S.-I., Fujimor,  T., Nagashima, K.,
Yuzaki, K., Kunimori, K. Strong rhodium-niobia interaction in Rh/Nb2O5, Nb2O5-
Rh/SiO2 and RhNbO4/SiO2 catalysts – Application to selective CO oxidation and 
CO hydrogenation // Catal. Today. – 2000. – Vol. 57, 3. – . 247–254. 8. 
Noronha, F.B., Aranda, D.A.G., Ordine, A.P., Schmal M. The promoting effect of 
Nb2O5 addition to Pd/Al2O3 catalysts on propane oxidation // Catal. Today. – 
2000. – Vol. 57, 3. – . 247–254. 9. Ueda, A., Yamada, Y., 
Ioroi, T., Fujiwara, N., et al. Electrochemical oxidation of CO in sulfuric acid 
solution over Pt and PtRu catalysts modified with TaOx and NbOx // Catal. Today. 
– 2003. – Vol. 84, 3. – . 223–229. 10. Walther, D., Fernandez-Pello,  C., 
Dibble, R., et al. The use of hydrogen combustion for power generation // Proc. 
3rd Int. Energy Conversion Eng. Conf. and Exhibit, San Francisco, 2005. – S. F., 
2005. 11. Powder diffraction file PDF-2, PCPDFWIN 1.30. — Newtown Square: 
International Centre for Diffraction Data (PA, U.S.A.), 1997. http://www.iccd.com. 
12. , . . . – ., 2004. 13. Powder diffraction file 
PDF-2, PCPDFWIN 1.30. — Newtown Square: International Centre for 
Diffraction Data (PA, U.S.A.), 1997. http://www.iccd.com. 13. , . .,

, . ., , . ., , . .  Pt, Pd  Cs+

 WO3

 // . . . – 2005. – . 41, 2. – .
126–129. 14. , . ., , . ., , . ., -

, . .  WO3 3  Pt  Pd 
 // . . . – 2005. 

– . 41, 5. – . 313–316. 
 12 .0 2 . 08  

 547.759.4 
. , ., . , ., . , - . .

E

, ,
.

1
.

New catalytically conditions that make possible to obtain adducts heterocyclic systems with  maleinimidics by Michael reaction 
have been discovered. Formed products of reactions have been investigated by 

1
H NMR spectroscopy methods. 
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