
2008.  49,  4 – . 616 – 622

 544.163.2 

 [Re4Q4X12]
4–

(Q = S, Se, Te;  X = F, CN
–
)  AIM  ELF 

© 2008   . .
1*, . .

1, 2
, . .

1

1 . . . ,
2 . . . ,

 21  2008 .

 AIM  ELF -

 [Re4Q4X12]
4– (Q = S, Se, Te; X = F, CN). 

,  Re—Re, Re—Q, Re—X 

bcp .

: AIM, ELF, , .

-

 {M4Q4} (M = Mo, W, Re  Q = S, Se, 

Te), , , ,

 (Cu, Mn, Ni .)

 [ 1—3 ]. ,

-

, -

 [ 4 ]. , -

, . ,

 Re—Re,  {Re4Q4}. -

 Re—Re  2,7—2,9 Å,

 Re—Re  [Re2Cl8]
2– (2,24 Å), 

 Re3X9 (2,48 Å),  ( 2,56 Å) -

 Re—Re  (2,75 Å) [ 5, 6 ].  

-

 [Re4Q4X12]
4– (Q = S, Se, Te; X = F, CN). -

-  (Atoms-in-

molecules analysis — AIM)  (Electron localization functi- 

on — ELF) [ 7, 8 ]. 

AIM.  AIM -

-

(r, R) (r R — ), -
2 (r, R) . , , -

 3 3. -

                                                                

* E-mail: maximato@mail.ru 



 [Re4Q4X12]
4–

 (Q = S, Se, Te;  X = F, CN
–
) 617

p q  {p, q}, 

,  — . -

p = 3 : (3, –3), 

ncp — , ; (3, –1), bcp — 

, -

; (3, 1) — rcp — , -

;

(3, 3) — ccp — ,

.

-

— : n – b + r – c = 1, n — ;

b — ; r — ; c — 

. ,

, 2 , -

G U -

 ( , , .) [ 7 ]. 

.

 ELF [ 8—10 ]. -

2

1
ELF( ) ,

( )
1

( )h

D

D

r

r

r

2

2

1

( )1 1
( ) ( ) ,

2 8 ( )

N

j
j

D
r

r r
r

2 5

2 3 3
3

( ) (3 ) ( ) ,
10

hD r r

2

1

( ) | ( ) | .
N

j
j

r r

j N j; (r) — -

; Dh(r) — —

, ; D(r) -

 ( ) -

.

 ELF  [ 9 ]. 

,  ELF  1 , -

 (

).  ELF  0,5 ,

 ( )  ELF ~ 0 -

 ( ).

 ELF, -

 ELF, .

V(X) , V(X1, X2) — -

, V(X1, X2…Xn) — .

- -

,  ADF2006 [ 11 ]. 

, -



. . , . . , . .618

 (TZP) : Re4f, Te4d, Se3d, S2p, F1s, N1s, C1s.

 ZORA ( -

) [ 12 ]. - -

 [ 13 ].  BLYP (

 Becke [ 14 ],  LYP [ 15 ]). -

 [Re4Q4]
8+  [Re4Q4X12]

4– (Q = S, Se, Te; X = F, CN–)

Td .

 ELF  ADFView 

 0,05 Å.  AIM 

 Xaim, . . .  ( , ).

, -

.  [Re4Te4]
8+, -

-

,  {Re4}. . 1  2 

,

.

 [Re4Q4]
8+  [Re4Q4X12]

4–  AIM -

bcp  Re—Re, Re—Q, Re—X  C—N, rcp

 Re—Q—Re ccp  {Re4Q4},

— . . 3—8

, . 1 

 [Re4Se4F12]
4–.

bcp

 Re—Re, Re—Q  Re—X -

, -
2 -

 |U |  |G| ( . . 3  

 4).  [ 7, 16 ] 

bcp -

-

 ( , , -

- - - -

).

,

-

,

-

.

bcp

, . .  = 180  – 

– Re-bcp-Q(X) 0, ( . . 1). -

bcp , , -

,  C8H8 -

 C—C,  P—P -

 P4.

 1

[Re4Q4] [Re4Q4(CN)12]
4–

(Q = S, Se, Te)

Re—Re, Å Re—Q, Å

[Re4S4(CN)12]
4– ( ) 2,926 2,426 

Cs2K2[Re4S4(CN)12] 2H2O 2,736—2,753 2,329—2,361 

[PPh4]4[Re4S4(CN)12] 3H2O 2,755 2,340 

[Re4Se4(CN)12]
4– ( ) 2,977 2,563 

[PPh4]4[Re4Se4(CN)12] 3H2O 2,805 2,460 

[Re4Te4(CN)12]
4– ( ) 3,067 2,758 

K4[Re4Te4(CN)12] 2,862—2,879 2,625—2,640 

Cs4[Re4Te4(CN)12] 2,876—2,883 2,641—2,650 

[Cu4(OH)4][Re4Te4(CN)12] 2,834—2,857 2,632—2,636 

 2

[Re4Q4] [Re4Q4F12]
4–

(Q = S, Se, Te)

Re—Re, Å Re—Q, Å

[Re4S4F12]
4– ( ) 2,878 2,403 

K4[Re4S4F12] 3,4H2O 2,727—2,744 2,310—2,336 

[Re4Se4F12]
4–( ) 2,915 2,549 

K4[Re4Se4F12] 6H2O 2,753—2,781 2,432—2,445 

[Re4Te4F12]
4– ( ) 2,989 2,755 
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 U 

bcp C—N ( 12,

                 )

2 G U 

[Re4S4(CN)12]
4– 0,466 –0,900 0,606 –1,437

[Re4Se4(CN)12]
4– 0,469 –0,891 0,616 –1,456

[Re4Te4(CN)12]
4– 0,466 –0,916 0,601 –1,430
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 U 
bcp Re—Q ( 12,
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2 G U 

[Re4S4]
8+ 0,081 0,139 0,056 –0,077

[Re4Se4]
8+ 0,057 0,071 0,031 –0,044

[Re4S4F12]
4– 0,093 0,234 0,083 –0,108

[Re4Se4F12]
4– 0,076 0,137 0,055 –0,075

[Re4Te4F12]
4– 0,062 0,104 0,034 –0,042

[Re4S4(CN)12]
4– 0,087 0,242 0,083 –0,106

[Re4Se4(CN)12]
4– 0,074 0,149 0,056 –0,075

[Re4Te4(CN)12]
4– 0,062 0,124 0,040 –0,049
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 U  rcp, -

Re—Re—Q (
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2 G U 

[Re4S4]
8+ 0,051 0,078 0,029 –0,039

[Re4Se4]
8+ 0,045 0,068 0,024 –0,031

[Re4S4F12]
4– 0,057 0,059 0,028 –0,026

[Re4Se4F12]
4– 0,051 0,057 0,025 –0,036

[Re4Te4F12]
4– 0,043 0,061 0,020 –0,026

[Re4S4(CN)12]
4– 0,052 0,072 0,030 –0,042

[Re4Se4(CN)12]
4– 0,046 0,054 0,023 –0,032

[Re4T4(CN)12]
4– 0,040 0,055 0,019 –0,025

 4
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 U  bcp 
Re—Re ( 6, -

                                )

2 G U 

[Re4S4]
8+ 0,061 0,064 0,033 –0,049

[Re4Se4]
8+ 0,076 0,097 0,048 –0,072

{[Re4]+4Te}8+ 0,105 0,229 0,098 –0,138

[Re4S4F12]
4– 0,060 0,037 0,026 –0,043

[Re4Se4F12]
4– 0,058 0,029 0,023 –0,039

[Re4Te4F12]
4– 0,055 0,019 0,020 –0,034

[Re4S4(CN)12]
4– 0,053 0,062 0,029 –0,043

[Re4Se4(CN)12]
4– 0,050 0,038 0,022 –0,034

[Re4Te4(CN)12]
4– 0,046 0,038 0,020 –0,031
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, 2 ,

 G -

 U  bcp 

Re—X ( 12, -
                                )

2 G U 

[Re4S4F12]
4– 0,098 0,590 0,157 –0,166

[Re4Se4F12]
4– 0,098 0,579 0,154 –0,163

[Re4Te4F12]
4– 0,096 0,562 0,150 –0,159

[Re4S4(CN)12]
4– 0,108 0,343 0,114 –0,143

[Re4Se4(CN)12]
4– 0,108 0,333 0,112 –0,141

[Re4T4(CN)12]
4– 0,110 0,343 0,115 –0,145
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 U 
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1, )

2 G U 

[Re4S4]
8+ 0,038 0,063 0,020 –0,024

[Re4Se4]
8+ 0,047 0,077 0,026 –0,032

[Re4S4F12]
4– 0,041 0,082 0,027 –0,033

[Re4Se4F12]
4– 0,039 0,037 0,015 –0,020

[Re4Te4F12]
4– 0,036 0,045 0,016 –0,021

[Re4S4(CN)12]
4– 0,052 0,072 0,030 –0,042

[Re4Se4(CN)12]
4– 0,034 0,048 0,016 –0,020

[Re4T4(CN)12]
4– 0,032 0,061 0,019 –0,023
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[Re4Q4]
8+ [Re4Q4X12]

4–

(Q = S, Se, Te; X = F, CN–)

Re-bcp, Å Re-bcp-Re, .

[Re4S4]
8+ 1,441 178,8 

[Re4S4F12]
4– 1,442 172,6 

[Re4S4(CN)12]
4– 1,463 179,2 

[Re4Se4]
8+ 1,367 178,5 

[Re4Se4F12]
4– 1,458 176,6 

[Re4Se4(CN)12]
4– 1,489 179,4 

{[Re4]+4Te}8+ 1,248 173,8 

[Re4Te4F12]
4– 1,497 173,4 

[Re4Te4(CN)12]
4– 1,539 175,8 
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 bcp Re—Q

[Re4Q4]
8+  [Re4Q4X12]

4– (Q = S, Se, Te; X = F, CN) 

Re-bcp, Å bcp-Q, Å Re-bcp-Q, .

[Re4S4]
8+ 1,209 1,343 171,4 

[Re4S4F12]
4– 1,147 1,263 171,1 

[Re4S4(CN)12]
4– 1,158 1,275 170,9 

[Re4Se4]
8+ 1,316 1,517 174,1 

[Re4Se4F12]
4– 1,218 1,338 171,4 

[Re4Se4(CN)12]
4– 1,219 1,353 170,4 

[Re4Te4F12]
4– 1,312 1,455 169,3 

[Re4Te4(CN)12]
4– 1,280 1,491 168,7 
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[Re4S4F12]
4– 1,072 0,986 178,4 

[Re4S4(CN)12]
4– 1,104 1,043 178,8 

[Re4Se4F12]
4– 1,078 0,988 178,6 

[Re4Se4(CN)12]
4– 1,104 1,041 178,7 

[Re4Te4F12]
4– 1,076 0,992 179,0 

[Re4Te4(CN)12]
4– 1,101 1,033 178,8 
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