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 1  

, I—III

I II III

(CH3NH3)ZrF5 0,5H2O (H3NCH2COOH)ZrF5 2H2O (H3N(CH2)2COOH)ZrF5

 227,30 298,33 276,32 

 295(2) 173(1) 243(1) 

. C2/c P21/c P21/c

a, Å 10,3465(4) 12,5419(4) 10,985(3) 

b, Å 6,6312(3) 6,6140(2) 6,626(3) 

c, Å 16,9222(7) 10,2500(4) 10,343(3) 

, . 104,348(2) 92,200(2) 110,22(1) 

V, Å3; Z 1124,81(8);  8 849,63(5);  4 706,5(4);  4 

d , / 3; , –1 2,684; 1,977 2,332; 1,368 2,598; 1,615 

F (000) 872 584 536 

(0,320 0,240 0,071 ) (0,27 0,27 0,07 ) (0,24 0,21 0,03 )

, .

3,68—53,80 3,25—44,74 3,66—31,49 

–18 h  23, –15 k  10

–38 l  35 

–24 h  24, –13 k  9,

–13 l  20 

–14 h  15, –9 k  9,

–15 l  15 

 12178 14849 7852 

 5532 (Rint = 0,0321) 6031 (Rint = 0,0343) 2308 (Rint = 0,0429) 

I > 2 (I ) 3272 4675 2025 

F 2 F 2 F 2

 80 143 122 

GOOF 1,082 1,047 1,193 

R-

F2 > 2 (F 2)

R1 = 0,0354,   

wR2 = 0,0859 

R1 = 0,0340,   

wR2 = 0,0812 

R1 = 0,0423,   

wR2 = 0,0879 

R- R1 =0,0630,  

wR2 = 0,0976 

R1 =0,0467,  

wR2 = 0,0862 

R1 =0,0491,  

wR2 = 0,0907 

.  0,0028(2) 0,0081(8) 0,054(1) 

. .

(min/max), e/Å3
–2,019/1,160 –2,260/1,249 –1,601/1,356 

 CCDC 779537 779539 779538 
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 2  

I—III

d, Å d, Å d, Å d, Å

(CH3NH3)ZrF5 0,5H2O (H3NCH2COOH)ZrF5 2H2O

Zr(1)—F(1) 2,1653(7) Zr(1)—F(3)iii 2,2809(6) Zr(1)—F(1) 2,1574(9) Zr(1)—F(4) 1,9614(9)

Zr(1)—F(1)i* 2,1735(6) Zr(1)—F(4) 2,0123(7) Zr(1)—F(1)iii 2,1804(9) Zr(1)—F(5) 2,0260(9)

Zr(1)—F(2) 2,0707(7) Zr(1)—F(5) 1,9666(7) Zr(1)—F(2) 2,2533(8) O(1)—C(1) 1,223(2) 

Zr(1)—F(2)ii 2,2760(6) N(1)—C(1) 1,467(2) Zr(1)—F(2)iv 2,0752(7) O(2)—C(1) 1,301(2) 

Zr(1)—F(3) 2,0718(7)   Zr(1)—F(3) 2,0771(7) N(1)—C(2) 1,478(2) 

 Zr(1)—F(3)iv 2,2542(8) C(1)—C(2) 1,507(2) 

(H3N(CH2)2COOH)ZrF5

Zr(1)—F(1) 2,156(1) Zr(1)—F(5) 2,024(1) Zr(1)—F(3) 2,075(2) C(1)—C(2) 1,505(3) 

Zr(1)—F(1)iii 2,198(2) O(1)—C(1) 1,216(3) Zr(1)—F(3)iv 2,289(1) C(2)—C(3) 1,527(4) 

Zr(1)—F(2) 2,271(1) O(2)—C(1) 1,328(3) Zr(1)—F(4) 1,968(2)   

Zr(1)—F(2)iv 2,068(2) N(1)—C(3) 1,494(3)     

* . . 3. 

-

,

.

 (H3NCH2COOH)ZrF5 2H2O  [ 28 ]. 

. ,

. -

 BRUKER SMART-1000 CCD (MoK - , -

). -

.

. ,

-

,  1,5Ueq(O, N). -

. ,

 SMART  SAINT Plus [ 29, 30 ].

 SHELXTL/PC [ 31 ]. -

, . 1, -

 — . 2. CIF- , -

,  CCDC  779537, 779538  779539, -

- :

www.ccdc.cam.ac.uk/data_request/cif. 
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 [ 32 ],  6  Zr- -
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 {F(2)…F(2)ii  F(3)…F(3)iii
I;

F(2)…F(3)  F(2)iv…F(3)iv
II III} ,  —  {F(1)…F(1)i

I

 F(1)…F(1)iii
II III}.  (001)  

I  (100) II III.  F(4)  F(5) -

 D—H…F 

. 2. I ( ), II III ( )

. 1. -

I ( ), II ( ) III ( ).
-
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 3  

I—III

 D—H…A , Å  DHA, .

(CH3NH3)ZrF5 0,5H2O

N(1)—H(4)…F(4)vii 0,78(3) 2,06(3) 2,781(1) 154,0(2) 

N(1)—H(3)…F(2) 0,72(4) 2,55(3) 3,060(2) 129,9(2) 

N(1)—H(3)…F(3)viii 0,72(4) 2,43(3) 3,093(2) 155,4(3) 

N(1)—H(3)…F(5)ii 0,72(4) 2,24(4) 2,795(2) 134,9(3) 

N(1)—H(2)…O(1) 0,99(2) 2,00(2) 2,952(2) 160,3(2) 

O(1)—H(1)…F(4)vi 0,81(2) 1,95(2) 2,762(1) 174,6(2) 

(H3NCH2COOH)ZrF5 2H2O

O(2)—H(1)…O(3)ix 0,91(3) 1,62(3) 2,529(2) 172(2) 

O(3)—H(3A)…O(1) 0,73(2) 2,18(2) 2,896(2) 167(3) 

O(3)—H(3B)…O(4)x 0,728(2) 2,05(2) 2,723(2) 155(3) 

O(4)—H(4A)…F(5) 0,73(2) 2,01(2) 2,735(1) 171(3) 

O(4)—H(4B)…O(1)iv 0,73(2) 2,12(2) 2,849(2) 174(3) 

N(1)—H(2A)…F(5)vi 0,83(2) 1,91(2) 2,727(2) 170(2) 

N(1)—H(2B)…O(4)iv 0,82(2) 2,02(2) 2,810(2) 163(2) 

N(1)—H(2C)…F(4) 0,82(2) 2,29(3) 2,826(2) 123(2) 

N(1)—H(2C)…F(3)iv 0,82(2) 2,33(2) 3,083(2) 153(2) 

N(1)—H(2C)…F(2) 0,82(2) 2,50(2) 3,187(2) 142(2) 

(H3N(CH2)2COOH)ZrF5

N(1)—H(4)…F(3)xi 0,80(2) 2,33(2) 3,127(3) 176(3) 

N(1)—H(3)…O(1)xii 0,81(2) 2,13(2) 2,869(3) 154(2) 

N(1)—H(2)…F(4) 0,80(2) 2,12(2) 2,780(3) 140(3) 

O(2)—H(1)…F(5)viii 0,79(2) 1,81(2) 2,597(2) 176(3) 

: (i) [–x+1/2, –y+3/2, –z]; (ii) [–x+1, –y+1, –z]; (iii) [–x+1, –y+2, –z];  

(iv) [–x+1, y+1/2, –z+1/2]; (v) [–x+1, y–1/2, –z+1/2]; (vi) [–x+1, y, –z+1/2]; (vii) [x–1/2, y–1/2, z]; (viii) [x,

y–1, z]; (ix) [–x, y+1/2, –z+3/2]; (x) [–x+1, –y+1, –z+1]; (xi) [x, –y+3/2, z+1/2]; (xii) [–x, –y+2, –z+1]; (xiii) [x–1, 

y, z]. 

 ( . 3). II

III, -

II III.

I  H2O  2 -

 N—H(2)…O  ( . 3, ), - -

 ( . . 1, , . 3). (1) -

.

II 2 ,

 O—H…O  N—H…O ( . . 3, ). -

 O(3) -

, .

(2)— (1)… (3)ix (2,529 Å),

, (3)— (3 )… (1) (2,896 Å) (3)— (3 )… (4) 

(2,723 Å)  H2O. -

(4) -

, -  O(4)—H(4A)…F(5) (2,735 Å)  O(4)—H(4B)…O(1)iv
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. 3. I ( ), II ( ) III ( ).

(2,849 Å)  O(3)—H(3B)…O(4)x (2,723 Å)  N(1)—H(2B)…O(4)ix (2,810 Å).

(4) . , II

-

.

III -  H-  N—H…O -

 ( . . 3, ).

I—III

(C2H10N2)Zr2F10 H2O (IV), (H3O)ZrF5 H2O (V)  (H3O)ZrF5 2H2O (VI) [ 9—11 ]. 

 Zr- ,
2

5ZrF  (  Zr 

IV — 0,122 Å).  Zr- -

,  [ 010 ] I—III  [101], [100]  [001]  

IV—VI . .

 Zr…Zr ,

,  Zr—Zr—Zr -

 ( . 4).

 4  

Zr…Zr Zr—Zr—Zr I—VI

 Zr…Zr, Å  Zr—Zr—Zr, .

d1* d2** 1* 2** 

I 3,6413(2), 3,6421(2) 3,6672(2) 131,140(5)  114,439(5), 114,418(5) 

II 3,6140(1) 2 3,6705(3) 132,423(7)  114,464(5), 112,968(4) 

III 3,636(1)×2 3,677(1) 131,36(2)  115,51(1), 113,01(1) 

IV 3,648, 3,655  3,677 131,16, 131,28 114,19, 114,28, 114,43×2  

V 3,562×2  3,612 136,61  111,70×2 

VI 3,601×2  3,650 132,97  111,70×2 

  *  (d1)  ( 1) .

**  (d2)  ( 2) .
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