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 1). ,      4  

,  ,           (   

  40%   )      (~ 2 ).  

   ,      , , 

,   .    ,  ,  Pt-

     (    

[20]) /  NaHCO3.   Pt-   ,   

  : Pt (IV), Pt (II)   Pt (0),  Pt-  

,     [20, 22].  ,  

    (     

  )      

    (   ,    Pt),  

  90 .%    Pt (IV)  Pt (II)   . %  -  Pt (0).   

,         

        NaHCO3 [22],   

  26 .% Pt (0), 48 .% Pt (II)  26 .% Pt (IV).     Pt 

(0),   ,   NaHCO3    

   ,   PtO2 2PtO  PtO2 · H2O [32, 

34],       ,     

 .     ( 1-5,  1)  

     ( . ). 

      

      ( 6-9,  1)  

  = -    -  [35].  

     ,    

       -

    ( -Pt (6% Pt)-1  -Pt (6% Pt)-2 , 7, 8 

 1).    (  3) ,     

       2    , 

    ,        

       . 

          

  4f ,  ,     

 ( -Pt (6% Pt) 6  1)    Pt(0), Pt(II), Pt(IV),  

  –  Pt(0) ( 7-9,  1). 

   ,   

  ,  ,  in situ [36, 37],  

       ,   

     .  ,   

  ,       

  (-)-  ( -Pt (6% Pt)-3 9 . 1),   

   [35]. 

 

 

 

 

 

 

 



48 

 

 1 -       , 

    

 
  . 

, % 

( ) 

 

 

 

 

 

 

 

 

 ( ), 

 

 

 

SBET, 2/  

 

 

( ) 

 

  (MN 270)      1484   

1. -Pt (5% Pt) 

4.85 

H2PtCl6 · 

6H2O 

Na CO3 2.2 968 Pt(0), 

Pt(II), 

Pt(IV) 

Chemical 

Engineering Journal 

2007 

 

2. -Pt (3% Pt) 

2.91 

2.1 1015 Pt(0), 

Pt(II), 

Pt(IV) 

   

”Green Chemistry”  

3. -Pt (1% Pt) 

0.95 

2.3 1156 Pt(0), 

Pt(II), 

Pt(IV) 

4. -Pt (0.3% Pt) 

0.27 

2.2 1347 Pt(0), 

Pt(II), 

Pt(IV) 

5. -Pt (0.1% Pt) 

0.11 

2.3 1400 Pt(0), 

Pt(II), 

Pt(IV) 

6. -Pt (6% Pt) 

5.81 

2.1 782 Pt(0), 

Pt(II), 

Pt(IV) 

A.Bykov,V. 

Matveeva,  

M. SulP. Valetskiy,  

O. Tkachenko,  

L. Kustov,  

L. Bronstein, E. 

Sulman, Catalysis 

Today 2009, V.140 

P. 64-69 

7. -Pt (6% Pt)-1 
5.74 

Na CO3 

N2H4·H2O 

2.2 847 Pt(0) 

8. -Pt (6% Pt)-2 
5.75 

Na CO3 

NaBH4 

2.1 953 Pt(0) 

9. -Pt (6% Pt)-3 

5.75 

Na CO3 

NaBH4 

(-)-

 

2.2 946 Pt(0) 

10. -Pd (5% Pd) 4.83 Na2PdCl4  Na CO3 7.6, 25.0 649 Pd(II)  
11. -Pd (3% Pd) 2.89 35.6 705 Pd(II) 
12. -Pd 

(1% Pd) 
0.94 

32.1 890 Pd(II) 

13. -Pd (0.3% 

Pd) 
0.28 

22.3 1106 Pd(II) 

14. -Pd (0.1% 

Pd) 
0.09 

6.7 1118 Pd(II) 

15. -Ru (5% 

Ru)* 
4.83 

Ru(OH)Cl3 NaOH, H2O2 1.2 1172 

 

Ru(0), 

Ru(IV) 

Journal of Molecular 

Catalysis A: 

Chemical  2007, 

V.278, P.112–119 

 

16. -Ru (3% Ru) 
2.89 

1.1 1225 Ru(0), 

Ru(IV) 
17. -Ru (1% Ru) 

0.94 
1.3 1264 Ru(0), 

Ru(IV) 
18. -Ru (0.3% 

Ru) 
0.28 

1.2 1285 Ru(0), 

Ru(IV) 
19. -Ru (0.1% 

Ru) 
0.09 

1.1 1295 Ru(0), 

Ru(IV) 
20. -Pt-Pd (0.1% 

Pt, 0.1% Pd) 

0.09-0.09 H2PtCl6 · 

6H2O, 

Na2PdCl4  

Na2CO3 25.3 1185 Pt(0), 

Pt(II), 

Pd(II) 

 

21. -Pt-Ru (0.1% 

Pt, 0.1% Ru) 

0.11-0.09 H2PtCl6 · 

6H2O, 

Ru(OH)Cl3 

Na2CO3, 

NaOH, H2O2 

1.5 1350 Pt(0), 

Pt(II), 

Pd(II), 

Ru(IV) 

 

22. -Pd-Ru 

(0.1% Pd, 0.1% 

Ru) 

0.11-0.09 Na2PdCl4 

Ru(OH)Cl3 

Na2CO3, 

NaOH, H2O2 

17.1 1207 Pd(II), 

Ru(IV) 

 

23 -Pt-Pd-Ru 

(0.1% Pt,0.1% Pd, 

0.1% Ru ) 

0.10-0.09-

0.09 

H2PtCl6 · 

6H2O, 

Na2PdCl4 

Ru(OH)Cl3

H2O 

Na2CO3, 

NaOH, H2O2 

1.3, 15.6 1068 Pt(0), 

Pt(II), 

Pd(II), 

Ru(IV) 
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   1.5 .  , ,     4  

  ,         15-30  

     ,    

      .     

 ,      20-30  , 

,  ,       . 

 ,    ,         

  [32].  ,     

     4  (     ),  

           

  .    ( 10-14,  1) 

       

 Pd
2+

        , .   

       ,     

 . ,        

,        PdO · 

xH2O [32, 34].       
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 , , RuO2·xH2O,     [38] ,  

       .  

 Pt,        ,   
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  . 

 

   

 

,  -   ,   

         

      ( 20-23,  1).  

 ,     -Pt(0.1%)-Pd(0.1%)  -Pd(0.1%)-

Ru(0.1%)       25.3   17.1  

( 20, 22  1),      

.   -Pt(0.1%)-Ru(0.1%),      

 1.5  ( 21  1)     Ru-  

.    -Pt(0.1%)-Pd(0.1%)-Ru(0.1%) 

         1.3 ,    

   15.6  ( 23  1).    

 -       .  

    -Pt(0.1%)-Ru(0.1%) ( 21  1), 
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 ( 20, 22  1),     ,  

       15-30   
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      [23, 39-41]. 
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[39, 40, 42]        . 
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 .       

     [42].      , 
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  D-   D-  ,    D-

 ,    D- ,   

    2 [40,45].  , D-   

   . D-    
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(  6).      [43, 46]    
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    ,  -  . 

      .   

    -     D-

 . 
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HHO
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C
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OHH

OHH
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H OH
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[O]

     D-  

       (  )
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COOH

C
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O

C
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OHH
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H
[O]

 
 6 -     D-   D-   

 

     (L-   D- )  

          

 (Pt, Pd, Ru) ( . ). [22, 47].      

      ( 0 / ), 

  (  / )  .   

         

  ,   ,  

  ,      [21, 22, 47].  

        

 (        ): 

 ,  , ,  

 ,   ,   , 

 .   2      

    (  1)    

      L-   2-

-L-    D-   D-  .  

          

   . 

   ,    L-    

 -Pt (3% Pt) ,    D-  - -Ru (1% Ru).  
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 2.      

   (MN 270)   L-
a) 

 D-
)
 

 
  

( .   . 1) 

 L-   D-  

,· 103 

/ (  ) 

 

  

 

( )% 

,· 103 

/(  ) 

 

( )% 

1. -Pt (5% Pt) 3.4 78(92) 0.7 98(92) 

2. -Pt (3% Pt) 4.1 94(98) 0.4 99(90) 

3. -Pt (1% Pt) 3.8 86(92) 0.1 99(91) 

4. -Pt (0.3% Pt) 3.3 72(86) 0.2 98(90) 

5. -Pt (0.1% Pt) 2.4 61(82) 0.1 99(85) 

6. -Pd (5% Pd) 0.7 55(82) 0.5 99(88) 

7. -Pd (3% Pd) 0.4 60(78) 0.2 99(87) 

8. -Pd (1% Pd) 0.6 58(72) 0.1 99(85) 

9. -Pd (0.3% Pd) 0.4 42(72) 0.2 99(84) 

10. -Pd (0.1% Pd) 0.3 31(70) 0.1 99(81) 

11. -Ru (5% Ru) 1.2 23(22) 0.8 98(92) 

12. -Ru (3% Ru) 0.9 25(19) 1.0 99(94) 

13. -Ru (1% Ru) 0.7 21(13) 1.2 ~99(100) 

14. -Ru (0.3% Ru) 0.8 18(12) 0.7 99(92) 

15. -Ru (0.1% Ru) 0.6 19(10) 0.6 99(92) 

16. -Pt(0.1%)-Pd(0.1%) 2.7 53(72) 0.1 98(87) 

17. -Pt(0.1%)-Ru(0.1%) 2.4 45(69) 0.3 98(88) 

18. -Pd(0.1%)-Ru(0.1%) 1.6 21(34) 0.3 98(90) 

19. -Pt(0.1%)-Pd(0.1%)-Ru(0.1%) 2.1 48(62) 0.5 95(89) 

20 Pt/C-5% 1.2 70(82) - - 

21 Pd(5%)Bi(0/5%)/C   0.9 99(100) 

a)     (25 )    70 º , ( 2)      14 10-6 3/ ,  

 1000 rpm;   1.2 104 .   (NaHCO3)     

 L- . (C   1.2 10-2 / , C0  0.2 / )  
)     (25 )       60º      14 10-

6 3/ ,   1000 rpm;   8.4 103 , C   1.2 10-3 / , C0  0.44 / , C NaHCO3  0.44 / . 

 

     ,    L-   

.     -Pt (3% Pt)  -Ru (1% Ru) 

   L-   D- , .  10  

       

   ,      

(  1,2%),       . 

       10-     

   12%     42%.   

  ,       

         

,        . 

 ,       

  ,     ,     

         

,        ,  

    ,     , 
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. . ,    .  

        

     . , ,  

        

         

     .    

           

 . 

 

       

   

 

 –       

   ,     

 A, E  K [12].   8     

 : 3,7- -6- -1- -3-  ( , , 10), 2-

-3- -2-  ( , , 5)  3,7,11,15- -1-

-3- , ( , , 20)      

: 3,7- -1,6- -3-  ( , ), 2- -3- -2-  

( , ), and 3,7,11,15-  -1- -3-  ( , 

).         

 ( ) [48]. ,   ,    ,  

     C3  C2 .   

 ,   .         

  [25]        

 .  

     ( , , )  

       

 ( , , )   [49].     

,      ( -3, 

, ) (  7)).  

 

 
OH OH

(  )

[H]

-

[H]

(  )

[H]

O

3
OH

(  )

[H]

3
OH

3
OH

(  )

[H]

OH

(  )

[H]

 

-3

(  )

 

CHO

 

AcO

O
3

 

O

O

3

 
 7 -      ,     

( .  3). 
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   –  Pd  Ni,     [50, 

51].         

   (Pd/CaCO3,   Pb  

),    95%  100%  [51]. , 

         

    .    

      ,  

,    ,      

 .  

    ,    1 ( 10-

14),        10, 20  5. 

        

   ,    ,    

 ( 0 / ),   (  / ), ,  

 ,  .     3.  

   ,       

   -Pd (0.1% Pd),     

   ,   .  ,    

      , , ,  

       .   

 , ( 17, 18)     ,   

  (   2-4 )  ,    

       

.  

 

 3 -      

  (MN 270)       

  
 

 

#  

( .    1) 

   

  

, % 

,  

 / 

 Pd-1 - 1 

1 -Pd (5% Pd)  96.5 12.5 

2 -Pd (3% Pd) 97.6 16.9 

3 -Pd (1% Pd) 97.8 14.4 

4 -Pd (0.3% Pd) 98.0 19.2 

5 -Pd (0.1% Pd) 98.5 21.0 

7 -Pd (5% Pd)  97.5 2.3 

8 -Pd (3% Pd) 95.2 2.5 

9 -Pd (1% Pd) 96.0 5.6 

10 -Pd (0.3% Pd) 97.2 7.8 

11 -Pd (0.1% Pd) 97.5 10.3 

12 -Pd (5% Pd)  97.5 9.8 

13 -Pd (3% Pd) 96.3 10.4 

14 -Pd (1% Pd) 97.2 12.9 

15 -Pd (0.3% Pd) 98.4 19.0 

16 -Pd (0.1% Pd) 98.5 27.0 

17 Pd/Al2O3 (0.5% Pd) 94.4 5.8 

18 Pd/CaCO3 (2.0% Pd) 95.3 4.7 
a)     (30 )  960 / , .    90 º , 

  2.3 · 10-5  Pd/ ,  0 0,44 / ;  
)      ,      Pd 
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    [37].      

, , ,      

  [52].         

,     ,   ,     

   ,    ,      

, ,       [53]. 

        

      , 

 ,   ,  , , 

     , 

    [26], ,   ,     

   [54, 55].       

  -     ,  

       ,   

    [56-61].  

     Pt-  , 

   ( 6-9,  1)     

   R-  ( . 8) [35].  

 

C O [H]

, 

OEt

O

O

OEt

O

OEt

O

OH OH

+

(  )
(R)- (S)-

(  )

 

 

 5

: , 

  ( ), 

  (Benazepril, Enalapril)

     

[H]

 
 

 8 -     R- . 

 

        

  ,  :   

,  , ,   , , 

pH,      [35].     

    100%   (  9). 

   ,     

 ( -Pt (6% Pt)-1  -Pt (6% Pt)-2)   , 

      ( -Pt (6% Pt)). 

   R(-)-  ( -Pt (6% Pt)-3) 

         

  (75%).    -Pt (6% Pt)-

3      ,  %   

 ,         , 

    ,    - Pt/Al2O3 

(Engelhard E 4759)        5   4  [35]. 
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     . 

 

 
 9 -       (  100%-  

). 

 

 

 

    ,  - (Pt, Ru, Pd), - (Pt-Pd, Pt-

Ru, Pd-Ru)   (Pt-Pd-Ru)       

,        , 

   ,     . 

 -    , ,    

  ,      

: 1)     ,     

 ; 2)     ,    

    ; 3)    .  

   Pt  Ru   ,    

  1-2 ,    Pd    35,6 ,  

    Na2PdCl4  .     , 

  ,    .  

       

        (L-
 

 D-

),    5, 10, 20   

       , A, E  K   

.        

   ,      

   . 

 

    :   

   - «        

     »:   

  .  

     - «    

         »: 

   L-     

  .  
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6-    , STRP 506621-1, «Tailored nanosized metal catalysts for 

improving activity and selectivity via engineering of their structure and local environment». 
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NANOSIZED CATALYSTS IN THIN ORGANIC SYNTHESIS 

 

E.M.Sulman, P.M.Valetsky, M.G.Sulman, L.M.Bronstein, A.I.Sidorov, V.G.Matveeva 

 

A review considers the synthesis of mono-(Pt, Ru, Pd), bi-(Pt-Pd, Pt-Ru, Pd-Ru), and trimetal (Pt-Pd-Ru) 

nanoparticles in the pores of the polymer matrix of hypercrosslinked polystyrene (HPS), their structure and catalytic 

properties. Physico-chemical studies have shown that the formation of metal nanoparticles depends on properties of the 

porous structure of the polymer matrix, the nature of the initial precursor of the metal and on the synthesis conditions. 

The average size of metal nanoparticles are usually amounted to 1-2 nm for all types of metals (except Pd), although 

these metals have different valence states in the nanoparticles. The study of the catalytic properties of noble metal 

nanoparticles stabilized in matrix of HPS showed promising applications of these systems in the reactions of selective 

oxidation, hydrogenation and enantioselective hydrogenation, which are intermediate stages in the synthesis of 

semiproducts of vitamins and medicines. The use of nanoscale catalysts in industrial scale will reduce the 

manufacturing stages, will increase the yield and will improve the environmental safety of the existing industrial 

facilities.  


