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,  [RuNO(NH3)4OH][PtCl4]

 [RuNO(NH3)4OH][PdCl4]

 2007   . . , . . *, . . , . . , . .

. . . ,

 24  2006 .

, ,

 [RuNO(NH3)4OH][PtCl4] (I)  [RuNO(NH3)4OH][PdCl4] (II). -

I II  ( Cmc21) -

: a = 8,106, b = 18,190(3) Å, c = 8,097 Å, V =

1194,0 Å3, Z = 4,  = 3,077 /c 3 (I) a = 8,116, b = 18,135, c = 8,062, V = 1186,5 Å3, Z =

4,  = 2,600 /c 3 (II). I -

 Pt0,5Ru0,5 c  =

= 3,856(3) Å. II

 Ru  Pd.

: , , , , -

, , .

-

,  [ 1 ].

, ,

 [ 2 ].

- -

, .

, -

,  [ 3 ], 

 —  [ 4 ].

 ( ), -

 [ 5, 6 ]. ,

  [RuNO(NH3)4OH][PtCl6]  [ 7 ],  [RuNO(NH3)4OH][PdCl4], [Pd(NH3)4][RuNOCl5], [Pd(NH3)4]

[RuNO(NO2)4OH] [ 8 ], 

.  [Ru(NH3)5Cl][PdCl4] H2O

[Ru(NH3)5Cl][PtCl4] [ 9 ] -

,  — , .

- -

, -

 Pt  Pd, -

.
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 [RuNO(NH3)4OH]Cl2, K2[PtCl4]  K2[PdCl4] -

,  [ 10 ]. c -

 [ 11 ], 

 PDF [ 12 ].

I II  0,05 M -

 [RuNO(NH3)4OH]Cl2  K2[PtCl4] (I)  K2[PdCl4] (II).  20 

, ,  (80 %), , -

.  93—94 %.

. -

 400  30 ,

. I  53,60 0,60 %,  [RuNO(NH3)4OH][PtCl4]  53,54 %.

II  44,70 0,02 %,  [RuNO(NH3)4OH][PdCl4]  44,68 %.

 KBr -

 Scimitar FTS 2000  3800—400 –1.

 BRUKER X8

APEX (MoK - , ).

,  SHELX-97 [ 13 ]. -

.  ( -

) . -

. 1, -

 — . 2.
 1

I II

, K 293(2) 293(2)

, b, c, Å 8,1064(14), 18,190(3), 8,0972(15) 8,1159(2), 18,1345(4), 8,0617(2)

Cmc2(1) Cmc2(1)

Z 4 4

V, Å3 1194,0(4) 1186,50(5)

, /c 3 3,077 2,600

, –1 13,844 3,669

F(000) 1016 888

, . 2,24–34,99 3,74–26,01

h, k, l –13 h  11,

–13 k  28,

–12 l  12

–9 h  10,

–22 k  22,

–9 l  6

5778 3242

2642 [R(int) = 0,0696] 1006 [R(int) = 0,0278]

, . 34,99 24,98

96,5 % 98,9 %

F 2

73 77

S- F 2 0,850 1,111

R-  [I  2 (I )] R1 = 0,0455 R1 = 0,0147

wR2 = 0,0852 wR2 = 0,0339

R-  ( ) R1 = 0,0648 R1 = 0,0155

wR2 = 0,0877 wR2 = 0,0341



. . , . . , . . .116

-

 Q-1000, 

-

 ( , ).

( 100 ) -

10 / .

-

-3 -

SEIFERT-RM4 (R = 192 , CuK -

, Ni- ). -

-

-

. -

( ) -

-

 PowderCell 2.4

[ 14 ] (

,

 2  30—145 ).

I II ,

-

[RuNO(NH3)4OH]2+ ( . 1)  [PtCl4]
2– ([PdCl4]

2–). -

,

.  Ru—N

2,092—2,100 Å. - , ,

Ru, m.  Ru—O  Ru—N—O -

 1,954—1,963 Å, 170,6—172,2 .  90

 Ru  6,5 .  N4

NO-  0,12 Å.

 [RuNO(NH3)4OH]2+  ( . . 1 . 3) -

. 1.  [RuNO(NH3)4OH]2+

 2

(Å2)

x/ y/b z/c U

I

Ru 0,5000 0,12216(4) –0,21198(14) 0,0207(3)

Pt 0,0000 0,123021(19) 0,312637(16) 0,02559(15)

Cl(1) 0,2837(2) 0,12679(10) 0,3106(4) 0,0362(4)

Cl(2) 0,0000 0,07081(15) 0,0522(4) 0,0353(7)

Cl(3) 0,0000 0,17113(14) 0,5804(4) 0,0340(6)

N 0,5000 0,1854(5) –0,3719(11) 0,027(2)

O 0,5000 0,2340(4) –0,4652(11) 0,039(2)

O(1) 0,5000 0,0557(4) –0,0209(9) 0,0308(19)

N(1) 0,3156(10) 0,0536(3) –0,3095(9) 0,0349(17)

N(2) 0,3123(9) 0,1816(4) –0,0927(9) 0,0350(16)

II

Ru 0,0000 0,122376(15) 0,43789(4) 0,01629(12)

Pd 0,0000 0,378332(16) 0,41320(3) 0,02030(13)

Cl(1) 0,28285(10) 0,37296(4) 0,41652(15) 0,0315(2)

Cl(2) 0,0000 0,43118(6) 0,67376(16) 0,0302(3)

Cl(3) 0,0000 0,32922(5) 0,14451(17) 0,0285(3)

O 0,0000 0,23559(17) 0,6888(4) 0,0354(9)

N 0,0000 0,18628(17) 0,5993(4) 0,0206(8)

O(1) 0,0000 0,0550(2) 0,2487(6) 0,0274(9)

N(1) –0,1825(4) 0,05349(12) 0,5356(4) 0,0273(6)

N(2) 0,1890(4) 0,18156(13) 0,3171(4) 0,0284(6)
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 3

 I II

I II

d d

Pt—Cl(1) 2,3008(17) Pd—Cl(1) 2,2978(9)

Pt—Cl(2) 2,313(3) Pd—Cl(2) 2,3088(13)

Pt—Cl(3) 2,338(3) Pd—Cl(3) 2,3420(14)

Ru—N 1,732(9) Ru—N 1,742(3)

Ru—O(1) 1,963(7) Ru—O(1) 1,954(4)

Ru—N(1) 2,100(7) Ru—N(1) 2,092(3)

Ru—N(2) 2,101(7) Ru—N(2) 2,110(3)

N—O 1,162(10) N—O 1,149(4)

Cl(1)#—Pt—Cl(1) 176,49(10) Cl(1)#—Pd—Cl(1) 174,96(4)

Cl(1)—Pt—Cl(2) 90,33(8) Cl(1)—Pd—Cl(2) 90,40(3)

Cl(1)—Pt—Cl(3) 89,73(8) Cl(1)—Pd—Cl(3) 89,69(3)

Cl(2)—Pt—Cl(3) 177,73(11) Cl(2)—Pd—Cl(3) 177,83(4)

N—Ru—O(1) 176,4(4) N—Ru—O(1) 177,00(19)

N—Ru—N(1) 96,5(3) N—Ru—N(1) 96,67(11)

O(1)—Ru—N(1) 86,0(2) O(1)—Ru—N(1) 85,44(13)

N(1)—Ru—N(1)# 90,7(4) N(1)—Ru—N(1)# 90,19(16)

N(1)—Ru—N(2)# 173,4(3) N(1)—Ru—N(2)# 172,88(11)

N—Ru—N(2) 90,1(3) N—Ru—N(2) 90,36(10)

O(1)—Ru—N(2) 87,4(3) O(1)—Ru—N(2) 87,58(13)

N(1)—Ru—N(2) 87,9(3) N(1)—Ru—N(2) 87,85(10)

N(2)#—Ru—N(2) 92,8(4) N(2)#—Ru—N(2) 93,27(15)

O—N—Ru 172,2(8) O—N—Ru 170,6(3)

# .

 [ 15 ]. -

 Ru—NO, Ru—NH3  Ru—OH ( . 4). -

 NH3 H

- -

- .

 0,05 Å,

m  Pt(Pd), Cl(2)  Cl(3).  Pt—Cl 

2,301—2,338 Å (  K2PtCl4 — 2,309 Å [ICSD, N 60110] [ 16 ] ).  Pd—Cl 

 2,298—2,342 Å (  K2PdCl4 — 2,298 Å [ 17 ] ).

II Z . 2. 

 4+1 

 Pd(Pt)…  3,44 Å.  Ru…Pd(Pt)  4,64 Å.

. 3, I .

 250 -

 265, 303  366 .

,  315 



. . , . . , . . .118

 4

( –1) I II

[RuNO(NH3)4OH]

Cl2

[11]

[RuNO(NH3)4OH]

[PtCl4]

[RuNO(NH3)4OH]

[Pd l4]

[RuNO(NH3)2 l3]

(

 I)

[RuNO(NH3)2 l3]

(

 II)

[RuNO(NH3)2

l3]

[19]

(OH) 3465 3492 3487 – – –

3304 3302 3300

(NH3) 3250 3262 3260 3291 3285 3252

3080 3185 3184 3198 3182 3210

(NO) 1850 1860 1854 1893 1886 1891

d(NH3)

1525

1631

1562

1632

1562

1626

1535

1618

1541 1560

s(NH3) 1320

1290

1319

1298

1320

1298 1292 1290 1290

(NH2) ? – – – – 1068

(OH) 965 1017 1019 – – –

(NH3)
848 831 824 817

787

769

797

767

801

767

(Ru—NO)

628

636

626

638

608 608 612

(Ru—NO)

591 592 593 588 587

598

591

(Ru—OH) 565 573 573 – – –

(Ru—NH3) 495

473
480 481 488 486 486

. -

.

. , , -

-[RuNO(NH3)2Cl3], -

 [ 18 ]. -

 [ 19 ]  ( . 4). , -

 [Pd(NH3)4][RuNOCl5]

(225  [ 8 ] ), [RuNO(NH3)3Cl2]Cl H2O (260  [ 20 ] ), [RuNO(NH3)5]Cl3 (310  [ 21 ]) 

(NH4)2[RuNOCl5] (320—330  [ 22 ] ). I

 15,9 % (

[RuNO(NH3)2Cl3] + Pt 15,6 %).

, I -

 250—330 

-

- , -

. 2. ,

 (4+1) 

                  [RuNO(NH3)4OH][PdCl4]
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. 3. I ( ) II ( )

- . -

, -

. :

[RuNO(NH3)4OH][PtCl4]
315 C

-[RuNO(NH3)2Cl3]+Pt+NH4Cl +H2O +
1

3
NH3 +

1

3
N2 .

I (330—385 ) -

. , -

 Pt0,5Ru0,5 (  46,8 %, 

46,5 %). I .

 Pt—Ru [ 23 ], 

,  Pt. . 4 -

, I  1000  (  Ru  Pt

 1000  62 %).  ( -

, Rp = 6,2 %)  = 3,856(3) Å.  Pt0,5Ru0,5

 = 3,8636 Å,  Pt0,48Ru0,52,  H2PtCl6 6H2O

RuCl3 xH2O  250  H2/Ar [ 24 ]. 

 150 Å (  (111) 2,5  2 ).

 (111)  0,15  2 ,

. , -

. V/Z ( ,

) ,

 ( . 4).

II  ( . . 3,

),

I II.  220 

 (  230—277 ). -

 300—350 , I, -

 327  ( I

). ,  315 

,

-[RuNO(NH3)2Cl3], -

 ( . . 4).  1068 –1

. II

19,6 %, ,  [RuNO(NH3)2Cl3] + Pd (18,6 %). 

, -

[RuNO(NH3)2Cl3], I.



. . , . . , . . .120

. 4.  Pt0,5Ru0,5,  [RuNO(NH3)4OH][PtCl4]

                                                                                (H2, 1000 C).
V/Z . ,

                                                                 

,

. -

 378  395 .  [ 18 ],

-[RuNO(NH3)2Cl3] , -

 367 C [RuNOCl( -NH2)( -Cl)]n,  401 C —  Ru + RuO2.

-

 1068 –1, -

, -[RuNO(NH3)2Cl3]. 

, , -

 [RuNOCl( -NH2)( -Cl)]n. ,

-[RuNO(NH3)2Cl3], -

,  ( . . 3, )

. , I -

 366—385 ,

, .

 Pd0,5Ru0,5,  Pd—Ru [23 ], -

.  — 

II  (450 )

,  Ru  Pd. 

 250 .

, I II -

,

 [RuNOCl( -NH2)( -Cl)]n . -

, , ,

 [RuNOCl( -NH2)( -Cl)]n ,

, . ,

[RuNO(NH3)4OH][PdCl4] ,  [ 8 ], -

.



  [RuNO(NH3)4OH][PtCl4]  [RuNO(NH3)4 OH][PdCl4] 121

. . -

, . .

. . .

1. Carrette L., Friedrich K.A., Stimming U. // Fuel Cells. – 2001. 1, N 1.  P. 5  39.

2. Pozio A., Silva R.F., Franchesco M.D. et al. // Electrochim. Acta. – 2002. – 48.  P. 255.

3. . ., . ., . . // . . . – 2001. – 46,  3.  C. 404 – 410.

4. Clarke M.J. // Coord. Chem. Rew. – 2002. – 232.  P. 69  93.

5. . ., . ., . . // . . . – 1982. – 27,  9. 

. 2335 – 2342.

6. . ., . ., . . // . – 1988. – 33,  9. . 2340 – 2346.

7. . ., . ., . . // . – 1985. – 30,  11. . 2870 – 2875.

8. . ., . . // . . – 1997. – 23,  9. . 686  689.

9. . ., . . // . . . – 2002. – 47,  11. . 1812 – 1816.
10.  / . . .  – .: ,

1964.

11. Mercer E.E., McAlister W.A., Durig J.R. // Inorg. Chem. – 1966. – 5, N 11. – P. 1881 – 1886.

12. The International Centre for Diffraction Data Powder Diffraction File 2001 (ICDD/JCPDS PDF 2001).

13. Sheldrick G.M. SHELX-97, release 97-1. – Germany: University of Göttingen, 1997.

14. Kraus W., Nolze G. // J. Appl. Crystallogr. – 1996. – 9. – P. 301 – 303.

15. Bottomley F. // J. Chem. Soc. Dalton. – 1974. – 15. – P. 1600 – 1605.

16. Ohba S., Sato S., Saito Y. // Acta Crystallogr. B. – 1983. – 39. – P. 49 – 53.

17. . ., . ., . . . // . . . – 1994. – 39,  12. –

. 2017 – 2021.

18. . ., . ., . ., . . // IV . . .: .

. – , 2006. – C. 159 – 160.

19. . ., . ., . . // . . . – 1989. – 32,  4. –

. 953 – 960.

20. . ., . . // . . – 1977. – 3,  4. – . 593 – 598.

21. . ., . . // . – 1976. – 2,  10. – . 1381 – 1395.

22. . ., . ., . . // . – 1976. – 2,  5. – . 662 – 670.

23. : . . 3, . 1 / .

. .  – .: , 2001.

24. Chu D., Gilman S. // J. Electrochem. Soc. – 1996. – 143, N 5. – P. 1685 – 1690.


