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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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        HCl 
 Cl2,      .     

    “Leica DMLM”  
“Renishaw U1000” ( ),  -   CCD 

 (Ar+ – ,   25 ,  ×20, ×50)   
  .      
      [1–5]. 

   
,   ZrCl4, HfCl4, AlCl3  GaCl3   

   (Me)     
       

Me2[MCl6]  Me[M’Cl4] (M = Zr, Hf; M’ = Al, Ga).    
Me2[MCl6] – MCl4  Me[M’Cl4] – M’Cl3     

 .  
      
   :  

1.   ,     
,        

    3-4     (3-5 ) 
   . 

2.          
PCl5    (     

)         
GaCl3, AlCl3, ZrCl4  HfCl4. 

      , ,   
          

       
 ,    (     

)  .    
       

   –     .  
   .    ( )  

        
(   PCl5)         

,  .     
  (GaCl3, AlCl3, ZrCl4  HfCl4)   . 

   .       
  ,        
,     .    

        
        

    [1, 2]. 
  ,    

  ,  .  

645 
 

 [2, 3, 5],     MCl4–MeCl   
      Me2[MCl6] c 

M = Zr, Hf  Me+ = Cs+ ÷ Li+, Ag+, Tl+, In+  PCl4
+,   

  [MCl6]
2-   : ν1( 1g) = 

325–340, ν2(Eg) ∼260 ( .)  ν5(F2g) = 160–185 -1,   
 ,       

 Me[M2Cl9].     [M2Cl9]
- 

 D3h,  -    [2, 3, 5–7] 
 386, 365, 346, 310, 255, 175, 160, 130, 121  113 -1  Me[Zr2Cl9]  372, 

346, 310, 257, 157, 130  112 -1 –  Me[Hf2Cl9] (  1). 
 

 
 1.   HfCl4 ( )      KCl  

 : K[Hf2Cl9] ( )  K2[HfCl6] ( ). 
 

    ZrCl4 – PCl5  HfCl4 – PCl5   
       

Zr(IV)  Hf(IV)    : 2[PCl4] [MCl6], [PCl4] [M2Cl9]  
[PCl4] [MCl5] [3, 5],        

   [PCl4]
+ (Td): ν1( 1) – 456, ν2 ( ) – 177, ν3 (F2) – 659, 

ν4 (F2) – 251 c -1; [MCl6]
2– (Oh); [M2Cl9]

– (D3h)  [MCl5]
– (D3h): ν1( 1 ) = 357–350, 

ν2 ( 1 ) = 313–303, ν6 (E ) = 177–165, ν8 (E ) = 159–150, 150  115–105 c -1  M 
= Zr, Hf [2–7].       2.    

  [PCl4]
+     . 

     AlCl3   
        ,  

   (   Al2Cl7 )   
Me[Al2Cl7]  .       – Ga2Cl7  (  

    Me[Ga2Cl7])    
-      GaCl3 – MeCl (Me+ = Cs+ ÷ Na+, 

PCl4
+) [4, 5]. ,   ,    

646 647
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 GaCl3 – PCl5    PCl5 GaCl3,  
 [PCl4]

+ [GaCl4]
–,       

 [PCl4]
+ [Ga2Cl7]

–. 
 

 
 2.     ZrCl4  HfCl4  PCl5: 

[PCl4]2·[HfCl6] ( ), [PCl4]·[HfCl5] ( )  [PCl4]·[ZrCl5] ( ). 
 

     
       

 ,      
(  1–100 ),        

     .  
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2000. . 4. . 334–338. 
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45–49. 
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5.  . .,  . . //    / 

.- .  . . : . 2015. . 34. . 90–99. 
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7. Nakamoto K. Infrared and Raman Spectra of Inorganic and Coordination 
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 .        

   [1].     
        .  

   ,    
       . 

      
 CdCl2    . 
      

CdCl2 ·2.5 H2O       450 °C  
  (~1 )   9 .     

    500-620 ° .    (CdCl2) 
 99.98 % [2].  

  CdCl2     
    .   573-824 °  
 U-      [2].   

  (667-1201 ° )    ,  
    15 ,   

      W- , 
  [3, 4].       

 .    Pt/Pt-Rh (10 % 
Rh)    ± 1 ° .     

   5058   10 .    72.9 - 
91.1 -1.         

   [2, 5].  
     CdCl2  

1201 ° ,   241         273 
     [8].    

  t = 628 . 
     

CdCl2    1. ,    
“ ”  “ ” ,    

        . 
      : 

� = -1.8255 + 5.9723·10-3 T - 1.8808·10-6 T 2, /c ; T, K; �T = 846-1474 K.  
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