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    ,   
 .  

        
      

 MCl6
2–, MCl5

–, M2Cl9
– (M = Zr, Hf) [1–3].    

    A2MCl6  AM2Cl9  A = 
Cs–Li [1–5].        

  MeMCl6 (Me – Ba, Sr, Ca, Mg) [4, 6].    
        

,     ,  .  
     ,   

ZrCl4  HfCl4       (22–59 )  
   (  437–505  432–450 ) [7],  
  (  ZnCl2)  3d-      

.       
   . 

   ZrCl4  HfCl4    
      

    ( ).  
     ,   ,  

       
(  1 )   ,     

,        
      [8].  TiCl2, VCl2, 

CrCl2, MnCl2, FeCl2, CoCl2, NiCl2, CuCl2, ZnCl2  CdCl2   , 
   ,     P2O5   ,  

ZrCl4  HfCl4 ,    (  
 )   HCl,      .  

          
  [8]:  

         
   4–5     ZrCl4  HfCl4, 

   ,       
    (  = 503   P  = 59  
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 ZrCl4   = 450   P  = 53.5   HfCl4 [7]).    
  4–5       , 

    . 
   _  CdCl2  MnCl2    10–15  

       30–45   
    ~30 ,  

 ZrCl4  HfCl4,     ,  
455  425 , .       

         ,  
 1–2   .  

         
   [2, 6, 8].   ,     

     (ZrCl4  
HfCl4)     ,    

     3d-     
 MCl4   MCl4   MeCl2, . 

         
  MCl4  MeCl2     

 .  
        

       , 
  [9].      

 (  ×20, ×50) -  “Renishaw U1000” 
( ) (Ar+ –    = 514,5 ,   25 )   

       
.     (  MeCl2–

MCl4)            
.  

       , 
      ,   

 1, 2.  
         
  (    ,    1 , 1 )  

,    ,   MeCl2  
MCl4,         

      
 [1–3, 8, 10]. 
,  ,     ZrCl4  HfCl4   

  (   CuCl2  ZnCl2)  
       

   328–322, 305–299, 235–230, 206–199, 160–150, 
145–130  115–110 –1 _    ZrCl4  331–327, 294–284, 243–230, 204–
195, 165–155, 140–133  122–114 –1 _    HfCl4 (    

 1   2).       
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      235  160 –1 , 
,  ν2(Eg)  ν5(F2g)  ZrCl6

2-– (Oh)  HfCl6
2– (Oh) [8, 11], 

  300 – 290 –1 _  ν4(F1u),       
  MCl6

2–        
.       235, 200, 140  115 

–1    MeCl2  MCl4       
       240–237 (A1g), 213–203 (Eg), 155–139 

(F2g)  116–106 –1 (F2g)     
MeCl6  3d-  [12] (     
A6MeCl8  A = Li, Na).       [8]. 

   ,    ,  
       ZrCl4 

 HfCl4          
       (  30 ) 

       MeMCl6 
(M = Zr, Hf; Me = Ti, V, Cr, Mn, Fe, Co, Ni, Cd),     

   -   . 
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      (MCln)   
  (MeCl)      

    .   
      , 

        
    . 

       
     ,  

   .  
 ,  -   

,  -       
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    .    

    .     
          

.       ,   
.        (  

 )   .  
        

     
 ( ),       

  ( )       
,    100  500 -1, ,  ,  

      
,    . .  -   

      
      [1].  

        
 ,       

       
 ,   -  

,      ( ) .  
     ,   ,  

.  ZrCl4, HfCl4, AlCl3, GaCl3  PCl5,  
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