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. 1.  M(MDA)3

 Sc(MDA)3 [ 7, 8 ] 

Sc(MDA)3  Y(MDA)3  La(MDA)3.

-

IIIB , -

.

 PC GAMESS [ 9 ]  GAMESS [ 10 ] -

—  (RHF) -

—  2-  (MP2). ,

 (  Y, La — ) [ 11—13 ], 

 1s2 (C, O, Y, La), 2s2, 2p6, 3s23p63d10 (Y, La)  4s24p64d10 (La).

 ( s = p)  C, O (31G), (8s8p5d)  [4s4p3d] — Y; (9s9p5d)  [4s4p3d] —

La  [ 11—13 ],  (31G) —  [ 14 ]. 

 C, O  H d- p-  [ 15 ] 

d = 0,8 (C, O) p = 1,1 (H).  Y  La 

f- : (2f)  [2f] — Y [ 16 ]  (5f)  [3f] — La [ 17 ].

 Y(MDA)3  La(MDA)3 D3, D3h

C2v ( . 1). , -

 GAMESS. 

. -

 GAMESS .

, -

 ANOCOR [ 7 ].

 ( . [18 ]

). . 1—3  6.

 ( . . 1) 

M—O. Re(M—O) ( 0,041 Å)  RHF  MP2 -

 La(MDA)3. -

D3,

D3h .
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 1

(Re Å, e .) (h / )

 D3  D3h M(MDA)3 (M = Sc, Y, La)

Sc(MDA)3 Y(MDA)3 La(MDA)3

D3* D3h D3* D3h D3* D3h

RHF MP2 RHF RHF MP2 RHF MP2 RHF MP2 RHF MP2

Re(M—O) 2,125 2,111 2,137 2,276 2,251 2,282 2,254 2,453 2,414 2,452 2,410

Re(O—C) 1,256 1,287 1,254 1,255 1,286 1,254 1,286 1,254 1,287 1,254 1,286

Re(C—Cr) 1,414 1,423 1,413 1,414 1,424 1,414 1,424 1,416 1,425 1,416 1,425

Re(C—H) 1,101 1,112 1,102 1,102 1,113 1,102 1,113 1,103 1,113 1,103 1,113

Re(Cr—Hr) 1,088 1,098 1,088 1,088 1,098 1,088 1,098 1,088 1,098 1,088 1,098

e(O—M—O) 81,6 84,4 78,0 75,8 78,2 74,2 77,1 70,6 72,6 69,7 71,7

e(M—O—C) 132,0 130,2 135,3 134,7 133,2 136,2 134,3 136,6 135,8 137,6 136,8

e(O—C—Cr) 126,6 126,4 125,9 126,6 126,3 126,3 126,2 126,9 126,5 126,7 126,2

e(C—Cr—C) 121,2 122,4 119,5 121,7 122,7 120,9 122,0 122,3 122,9 121,7 122,2

e(H—C—Cr) 117,1 117,6 117,6 116,8 117,4 117,1 117,6 116,4 117,1 116,6 117,3

e(H—Cr—C) 119,4 118,8 120,2 119,1 118,7 119,6 119,0 118,9 118,6 119,2 118,9

h 0 0 41,7 0 0 14,2 6,4 0 0 4,0 3,3

*  (  M—O, ,

, C3)  RHF 2  = 49,8  (M = Sc);

44,3  (M = Y); 38,2  (M = La),  MP2 2  = 53,0  (M = Sc); 40,4  (M = Y); 32,8  (M = La).

 2

*, ( e  D)

2v**  M(MDA)3 (  M = Sc, Y, La) 2

Sc( )3 Y( )3 La( )3

a b a b a b

Re(M—O) 2,129 2,112 2,265 2,243 2,432 2,404

Re(O—C) 1,287 1,288 1,286 1,287 1,286 1,287

Re(C—Cr) 1,421 1,422 1,423 1,424 1,425 1,425

Re(C—H) 1,112 1,112 1,113 1,113 1,114 1,113

Re(Cr—Hr) 1,098 1,098 1,098 1,098 1,099 1,099

e(O—M—O) 80,1 83,6 76,8 80,0 71,7 74,0

e(M—O—C) 133,9 128,6 134,4 129,1 136,4 134,0

e(O—C—Cr) 125,8 126,4 126,2 126,7 126,4 126,8

e(C—Cr—C) 120,6 121,9 122,1 123,4 122,7 123,5

e(H—C—Cr) 118,1 117,7 117,5 117,1 117,0 116,8

e(Hr—Cr—C) 119,7 119,0 119,0 118,2 118,7 118,2

e(O—M—O ) 83,1 84,2 87,2

e(O···O)*** 180 162,5 180 162,0 180 172,7

e(C···C)*** 180 176,8 180 167,4 180 175,1

h 34,3 3,7 7,8

1,36 1,26 0,39

    * . 2.

  ** a b . 1, .

*** ,  O···O  C···C

( . . 1, ).
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 3

( i,
–1), ( ,

/ )  Sc(MDA)3, Y(MDA)3  La(MDA)3

 D3 2

Sc(MDA)3 Y(MDA)3 La(MDA)3 Sc(MDA)3 Y(MDA)3 La(MDA)3

3272 3274 3273 r(Cr—H) 3277 (24) 3275 (18) 3275 (22) r(Cr—H)

3119 3110 3102 r(C—H) 3123 (188) 3109 (216) 3101 (260) r(C—H)

1688 1691 1688 r(C—O)+

r(C—Cr)+ (CrCH)

3123 (54) 3108 (106) 3101 (102) r(C—H)

1403 1404 1398 (CrCH)+r(C—O) 1666 (2436)1670 (1856)1667 (2032) r(C—O)+

r(C—Cr)+ (CrCH)

1047 1031 1026 r(C—Cr)+ 1584 (864) 1582 (344) 1577 (262) r(C—Cr)

1010 1040 1033 + r(C—Cr) 1484 (78) 1482 (36) 1479 (28) r(C—O)+

(CrCH)+ (CCrHr)

  908 905 905 (CCrHr) 1401 (626) 1402 (414) 1396 (432) (CrCH)+r(C—O)

  410 387 353 r(M—O) 1351 (204) 1347 (134) 1341 (110) (CrCH)+r(C—O)

  268 247 234 1137 (2) 1138 (0) 1139 (0) (CCrH)

  179 181 178 (MOC)+r(M—O) 1050 (0) 1039 (0) 1033 (0)

    87 46 33 (OMO) 1033 (50) 1029 (42) 1024 (51) r(C—Cr)

3123 (157) 3108 (194) 3100(227) r(C—H)   973 (18) 955 (1) 949 (2)

1598 (1877)1596 (1255) 1589(1331) r(C—Cr)   910 (16) 903 (8) 903 (8) (CCrHr)+ (MOC)

1465 (22) 1490 (40) 1486 (53) r(C—O)+

(CrCH)+ (CCrHr)

  789 (62) 784 (66) 779 (68)

1353 (266) 1358 (299) 1352(359) (CrCH)+r(C—O)   483 (92) 482 (24) 479 (16) (MOC)

1141 (13) 1138 (0) 1138 (0) (CCrHr)   458 (546) 377 (104) 328 (308) r(M—O)+

  930 (9) 953 (0) 950 (0)   408 (24) 398 (334) 386 (148) +r(M—O)

  787 (23) 784 (16) 778 (13)   306 (2) 280 (2) 227 (6) r(M—O)

  486 (72) 482 (60) 479 (68) (MOC)   267 (8) 245 (0) 238 (0)

  395 (32) 388 (15) 382 (12)   257 (14) 232 (24) 212 (46) (MOC)

  355 (39) 307 (5) 240 (5) r(M—O)   165 (16) 127 (22) 114 (18) (OMO)+ 

  127 (3) 101 (1) 93 (3) (OMO)+     67 (0) 43 (0) 39 (0) (OMO)

    34 (4) 41 (2) 39 (0) + (OMO)     19 (4) 25 (2) 26 (0) + (OMO)

.

vib=11a1+12a2+23e. : r — ,  —  (

OMO —  M—O, ), ,  —  C—H

 Cr—Hr ,  —  C—Cr,  — 

 O···O. ,

. ,

 20 %, .

 Y(MDA)3: h

D3h  7,8 /  ( . . 1).

,  MP2.

 ( . . 1, 2) ,

D3. e(OMO) -

 2

[MO6]  M(MDA)3 -
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. . 1  Sc(MDA)3

La(MDA)3.  [MDA] .

D3h -

2v  — 

-

. -

2v D3 D3h, : -

 ( . . 1, ).

 (O ···O )  162,5 . ,

: (C ···C ) 176,8 .

 3,2 . ,

(C ···C )  0,1 .

, . 1  2, , -

 (—O—CH—CrHr—CH—O—) -

2v . ,

2v D3 D3h.

 [MO6],

D3 2v, :  M—O  ( . . 1, )

 0,014 0,018 Å, Re(M—O) b ( . . 1, )

 Sc(MDA)3  La(MDA)3.  La(MDA)3

Re(M—O)  0,010 Å. 2v

D3h D3 Re(M—O)  0,004 Å.

,  Sc(MDA)3  Y(MDA)3

 La(MDA)3

 [MO6]. -

: Re(M—O)

 (b). b = Re(O···O)/Re(M—O),

Re(O···O) — , .

 MP2  ( . . 1)

Re(M—O) b  M3+.

 [ 19 ]. -

, -

k,  0,995 1,000 ( . 2, ).

, D3h -

 ( ) . -

 ( 1a ),

, ,

,

C2. , -

D3h

-

D3.

 [ 8 ]  Sc(MDA)3 -

, 2v -

. 2. Re(M—O),

 ( )

 ( )

                             3+
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 1- -

D3.

 La(MDA)3 , 2v

1- .  Sc(MDA)3 [ 8 ] 

2v  La(MDA)3 , -

2.  Y(MDA)3 ,

2v . , 2v -

 Y(MDA)3  7,6 –1 -

,  Sc(MDA)3

 La(MDA)3. ,  Y(MDA)3 , -

2v D3, . -

2v ( . . 1). - , -

. -

2v D3  Y(MDA)3 , ,

.

, -

D3 -

.

C2, D3h.

: -

C2 ( D3

C2); -

C2. -

C2v. -

D3 ( -

e,  67 (Sc), 43(Y)  39(La) –1, . . 3) C2v ( -

2). -

. 3, . ,

C2 , -

D3h C2v . -

. 3, .

. 3.

D3;

 — ,

; ,

                                                                             — 
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. 4.

                   M(MDA)3

. 2, -

D3h 2v  Sc(MDA)3

 Y(MDA)3  La(MDA)3 -

 M3+.

 Sc(MDA)3  Y(MDA)3

-

, -

2v,

 La(MDA)3 — -

D3h. -

 [ 20 ] -

D3h C2v

-

. , -

 [ 20 ] -

D3h C2v .

 [ 20 ], b  1,3 -

C2v

D3h, b  1,3

,

b  1,3 D3h -

C2v.  M(MDA)3

( . . 1):  Sc(MDA)3 c b = 1,34 ( D3) 2v -

D3h  9,4 / ;  Y(MDA)3 c b = 1,26 

 2,7 / ;  La(MDA)3 b = 1,18 

C2v D3h  4,1 / . ,  [ 20 ], -

b -

D3h C2v. ,  Sc(MDA)3  Y(MDA)3

 La(MDA)3 D3h C2v. -

, - - -

- .

. 4 

M(MDA)3. , . 3 . 4, ,

, ,

. -

, -

 ( . . 3), , , -

-  [MO6], 

. ,  [ 7 ] , -

. ,

, - , -

, -

.
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 4

 D3

M(MDA)3 Sc(AA)3 M(THD)3

Sc(MDA)3 Sc(AA)3 Sc(THD)3 Y(MDA)3 Y(THD)3 La(MDA)3 La(THD)3

MP2 [1]* [2]* MP2 [3]** MP2 [4]*

R(M—O) 2,111 2,076(4) 2,066(5) 2,251 2,230(5) 2,414 2,371(6)

R(O—C) 1,287 1,271(3) 1,272(3) 1,286 1,283(4) 1,287 1,278(5)

R(C—Cr) 1,423 1,386(4) 1,385(3) 1,424 1,411(8) 1,425 1,396(7)

(O—M—O) 84,4 82,4(13) 82,4(4) 78,2 75,0(11) 72,6 71,4(2)

(C—Cr—C) 122,4 123,8(15) 123,2(15) 122,7 123,7(12) 122,9 123,7(13)

(O—C—Cr) 126,4 124,6(21) 124,8(16) 126,3 (123,2)*** 126,5 125,0(17)

(O···O) 0 3,0(27) 2,3(26) 0 17,0(29) 0 3,0(14)

2 **** 53,0 53,6(11) 51,4(15) 40,4 (23,6) 32,8 45,4(21)

      * r - .
    ** ra- .

  *** ,  [ 3 ].

**** . . 1.

. 4  M(MDA)3

c .

 Sc(AA)3, Sc(THD)3, Y(THD)3  La(THD)3

.

.

 Re  0,023  0,043 Å .

 3 .

 (2 )

 ( . . 4). 

-

 2 . ,  Y(THD)3

 [ 3 ] C3 c 

. ,

, - -

, D3 .

 Y(THD)3  [ 5 ] -

D3h

.

 La(THD)3 -

D3 [ 6 ] -

. - , ,

. ,

 Y(MDA)3  La(MDA)3

( . . 3) -

 Y(THD)3  La(THD)3.  (Y(MDA)3

La(MDA)3)  (Y(THD)3  La(THD)3) . 5. -

 [ 6 ] -
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 6

( )

(q, ) (Q, )

 D3

MP2

Sc(MDA)3 Y(MDA)3 La(MDA)3

q(M) 1,031 0,989 1,478

q(O) –0,276 –0,221 –0,255

q(C) –0,086 –0,181 –0,189

q(Cr) 0,225 0,322 0,265

q(H) 0,008 –0,001 –0,009

q(Hr) 0,139 0,153 0,148

Q(M—O) 0,458 0,449 0,354

Q(O—C) 1,404 1,408 1,471

Q(C—Cr) 1,203 1,109 1,126

Q(C—H) 0,919 0,922 0,923

Q(Cr—Hr) 0,891 0,908 0,910

 La(THD)3

 ( i  500 –1). -

 [ 6 ] -

.

 400 248 –1

 [ 6 ] -

 M—O 

—M—O. -

 La(THD)3

( . . 5) 

 [ 6 ]. -

 [ 5 ] 

Y(THD)3 -

D3 -

.

M(MDA)3

, . 6, -

,

 Sc  La. -

-

,

. —O — r , . 6, -

,  C—H — .

 ( . . 6)  [MO6]

,  M—O . , . 6 

- -

.  M—O -

,  M—O , , ,

 5

- -

* [5]  [ 6 ]

Y(MDA)3 Y(THD)3 La(MDA)3 La(THD)3

1691(a1);1670(e) 1646

1589(a2) 1585

1582(e) 1527 1577(e) 1565

1486(a2) 1470

1482(e) 1449 1479(e) 1454

1398(a1) 1397

1404(a1);1402(e) 1361** 1396(e) 1378

1352(a2) 1365

1341(e) 1350

1138(e) 1143 1139(e);1138(a2) 1133

1040(a1);1039(e) 1023 1033(a1);1033(e); 1026

1024(e); 1012

955(e) 932 950(a2);949(e) 943

903(e) 923

784(e) 732 779(e);778(a2) 768; 756

482(e) 492** 479(a2);479(e) 472

386(e);382(a2) 387; 385

353(a1) 363

328(e) 324

247(a1); 245(e) 246** 240(a2);238(e) 246; 248

227(e) 206

212(e) 191; 194

181(a1) 175*** 178(a1) 181

114(e) 107; 109

93(a2) 90,3

    * ,

 CCl4.

  ** .

*** .
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,  Sc(MDA)3  La(MDA)3. -

. -

, - (MDA)3  M3+,

 [MDA], . . M3+[MDA] 3 . ,

M—O

 M3+.

-

 (  04-03-32661 ).
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