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 (  CAD-4, MoK ).  I -
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 N—O—H O = N 
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, .
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[H2(Crypt-222) 0,52H2O]2+ ClO4 NO3 HNO3 (I),  = 

[H2(Crypt-222) 0,52H2O]2+ —  2.2.2- **
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-

 Enraf-Nonius CAD-4 (MoK -

, ).  I — : [C18H38N2O6 0,52H2O]2+

ClO4 NO3 HNO3, M = 612,35; a = 10,176(3), b = 11,272(3), c = 12,870(4) Å,  = 78,61(3),  =

= 76,62(2),  = 79,88(2) , V = 1394,7(7) Å3, Z = 2, d  = 1,458 / 3, (MoK ) = 2,19 c –1, -

P1 .

 3835  (2  45 )

/2 -c  (  0,35  0,50  0,80 ), -

. -

, -

, . -

 193 hk0 0hk  (Rint = 0,030) -

F 2(hkl) (F 2)  3642 .

 I  SHELXS-97 [ 4 ] 

 ( F 2)  SHELXL-97 [ 4 ] -

.

 ( I  2 (I )), -

-

F 2.

 I. -

, , -

 ClO4 . ,  I  ClO4

 — .

 Cl—O 

O O  ClO4  DFIX

 SADI [ 2 ]. , , -

 Cl  Cl .  ( )

 ClO4

Uij.

 2.2.2- -

U

 [ 2 ]  I. 

 NO3 HNO3.

1,2 Å . -

, ,

 H(1b)  H(1c), -

 0,33  0,67 .

-

.

H(1w)  H(2w) ,  2.2.2-

.  — O(w), H(1w)  H(2w) -

,  H(1w)  H(2w) -

.

 NO3 HNO3 -

, -

. , ,
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 1

( 104) (Å2  103) I

x y z U x y z U

N(1) 2633(2) 1958(2) 4238(2) 45,2(6) C(25) 7927(3) 3428(3) 1177(2) 58,4(8)

H(1) 3357 1934 3671 46 C(26) 7438(3) 3413(3) 171(3) 63,6(9)

C(2) 2003(3) 817(2) 4359(3) 54,5(8) O(w) 4732(4) 2321(3) 2209(3) 45(1)

C(3) 2985(3) –333(3) 4561(2) 55,3(8) H(1w) 3910(28) 2802(27) 2063(24) 54

O(4) 4277(2) –251(2) 3862(1) 51,3(5) H(2w) 5309(29) 2834(27) 2333(23) 54

C(5) 4315(3) –385(3) 2780(2) 56,7(8) — — — — —

C(6) 5749(3) –288(4) 2180(2) 70,7(9) Cl –2(4) 340(3) 7506(3) 56,6(5)

O(7) 5719(2) 14(2) 1061(1) 55,5(6) O(1a) –512(4) 1086(3) 6634(3) 90(1)

C(8) 7043(3) 49(3) 396(2) 51,9(8) O(2a) 1134(5) –451(5) 7101(4) 98(2)

C(9) 7656(3) 1162(2) 398(2) 51,7(7) O(3a) 317(5) 1031(5) 8179(4) 99(2)

N(10) 6725(2) 2341(2) 218(2) 45,5(6) O(4a) –1004(5) –366(5) 8136(4) 117(2)

H(10) 6024 2339   803 46 Cl –47(8) 166(7) 7627(7) 56,6

C(11) 6116(3) 2455(3) –760(2) 60,6(8) O(1a ) –1274(9) 877(10) 7422(10) 95(3)

C(12) 5068(3) 3578(3) –885(2) 63,8(9) O(2a ) 515(13) –531(12) 6790(10) 110(5)

O(13) 4047(2) 3674(2) 67(2) 55,4(6) O(3a ) 897(12) 942(11) 7647(11) 126(8)

C(14) 3093(3) 2831(3) 243(3) 64,0(9) O(4a ) –301(12) –610(10) 8619(8) 95(4)

C(15) 1873(3) 3170(3) 1081(2) 65,8(9) N(b) 1250(6) 3624(5) 7617(5) 63(1)

O(16) 2260(2) 2992(2) 2098(2) 62,5(6) O(1b) 786(3) 3757(3) 6755(2) 77(1)

C(17) 1137(3) 3151(3) 2973(2) 59,2(9) H(1b) –216(39) 3767(35) 6938(31) 92

C(18) 1687(3) 3099(3) 3962(3) 63,5(9) O(2b) 2453(3) 3348(3) 7546(2) 90(1)

C(19) 3182(3) 2005(3) 5214(2) 58,4(8) O(3b) 466(4) 3855(5) 8452(4) 94(1)

C(20) 4002(3) 3028(3) 5040(2) 58,4(8) N(c) –2128(8) 3652(5) 6354(6) 67(2)

O(21) 5061(2) 2904(2) 4115(2) 59,1(6) O(1c) –1701(3) 3816(3) 7179(2) 75(1)

C(22) 5909(3) 3841(3) 3872(3) 69,5(9) H(1c) –693(20) 3735(18) 7018(16) 90

C(23) 7141(3) 3513(3) 3041(2) 65,7(9) O(2c) –3300(4) 3431(3) 6539(3) 89(1)

O(24) 6777(2) 3533(2) 2035(2) 61,2(6) O(3c) –1414(5) 3749(6) 5465(4) 113(2)

.

U = U , Uij .

: 0,517(7)  O(w), H(1w)  H(2w); 0,73(1)  Cl, O(1a), O(2a),

O(3a)  O(4a); 0,27(1)  Cl , O(1a ), O(2a ), O(3a )  O(4a ); 0,33(3)  H(1b); 0,67(3)  H(1c). 

 Cl  Cl Uij .

 ( ),

. 1 ,

.

 415 

 I  0,001 . -

. 1 (

).

: R = 0,047 wR2 = 0,114 —  3050 -

I  2 (I ); R = 0,062 wR2 = 0,146 —  3642 -

; S = 1,04 ( wR2 S  [ 4 ]). 

: –0,18  0,17 eÅ–3. f- -

 ( f f )  [ 5 ].



626

 [H2(Crypt-

222) 0,52H2O]2+ ClO4 NO3

HNO3 (I) .

 (  2.2.2-

)  0,517(7). 

 NO
3

HNO3

 H(1b)

 H(1c)  0,33 

0,67 .

 2.2.2-

 ClO4

. -

-

          

.  I -

 —  2.2.2- , -

 0,52,  ClO4  NO3 HNO3.

 I ; , -

. 2.

 I 2.2.2- - ,

(1) (10) (  N(1)  N(10)) 

. . 2. , -

 X— — —Y (X, Y = N, O),  O(4)—C(5)—

C(6)—O(7),  C—N— —C  (  12)  C—O— —C - -

 ( ), . .  (60  30) ,  — -

-  ( ), . .  180  30 .

. 2 ,  2.2.2-  I - -

.  N(1)  N(10)  5,837(4) Å.

 I 2.2.2- : N+—C

1,501(2), O—C 1,420(2) —C 1,497(6) Å.  N+—C

,  O—C —C -

: N+(sp3)—C(sp3) 1,502(15) Å
HN+(—C)3; O—C(sp3) 1,426(11) Å  C#—O—CH2—C#; C(sp3)—C(sp3) 1,524(14) Å

 C#—CH2—CH2—C# [ 6 ]. -

—C -  [ 7 ]. ,  2.2.2- -

 I  C—N—C  C—O—C 

 109,5 .

 I  2.2.2- .

(1) (10)  N 2.2.2- (w) -

 ( - ) N(1)—H(1) O(w)  N(10)—

H(10) O(w),  H(1w)  H(2w)  O 2.2.2-

-  O(w)—H(1w) O(16)  O(w)—H(2w) O(24) -

O(w)—H(2w) O(21) ( . . 3).

 I (1) (10) 2.2.2-

 N+—H O :

H(1)  O(4), O(16)  O(21); H(10)  O(7), O(13)  O(24).  H O -

 2,43—2,64 Å, , - , -

-  N+—H ( O)3.
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 2

d (Å),  ( .)  I

d d d

Cl—O(1a) 1,406(4) O(7)—C(8) 1,421(3) C(20)—O(21) 1,420(3)

Cl—O(2a) 1,395(4) C(8)—C(9) 1,497(4) O(21)—C(22) 1,422(3)

Cl—O(3a) 1,396(5) N(10)—C(9) 1,502(3) C(22)—C(23) 1,491(4)

Cl—O(4a) 1,406(5) N(10)—C(11) 1,501(3) C(23)—O(24) 1,422(3)

— — N(10)—C(26) 1,500(3) O(24)—C(25) 1,416(3)

N(1)—C(19) 1,502(3) C(11)—C(12) 1,513(4) C(25)—C(26) 1,494(4)

N(1)—C(18) 1,500(3) C(12)—O(13) 1,420(3) — —

N(1)—C(2) 1,500(3) O(13)—C(14) 1,426(3) N(b)—O(1b) 1,277(5)

C(2)—C(3) 1,510(4) C(14)—C(15) 1,492(4) N(b)—O(2b) 1,195(5)

C(3)—O(4) 1,417(3) C(15)—O(16) 1,419(3) N(b)—O(3b) 1,225(8)

O(4)—C(5) 1,422(3) O(16)—C(17) 1,421(3) N(c)—O(1c) 1,292(6)

C(5)—C(6) 1,496(4) C(17)—C(18) 1,492(4) N(c)—O(2c) 1,220(9)

C(6)—O(7) 1,418(3) C(19)—C(20) 1,492(4) N(c)—O(3c) 1,201(9)

O(1 )ClO(2 ) 109,0(3) C(6)O(7)C(8) 112,6(2) N(1)C(19)C(20) 112,7(2)

O(1 )ClO(3 ) 111,7(3) O(7)C(8)C(9) 113,7(2) C(19)C(20)O(21) 107,9(2)

O(1 )ClO(4 ) 109,2(4) C(8)C(9)N(10) 114,2(2) C(20)O(21)C(22) 112,6(2)

O(2 )ClO(3 ) 111,2(4) C(9)N(10)C(11) 112,3(2) O(21)C(22)C(23) 109,2(2)

O(2 )ClO(4 ) 108,3(4) C(9)N(10)C(26) 110,9(2) C(22)C(23)O(24) 110,6(3)

O(3 )ClO(4 ) 107,4(3) C(11)N(10)C(26) 111,9(2) C(23)O(24)C(25) 112,6(2)

C(19)N(1)C(18) 111,0(2) N(10)C(11)C(12) 112,8(2) O(24)C(25)C(26) 108,4(2)

C(19)N(1)C(2) 112,1(2) C(11)C(12)O(13) 112,9(2) C(25)C(26)N(10) 114,5(2)

C(18)N(1)C(2) 112,8(2) C(12)O(13)C(14) 112,8(2) O(1b)N(b)O(2b) 117,5(5)

N(1)C(2)C(3) 112,9(2) O(13)C(14)C(15) 110,2(2) O(1b)N(b)O(3b) 119,0(4)

C(2)C(3)O(4) 111,4(2) C(14)C(15)O(16) 109,1(2) O(2b)N(b)O(3b) 123,4(4)

C(3)O(4)C(5) 114,1(2) C(15)O(16)C(17) 113,3(2) O(1 )N( )O(2 ) 115,6(7)

O(4)C(5)C(6) 106,2(2) O(16)C(17)C(18) 108,0(2) O(1 )N( )O(3 ) 121,1(7)

C(5)C(6)O(7) 107,2(2) N(1)C(18)C(17) 114,6(2) O(2 )N( )O(3 ) 123,3(5)

(19)N(1) (2) (3) –57,7(3) (26)N(10) (11) (12) –60,3(3) (18)N(1) (19) (20) –61,9(3)

(18)N(1) (2) (3) 176,1(2) (9)N(10) (11) (12) 174,2(2) (2)N(1) (19) (20) 170,9(2)

N(1) (2) (3)O(4) –44,6(3) N(10) (11) (12)O(13) –52,3(4) N(1) (19) (20)O(21) –56,1(3)

(2) (3)O(4) (5) –75,6(3) (11) (12)O(13) (14) –74,2(4) (19) (20)O(21) (22) 179,8(3)

(3)O(4) (5) (6) –179,3(3) (12)O(13) (14) (15) –166,2(2) (20)O(21) (22) (23) 168,8(3)

O(4) (5) (6)O(7) –159,8(3) O(13) (14) (15)O(16) –67,6(3) O(21) (22) (23)O(24) 67,2(4)

(5) (6)O(7) (8) –175,9(3) (14) (15)O(16) (17) –172,9(2) (22) (23)O(24) (25) 170,1(3)

(6)O(7) (8) (9) –75,2(3) (15)O(16) (17) (18) –172,9(3) (23)O(24) (25) (26) 178,0(2)

O(7) (8) (9)N(10) –48,6(3) O(16) (17) (18)N(1) –55,9(4) O(24) (25) (26)N(10) –63,4(3)

(8) (9)N(10) (11) –50,9(3) (17) (18)N(1) (2) –55,6(3) (25) (26)N(10) (9) –60,5(3)

(8) (9)N(10) (26) –176,9(2) (17) (18)N(1) (19) 177,6(3) (25) (26)N(10) (11) 173,2(2)

,  I  ClO4  — 

 ( ),
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 0,73  0,27 ( -

).

ClO4  Cl—O

-

 1,414(26) Å [ 6 ], -

, - -

 I.

 I

-

 NO3

HNO3, -

(1b) (1c)

 0,33  0,67 -

 (  H(1b) H(1c)  0,48(3) Å). -

-  N—O—H O = N . -

- ,

-  ( . . 3): O(1b)—H(1b) O(1c), -

 33 ,  O(1c)—H(1c) O(1b),  67 . ,

- ,

H O.

 I  HxNO3 (b  c)  NO3 HNO3 —  — -

0,014 0,006 Å .

 28,1(2) . -

: N O 1,285(7)  N=O 1,210(12) Å.

 N O : N(b)—O(1b)  N(c)—O(1c) 

N—OH  N=O. ,  I  HxNO3  NO3 HNO3 -

-

 N—OH:  H(1b) 

N(b)—O(1b),  H(1c)  N(c)—O(1c).

 I -

 C— O  2.2.2-

 ClO4  NO3 HNO3. -

, .
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, Å
-  X— O

X— O X O

, .

X— O

N(1)—H(1) O(w) 0,91 2,09 2,976(4) 165

N(10)—H(10) O(w) 0,91 1,97 2,875(4) 171

O(1b)—H(1b) O(1c) 0,99(4) 1,46(4) 2,454(4) 178(5)

O(1c)—H(1c) O(1b) 0,99(3) 1,47(3) 2,454(4) 174(3)

O(w)—H(1w) O(16) 0,95(3) 1,65(3) 2,525(4) 152(3)

O(w)—H(2w) O(21) 0,95(3) 2,26(3) 2,767(4) 112(3)

O(w)—H(2w) O(24) 0,95(3) 1,74(3) 2,628(4) 154(3)

.  N(b)—O(1b)—H(1b) 

N(c)—O(1c)—H(1c) 110(3) ,  H(1w)—O(w)—

H(2w) 109(3) . . . 1.


