
2007.  48,  3  – . 555 – 563

 547.442+546.831+541.66

- (IV)

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

. .

. . . ,

 20  2006 .

-

(IV): (IV) Zr(ptac)4,

(IV) Zr(tfac)4 (IV) Zr(hfac)4. -

 C32H40F12ZrO8: a = 19,9842(6), b = 11,8417(3), c = 16,4831(5) Å;

 = 95,2880(10) , , c, Z = 4, d  =

= 1,491 / 3, R = 0,061.  C20H16F12ZrO8: a =

= 21,5063(15), b = 7,9511(5), c = 16,0510(10) Å;  = 113,736(4) , ,

2/ , Z = 4, d  = 1,860 / 3, R = 0,047. -

 C20H4F24ZrO8: a = 15,3533(13), b = 20,2613(15), c = 19,6984(17) Å;  =

= 95,828(2) , , 21/c, Z = 2, d  =

= 2,004 / 3, R = 0,078. , -

 Zr( -dik)4.
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 — .  Zr—O 
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,

. -

(IV) Zr(ttac)4  [ 5 ], 

(IV) Zr(dbm)4 [ 6 ], (IV) Zr(acac)4 [ 7, 8 ]

(IV) Zr(hfac)4 [ 9 ].

(IV): (IV) Zr(ptac)4,

(IV) Zr(tfac)4 (IV) Zr(hfac)4.

(IV)  [ 10 ]. -

(IV)

.

P = (1—5) 10–2 T = 170 C

(Zr(pta )4), T = 160 C (Zr(tfa )4), T = 60 C (Zr(hfac)4);  90, 80  85 % -

. , -

, T  = 180—182 C (Zr(pta )4), 128—130 C

(Zr(tfa )4), 37—39 C (Zr(hfac)4).

, -

-3  (CuK - )  2  5  50 ,

.

 Zr(ptac)4  Zr(tfac)4 -

 150  120 C ;  Zr(hfac)4

 45 C.

.

-

 –123(2) C

(  Zr(ptac)4)  Bruker-Nonius X8 Apex

(MoK - , ),  CCD- -

.

. 1. 

-  ( ) ,

.  CF3 3

,

.

. 2. -

 SHELX-97 [ 11 ]. 

.

- -  (Ecryst) -

-  ( ).

,  CSDB (Cambridge Structure Data Base), 

, .

. .  [ 12 ]. ,

, ,

 1,13 / -

 4,20 Å [ 13 ]. , -

,  1,34 / ,  4,20 Å.

- -



 C32H40F12ZrO8 557

 1

(IV)

Zr(ptac)4 Zr(tfac)4 Zr(hfac)4

- C32H40F12ZrO8 C20H16F12ZrO8 C20H4F24ZrO8

871,86 703,55 919,45

, K 150(2) 293(2) 295(2)

a, b, c, Å 19,9842(6), 11,8417(3),

16,4831(5)

21,5063(15), 7,9511(5),

16,0510(10)

15,3533(13), 20,2613(15),

19,6984(17)

, , , . 90, 95,288(1), 90 90, 113,736(4), 90 90, 95,828(2), 90

V, Å3 3884,07(19) 2512,5(3) 6096,1(9)

, Z , 4 2/ , 4 21/ , 8

V /Z, Å3 971,02(95) 628,13(3) 762,0(2)

d , / 3 1,491 1,860 2,004

, 0,43 0,25 0,18 0,18 0,12 0,02 0,33 0,30 0,15

, . 2,00—25,35 2,1—26,4 1,33—25,35

. / . 11394 / 3548 7650 / 2563 36408 / 11167

R I > 2 (I ) 0,0614 0,0469 0,0776

R 0,0683 0,0647 0,1076

, ,( ),
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 2

 d, Å , .

(IV)

 Zr(ptac)4  Zr(tfac)4

d d d

Zr(1)—O(11) 2,176(5) C(11)—C(13) 1,362(13) Zr(1)—O(11) 2,165(2)

Zr(1)—O(12) 2,194(6) C(11)—C(14) 1,581(13) Zr(1)—O(21) 2,179(2)

Zr(1)—O(21) 2,185(6) C(12)—C(13) 1,456(15) Zr(1)—O(12) 2,200(2)

Zr(1)—O(22) 2,186(6) C(12)—C(15) 1,534(12) Zr(1)—O(22) 2,210(2)

Zr(1)—O(31) 2,163(6) C(21)—C(23) 1,366(15) O(11)—C(12) 1,281(4)

Zr(1)—O(32) 2,185(6) C(21)—C(24) 1,594(13) O(12)—C(14) 1,256(4)

Zr(1)—O(41) 2,173(6) C(22)—C(23) 1,436(15) O(21)—C(22) 1,279(4)

Zr(1)—O(42) 2,169(6) C(22)—C(25) 1,520(13) O(22)—C(24) 1,257(4)

O(11)—C(11) 1,215(11) C(31)—C(33) 1,355(15) C(11)—C(12) 1,523(5)

O(12)—C(12) 1,235(11) C(31)—C(34) 1,476(16) C(12)—C(13) 1,366(5)

O(21)—C(21) 1,246(13) C(32)—C(33) 1,413(14) C(13)—C(14) 1,420(5)

O(22)—C(22) 1,219(12) C(32)—C(35) 1,544(13) C(14)—C(15) 1,499(5)

O(31)—C(31) 1,301(12) C(41)—C(43) 1,342(13) C(21)—C(22) 1,519(5)

O(32)—C(32) 1,303(10) C(41)—C(44) 1,491(17) C(22)—C(23) 1,356(5)

O(41)—C(41) 1,305(12) C(42)—C(43) 1,389(13) C(23)—C(24) 1,413(5)

O(42)—C(42) 1,287(11) C(42)—C(45) 1,519(14) C(24)—C(25) 1,491(5)
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O(41)—Zr(1)—O(42) 75,3(2) O(11)—C(11)—C(13) 129,2(10) O(11)—Zr(1)—O(12) 75,27(8)

O(31)—Zr(1)—O(32) 75,2(2) O(12)—C(12)—C(13) 121,4(9) O(21)—Zr(1)—O(22) 75,47(9)

O(11)—Zr(1)—O(12) 74,3(2) C(11)—C(13)—C(12) 119,1(10) C(12)—O(11)—Zr(1) 131,2(2)

O(21)—Zr(1)—O(22) 74,0(2) O(21)—C(21)—C(23) 132,4(10) C(14)—O(12)—Zr(1) 134,9(2)

C(11)—O(11)—Zr(1) 133,4(6) O(22)—C(22)—C(23) 123,0(9) C(22)—O(21)—Zr(1) 131,5(2)

C(12)—O(12)—Zr(1) 137,5(6) C(21)—C(23)—C(22) 116,2(10) C(24)—O(22)—Zr(1) 133,9(2)

C(21)—O(21)—Zr(1) 130,0(6) O(31)—C(31)—C(33) 122,1(10) O(11)—C(12)—C(13) 127,5(3)

C(22)—O(22)—Zr(1) 137,7(6) O(32)—C(32)—C(33) 120,7(9) O(12)—C(14)—C(13) 122,6(3)

C(31)—O(31)—Zr(1) 135,6(7) C(31)—C(33)—C(32) 125,2(10) O(21)—C(22)—C(23) 127,7(3)

C(32)—O(32)—Zr(1) 135,3(6) O(41)—C(41)—C(43) 126,8(10) O(22)—C(24)—C(23) 122,9(3)

C(41)—O(41)—Zr(1) 132,6(6) O(42)—C(42)—C(43) 122,0(8) C(12)—C(13)—C(14) 120,5(3)

C(42)—O(42)—Zr(1) 136,7(5) C(41)—C(43)—C(42) 122,4(9) C(22)—C(23)—C(24) 121,5(3)

 Zr(hfac)4

d d d

Zr(1)—O(1) 2,200(4) O(7)—C(16) 1,249(7) C(13)—C(15) 1,525(10)

Zr(1)—O(2) 2,166(4) O(8)—C(18) 1,257(7) C(16)—C(17) 1,387(8)

Zr(1)—O(3) 2,163(4) O(9)—C(21) 1,252(7) C(16)—C(19) 1,539(9)

Zr(1)—O(4) 2,152(4) O(10)—C(23) 1,256(8) C(17)—C(18) 1,379(9)

Zr(1)—O(5) 2,225(4) O(11)—C(26) 1,268(7) C(18)—C(20) 1,505(9)

Zr(1)—O(6) 2,143(4) O(12)—C(28) 1,262(7) C(21)—C(22) 1,405(9)

Zr(1)—O(7) 2,196(4) O(13)—C(31) 1,245(7) C(21)—C(24) 1,498(10)

Zr(1)—O(8) 2,158(4) O(14)—C(33) 1,268(7) C(22)—C(23) 1,377(10)

Zr(2)—O(9) 2,187(4) O(15)—C(36) 1,239(7) C(23)—C(25) 1,532(9)

Zr(2)—O(10) 2,165(4) O(16)—C(38) 1,273(7) C(26)—C(27) 1,380(9)

Zr(2)—O(11) 2,186(4) C(1)—C(2) 1,391(9) C(26)—C(29) 1,515(10)

Zr(2)—O(12) 2,151(4) C(1)—C(4) 1,487(9) C(27)—C(28) 1,376(9)

Zr(2)—O(13) 2,221(4) C(2)—C(3) 1,371(9) C(28)—C(30) 1,528(9)

Zr(2)—O(14) 2,141(4) C(3)—C(5) 1,534(9) C(31)—C(32) 1,401(9)

Zr(2)—O(15) 2,210(4) C(6)—C(7) 1,384(9) C(31)—C(34) 1,529(9)

Zr(2)—O(16) 2,160(4) C(6)—C(9) 1,509(9) C(32)—C(33) 1,372(9)

O(1)—C(1) 1,251(7) C(7)—C(8) 1,380(9) C(33)—C(35) 1,540(9)

O(2)—C(3) 1,260(7) C(8)—C(10) 1,522(9) C(36)—C(37) 1,384(9)

O(3)—C(6) 1,278(7) C(11)—C(12) 1,402(10) C(36)—C(39) 1,521(9)

O(4)—C(8) 1,279(7) C(11)—C(14) 1,514(10) C(37)—C(38) 1,361(9)

O(5)—C(11) 1,217(8) C(12)—C(13) 1,360(9) C(38)—C(40) 1,529(9)

O(6)—C(13) 1,282(7)

1 2 3 4 5 6

O(2)—Zr(1)—O(1) 77,00(14) C(21)—O(9)—Zr(2) 133,4(4) O(9)—C(21)—C(22) 127,3(6)

O(4)—Zr(1)—O(3) 78,61(15) C(23)—O(10)—Zr(2) 133,8(4) O(10)—C(23)—C(22) 127,8(6)

O(6)—Zr(1)—O(5) 74,81(15) C(26)—O(11)—Zr(2) 132,0(4) O(11)—C(26)—C(27) 127,1(6)

O(8)—Zr(1)—O(7) 74,12(15) C(28)—O(12)—Zr(2) 133,5(4) O(12)—C(28)—C(27) 127,0(6)

O(10)—Zr(2)—O(9) 77,12(15) C(31)—O(13)—Zr(2) 133,3(4) O(13)—C(31)—C(32) 125,9(6)

O(12)—Zr(2)—O(11) 78,59(15) C(33)—O(14)—Zr(2) 134,9(4) O(14)—C(33)—C(32) 127,3(6)

O(14)—Zr(2)—O(13) 74,95(15) C(36)—O(15)—Zr(2) 134,5(4) O(15)—C(36)—C(37) 125,2(6)
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1 2 3 4 5 6

O(16)—Zr(2)—O(15) 74,43(15) C(38)—O(16)—Zr(2) 132,9(4) O(16)—C(38)—C(37) 126,8(6)

C(1)—O(1)—Zr(1) 133,6(4) O(1)—C(1)—C(2) 127,0(6) C(3)—C(2)—C(1) 120,6(6)

C(3)—O(2)—Zr(1) 134,7(4) O(2)—C(3)—C(2) 127,0(6) C(8)—C(7)—C(6) 121,3(6)

C(6)—O(3)—Zr(1) 133,7(4) O(3)—C(6)—C(7) 126,0(6) C(13)—C(12)—C(11) 119,3(6)

C(8)—O(4)—Zr(1) 132,9(4) O(4)—C(8)—C(7) 127,2(6) C(18)—C(17)—C(16) 120,1(6)

C(11)—O(5)—Zr(1) 132,9(4) O(5)—C(11)—C(12) 126,9(6) C(23)—C(22)—C(21) 119,2(6)

C(13)—O(6)—Zr(1) 135,4(4) O(6)—C(13)—C(12) 126,1(6) C(28)—C(27)—C(26) 121,3(6)

C(16)—O(7)—Zr(1) 135,4(4) O(7)—C(16)—C(17) 124,7(6) C(33)—C(32)—C(31) 118,8(6)

C(18)—O(8)—Zr(1) 135,6(4) O(8)—C(18)—C(17) 125,3(6) C(38)—C(37)—C(36) 119,9(6)

C  Zr(ptac)4.  Zr(ptac)4 , -

. . -

-

C2/c (R = 0,072) -

 CSDB (  609214). 

-

R = 0,061,

-

. 2.

, -

 Zr(ptac)4,

. 1, .

-

, -

.  Zr—O

 2,163—2,194 Å,

-

 2,174 Å,

-  —

2,182 Å.

 O—Zr—O  74,7 .

- -

-

:

—

 (1,267  1,261 Å),

—

-

0,068 Å , -

, -

— e -

 (1,536  1,529 Å). 

. 1.  ( )  ( )
           Zr(ptac)4
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. 2.  ( )  ( )

            Zr(tfac)4

F3  But -

—F —  1,28 

1,48 Å .

,

…  15,2—

18,6 .

. 1, -

 Zr( tac)4

Z. -

-

, Z -

 Zr…Zr 

 8,966 Å, -

 Zr…Zr 

11,62 Å. -

- - -

, -

 F…F …F

 2,84  2,53 Å.

C  Zr(tfac)4 ,

-

 Zr(tfac)4, -

. 2, . -

 2.

,

- .

 Zr—O -

 0,033 Å,

 2,172 Å,  — 2,205 Å.

 O—Zr—O  75,4 . -

, — , — , — e

 0,034, 0,055  0,026 Å . -

F3 —F  1,336 Å. -

, …  21,4  19,6 .

. 2,  Zr(tfac)4  (110).

- - ,

 F…F …F  2,94  2,33 Å.

 Zr…Zr  7,951—8,029, 

 11,12 Å.

C  Zr(hfac)4.  [ 9 ] 

Zr(hfac)4, P21/n

:  = 11,974(4), b = 20,451(6), c = 13,140(3) Å;

 = 104,49(1) , Z = 4, d  = 1,960 / 3. -

. ,

, . 3, .  Zr(hfac)4, -
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. 3.  Zr(hfac)4, ,

 ( )  ( )

, , -

P21/c , . 1, Z = 8, d  =

= 2,004 / 3. , -

-

. 3, . ,

 Zr(hfac)4

,

, -

 — .

-Zr(hfac)4 , -

 Zr(hfac)4. -

Zr(1)  Zr(2) -

, . 4, 

.

-

, -

- -

,

 —

-

.  Zr—O -

 2,141—2,225 Å,

 (2,176 Å)

-

-

( . 3), -

 O—Zr—O 

. 4.  ( )  ( ) -
 Zr(hfac)4
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, ,

- - (IV)

. d ,

/ 3 Z V /Z, Å3 Zr—O ,

Å
O—Zr—O ,

.

… ,

Å
– ,

/

– 0 ,

/
T , C

Zr(dbm)4 P21/c 1,321 4 1237,2 2,172 74,6 2,633 268 – 231–233

Zr(acac)4 C2/c 1,419 4 570,5 2,188 74,8 2,660 139 138,8 ± 4,0 191–193

Zr(ptac)4 1,491 4 971,0 2,178 74,7 2,644 157 134,9 ± 1,6 180–182

Zr(tfac)4 C2/c 1,860 4 628,1 2,189 75,4 2,676 139 133,3 ± 2,0 128–130

-Zr(hfac)4 P21/n 1,906 4 778,9 2,175 75,9 2,675 109

-Zr(hfac)4 P21/ 2,004 8 762,0 2,176 76,2 2,685 114
– 37–39

 0,3 . - , -

— —  0,045, — CF3
 — 0,053 Å. -

—F  CF3  1,30 Å. -

, …  1,2—18,4 . -

 F…H  2,37 Å.

. 4,  Zr(hfac)4  (110).

- - ,

 F…F …F  2,86  2,62 Å.

 Zr…Zr  8,403—10,291 Å.

- - .

Ecryst . 3. -
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.
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(IV) (IV) . -

 Hf(acac)4 [ 18 ] .

(IV) (IV) -

 [ 19 ]. -

 [ 18 ]  — 
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