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ʉʝʤʠʥʘʨ çʕʣʝʤʝʥʪʳ 1 ʛʨʫʧʧʳè 
 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʦʚ 1 ʛʨʫʧʧʳ 

 3 Li  11 Na 19 K 37 Rb 55 Cs 

ʕʣʝʢʪʨʦʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ [He]2s
1
 [Ne]3s

1
 [Ar] 4s

1
 [Kr] 5s

1
 [Xe]6s

1
 

ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʨʘʜʠʫʩ, ¡ 1,52 1,86 2,27 2,48 2,65 

ʀʦʥʥʳʡ ʨʘʜʠʫʩ (ʂʏ 6), ¡ 0,76 1,02 1,38 1,52 1,67 

ʕʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ I1 (ʢɼʞ/ʤʦʣʴ) 520,2 495,8 418,8 403,0 375,7 

ʕʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ʧʦ ʇʦʣʠʥʛʫ 0,98 0,93 0,82 0,82 0,79 

ʧʦ ʆʣʣʨʝʜʫ-ʈʦʭʦʚʫ 0,97 1,01 0,91 0,89 0,86 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʤʘʩʩ. % 1,8Ā10
-3
 2,27 1,84 7,8Ā10

-3
 2,6Ā10

-4
 

 

 

 

Li   Na  K  Rb  Cs 

  ʫʚʝʣʠʯʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ 

  ʫʤʝʥʴʰʝʥʠʝ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ 

  ʫʤʝʥʴʰʝʥʠʝ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ 

  ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʠ ʢʠʧʝʥʠʷ 

 

ʉʚʦʡʩʪʚʘ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʠ ʠʦʥʦʚ ʵʣʝʤʝʥʪʦʚ 1 ʛʨʫʧʧʳ 

 Li  Na K Rb Cs 

ʕʥʝʨʛʠʷ ʘʪʦʤʠʟʘʮʠʠ (ʢɼʞ/ʤʦʣʴ) 162 108 90 82 78 

ʊʧʣ 
Á
ʉ 180 98 64 40 28 

ʊʢʠʧ 
Á
ʉ 1342 883 759 688 671 

ʉʪʘʥʜʘʨʪʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ 

ʛʠʜʨʘʪʘʮʠʠ M
+
 (ʢɼʞ/ʤʦʣʴ) 

-477 -371 -300 -275 -253 

ʈʘʜʠʫʩ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʠʦʥʘ, ¡ 3,4 2,76 2,32 2,28 2,28 

ʉʪʘʥʜʘʨʪʥʳʡ ʵʣʝʢʪʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ 

E
Á
 (M

+
(aq)/M) (ɺ, ʦʪʥ. H

+
/H) 

-3,04 -2,71 -2,93 -2,98 -3,03 

 

 

 

E
Á
 (Li

+
(aq)/Li) < E

Á
 (Na

+
(aq)/Na) 

E
Á
 (Li

+
(ʨʘʩʧʣʘʚ)/Li) > E

Á
 (Na

+
(ʨʘʩʧʣʘʚ)/Na) 
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ʄʘʣʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ 

Li : Li2CO3, Li 3PO4, LiF 

Na: Na[Sb(OH)6] 

K:  KClO4, ʂHC4H4O6, K2[PtCl6] 

 

ʉʪʨʫʢʪʫʨʘ NaCl (ʛʘʣʠʪ) 

ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʢʫʙʠʯʝʩʢʘʷ, ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʘʷ, Z=4 

ʯʠʩʣʦ ʠʦʥʦʚ ʥʘʪʨʠʷ ʚ ʷʯʝʡʢʝ n(Na
+
) = 8Ā1/8 + 6Ā1/2 = 4 

ʯʠʩʣʦ ʠʦʥʦʚ ʭʣʦʨʘ ʚ ʷʯʝʡʢʝ n(Cl
-
) = 12Ā1/4 +1 = 4 

 
ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ Na

+ 

ʦʢʪʘʵʜʨ (ʂʏ 6) 
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 ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ Cl
-
 

      

 ʦʢʪʘʵʜʨ (ʂʏ 6) 

 

 

 
 

 

ʉʪʨʫʢʪʫʨʘ CsCl 

 

  
ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʢʫʙʠʯʝʩʢʘʷ, ʦʙʲʝʤʦʮʝʥʪʨʠʨʦʚʘʥʥʘ,̫ Z=1 

ʯʠʩʣʦ ʠʦʥʦʚ ʮʝʟʠʷ ʚ ʷʯʝʡʢʝ n(ʉs
+
) = 1 

ʯʠʩʣʦ ʠʦʥʦʚ ʭʣʦʨʘ ʚ ʷʯʝʡʢʝ n(Cl
-
) = 8Ā1/8 =1 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ (Cs
+
) ï ʢʫʙ (ʂʏ=8) 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ (Cl
-
) ï ʢʫʙ (ʂʏ=8) 
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ʉʝʤʠʥʘʨ çʕʣʝʤʝʥʪʳ 2 ʛʨʫʧʧʳ, ʘʣʶʤʠʥʠʡè 

 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʦʚ 2 ʛʨʫʧʧʳ 

 4 Be 12 Mg 20 Ca 38 Sr 56 Ba 

ʕʣʝʢʪʨʦʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ [He]2s
2
 [Ne]3s

2
 [Ar] 4s

2
 [Kr] 5s

2
 [Xe]6s

2
 

ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʨʘʜʠʫʩ, ¡ 1,12 1,60 1,97 2,15 2,22 

ʀʦʥʥʳʡ ʨʘʜʠʫʩ (ʂʏ 6), (Be ʂʏ 4), ¡ 0,27 0,72 1,00 1,18 1,42 

ʕʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ I1 (ʢɼʞ/ʤʦʣʴ) 899,5 737,7 589,8 549,5 502,8 

ʕʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ I2 (ʢɼʞ/ʤʦʣʴ) 1757 1451 1145 1064 965 

ʕʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ʧʦ ʇʦʣʠʥʛʫ 1,57 1,31 1,00 0,95 0,89 

ʧʦ ʆʣʣʨʝʜʫ-ʈʦʭʦʚʫ 1,47 1,23 1,04 0,99 0,97 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʤʘʩʩ. % 2Ā10
-4
 2,76 4,66 0,0384 0,039 

 

 

Be  Mg  Ca  Sr  Ba 

ʫʚʝʣʠʯʝʥʠʝ ʘʪʦʤʥʦʛʦ ʨʘʜʠʫʩʘ 

ʫʤʝʥʴʰʝʥʠʝ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ 

ʫʤʝʥʴʰʝʥʠʝ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ 

 

 

ʉʚʦʡʩʪʚʘ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʠ ʠʦʥʦʚ ʵʣʝʤʝʥʪʦʚ 2 ʛʨʫʧʧʳ 

 Be Mg Ca Sr Ba 

ʕʥʝʨʛʠʷ ʘʪʦʤʠʟʘʮʠʠ (ʢɼʞ/ʤʦʣʴ) 324 146 178 164 178 

ʊʧʣ 
Á
ʉ 1289 650 842 769 729 

ʊʢʠʧ 
Á
ʉ 2472 1090 1494 1382 1805 

ʉʪʘʥʜʘʨʪʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ 

ʛʠʜʨʘʪʘʮʠʠ M
2+

 (ʢɼʞ/ʤʦʣʴ) 
-2410 -1836 -1517 -1390 -1256 

ʉʪʘʥʜʘʨʪʥʳʡ ʵʣʝʢʪʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ 

E
0
 (M

2+
(aq)/M) (ɺ, ʦʪʥ. H

+
/H) 

-1,97 -2,36 -2,84 -2,89 -2,92 
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K-3,0

-2,8

-2,6

-2,4

-2,2

-2,0

Ca

Mg

Na

Sr

Cs

Ba

Rb
Li

 

Be
E

0
 (

M
n

+
/M

)
 
Σ
Χ
Ρ
.
 
;
ͧ
Α
,
 
ͧ

 
 

MCO3 (ʪʚ.)= MO (ʪʚ.) + CO2 (ʛ) 

 

ʂʘʨʙʦʥʘʪ ʊʝʤʧʝʨʘʪʫʨʘ (Áʉ), 

ʧʨʠ ʢʦʪʦʨʦʡ ʨ(ʉʆ2) =1 ʘʪʤ. 

BeCO3 250 

MgCO3 540 

CaCO3 900 

SrCO3 1289 

BaCO3 1360 

 

 

2BeSO4 + 2Na2CO3 + H2O=Be(OH)2ĀBeCO3Ź+ 2Na2SO4 + CO2ŷ 

5MgSO4 + 5Na2CO3 + 2H2O =Mg(OH)2Ā3MgCO3Ź+ Mg(HCO3)2 + 5Na2SO4 

Al 2(SO4)3 + 3Na2CO3 + 3H2O =2Al(OH)3Ź + 3CO2 + 3Na2SO4



7 

 

ʉʪʨʫʢʪʫʨʘ CaF2 (ʬʣʶʦʨʠʪ) 

 
 

(ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʠʦʥʳ Ca
2+

, ʢʨʘʩʥʳʤ ï ʠʦʥʳ F
-
) 

ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʢʫʙʠʯʝʩʢʘʷ, ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʘʷ , Z=4 

n(Ca
2+
) = 8Ā1/8 + 6Ā1/2 = 4 

n(F
-
) = 8Ā1 = 8 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ Ca
2+

 - ʢʫʙ (ʂʏ=8) 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ F
-
 - ʪʝʪʨʘʵʜʨ (ʂʏ=4) 
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ʉʝʤʠʥʘʨ çʇʝʨʝʭʦʜʥʳʝ ʵʣʝʤʝʥʪʳ, ʵʣʝʤʝʥʪʳ 4 ʠ 5 ʛʨʫʧʧ (ʛʨʫʧʧʳ 

ʪʠʪʘʥʘ, ʚʘʥʘʜʠʷ)è 
 

ʆʙʱʘ̫ ʩʪʨʫʢʪʫʨʘ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 
 

 
 

 

 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʭ ʘʪʦʤʦʚ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʤʝʨʘ ʵʣʝʤʝʥʪʘ 
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ʀʟʤʝʥʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʩʦʝʜʠʥʝʥʠʡ 3d ï ʵʣʝʤʝʥʪʦʚ 

 

 

                Sc      Ti       V       Cr       Mn       Fe       Co       Ni        Cu 

 

   

                        ʨʦʩʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +2 

 

 

  

           ʨʦʩʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʳʩʰʠʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ 

 

 

 

  

        ʨʦʩʪ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ  

 ʚ ʚʳʩʰʠʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ 
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ʂʣʘʩʪʝʨʳ 
 

ʉʪʨʫʢʪʫʨʳ 2-, 3- ʠ 6-ʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 

ʧʝʨʝʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ 
 

 

ʘ 

 

ʙ 

 

ʚ 

 

ʘ - Re2Cl8
2-
 (ʪʠʧ ʄ2ʍ8);  

 

ʙ - Re3Cl9 (ʪʠʧ ʄ3ʍ9) ʠ Re3Cl12
3-
 (ʪʠʧ ʄ3ʍ12);  

 

ʚ - Mo6Cl8
4+

 (ʪʠʧ ʄ6ʍ8) ʠ Nb6Cl12
2+

 (ʪʠʧ ʄ6ʍ12). 



11 

 

ʇʨʦʠʩʭʦʞʜʝʥʠʝ ů-, ˊ-, ʠ ŭ-ʩʚʷʟʳʚʘʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʘʪʦʤʘʤʠ 

d-ʵʣʝʤʝʥʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚʜʦʣʴ ʦʩʠ z 
          

 
                                                     

 

 

 

 

 

ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʜʠʘʛʨʘʤʤʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ  

                    ʄʆ ʜʣʷ ʩʚʷʟʠ ʄ-ʄ ʚ ʙʠʷʜʝʨʥʦʤ ʢʣʘʩʪʝʨʝ 
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ʉʪʨʦʝʥʠʝ [Mo2(CH3COO)4] 
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4 ʛʨʫʧʧʘ (ʛʨʫʧʧʘ ʪʠʪʘʥʘ) 

 

 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʦʚ 4-ʦʡ ʛʨʫʧʧʳ 
  

22 Ti  

 

40 Zr  

 

72 Hf  

ʕʣʝʢʪʨʦʥʥʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ 

[Ar] 3d
2
4s

2
 [Kr]4d

2
5s

2
 [Xe]4f

14
5d

2
6s

2
 

ʄʝʪʘʣʣʠʯʝʩʢʠʡ 

ʨʘʜʠʫʩ, ¡ 

1,47 1,60 1,59 

ʋʩʣʦʚʥʳʡ 

ʨʘʜʠʫʩ ʕ
4+
, ¡ 

0,61 0,72 0,71 

I1, ʵɺ 6,82 6,84 7,5 

ʉʦʜʝʨʞʘʥʠʝ ʚ 

ʟʝʤʥʦʡ ʢʦʨʝ, 

ʤʘʩʩ. % 

0,63 1,6 
.
 10

-2
 2,8 

.
 10

-4 

 

 

                                                                                            

ʉʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ  

ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ ʪʠʪʘʥʘ 

 

ʉʪʝʧʝʥʴ  

ʦʢʠʩʣʝʥʠʷ 

ʕʣʝʢʪʨʦʥʥʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ 

    

ʂʏ                             

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ  

ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʇʨʠʤʝʨʳ 

ʩʦʝʜʠʥʝʥʠʡ 

      +2          d
2
   6 ʦʢʪʘʵʜʨ TiO, TiF2, TiCl2 

 

      +3          d
1
   6 ʦʢʪʘʵʜʨ [Ti(H 2O)6]

3+
, [TiF6]

3-
, 

Ti2O3, TiCl3 

      +4          d
0 

  4 

 

   

  6 

 

  

  7 

 

    

  8            

ʪʝʪʨʘʵʜʨ 

 

     

ʦʢʪʘʵʜʨ 

 

     

ʧʝʥʪʘʛʦʥʘʣʴʥʘʷ 

ʙʠʧʠʨʘʤʠʜʘ  

 

ʢʚʘʜʨʘʪʥʘʷ 

ʘʥʪʠʧʨʠʟʤʘ 

             

TiCl4, Ba2TiO4, 

ZrCl4(ʛ), HfCl4(ʛ) 

 

[TiF6]
2-
, TiO2, 

CaTiO3, FeTiO3 

 

[ZrF7]
3-
, [HfF7]

3-
, 

ZrO2, HfO2 

 

[ZrF8]
4-
, [HfF8]

4-
, 

ZrO2, HfO2, 

[Zr4(OH)8(H2O)16]
8+ 
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ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ  

ʛʨʫʧʧʳ ʪʠʪʘʥʘ 

 Ti  Zr  Hf  

ʇʣʦʪʥʦʩʪʴ (25ÁC), ʛ/ʩʤ
3 

4,50 6,5 13,1 

          ʊʧʣ,
Á
ʉ 1668 1855 2230 

          ʊʢʠʧ,
Á
ʉ 3285 4200 4450 

 ȹʅ
Á
ʚʦʟʛ.,  ʢɼʞ/ʤʦʣʴ     471 608 703 

   

 

 

ʀʟʤʝʥʝʥʠʝ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ ʚ ʛʨʫʧʧʝ 

ʪʠʪʘʥʘ 

                                                    ʫʩʠʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ 
                                 

 ʫʩʠʣʝʥʠʝ          TiO 2
. 
nH2O           ZrO 2

.
 nH2O              HfO 2

.
 nH2O     

ʦʩʥʦʚʥʳʭ  

ʩʚʦʡʩʪʚ               Ti(OH) 3     
 

          

                               
 

 

 

ɼʠʘʛʨʘʤʤʳ ʃʘʪʠʤʝʨʘ ʜʣʷ ʪʠʪʘʥʘ 
                              

                                                                                                                              pH=0 
                                           0.10                        -0.37                        -1.63 

                          TiO
2+

 ----------------> Ti
3+

 ---------------> Ti
2+

 ---------------> Ti     

 

 

 

                                                                                                            ʨʅ=14             
                                    -1.38                      -1.95                       -2.13 

                          TiO 2 ---------------> Ti 2O3 ---------------> TiO---------------> Ti  
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 ɼʠʘʛʨʘʤʤʘ ʌʨʦʩʪʘ  (nE
0
- ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ n)  ʜʣʷ ʪʠʪʘʥʘ 

(ʨʅ = 0 ʠ ʨʅ = 14) 
        

 
 

 

 

                                       
 

        

ʇʦʣʠʤʝʨʥʳʝ ʛʠʜʨʦʢʩʦ- ʠ ʦʢʩʦʧʨʦʠʟʚʦʜʥʳʝ Ti(IV) 
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ʎʝʧʠ (TiO)n
2n+

 
 

 

 
 

 

 

 

ʆʧʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʘʢʚʘʢʦʤʧʣʝʢʩʘ [Ti(H2O)6]
3+

 

(ʬʠʦʣʝʪʦʚʳʡ) 
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ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ [Ti(H2O)6]
3+

 (ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ 

ʧʝʨʝʭʦʜʳ ʚ ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ) 

 
 

 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʦʢʩʠʜʦʚ Ti(IV) ʠ Zr(IV) 
 

                

              TiO 2 

 

                

             ZrO 2 

 

              

             ʊʧʣ, 
ʦ
ʉ 

 

                

                1870  

              

               2850 

          

       ȹʅ
0
298, ʢɼʞ/ʤʦʣʴ 

 

                 

                -994 

              

              -1100 

          

       ȹG
ʦ
298, ʢɼʞ/ʤʦʣʴ 

 

 

                -889 

 

              -1043 
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ʉʪʨʫʢʪʫʨʘ ʨʫʪʠʣʘ TiO 2 

 
(ʩʝʨʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʘʪʦʤʳ ʪʠʪʘʥʘ, ʢʨʘʩʥʳʤ ï ʢʠʩʣʦʨʦʜʘ) 

 

ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ, Z=2 

ʯʠʩʣʦ ʠʦʥʦʚ ʪʠʪʘʥʘ ʚ ʷʯʝʡʢʝ n(Ti
4+

)=8Ā1/8 + 1 = 2 

ʯʠʩʣʦ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʷʯʝʡʢʝ n(O
2-
)=4Ā1/2+2 = 4 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ Ti
4+

 ï ʦʢʪʘʵʜʨ (ʂʏ=6) 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ O
2-
 ï ʨʘʚʥʦʙʝʜʨʝʥʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ 

(ʂʏ=3) 

 

ʇʝʨʝʚʦʜ ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʳʭ ʦʢʩʠʜʦʚ ʚ ʨʘʩʪʚʦʨʠʤʝr ʩʦʝʜʠʥʝʥʠʷ 
 

 ʉʧʣʘʚʣʝʥʠʝ: 

                                                        t
o
 

                            TiO 2 + 2NaOH -----> Na2TiO 3 + H2O 

                                                       t
o
 

                            TiO 2 + K2CO3 ------> K2TiO3 + CO2 

                                                            t
o
 

                            TiO 2 + 4NaHSO4 -------> Ti(SO4)2 + 2Na2SO4 + 2H2O 

                                                           t
o
 

                            TiO 2 + 2K2S2O7 ---------> Ti(SO4)2 + 2K2SO4 

                                                                                                t
o
 

                                            TiO 2 + 2Cl2 + 2C (ʉʉl4)--------> TiCl 4 + 2CO (CO2) 

 

                                                                                 (ʪʦ ʞʝ ï ZrO 2)       
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5 ʛʨʫʧʧʘ (ʛʨʫʧʧʘ ʚʘʥʘʜʠʷ) 

 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʦʚ 5 ʛʨʫʧʧʳ 
 

  

23 V  

 

 

41 Nb  

 

73 Ta  

ʕʣʝʢʪʨʦʥʥʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ 

[Ar] 3d
3
4s

2
 [Kr]4d

4
5s

1
 [Xe]4f

14
5d

3
6s

2
 

ʄʝʪʘʣʣʠʯʝʩʢʠʡ 

ʨʘʜʠʫʩ (ʂʏ 12), ¡ 

1,34 1,46 1,46 

ʋʩʣʦʚʥʳʡ ʨʘʜʠʫʩ 

ʕ
5+

, ¡ 

0,54 0,64 0,64 

        I1, ʵɺ 6,74 6,88 7,89 

ʉʦʜʝʨʞʘʥʠʝ ʚ 

ʟʝʤʥʦʡ ʢʦʨʝ, 

ʤʘʩʩ. %  

 

1,36
.
 10

-2 
 

2
.
 10

-3
 

 

1,7
.
 10

-4 

 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʛʨʫʧʧʳ 

ʚʘʥʘʜʠʷ 

 

 V Nb Ta 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
3 

6,11 8,57 16,65 

ʊʧʣ,
ʦ
ʉ 1915 2468 2980 

ʊʢʠʧ,
ʦ
ʉ 3350 4758 5534 

ȹʅÁʚʦʟʛ, 

ʢɼʞ/ʤʦʣʴ 

515 724 782 

   

                                                                                                           

ʉʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ ʚʘʥʘʜʠʷ 
 

ʉʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʠʷ 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʯʠʩʣʦ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ 

       ʇʨʠʤʝʨʳ 

           +2 

 

            6                                  ʦʢʪʘʵʜʨ [V(H2O)6]
2+

, VO 

           +3 

 

            4 

 

            6 

        ʪʝʪʨʘʵʜʨ  

 

        ʦʢʪʘʵʜʨ 

 

[VCl 4]
- 

 

[V(H2O)6]
3+

, [VF6]
3-
, 

V2O3 

           +4             4 

 

            6 

        ʪʝʪʨʘʵʜʨ 

 

        ʦʢʪʘʵʜʨ 

VCl4 

 

[VO(H2O)5]
2+

, VO2 
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           +5             4 

 

            5 

 

 

            6 

 

             

            7 

 

 

            8 

        ʪʝʪʨʘʵʜʨ 

 

     ʪʨʠʛʦʥʘʣʴʥʘʷ 

     ʙʠʧʠʨʘʤʠʜʘ 

 

        ʦʢʪʘʵʜʨ     

 

 

    ʧʝʥʪʘʛʦʥʘʣʴʥʘʷ 

     ʙʠʧʠʨʘʤʠʜʘ    

 

      ʢʚʘʜʨʘʪʥʘʷ 

      ʘʥʪʠʧʨʠʟʤʘ 

VO4
3-
, VOCl3 

 

VF5, NbF5, TaF5 

 

 

[VF6]
-
, NaNbO3, 

NaTaO3 

 

[NbF7]
2-
, [TaF7]

2-
,  

[NbOF6]
3- 

 

[TaF8]
3-
 

                                                                                        
 

 

ʂʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʮʚʝʪ ʛʠʜʨʦʢʩʠʜʦʚ ʚʘʥʘʜʠʷ 

 

ɻʠʜʨʦʢʩʠʜ ʆʢʨʘʩʢʘ 

ʛʠʜʨʦʢʩʠʜʘ 

ʂʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʳʝ 

ʩʚʦʡʩʪʚʘ 

ʇʨʦʜʫʢʪʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ 

ʱʝʣʦʯʴʶ ʠ ʢʠʩʣʦʪʦʡ 

HVO3 

(ʤʝʪʘʚʘʥʘʜʠʝʚʘʷ 

ʢʠʩʣʦʪʘ) 

 

ʦʨʘʥʞʝʚʦ-

ʢʨʘʩʥʳʡ 

ʘʤʬʦʪʝʨʥʳʡ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʢʠʩʣʦʪʥʳʭ 

ʩʚʦʡʩʪʚ 

 

ʚʘʥʘʜʘʪʳ VO3
-
 (ʤʝʪʘ-) 

VO4
3-
(ʦʨʪʦ-), 

ʩʦʣʠ ʚʘʥʘʜʠʥʘ VO2
+ 

 

VO(OH)2 

(ʛʠʜʨʦʢʩʠʜ 

ʚʘʥʘʜʠʣʘ) 

 

ʞʝʣʪʳʡ 

 

ʘʤʬʦʪʝʨʥʳʡ 

ʚʘʥʘʜʠʪʳ VO3
2-
, V4O9

2-
 

ʩʦʣʠ ʚʘʥʘʜʠʣʘ VO
2+

 

 

V(OH)3 

(ʛʠʜʨʦʢʩʠʜ 

ʚʘʥʘʜʠʷ (III)) 

 

ʟʝʣʝʥʳʡ 

 

ʦʩʥʦʚʥʳʡ 

ʅʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ 

ʩʦʣʠ ʚʘʥʘʜʠʷ (III) 

 

 

V(OH)2 

(ʛʠʜʨʦʢʩʠʜ 

ʚʘʥʘʜʠʷ (II)) 

 

ʢʦʨʠʯʥʝʚʳʡ 

 

ʦʩʥʦʚʥʳʡ 

ʅʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ 

ʩʦʣʠ ʚʘʥʘʜʠʷ (II) 
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                                           ʦʩʣʘʙʣʝʥʠʝ ʢʠʩʣʦʪʥʳʭ  ʩʚʦʡʩʪʚ 

                               

                       V2O5
.
 nH2O             Nb2O5

.
 nH2O                    Ta2O5

.
 nH2O 

ʫʩʠʣʝʥʠʝ 

 

ʦʩʥʦʚʥʳʭ       VO(OH)2 

 

  ʩʚʦʡʩʪʚ 

                                         V(OH) 3 

 

 

                        V(OH) 2 

 

 

 

 

                           ʦʩʣʘʙʣʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

                         

ʫʩʠʣʝʥʠʝ          V(V)                          Nb(V)                        Ta(V) 

 

ʚʦʩʩʪʘʥʦ-         V(IV)  

 

ʚʠʪʝʣʴʥʳʭ       V(III)  

 

ʩʚʦʡʩʪʚ             V(II)  
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ɼʠʘʛʨʘʤʤʳ ʌʨʦʩʪʘ ʜʣʷ ʚʘʥʘʜʠʷ, ʥʠʦʙʠʷ, ʪʘʥʪʘʣʘ (pH=0) 

 
 

 

 

ɼʠʘʛʨʘʤʤʳ ʃʘʪʠʤʝʨʘ ʜʣʷ ʚʘʥʘʜʠʷ, ʥʠʦʙʠʷ, ʪʘʥʪʘʣʘ 
 

 

                                                                                                   ʨʅ=0 

 
                    1,00                       0,34                   -0,25                  -1,13 

       VO2
+
 ------------> VO

2+
 ------------> V

3+
 ------------> V

2+
 -------------> V   

  
                                  -0,1                                                      -1,1                   

       Nb2O5 --------------------------------> Nb
3+

 -------------------------------> Nb 

 

                                                          -0,81 

       Ta2O5 -------------------------------------------------------------------------> Ta        
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ʉʦʦʪʥʦʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʚʘʥʘʜʠʷ (V) ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʘʥʘʜʠʷ 
 

 
 

 

 

ʉʪʨʦʝʥʠʝ [V10O28]
6-
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ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ [Ta6Cl12]
2+

 
 
                                                                                                                                                                                  

 

 
(ʪʝʤʥʳʤ ʦʙʦʟʥʘʯʝʥʳ ʘʪʦʤʳ ʪʘʥʪʘʣʘ, ʩʚʝʪʣʳʤ ï ʘʪʦʤʳ ʭʣʦʨʘ) 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʘʣʦʛʝʥʠʜʦʚ ʵʣʝʤʝʥʪʦʚ 5 ʛʨʫʧʧʳ ʦʪ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʠ ʧʨʠʨʦʜʳ ʛʘʣʦʛʝʥʠʜ-ʠʦʥʘ 
 

 

 

 

                          VCl 4                                         NbCl5, TaCl5 

                                                                                                                         

                          ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 

 

 

 
 

               VF5             VCl 4                VBr 4 (ʨʘʟʣ. -23
ʦ
ʉ )         VI3 

 

                         ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʛʘʣʦʛʝʥʠʜ-ʠʦʥʘ 
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ʉʝʤʠʥʘʨ çʂʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷè 

 

ʌʦʨʤʘ d ï ʦʨʙʠʪʘʣʝʡ 
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ʆʢʪʘʵʜʨʠʯʝʩʢʦʝ ʧʦʣʝ ʣʠʛʘʥʜʦʚ 

(ʩʝʨʳʤ ʮʚʝʪʦʤ ʦʪʤʝʯʝʥʳ eg ï ʦʨʙʠʪʘʣʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ) 

 
 

 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʨʘʩʱʝʧʣʝʥʠʷ d ï ʧʦʜʫʨʦʚʥʷ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ  

ʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʧʦʣʷʭ ʣʠʛʘʥʜʦʚ 
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ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʧʦʣʝʤ 

(ʕʉʂʇ) ʦʪ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ 

 
(1-ʩʠʣʴʥʦʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʧʦʣʝ (ʙʝʟ ʫʯʝʪʘ ʵʥʝʨʛʠʠ ʩʧʘʨʠʚʘʥʠʷ), 2- ʩʣʘʙʦʝ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʧʦʣʝ, 3- ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʧʦʣʝ) 

 

ɻʝʦʤʝʪʨʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʣʠʛʘʥʜʦʚ ʧʨʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʤ 

ʠʩʢʘʞʝʥʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ  

(ʫʜʘʣʝʥʠʝ ʣʠʛʘʥʜʦʚ ʧʦ ʦʩʠ z ) 
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ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʨʘʩʱʝʧʣʝʥʠʷ d ï ʦʨʙʠʪʘʣʝʡ ʚ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦ ʠʩʢʘʞʝʥʥʦʤ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʧʦʣʝ ʧʨʠ ʫʜʘʣʝʥʠʠ 

ʣʠʛʘʥʜʦʚ ʚʜʦʣʴ ʦʩʠ z (ʘ) ʠ ʧʨʠʙʣʠʞʝʥʠʠ ʣʠʛʘʥʜʦʚ ʚʜʦʣʴ ʦʩʠ z (ʙ). 

 

ŭ1 >> ŭ2 
ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʧʝʨʝʭʦʜʘ ʦʪ ʯʠʩʪʦ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ (ʘ) ʢ ʪʝʪʨʘʛʦʥʘʣʴʥʦʤʫ (ʙ) ʠ ʢʚʘʜʨʘʪʥʦʤʫ (ʚ) ʧʨʠ 

ʫʚʝʣʠʯʠʚʘʶʱʝʤʩʷ ʫʜʘʣʝʥʠʠ ʣʠʛʘʥʜʦʚ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ 

ʚʜʦʣʴ ʦʩʠ z. 
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ʉʧʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ  ʨʷʜ  ʣʠʛʘʥʜʦʚ 

(ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʠʠ ʨʘʩʱʝʧʣʝʥʠʷ d-ʦʨʙʠʪʘʣʝʡ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʧʦʣʝ) 

 
I

-
 < Br

-
 < S

2-
 < SCN

-
 ~ Cl

-
 < NO3

-
 < F

-
 < OH

-
 < ONO

-
 < HCOO

-
 < C2O4

2-
 < 

-----------------------  ů, ˊ-ʜʦʥʦʨʳ  --------------------------------------------------- 

 

 

< NCS
-
 < CH3CN < Py ~NH3 << NO2

-
 << CN

-
 < CO 

------------  ůïʜʦʥʦʨʳ  --------     -- ůïʜʦʥʦʨʳ, ˊïʘʢʮʝʧʪʦʨʳ -- 

 

 

 

 

 

 

 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʪʝʦʨʠʡ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ (ʊʄʆ), 

ʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ (ʊɺʉ) ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʊʂʇ)  

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ d ï ʵʣʝʤʝʥʪʘ 
 

 

 

 E 

                ůx
*
     ůy

*
      ůz

*  

 

 ůs
* 

 

 

                  ů*x2-y2   ů*z2                   dx2-y2    dz2 

 ʊʄʆ                                     ʊʂʇ 

                ́
0
xy    ́

0
yz    ́

0
xz           dxy       dyz      dxz 

 

 

 

                   ůx2-y2    ůz2          ʊɺʉ 

                                                          (n ï 1)d                     ns                 np 

    ůx       ůy       ůz 

                           ůs 

                                                                                  d
2
sp

3
 - ʛʠʙʨʠʜʠʟʘʮʠʷ 
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ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʤʦʣʝʢʫʣʷʨʥʳʤ ʦʨʙʠʪʘʣʷʤ 

ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ [CoF6]
3-
 (ʘ) ʠ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʥʠʟʢʦʩʧʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ [Co(NH3)6]
3+

 (ʙ) 

 
 

                              ʘ)                                                            ʙ) 

 

 

       6F
-
             [CoF6]

3-
                    Co

3+
(d

6
)              [Co(NH3)6]

3+
      6NH3 

 

 E                                                                                                    ůp
*  

                     ůp
*
                                                                              ůs

* 

                         ůs
*  

 

 

 

                                                                                                                          ůd
*  

`                          ůd
*
     1    1                                      4p 

                                                     ȹ0
1
                                  4s                           ȹ0

2
                       

                           nd    11   1    1             11  1     1    1    1  3d     11  11  11    nd 

                           

                                                                                                                                             
                         

                                                                                                                                                                                  
                                                                                                                                       (12 e) 

                                                                                                         11 11           ůd                        

                                                                                                       11  11  11       ůp                                 

                                                                                            11            ůs 

      (12 e)         ůd        11 11 

                                                                                                                

                       ůp     11 11  11 

                       ůs          11 

 

 

 

 

 

                                           ȹ0
1
     <      ȹ0

2
 

 

                         (ȹ0
1
 = -2,1 ɻ ɺ,  ȹ0

2
 = -2,8 ɻ ɺ) 
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            ɺʣʠʷʥʠʝ ˊ ï ʩʚʷʟʳʚʘʥʠʷ  ʥʘ  ʚʝʣʠʯʠʥʫ  ʨʘʩʱʝʧʣʝʥʠʷ  ȹ 
 

 
         ɼʘʪʠʚʥʦʝ -́ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ                  ɼʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʝ ˊ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

                             ́                                                                            ́

                       M ---> L                                                     L  ---> M 

 

        ɽ              ˊd
*
 

 

        ́
*
 ʠʣʠ d 

                            ůd
*                                                      

ůd
*
                                       ůd

*
 

                                                                                                             

                                                      ȹ                                       ȹ
2
 

                                                                d́
0 
                                       d́

*
 

 

                            ȹ
1 

 

                                                                                                                       ́  ʠʣʠ p 

                             ́ d 

 

                                                                                                                                                           ́d 

                        

        ʣʠʛʘʥʜ 1      I                                                                          II           ʣʠʛʘʥʜ 2 

 
           ʘ)             ʙ)                                    ʚ)                                               ʛ)                    ʜ) 

 

 
               ʘ)   d- ʠʣʠ ˊ*- ʦʨʙʠʪʘʣʠ ʣʠʛʘʥʜʘ 1 (ʣʠʛʘʥʜ 1 ï ʥʘʧʨʠʤʝʨ, ˊ- ʘʢʮʝʧʪʦʨ ʉʆ); 

 

               ʙ)   ʦʨʙʠʪʘʣʠ ʢʦʤʧʣʝʢʩʘ I ʩ ů- ʠ ˊ- ʩʚʷʟʷʤʠ; 

 

               ʚ)   ʦʨʙʠʪʘʣʠ ʢʦʤʧʣʝʢʩʘ ʩ ů-ʩʚʷʟʷʤʠ (ʙʝʟ ʫʯʝʪʘ ˊ ï ʩʚʷʟʳʚʘʥʠʷ); 

 

               ʛ)    ʦʨʙʠʪʘʣʠ ʢʦʤʧʣʝʢʩʘ II  ʩ ů- ʠ ˊ- ʩʚʷʟʷʤʠ; 

 

               ʜ)    p- ʠʣʠ  ˊ- ʦʨʙʠʪʘʣʠ ʣʠʛʘʥʜʘ 2 (ʣʠʛʘʥʜ 2ï ʥʘʧʨʠʤʝʨ, ů- ʜʦʥʦʨ F
-
). 

 

 

                                                              ȹ
1
  > ȹ

2
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ʉʝʤʠʥʘʨ çʕʣʝʤʝʥʪʳ 6 ʛʨʫʧʧʳ (ʛʨʫʧʧʘ ʭʨʦʤʘ)è 

 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʦʚ 6 ʛʨʫʧʧʳ 
 

  

24 Cr   

 

42 Mo 

 

74 W  

ʕʣʝʢʪʨʦʥʥʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ 

[Ar]  3d
5
4s

1
 [Kr]  4d

5
5s

1
 [Xe] 4f

14
5d

4
6s

2
 

ʄʝʪʘʣʣʠʯʝʩʢʠʡ 

ʨʘʜʠʫʩ (ʂʏ 12), ¡ 

1,28 1,39 1,39 

ʀʦʥʥʳʡ ʨʘʜʠʫʩ 

 (ʂʏ 6), ¡ 

ʕ
2+

 

ʕ
3+

 

ʕ
6+

 

 

 

0,73(ʅʉ)/0,80(ɺʉ)* 

0,615 

0,44 

 

- 

- 

0,69 

0,59 

 

- 

- 

- 

0,60 

I1, ʵɺ 6,77 7,10 8,98 

ʉʦʜʝʨʞʘʥʠʝ ʚ 

ʟʝʤʥʦʡ ʢʦʨʝ,  

ʤʘʩʩ. % 

 

1,22Ā10
-2 

 

1,2
.
 10

-4
 

 

1,2
.
 10

-4 

*ʅʉ-ʥʠʟʢʦʩʧʠʥʦʚʳʡ, ɺʉ-ʚʳʩʦʢʦʩʧʠʥʦʚʳʡ 

 

 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ  

ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ ʭʨʦʤʘ 

 

 Cr Mo W 

ʇʣʦʪʥʦʩʪʴ 

(20Áʉ), ʛ/ʩʤ
3 

7,14 10,28 19,3 

ʊʧʣ,
ʦ
ʉ 1900 2550 3422 

ʊʢʠʧ,
ʦ
ʉ 2690 4950 5500 

ȹʅÁʚʦʟʛ, 

ʢɼʞ/ʤʦʣʴ 

397 664 849 
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ɼʠʘʛʨʘʤʤʳ ʌʨʦʩʪʘ ʜʣʷ ʭʨʦʤʘ, ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʧʨʠ pH=0 

(ʘ) ʠ pH=14 (ʙ) 

nEÜ

˿͔͔ͭͨͤΈ͙͔͙ͦͫͤ͟͡Ύ όn)

 

 
 

 

 

ʘ 

ʙ 
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ɸʮʝʪʘʪ ʭʨʦʤʘ (II) 
 

 
 
 

 

 

 

ʂʣʘʩʪʝʨ [Mo6Cl8]
4+

 

(ʪʝʤʥʳʤ ʦʙʦʟʥʘʯʝʥʳ ʘʪʦʤʳ ʤʦʣʠʙʜʝʥʘ, ʩʚʝʪʣʳʤ ï ʘʪʦʤʳ ʭʣʦʨʘ) 
 

 

 

 

ʂʣʘʩʪʝʨ [W2Cl9]
3- 

(ʪʝʤʥʳʤ ʦʙʦʟʥʘʯʝʥʳ ʘʪʦʤʳ ʚʦʣʴʬʨʘʤʘ, ʩʚʝʪʣʳʤ ï ʘʪʦʤʳ ʭʣʦʨʘ) 
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ɼʠʘʛʨʘʤʤʘ ʇʫʨʙʝ ʜʣʷ ʭʨʦʤʘ   

(ʬʦʨʤʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʭʨʦʤʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʢʠʩʣʦʪʥʦʩʪʠ 

ʨʘʩʪʚʦʨʘ, ʧʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʳ ʧʦʪʝʥʮʠʘʣʳ ʦʢʠʩʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʜʳ ) 

 

 
ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ Mo(VI) ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

[Baes, C. F. and Mesmer, R. E., The Hydrolysis of ʉations. Wiley, New York, 1976.] 
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ʉʪʨʫʢʪʫʨʘ ɼʘʚʩʦʥʘ [Mo18O54(VO4)2]

6ī 

 

 

ʉʪʨʫʢʪʫʨʘ ʂʝʛʛʠʥʘ [PMo12O40]
3-
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ʉʪʨʫʢʪʫʨʘ ɸʥʜʝʨʩʦʥʘ [ʍʄ6ʆ24]

n-
  

 
ʉʪʨʫʢʪʫʨʘ [Mo7O24]

6-
 (ʮʝʥʪʨʘʣʴʥʳʡ ʦʢʪʘʵʜʨ MoO6 ʦʢʨʫʞʝʥ 6 ʜʨʫʛʠʤʠ   

ʠ ʠʤʝʝʪ ʩ ʥʠʤʠ ʦʙʱʠʝ ʨʝʙʨʘ) 

 

 
ɻʝʢʩʘʤʦʣʠʙʜʘʪ ʠʦʥ [Mo6O19]

2- 
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ʉʝʤʠʥʘʨ çʕʣʝʤʝʥʪʳ 7 ʛʨʫʧʧʳ (ʛʨʫʧʧʘ ʤʘʨʛʘʥʮʘ)è 

 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʦʚ 7 ʛʨʫʧʧʳ 

  

25 Mn  

 

 

43 Tc  

 

75 Re  

ʕʣʝʢʪʨʦʥʥʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ 

[Ar] 3d
5
4s

2
 [Kr] 4d

6
5s

1
 [Xe]4f

14
5d

5
6s

2
 

ʄʝʪʘʣʣʠʯʝʩʢʠʡ 

ʨʘʜʠʫʩ (ʂʏ 12), ¡ 

1,27 1,36 1,37 

ʀʦʥʥʳʡ ʨʘʜʠʫʩ 

(ʂʏ 6), ¡ 

ʕ
2+

 

ʕ
3+

 

ʕ
4+ 

ʕ
7+

 

 

 

0,67 

0,58(ʅʉ)/0,645(ɺʉ)* 

0,53 

0,46 

 

- 

- 

- 

0,645 

0,56 

 

- 

- 

- 

0,63 

0,53 

        I1, ʵɺ 6,77 7,10 8,98 

ʉʦʜʝʨʞʘʥʠʝ ʚ 

ʟʝʤʥʦʡ ʢʦʨʝ,  

ʤʘʩʩ. %  

 

0,106
 

 

- 

 

7
.
 10

-8 

*ʅʉ-ʥʠʟʢʦʩʧʠʥʦʚʳʡ, ɺʉ-ʚʳʩʦʢʦʩʧʠʥʦʚʳʡ 

 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ  

ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ ʤʘʨʛʘʥʮʘ 

 Mn Tc Re 

ʇʣʦʪʥʦʩʪʴ 

(25Áʉ), ʛ/ʩʤ
3 

7,43 11,5 21,0 

ʊʧʣ,
ʦ
ʉ 1244 2220 3180 

ʊʢʠʧ,
ʦ
ʉ 2060 4567 5650 

ȹʅÁʚʦʟʛ, 

ʢɼʞ/ʤʦʣʴ 

281 - 779 
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ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ 

 

 

 

 

ɼʠʘʛʨʘʤʤʘ ʌʨʦʩʪʘ ʜʣʷ ʤʘʨʛʘʥʮʘ ʧʨʠ ʨʅ=0 ʠ ʨʅ=14 
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ɼʠʘʛʨʘʤʤʘ ʇʫʨʙʝ ʜʣʷ ʤʘʨʛʘʥʮʘ 

 

 

ɼʠʘʛʨʘʤʤʘ ʇʫʨʙʝ ʜʣʷ ʪʝʭʥʝʮʠʷ 
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ʂʣʘʩʪʝʨ [Re2Cl8]
2-

 

 
 

 

ʦʙʨʘʟʦʚʘʥʠʝ ŭ-ʩʚʷʟʠ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 22 yx
d -ʦʨʙʠʪʘʣʝʡ 

 
 

 

 

 

 

 

ʂʣʘʩʪʝʨ [Re3Cl12]
3-
 

 
(ʩʝʨʳʤ ʦʙʦʟʥʘʯʝʥʳ ʘʪʦʤʳ ʨʝʥʠʷ, ʟʝʣʝʥʳʤ ï ʘʪʦʤʳ ʭʣʦʨʘ) 

 


