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( I I )  ,   

: -  
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-        
(II)   (AN),  (DMSO)  - 

(MeOH)    6.        
ZINDO/ 1.         

- -    ab initio  RHF/ 3-21G*.  ,            

Ni2+,    [Ni(DMSO)6]2+  [Ni(MeOH)6]2+.  ,    
[Ni(AN)6]2+,      -    

,                       

.     

,       
,       - 

1

 

         - 
.    

, ,  ,  

 

d- ,    ,  -             

d- 2 .       -        

.        
- 

3-6 ,      ,      
-    Ni2+    

(AN),  (MeOH)   (DMSO)   
.

 

      
(II)   6,  -        

3,7 .  ,      

 

  
[NiL6]2+  

(L 

 

AN, DMSO, MeOH).         
-   

(Ni 

 

 L)     -  
.  ,

 

- ,   -   
,  - 

 

  - 
,  ,    - 

MeOH  DMSO.   ,      -
. 

 

          

ZINDO/ 1 [8,9],    INDO 
(Intermediate Neglect of Differential Overlap),    -    

d- .      -   
[NiL6]2+ ( . 1),   -      

1.
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1.     [NiL6]2+,    
ZINDO/ 1.      ,  

 

 
.      ( , ) ,     

 

[Ni(AN)6]2+ 

 

r(Ni-Ni) Ni-N-C N -Ni-N

 

N1 192.4 179.9 (1,2) 90.1 (2,3) 90.1 
N2 192.2 179.9 (3,4) 89.9 (4,1) 89.9 
N3 192.3 179.7 (1,5) 90.0 (5,3) 89.9 
N4 192.1 179.7 (3,6) 90.1 (6,1) 90.0 
N5 206.4 178.9 (5,4) 89.8 (4,6) 89.8 
N6 206.1 178.9 (6,2) 90.1 (2,5) 90.3 

[Ni(MeOH)6]2+ 

 

r(Ni-Oi) Ni-O-H O -Ni-O

 

O1 203.9 130.7 (1,2) 90.3 (2,3) 76.0 
O2 203.7 131.3 (3,4) 99.7 (4,1) 82.5 
O3 201.4 110.4 (1,5) 94.1 (5,3) 90.5 
O4 197.6 108.1 (3,6) 95.2 (6,1) 80.0 
O5 190.5 118.0 (5,4) 82.5 (4,6) 97.7 
O6 186.4 110.5 (6,2) 94.4 (2,5) 85.8 

[Ni(DMSO)6]2+ 

 

r(Ni-Oi)

 

Ni-O-S

 

O -Ni-O

  

r(Ni-Si) S -Ni-S

 

O1 206.2 123.4 (1,2) 90.7 (2,3) 89.2

 

S1 336.7 (1,2) 83.2 (2,3) 96.7

 

O2 206.7 123.5 (3,4) 90.8 (4,1) 89.3

 

S2 337.1 (3,4) 83.2 (4,1) 96.8

 

O3 206.2 123.5 (1,5) 88.2 (5,3) 91.8

 

S3 336.7 (1,5) 95.4 (5,3) 84.7

 

O4 206.7 123.4 (3,6) 88.2 (6,1) 91.7

 

S4 337.0 (3,6) 95.2 (6,1) 84.7

 

O5 190.8 124.1 (5,4) 92.1 (4,6) 87.8

 

S5 323.2 (5,4) 97.5 (4,6) 82.6

 

O6 190.8 124.1 (6,2) 92.2 (2,5) 87.8

 

S6 323.3 (6,2) 97.4 (2,5) 82.5

 

-   2H O=S< 
r(H O) = 143.6  173.2;  r(C O) = 253.9  273.8;     C-H O = 148.7  168.8

  

      

[Ni(MeOH)6]2+  

,    NDIS  1.4   NiCl2   
3

 

   EXAFS  0.3   Ni(CF3SO3)2 [7] ( . 2),  
,    ZINDO/ 1          

(II)  
.        

O-Ni  

[Ni(DMSO)6]2+: 191-206   205  (EXAFS  7 ).  , 
ZINDO/ 1        -   

.

 

        
- 

ab initio  (   )   RHF/ 3-
21G* .        (vacuum),       

,     AN, MeOH  
DMSO  25 (36.64, 32.63  46.7, )    -   

(SCRF)   -  
(PCM) 

 

10,11 .   ,         
(Mulliken) 12

 

     (ESP) 

 

- - (MSK) 13,14 .     . 3.
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2.    ( ) Ni-X (X 

 

  )    
(II)  .      
,    

  

O Ho C H *  

[Ni(MeOH)6]2+   

ZINDO/ 1

 

186-204, 
197.3 

244-282, 
261.5 

292-315, 
298.7 

371-392, 
383.6 

NDIS  [3] 205.7 261.9 316 401 

EXAFS  [7 ] 205 

   

* H

  

       .

   

    

( . 4) ,       
3-21G*  6-31+G(d),         

(B3LYP)      
(MP2)       .   ,         

AN  MeOH, -     
,     RHF/ 3-

21G* .    DMSO    .    ,         
(Mulliken  ESP-MSK),       

(vacuum  SCRF-PCM).    ,  -     
3     . -

,    ,      , - 
SCRF-PCM         

( .3).   , ,    ESP-MSK   SCRF-PCM,   
,      .

  

   

 

[Ni(AN)6]2+.   (II)       
- ( . 1, .1),     - 

Ni-N, 192  206 , . ,     -  
AN,  N -Ni-N

 

(89.8-90.3 )     (90 ),   
Ni-N       .    

CN -  AN,   sp- ,    

 

,    Ni2+,    -        
(q(Ni2+) 

 

+1.5)        N      
AN      .    

Ni2+  AN    
,       .  ,  - 
[Ni(AN)6]2+,    ,     

-     ,   -
,        (II).
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3.         [NiL6]2+  

(L 

 

AN, MeOH, DMSO)    ,    
-    RHF/ 3-21G* .   

 

,     ZINDO/1  
( . 1),    

 

   RHF/ 3-21G* 

  

    

( )

 

[Ni(AN)6]2+ Ni N C C(Me)*

 

H(Me)

 

Me 

Vacuum Mulliken 1.53 -0.77 0.51 -0.61 0.32 0.35 

SCRF-PCM in AN Mulliken 1.50 -0.79 0.53 -0.62 0.32 0.34 

Vacuum ESP-MSK 1.56 -0.61 0.58 -0.60 0.23 0.09 

SCRF-PCM in AN ESP-MSK 1.55 -0.63 0.60 -0.60 0.23 0.09 

AN       

Vacuum Mulliken 

 

-0.51 0.31 -0.62 0.27 0.19 

SCRF-PCM in AN Mulliken 

 

-0.56 0.33 -0.63 0.28 0.21 

Vacuum ESP-MSK 

 

-0.51 0.52 -0.62 0.20 -0.02 

SCRF-PCM in AN ESP-MSK 

 

-0.57 0.55 -0.64 0.22 0.02 

[Ni(DMSO)6]2+ Ni O S C(Me)

 

H(Me)

 

Me 

Vacuum Mulliken 1.25 -0.72 0.86 0.95 0.32 1.91 

SCRF-PCM in DMSO

 

Mulliken 1.25 -0.72 0.86 0.95 0.32 1.91 

Vacuum ESP-MSK 0.93 -0.27 0.24 0.37 0.16 0.85 

SCRF-PCM in DMSO

 

ESP-MSK 0.93 -0.27 0.24 0.37 0.16 0.85 

DMSO       

Vacuum Mulliken 

 

-0.68 1.00 -0.88 0.24 -0.16 

SCRF-PCM in DMSO

 

Mulliken 

 

-0.71 1.00 -0.88 0.24 -0.16 

Vacuum ESP-MSK 

 

-0.49 0.42 -0.57 0.21 0.06 

SCRF-PCM in DMSO

 

ESP-MSK 

 

-0.52 0.43 -0.57 0.21 0.06 

[Ni(MeOH)6]2+ Ni O HO C(Me)

 

H(Me)

 

Me 

Vacuum Mulliken 1.23 -0.78 0.48 -0.35 0.26 0.43 

SCRF-PCM in MeOH Mulliken 1.21 -0.78 0.51 -0.33 0.24 0.39 

Vacuum ESP-MSK 0.39 -0.46 0.48 -0.18 0.14 0.24 

SCRF-PCM in MeOH ESP-MSK 0.28 -0.43 0.51 -0.20 0.13 0.19 

MeOH       

Vacuum Mulliken 

 

-0.68 0.37 -0.27 0.19 0.30 

SCRF-PCM in MeOH Mulliken 

 

-0.73 0.41 -0.28 0.20 0.32 

Vacuum ESP-MSK 

 

-0.72 0.44 0.24 0.01 0.27 

SCRF-PCM in MeOH ESP-MSK 

 

-0.78 0.48 0.24 0.02 0.30 
*  Me   .        

.

   



   
(II)  , 
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4.             
(  - ).        

.        
v(exp)  

/ 

  

   

 

AN,   v(exp) = 3.913 D  [15]

 

N C C(Me)* H(Me)* , D 

Mulliken

 

-0.51 0.31 -0.62 0.27 3.88 RHF/3-21G* 

Vacuum ESP-MSK

 

-0.51 0.52 -0.62 0.20 3.87 

Mulliken

 

-0.56 0.33 -0.63 0.28 4.36 RHF/3-21G* 

SCRF-PCM in AN

 

ESP-MSK

 

-0.57 0.55 -0.64 0.22 4.34 

RHF/6-31+G(d) 
Vacuum Mulliken

 

-0.46 0.40 -0.68 0.25 4.20 

RHF/6-31+G(d) 

SCRF-PCM in AN

 

Mulliken

 

-0.57 0.46 -0.70 0.27 5.04 

B3LYP/6-31+G(d) 
Vacuum Mulliken

 

-0.50 0.55 -0.81 0.25 4.07 

MP2/6-31+G(d) 
Vacuum 

(SCF Density) 
Mulliken

 

-0.43 0.35 -0.67 0.25 4.30 

MP2/6-31+G(d) 
Vacuum 

(MP2 Density) 
Mulliken

 

-0.39 0.38 -0.74 0.25 3.98 

DMSO,   v(exp) = 3.96 D  
[15] 

O S C**

 

H ** H ** H ** , D

 

Mulliken

 

-0.68

 

1.00 -0.88

 

0.22 0.25 0.25 4.27

 

RHF/3-21G* 

Vacuum ESP-MSK

 

-0.49

 

0.42 -0.57

 

0.18 0.22 0.22 4.25

 

Mulliken

 

-0.71

 

1.00 -0.88

 

0.24 0.25 0.25 4.72

 

RHF/3-21G* 

SCRF-PCM in 
DMSO ESP-MSK

 

-0.52

 

0.43 -0.57

 

0.19 0.21 0.21 4.69

 

RHF/6-31+G(d) 
Vacuum Mulliken

 

-0.84

 

0.97 -0.77

 

0.22 0.25 0.24 4.87

 

RHF/6-31+G(d) 

SCRF-PCM in 
DMSO 

Mulliken

 

-0.91

 

0.98 -0.78

 

0.24 0.25 0.25 5.91

 

B3LYP/6-31+G(d) 
Vacuum Mulliken

 

-0.70

 

0.80 -0.77

 

0.22 0.25 0.25 4.41

 

MP2/6-31+G(d) 
Vacuum              

(SCF Density) 
Mulliken

 

-0.84

 

0.97 -0.77

 

0.22 0.25 0.24 5.05
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4.

  

MP2/6-31+G(d) 
Vacuum 

(MP2 Density) 
Mulliken

 

-0.75

 

0.83

 

-0.77

 

0.23 0.25 0.25 4.59

 

MeOH,  v(exp) = 1.70 D [15]

 

O HO C H

 

H *** , D 

Mulliken

 

-0.68

 

0.37 -0.27 0.22 0.18 2.12 RHF/3-21G* 

Vacuum ESP-MSK

 

-0.72

 

0.44 0.24 0.05 -0.00 2.10 

Mulliken

 

-0.73

 

0.41 -0.28 0.21 0.19 2.38 RHF/3-21G* 

SCRF-PCM in 
MeOH ESP-MSK

 

-0.78

 

0.48 0.24 0.04 0.01 2.35 

RHF/6-31+G(d) 
Vacuum Mulliken

 

-0.75

 

0.49 -0.26 0.19 0.16 2.00 

RHF/6-31+G(d) 

SCRF-PCM in 
MeOH 

Mulliken

 

-0.83

 

0.55 -0.27 0.19 0.18 2.39 

B3LYP/6-31+G(d) 
Vacuum Mulliken

 

-0.65

 

0.45 -0.36 0.20 0.18 1.94 

MP2/6-31+G(d) 
Vacuum 

(SCF Density) 
Mulliken

 

-0.74

 

0.48 -0.26 0.19 0.17 2.09 

MP2/6-31+G(d) 
Vacuum 

(MP2 Density) 
Mulliken

 

-0.70

 

0.46 -0.32 0.20 0.18 2.06 

*  Me      AN.   3v -  
AN,   H(Me)    .

 

**  , H , H , H

 

    DMSO   -         
-

.   
* * *   H

  

   MeOH    -        
.    

[Ni(DMSO)6]2+.   DMSO        
,     S. ,        

S=O   ,  Ni2+  DMSO    
.       -            

Me

  

S 

 

O 

 

Ni2+.  ,    -  
(  )    C  

,    S  O.      
,       DMSO  

Ni2+      ( . 1)    -   
[16]             

DMSO ( .1).  ,  - 
-     O,    

S   Ni2+ ( .1, .1).      -  
DMSO  ,        -

,      ,

 

  ,  -



   
(II)  , 
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,   [Ni(DMSO)6]2+   DMSO  - -       
-     

DMSO,    .

 

[Ni(MeOH)6]2+.      AN  DMSO,   -      
( O)   

Ni2+ ( .1),           
" ".  ESP-MSK              

+2  
+0.39/ +0.28 (vacuum / SCRF-PCM).       

,      . ,       
(HO)     - 

( +0.5).   ,   HO    ( .1),  
,         -        

-  -            

.

  

 

-     
(II)  ,      -                

-   -   
.              

[Ni(DMSO)6]2+       .
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ZINDO/ 1     

 

HyperChem (HyperChem Release 6.03 for Windows (evaluation copy). HyperCube Inc., 
2000).         

 

Gaussian 98 (Gaussian 98, Revision A.3,  M. J. Frisch, et al., Gaussian, Inc., Pittsburgh PA, 
1998).    
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Kharkov University Bulletin. 2003. 596.  Chemical series. Issue 10(33). O.N. Kalugin, N. 
A. Otroshko, V. V. Ivanov.  Solvato-complexes of nickel (II) cation with acetonitrile, dimethyl 
sulphoxide and methanol: quantum-chemical investigation.   

The quantum chemical investigation of geometry and charge distribution of solvato-complexes of 
nickel (II) with acetonitrile, dimethyl sulphoxide and methanol with co-ordination number 6 has been 
carried out. Geometry of the complexes was obtained by using semiempirical method ZINDO/1. Effec-
tive charges on atoms by Mulliken and Merz-Singh-Kollman were calculated on the level ab initio  
RHF/3-21G*.  It was shown that for all the complexes significant transfer of electronic density towards 
cation Ni2+ was observed, especially in the cases of [Ni(DMSO)6]2+ and [Ni(MeOH)6]2+.  The latter 
complexes, in contrast to [Ni(AN)6]2+ , are characterised by large enough positive values of effective 
charges on terminal atoms that creates preconditions for participation of the complexes with dimethyl 
sulphoxide and methanol in specific intermolecular interactions between solvent molecules from the first 
and the second solvation shells. 



 

2

        

. 1.   [NiL6]
2+ (L 

 

AN, MeOH, DMSO), -   
ZINDO/1.    [Ni(DMSO)6]

2+

 

        

,       

  

2H O=S<.  

[Ni(AN)6]
2+

  

[Ni(MeOH)6]
2+

  

[Ni(DMSO)6]
2+

  


