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-[Ru(NO)

(NH3)4(H2O)](HSO4)SO4 .

 (  186 C)  2 M H2SO4 -

 [Ru(NO)(NH3)4(SO4)](HSO4) H2O (I) 70 %. 

 (220 C) -

 (H2SO4  HCl)  [Ru(NO)

(NH3)3Cl(SO4)] 2H2O (II). : -

Pna21, a = 10,8005(2), b = 14,9032(3), c = 7,7603(1) Å) (I) -

P21/n, a = 8,9397(1), b = 8,3276(1), c = 13,8993(2) Å;  = 97,358(1)  (II).  
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-[Ru(NO)(NH3)4(H2O)](HSO4)SO4 90 % 

-[Ru(NO)(NH3)4(OH)]Cl2  [ 12 ]. 

 STA 409 PC Luxx -

 Netzsch  (  10 ./ ,  60 / ,

Al2O3- , 30 ).

 OriginPro 7,5 [ 13 ]. 

-[Ru(NO)(NH3)4(SO4)](HSO4) H2O ( I, -

- ). -[Ru(NO)(NH3)4(H2O)](HSO4)

(SO4) ( 0,5 ) . -

, ,  186 C, -

2 .  5  2  H2SO4. -

.

(40 ),  (1—2 ) ,

. -[Ru(NO)(NH3)4(SO4)](HSO4) H2O 70 %. 

. -

I, .

 [Ru(NO)(NH3)3Cl(SO4)] 2H2O ( II, -

). , -

- , -[Ru(NO)(NH3)4(H2O)]

(SO4)(HSO4)  220 C 4 .  2 M H2SO4 -

-[Ru(NO)(NH3)4(SO4)](HSO4) H2O. -

, -

 (40 ) . -

- -

, .

.

 KBr —
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 SHELX-97 [ 14 ]. 

. 1,  — . 2. 

-[Ru(NO)(NH3)4(H2O)](SO4)(HSO4). -

-[Ru(NO)(NH3)4(H2O)](SO4)(HSO4) .
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:  186 C,

 250, 384  424 C.

-[Ru(NO)(NH3)4(H2O)](HSO4)SO4

 Ru  RuO2.
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 1  

I II 

, K 150(2) 150(2) 

a, b, c, Å; , .

10,8005(2), 14,9032(3), 7,7603(1) 8,9396(1), 8,3275(1), 13,8993(2);  

97,357(1) 

Pna21 P21/n

Z 4 4 

V, Å3 1249,11(4) 1026,21(2) 

, / 3 2,166 2,264 

, –1 1,644 2,013 

F(000) 812 696 

, .  2,33  36,44  2,57  35,02 

h, k, l –14 h  18, –24 k  24, –12 l  6 –11 h  14, –13 k  12, –22 l  12

. / . - 15203 / 4761 14066 / 4506 

[R(int)] 0,0209 0,0162 

, . 25,00 25,00 

, % 100,0  99,9  

F 2 F 2

- 188 180 

S- F2 1,044 1,064 

R1 [I > 2 (I )] 0,0183 0,0165 

wR2 [I > 2 (I )] 0,0463 0,0437 

R1 ( ) 0,0198 0,0201 

wR2 ( ) 0,0469 0,0456 

 (  186 ) -

-  (

4,39 %,  4,62 %): 

186 C
3 4 2 4 4 3 4 4 4 2-[Ru(NO)(NH ) (H O)](HSO )SO [Ru(NO)(NH ) (SO )](HSO ) H O.

, 2  186 -

[Ru(NO)(NH3)4(H2O)](HSO4)SO4, -

,

-

 (  4,4 %). 

. -

.

-

 ( –1): 3264 , 3125 

( (NH3)); 2926  ( (H3
+)); 1892  ( (NO)); 

. 1.
-[Ru(NO)(NH3)4(H2O)](SO4)(HSO4)
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 2  

(Å2)

x/a y/b z/c U

[Ru(NO)(NH3)4(SO4)](HSO4) H2O

Ru(1) 0,2647(1) 0,1243(1) 0,5312(1) 0,010(1) 

N 0,4244(1) 0,1309(1) 0,5497(2) 0,013(1) 

O 0,5301(1) 0,1338(1) 0,5572(2) 0,021(1) 

N(1) 0,2551(2) 0,2212(1) 0,3340(3) 0,015(1) 

N(2) 0,2738(1) 0,0198(2) 0,3477(3) 0,015(1) 

N(3) 0,2508(2) 0,0298(1) 0,7318(3) 0,016(1) 

N(4) 0,2323(2) 0,2264(1) 0,7118(2) 0,015(1) 

O(1) 0,0805(1) 0,1170(1) 0,4822(2) 0,014(1) 

S(2) –0,0333(1) 0,1060(1) 0,5947(1) 0,012(1) 

O(21) –0,1407(1) 0,1142(1) 0,4837(2) 0,020(1) 

O(22) –0,0270(1) 0,0181(1) 0,6792(2) 0,020(1) 

O(23) –0,0310(1) 0,1773(1) 0,7261(2) 0,020(1) 

S(1) 0,4969(1) 0,1389(1) 0,0690(1) 0,013(1) 

O(11) 0,3677(1) 0,1429(1) 0,0098(2) 0,022(1) 

O(12) 0,5122(1) 0,2211(1) 0,1920(2) 0,019(1) 

O(13) 0,5179(1) 0,0617(1) 0,1795(2) 0,021(1) 

O(15) 0,5856(2) 0,1468(1) –0,0690(2) 0,028(1) 

O(1W) 0,4328(2) 0,3628(1) 0,0595(3) 0,036(1) 

[Ru(NO)(NH3)3Cl(SO4)] 2H2O

Ru(1) 0,23518(1) 0,24632(1) 0,050671(5) 0,00896(3) 

S(1) 0,03077(3) 0,25744(2) 0,22348(2) 0,00983(4) 

Cl(1) 0,06705(3) 0,26190(3) –0,09611(2) 0,01605(5) 

O(1) 0,0438(1) 0,2540(1) 0,11531(6) 0,0139(1) 

O(2) –0,1295(1) 0,2847(1) 0,23191(5) 0,0161(1) 

O(3) 0,0801(1) 0,1017(1) 0,26465(5) 0,0185(1) 

O(4) 0,1244(1) 0,3882(1) 0,26806(5) 0,0174(1) 

N 0,3939(1) 0,2389(1) –0,00785(6) 0,0119(1) 

O 0,5015(1) 0,2320(1) –0,04477(6) 0,0184(1) 

N(1) 0,3692(1) 0,2340(1) 0,1859(1) 0,0128(1) 

N(2) 0,2340(1) 0,4982(1) 0,05708(6) 0,0144(1) 

N(3) 0,2121(1) –0,0048(1) 0,0486(1) 0,0152(1) 

O(1W) 0,6267(1) 0,4422(1) 0,1248(1) 0,0196(1) 

O(2W) 0,6585(1) 0,0623(1) 0,13865(6) 0,0204(1) 

1618  ( (H2 )); 1341 , 1307  ( (NH3)); 1219 , 1189 , 1133 , 1053 , 1024  ( (SO4
.,

HSO4
.)); 959  ( (SO4

.); 836  ( (NH3)); 660  ( (Ru—NO)); 640  ( (SO4
.); 602 ,

581  ( (SO4
.); 520 .  ( (Ru—NO)); 488  ( (Ru—NH3)).

-[Ru(NO)(NH3)4(H2O)](SO4)(HSO4) (

186 C)  ( . . 1). -

.
14N ( . 2) , -

-[Ru(NO)(NH3)4(H2O)](SO4)(HSO4) 4  220 C,

 –28 . .,  –356 . .

–399 . .  –408 . . ( ).
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. 2. 14N -[Ru(NO)(NH3)4(H2O)](SO4)(HSO4)

                                                                                  220 C

 [ 15, 16 ],  –28 . .

, - -

- ;  –356 . . — ,

–399  –408 . . — -

 (NH3—Ru—NH3) -  (NH3—Ru—OH2) -

.

, , , -

, , -

- , ,

-  (  –399 . .), -

 — -  (  –408 . .):

-[Ru(NO)(NH3)4(H2O)](HSO4)SO4  2  H2SO4.

-[Ru(NO)(NH3)4(SO4)](HSO4) H2O, -

. -

- , .

 ( –1): 3536 , 3447  ( (H2 ));

3294 , 3186  ( (NH3)); 1911 , 1885  ( (NO)); 1632 , 1576  ( (H2 )); 1334 , 1316 ,

1295  ( (NH3)); 1190 , 1043  ( (SO4
.)); 955  ( (SO4

.); 880  ( (NH3)); 636 

( (SO4
.); 620  ( (Ru—NO)); 597  ( ( SO4

.); 480  ( (Ru—NH3)).

-[Ru(NO)(NH3)4(H2O)](HSO4)SO4 -

. ,

, -[Ru(NO)(NH3)4(H2O)](HSO4)SO4

340 C 2 , -[Ru(NO)(NH3)2Cl3] ( , ).

-[Ru(NO)(NH3)4(H2O)](HSO4)SO4 -

 Ru  RuO2 ( ).

. I II

. I

[Ru(NO)(NH3)4(SO4)]
+, 4HSO ; II — 

 [Ru(NO)(NH3)3Cl(SO4)] .

-

. 3. I

. 3, II — . 4. 



. . , . . , . . , . .978

. 3. : -[Ru(NO)(NH3)4(SO4)](HSO4) H2O (a)  [Ru(NO)(NH3)3Cl(SO4)] 2H2O ( )

 3  

(d, Å) ( , .) [Ru(NO)(NH3)4(SO4)](HSO4) H2O

d

Ru(1)—N 1,733(2) N—Ru(1)—O(1) 173,9(1) O—N—Ru(1) 177,9(2) 

Ru(1)—O(1) 2,028(2) N—Ru(1)—N(4) 94,0(1) S(2)—O(1)—Ru(1) 133,9(1) 

Ru(1)—N(4) 2,098(2) O(1)—Ru(1)—N(4) 90,0(1) O(21)—S(2)—O(22) 112,3(1) 

Ru(1)—N(3) 2,105(2) N—Ru(1)—N(3) 92,8(1) O(21)—S(2)—O(23) 111,4(1) 

Ru(1)—N(1) 2,107(2) O(1)—Ru(1)—N(3) 91,9(1) O(22)—S(2)—O(23) 109,5(1) 

Ru(1)—N(2) 2,113(2) N(4)—Ru(1)—N(3) 88,8(1) O(21)—S(2)—O(1) 107,3(1) 

N—O 1,144(2) N—Ru(1)—N(1) 94,0(1) O(22)—S(2)—O(1) 108,4(1) 

O(1)—S(2) 1,517(2) O(1)—Ru(1)—N(1) 81,5(1) O(23)—S(2)—O(1) 107,9(1) 

S(2)—O(21) 1,449(2) N(4)—Ru(1)—N(1) 88,8(1) O(15)—S(1)—O(13) 113,5(1) 

S(2)—O(22) 1,466(2) N(3)—Ru(1)—N(1) 173,0(1) O(15)—S(1)—O(11) 113,3(1) 

S(2)—O(23) 1,473(2) N—Ru(1)—N(2) 93,0(1) O(13)—S(1)—O(11) 111,4(1) 

S(1)—O(15) 1,442(2) O(1)—Ru(1)—N(2) 83,1(1) O(15)—S(1)—O(12) 108,6(1) 

S(1)—O(13) 1,452(2) N(4)—Ru(1)—N(2) 173,1(1) O(13)—S(1)—O(12) 104,2(1) 

S(1)—O(11) 1,470(2) N(3)—Ru(1)—N(2) 90,5(1) O(11)—S(1)—O(12) 105,1(1) 

S(1)—O(12) 1,562(2) N(1)—Ru(1)—N(2) 91,1(1)  

 4  

(d, Å) ( , .)  [Ru(NO)(NH3)3Cl(SO4)] 2H2O

d

Ru(1)—N 1,725(1) N—Ru(1)—O(1) 178,1(1) N(1)—Ru(1)—Cl(1) 175,6(1) 

Ru(1)—O(1) 2,033(1) N—Ru(1)—N(1) 90,6(1) N(2)—Ru(1)—Cl(1) 88,6(1) 

Ru(1)—N(1) 2,098(1) O(1)—Ru(1)—N(1) 91,3(1) N(3)—Ru(1)—Cl(1) 89,6(1) 

Ru(1)—N(2) 2,099(1) N—Ru(1)—N(2) 93,7(1) O(4)—S(1)—O(3) 111,5(1) 

Ru(1)—N(3) 2,101(1) O(1)—Ru(1)—N(2) 86,6(1) O(4)—S(1)—O(2) 111,2(1) 

Ru(1)—Cl(1) 2,378(1) N(1)—Ru(1)—N(2) 90,9(1) O(3)—S(1)—O(2) 110,7(1) 

S(1)—O(4) 1,462(1) N—Ru(1)—N(3) 92,5(1) O(4)—S(1)—O(1) 108,7(1) 

S(1)—O(3) 1,463(1) O(1)—Ru(1)—N(3) 87,2(1) O(3)—S(1)—O(1) 108,2(1) 

S(1)—O(2) 1,470(1) N(1)—Ru(1)—N(3) 90,4(1) O(2)—S(1)—O(1) 106,3(1) 

S(1)—O(1) 1,523(1) N(2)—Ru(1)—N(3) 173,6(1) S(1)—O(1)—Ru(1) 127,7(1) 

N—O 1,149(1) N—Ru(1)—Cl(1) 93,7(1) O—N—Ru(1) 178,2(1) 

   O(1)—Ru(1)—Cl(1) 84,4(1) 
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. 4. 

[Ru(NO)(NH3)4(SO4)]HSO4 H2O -

                  

. 5.  [Ru(NO)(NH3)3Cl(SO4)] 2H2O

 Ru  [Ru(NO)(NH3)4(SO4)]
+ (I)  [Ru(NO)(NH3)3

Cl(SO4)] (II) , -

- ,  ( I)

 ( II), -

. - .

 O—N—Ru 178 ,  N—Ru—O 174  (I)  178  (II),

 [ 11, 17, 18 ]. ,

 N(1)—

Ru(1)—N(2),  90  ( 1,2 ),  O(1)—Ru(1)—N(1)  

 O(1)—Ru(1)—N(2) I  90  (81,5  83,1 ). -

II ,

 O(1)—Ru(1)—N(2) (86,6 )  O(1)—Ru(1)—N(2) (87,2 ).

 Ru—N(NH3) I II  2,09—2,11 Å,

0,1 Å.

 Ru(1)—N  N—O 1,73 1,15 Å . -

 [ 17, 18 ]. 

Ru(1)— (1) -

2,028 Å, ,  [Ru(NO)(PPh3)2Cl(SO4)] (Ru—O 2,079 Å), -

 [ 11 ].  S—O -

 1,523 Å, ,

1,465 Å.  106,3—111,5 .

 Ru(1)—Cl(1) II 2,378 Å,

-

 [ 17, 19 ].  

 [Ru(NO)(NH3)4(SO4)]HSO4 H2O (I) -

. 4. II

. 5 — . -

—H O 2,7 Å. , —H -

-

(2,5 Å). II  O— …O,

, I,  2,80—2,96 Å. -

 Ru I  6,57—7,86, -

II  — 6,04—7,20 Å.

, , -[Ru(NO)(NH3)4(H2O)]

(HSO4)SO4

.  (H2SO4
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 HCl) -

-[Ru(NO)(NH3)4(SO4)](HSO4) H2O  [Ru(NO)

(NH3)3Cl(SO4)] 2H2O.

. . . . . ,

. . , . . 14N
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