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[Co(NH3)6]3+ -
[Co(NH3)6]Cl3 – ).

[Fe(CO)5] –

, .



  

K3 [Fe(CN)6]

)
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F-, Cl-, Br-, I- .)
: K2[HgI4] – (II) 

 O

CH3COO-

CO3
2-

C2O4
2-

SO4
2-

: K3[Fe(C2O4)3] –
(III) 
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K2[Zn(OH)4] – (II) 

 O: H2O –
[Fe(H2O)6](ClO4)3 – (III)

H
O

H

H
O

R

R
O

R

O

RR

O

RH



 N
NH3 )

R-NH2  ( )

 (Py)

 (En)

[Pt(en)2]Cl2 – (II) 
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.
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N O

Pt
O O
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.

[Pt(Gly)2] –  (II)
 – ,

 –

)



24- (mer-) - (fac-)

[Pt(NH3)2Cl4]

[Co(NH3)3Cl3]

- (trans-)- (cis-)
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.

[Co(NH3)5Cl]CN –  (II) 
[Co(NH3)5 N]Cl –  (II) 

 –

CrCl3.6H2O –  ( )

[Cr(H2O)6]Cl3

[Cr(H2O)5Cl]Cl2
.H2O

[Cr(H2O)4Cl2]Cl.2H2O
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NO2
-
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, 

(CuPt (NH3)4Cl4)

[Cu(NH3)4][PtCl4] –
(II)

[Pt(NH3)4][CuCl4] –
(II)
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(PtCl2(NH3)2)n

[Pt(NH3)2Cl2] – ,

 ( )

[Pt(NH3)4][PtCl4] – ,

[Pt(NH3)3Cl]2[PtCl4] – ,
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 (van't Hoff)  (1852 - 1911), 
, .

 (1874). 
.  (1886 - 89)

.
 (1901).

 (  1890 .)
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F, Cl, Br, J, At
nS2nP5

Mn, Tc, Re
(n-1)d5nS2

- F Cl Br        J        At
3,98 3,16    2,96    2,66   2,2

Mn Tc Re
1,55 1,9 1,9

7+ ( )
2 7, HClO4, KClO4

7+
M2 7, HReO4,

KMnO4

1-
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)

.

 J1
A

A
.



4



5

• F Cl Br J At ( 1/2 (210At) = 8,1 )

• CaF2  ( )
• NaCl , KCl·NaCl ,

KCl·MgCl2·6H2O , NaBr, NaJ –

• NaJO3
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• F2  1886 .,   ( )
• Cl2  1774 .  ( )
• Br2  1825 .,  ( )   .

 ( )  1826 .
• J2  1811 .,  ( ) –

;
 1813 .

• At  1940 . . , . 
.  ( ); 

 Bi

nAtHeBi 1
0

211
85

4
2

209
83 2
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,
».

7

 (Moissan), 
28  1852 . – 20  1907 .

: «
10 ».
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F ,

Cl
Br
J
At
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 F2
1) CaF2 ) + H2SO4 )  = CaSO4 + 2 HF

(t. . = 19,5 )
nHF + KOH = KF.nHF (t . 100 )

:
KF.nHF H2 +  F2 +KF

Ni  Ni + Mo ( ),

2)  K2[NiF6]  540-560
K2[NiF6] = K2[NiF4] + F2
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 Cl2

: NaCl = Na + 1/2Cl2
:  2Cl- - 2 = Cl2 )

2H2O + 2 = + 2 OH- )

 RuO2,
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 Cl2
. HCl 

: KMnO4, K2Cr2O7 (tºC) ,
MnO2 (tºC), KClO3, PbO2.

2KMnO4 + 16HCl          2KCl + 2MnCl2 + 5Cl2 + 8H2O
Ox Red

KClO3 +   6HCl         KCl  + 3Cl2 + 3H2O
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 Br2

•
,  Br-

)
2Br- +  Cl2 = 2Cl- + Br2

pH ~ 3,5
t  = 58,8  (

)
• )

MnO2 + 2Br- + 4H+ = Mn2+ +2H2O  +Br2
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 J2

• )
MnO2 + 2J- + 4H+ = Mn2+ +2H2O + J2

(J2 )
• ,

 J-

2J- +  Cl2 = J2 + 2Cl-
• Cl2:

J2 + 5 Cl2 + 6H2O = 2 HJO3 + 10HCl

• :
2JO3

- + 5SO2 + 4H2O = J2 + 5SO4
2- +8H+

!!! J2 + SO2 + 2H2O = 2J- + SO4
2- +4H+
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: H + X -

)
: HF HCl HBr HJ

) 1.91     1.04    0.79     0.38
:

HF –  (Ka = 7,2.10-5)
HCl , HBr,   HJ ( )

.
 0,1  (18 ):

HF (10%), HCl (92,6%), HBr (93,5%), HJ (95%)
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 HF
HF ( ) –
HF ( ) -
HF ( ) -

 HF
3HF = H2F+ + HF2

-

 165 ,
. c  H-F  565 .

 HF – , 
 (

 AlF3, MgF2, NiF2)
Zn + 2HF( ) = ZnF2 + H2
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HX

) 
H2 + X2 = 2 HX, rH 0

, 

HF –
 HX  1000 , 1 :

HCl – 0,014% (  )
HBr- 0,5%
HJ – 33%
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HX
) 

CaF2 ) + H2SO4 ) =  CaSO4 +  2HF ( )
2NaCl ( ) + H2SO4 ) = Na2SO4 + 2HCl ( )

!!!!
2NaBr( ) + 2H2SO4 ) =  Na2SO4 + Br2 + SO2 +2H2O
8NaJ( ) + 5H2SO4 ) = 4Na2SO4 + 4J2 + H2S +4H2O

NaBr + H3PO4 = HBr + NaH2PO4
 HJ

) 

2P( ) + 3Br2 ) = 2PBr3
PBr3 + 3H2O = 3HBr + H3PO3
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Ox/red  HX

HX

HF !

HCl + MnO4
-, Cr2O7

2-, MnO2, ClO3
-, PbO2, F2

HBr ++ Cl2, H2SO4 .)

HJ +++ Br2, H2O2, HNO3, Fe3+, Cu2+
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,
, ,
.

: AgX, PbX2, Hg2X2,
CuX (X = Cl, Br, J)

, 
 MF (M- ),

AgF, NH4F

: BF3, SiF4, PF3, PF5
: BCl3, SiCl4, PCl3, POCl3
: BJ3, PCl5
PCl3 + 3H2O = 3HCl + H3PO3

PCl5 + 8 NaOH = 5NaCl + Na3PO4 + 4H2O
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Ox/red  HX

HX

HF !

HCl + MnO4
-, Cr2O7

2-, MnO2, ClO3
-, PbO2, F2

HBr ++ Cl2, H2SO4 .)

HJ +++ Br2, H2O2, HNO3, Fe3+, Cu2+
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,
, ,
.

: AgX, PbX2, Hg2X2,
CuX (X = Cl, Br, J)

, 
 MF (M- ),

AgF, NH4F

: BF3, SiF4, PF3, PF5
: BCl3, SiCl4, PCl3, POCl3
: BJ3, PCl5
PCl3 + 3H2O = 3HCl + H3PO3

PCl5 + 8 NaOH = 5NaCl + Na3PO4 + 4H2O
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24

F2 + O2  100-
1000
2F2 + 2H2O = 4HF + O2 (+  O3  H2O2)

2F2 ) + NaOH (1% ) = OF2 + 2NaF + H2O
OF2 , , 

, ,  F2
).

F2 ) + O2 ) = O2F2 )
 O2F2 , 

   -100 .
Pu( ) + 3O2F2 ) = PuF6 ) + 3O2 )
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2
 F2 .

.

 Cl2.7,3H2O.
 (

)  20 .
Cl2 – 0,73%; Br2 – 3,6%; J2 – 0,03%

:
KJ + J2 = KJ3
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X2 + H2O = H+ + X- + HOX
.

 = 4.10-4 (X =  Cl); 7.10-9 (X = Br); 2.10-13 (X = J)

X2 + 2OH- = X- + OX- + H2O
K = 1015 (X = Cl); 108 (X = Br); 30 (X = J)

3OX- = 2X- + XO3
-

K 1015,  X = Cl, Br 
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» 

Cl2 + 2NaOH = NaCl + NaClO
, 

 ( )  ( )

Ca(OH)2 + Cl2 = CaCl(OCl) + H2O

CaCl(OCl) + CO2 +H2O = CaCO3 + HCl + HClO
HCl + HClO = Cl2 +H2O
CaOCl2 = CaCl2 + 1/2O2
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=Cl
 1+

HXO, NaXO , )
 ( ) , .

 3+
HXO2 ), NaXO2

, .
 5+

HXO3 ), NaXO3
, .

 7+
HXO4 ), NaXO4

, .
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 1+
HXO: HClO, HBrO, HJO
Ka = 10-8 (X = Cl), 10-9 (X=Br), 10-11 (X=J)

 HJO
HJO = H+ + JO-

HJO = OH- + J+, Kb = 10-10

AgNO3 + J2 + 2 Py = [J(Py)2]+(NO3)- + AgJ ( )
 J2

J2 + H2O = HJ + HJO
HJO + HCl = H2O + JCl
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 HXO
X2 + H2O + CaCO3 ) = CaX2 + CO2 + HXO

(X = Cl, Br)
J2 + H2O + HgO( ) = HgJ2 + 2HIO

(pH 7)
XO- + H2O = HXO + OH-

 HXO 

HClO HBrO HJO
ox/red 

HClO HBrO HJO
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 +3
HJO2
HBrO2, 

Ba(BrO)2 +2Br2 + 4KOH = Ba(BrO2)2 + 4KBr + 4H2O
(0oC, pH = 11,2)

HClO2
 (

). !!
4HClO2 = ClO2 +HClO3 +HCl +H2O

2ClO2 +2KOH = KClO2 + KClO3 + H2O
Ba(OH)2 + H2O2 + 2ClO2 = Ba(ClO2)2 + 2H2O + O2
Ba(ClO2)2 .) +H2SO4 .) = BaSO4 )+ HClO2



32

 +5
HXO3 (X = Cl, Br, J)

HClO3   HBrO3  (  40%)
HJO3

 (P4O10)
HJO3 HJ3O8 (J2O5

.HJO3) J2O5

 40% :
3HClO3 = HClO4 + 2ClO2 +H2O

8HClO3 = 4HClO4 + 2Cl2 + 3O2 +2H2O
4HBrO3 = 2Br2 + 5O2 + 2H2O
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 X(+5)

KCl +3H2O = KClO3 ) + 3H2 )
:

6KOH ) + 3Cl2 = KClO3 + 5KCl +3H2O

Br2 + 5Cl2 + 12KOH = 2KBrO3 + 10KCl +6H2O
KBr + 3Cl2 +6KOH = KBrO3 + 6KCl + 3H2O

J2 ) + 10HNO3 ) = 2HJO3 + 10NO2 +4H2O
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1786

:
2KOH + Cl2 = KCl + KClO + H2O;
3KClO = KClO3 + 2KCl,

 ( )

( ,
, 

)

, 

.
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Ox/red  X(+5)
 X(+5)– , ,

 X-

KClO3 ) + 6HCl ( ) = 3Cl2 + 3 H2O + KCl

4KClO3 ) + C6H12O6 ) = 4KCl + 6CO2 + 6H2O

10KClO3 ) + 12P( ) = 10KCl + 3P4O10
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4KClO3 = 3KClO4 + KCl (400oC)

2
2KClO3 = 2KCl + 3O2 (100oC, MnO2)

 300 – 350
2KJO3 = 2KJ + 3O2

2Cu(BrO3)2 = 2CuO + Br2 +5O2
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(+7)

HClO4  100% 
!),

HBrO4  100% 
!),

HJO4 ,  Ka = 3.10-2

H5JO6 , Ka1 = 2.10-2;
Ka2 = 10-9

 NaXO4, NaH4JO6, Na2H3JO6

 KClO4, Ag5JO6, Ba5(JO6)2,
Na3H2JO6
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 X(+7)

XO3
- + H2O = XO4

- )  + H2 )

:
KBrO3 + O3 = KBrO4 +O2

1968 :  Rb2SeO4
82Se + n = 83Se
83Se =   + 83Br

NaJO3+ Cl2 +4NaOH = Na3H2JO6 + 2NaCl + H2O
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 X(+7)

 ( )

!!!!!!!

KClO4 ) = KCl + 2O2  500 )
2NH4ClO4 ) = N2 + Cl2 + 2O2 + 4H2O

 200 )



 1+
HXO: HClO, HBrO, HJO
Ka = 10-8 (X = Cl), 10-9 (X=Br), 10-11 (X=J)

 HJO
HJO = H+ + JO-

HJO = OH- + J+, Kb = 10-10

AgNO3 + J2 + 2 Py = [J(Py)2]+(NO3)- + AgJ ( )
 J2

J2 + H2O = HJ + HJO
HJO + HCl = H2O + JCl



 HXO
X2 + H2O + CaCO3 ) = CaX2 + CO2 + HXO

(X = Cl, Br)
J2 + H2O + HgO( ) = HgJ2 + 2HIO

(pH 7)
XO- + H2O = HXO + OH-

 HXO 

HClO HBrO HJO
ox/red 

HClO HBrO HJO



 +3
HJO2
HBrO2, 

Ba(BrO)2 +2Br2 + 4KOH = Ba(BrO2)2 + 4KBr + 4H2O
(0oC, pH = 11,2)

HClO2

). !!
4HClO2 = ClO2 +HClO3 +HCl +H2O

2ClO2 +2KOH = KClO2 + KClO3 + H2O
Ba(OH)2 + H2O2 + 2ClO2 = Ba(ClO2)2 + 2H2O + O2
Ba(ClO2)2 .) +H2SO4 .) = BaSO4 )+ HClO2



 +5
HXO3 (X = Cl, Br, J)

HClO3   HBrO3  (  40%)
HJO3

 (P4O10)
HJO3 HJ3O8 (J2O5

.HJO3) J2O5

 40% :
3HClO3 = HClO4 + 2ClO2 +H2O

8HClO3 = 4HClO4 + 2Cl2 + 3O2 +2H2O
4HBrO3 = 2Br2 + 5O2 + 2H2O



 X(+5)

KCl +3H2O = KClO3 ) + 3H2 )
:

6KOH ) + 3Cl2 = KClO3 + 5KCl +3H2O

Br2 + 5Cl2 + 12KOH = 2KBrO3 + 10KCl +6H2O
KBr + 3Cl2 +6KOH = KBrO3 + 6KCl + 3H2O

J2 ) + 10HNO3 ) = 2HJO3 + 10NO2 +4H2O



1786

:
2KOH + Cl2 = KCl + KClO + H2O;
3KClO = KClO3 + 2KCl,

 ( )

( ,
, 

)

, 

.



Ox/red  X(+5)
 X(+5)– , ,

 X-

KClO3 ) + 6HCl ( ) = 3Cl2 + 3 H2O + KCl

4KClO3 ) + C6H12O6 ) = 4KCl + 6CO2 + 6H2O

10KClO3 ) + 12P( ) = 10KCl + 3P4O10



4KClO3 = 3KClO4 + KCl (400oC)

2
2KClO3 = 2KCl + 3O2 (100oC, MnO2)

 300 – 350
2KJO3 = 2KJ + 3O2

2Cu(BrO3)2 = 2CuO + Br2 +5O2



(+7)

HClO4  100% 
!),

HBrO4  100% 
!),

HJO4 ,  Ka = 3.10-2

H5JO6 , Ka1 = 2.10-2;
Ka2 = 10-9

 NaXO4, NaH4JO6, Na2H3JO6

 KClO4, Ag5JO6, Ba5(JO6)2,
Na3H2JO6



 X(+7)

XO3
- + H2O = XO4

- )  + H2 )

:
KBrO3 + O3 = KBrO4 +O2

1968 :  Rb2SeO4
82Se + n = 83Se
83Se =   + 83Br

NaJO3+ Cl2 +4NaOH = Na3H2JO6 + 2NaCl + H2O



 X(+7)

 ( )

!!!!!!!

KClO4 ) = KCl + 2O2  500 )
2NH4ClO4 ) = N2 + Cl2 + 2O2 + 4H2O

 200 )



XY XY3 XY5 XY7

ClF ClF3 ClF5

BrF BrF3 BrF5

IF
.)

(IF3)n IF5 IF7

: BrCl, JCl, JCl3(J2Cl6)
: JBr
JCl + H2O = HCl + HJO





 ClF3  BrF3
, 

 ( ), ,
.

2Co3O4 + 6ClF3 = 6CoF3 + 3Cl2 + 4O2

 UF6

UF4 + ClF3 = UF6 + ClF



 ( ) 
, 

, 

KI + I2 = KI3  KI5)



1
6

))

I-I     2.7 AI-I     2.7 A

I...I     4.3 AI...I     4.3 A

I - I     3.1 AI - I     3.1 A



VII 



Mn, Tc, Re   (n-1)d5ns2

.
Mn 1,60 0,+2,+3,+4,(+5), +6, +7

Tc 1,36 0,(+3),+4,(+5), +6, +7

Re 1,46 0,(+3),+4,(+5), +6, +7

 Tc  Re 
 Mn



Mn – 15 
MnO2

.xH2O ( ),
Mn2O3 ),
Tc ,
97Tc: t1/2 = 2,6.106

Re – 81 , 



• Mn  1774 .
 ( )

• Tc  1871 . . 
; 

 1936 .
98Mo + 2D  = 99Tc + 1n

• Re 1925 . .
.



•
MnO2 + Fe2O3 +5C = Mn + 2Fe + 5CO

•  –
3MnO2

.xH2O = Mn3O4 + O2 +3xH2O
3Mn3O4 + 8 Al = 9 Mn + 4Al2O3



• Mn  ( ,
).

• Tc

• Re  ( ,
), 



, , d, 3

Mn 1244 2120 7,43
Tc 2200 4600 11,5
Re 3180 5640 21,03



. c

. 
….Mg Mn Zn…H Cu Tc Re…

Mn +2HCl = MnCl2 + H2 E0 0
Mn + 4HNO3 )= Mn(NO3)2 +2NO2 +2H2O

4Re + 4 KOH +7O2 = 4KReO4 +2H2O ( )
Re + 7HNO3 )= HReO4 +7NO2 +3H2O
2Re + 7H2O2 = 2HReO4 +6H2O



 !



Fe(II)

NH2thr - 4- -1,2,4-

 Fe(NH2thr)3(NO3)2

 Tc = 342K (69ºC)



Ag 

• Ag+ + Cl- AgCl AgCl = 1,7·10-10

• AgCl + 2NH3 [Ag(NH3)2]+ + Cl- K [Ag(NH3)2] = 9,3 ·10-8

• [Ag(NH3)2]+ + Br- AgBr + 2NH3 AgBr = 5,0·10-13

• AgBr + 2S2O3
2- [Ag(S2O3)2]3- + Br- K[Ag(S2O3)2] = 3,5 ·10-14

• [Ag(S2O3)2]3- + I- AgI + 2S2O3
2- PAgI = 8,1·10-17

• AgI + 2S2O3
2- ) [Ag(S2O3)2]3- + I-

• 2[Ag(S2O3)2]3- + S2- Ag2 + 4S2O3
2-

Ag2S= 5,0·10-51

KAgL2 = [Ag+][L]2/[AgL2]                    AgL’ = [Ag+][L’]



KCl + H2SO4  KHSO4 + HCl

2KBr + 2H2SO4  K2SO4 + Br2 + SO2  + H2O

8KI + 5H2SO4  4K2SO4 + 4I2 + H2S + H2O



 HCl

T, K HCl (
1 

258 ~ 575

273 ~ 505

293 ~ 450

333 ~ 375



 KClO3

2KClO3 + 3C  3CO2 + 2KCl

10KClO3 + 12P  3P4O10 + 10KCl

C12H22O11 + 8KClO3 8KCl + 12CO2 + 11H2O



3Mn + 2O2 = Mn3O4 (MnIIMnIII
2O4)

3Mn + N2 = Mn3N2 (1200oC)
Mn + Cl2 = MnCl2
Mn + F2 = MnF2  MnF3)

4Re + 7O2 = 2Re2O7 )
2Re + 5Cl2 = 2ReCl5
Re + 2S = ReS2



 M7+

, ,

Mn2O7 6 .55 ,
, 

Tc2O7 120 311 ,

Re2O7 301 362 ,

M2 7 2   = 2 4 , 
 Mn-Tc-Re

HMnO4
 (  20%)



 M7+

KMnO4
- =

250

KTcO4
1000

KReO4
=1370

2KMnO4 = K2MnO4 + MnO2 + O2

2MnO4
- + 5H2S +6H+ = 2Mn2+ + 5S + 8H2O

2ReO4
- +7H2S +2H+ = Re2S7 + 8H2O



KMnO4

pH<7 Mn2+

pH>7 MnO2

pH>>7 MnO4
2-

3MnSO4 +2KMnO4 + 2H2O = 5MnO2  +K2SO4 +2H2SO4



 KMnO4

1) :
3MnO2 + KClO3 + 6KOH = 3K2MnO4 + KCl + 3H2O
2)  :
Cl2, O3, PbO2, (NH4)2S2O8, KBiO3, XeF4

:
: 2H2O + 2e = H2 + 2OH-

:  MnO4
2- - e = MnO4

-

2K2MnO4 + 2H2O = 2KMnO4 +2KOH +H2



 Mn6+

MnO3  H2MnO4

 –  ( )

,

3MnO4
2- + 4H+ = 2MnO4

- + MnO2  + 2H2O
 CO2)



 Mn6+

 – ,
, 

 Mn2+; 
 MnO2

6K2MnO4 +C2H5OH +H2O = 6MnO2 + 2K2CO3 +8KOH



 Mn4+

MnO2 –

 ( ):
MnO2 + 4HCl = MnCl2 + Cl2  + 2H2O
2MnO2 + 2H2SO4 = 2MnSO4 +O2  +2H2O

:
)

3MnO2 + KClO3 + 3K2CO3 = 3K2MnO4 + KCl +3CO2
(KNO3)



 Mn4+

MnO2 + 4HF = MnF4 + 2H2O
MnO2 + CaO = CaMnO3  (IV))
CaMnO3 + CaO = Ca2MnO4  (IV))



 Mn2+

MnO – , 
MnCO3 = MnO + CO2 )

 (
)  ( ).

MnCl2 + 2 NaOH = Mn(OH)2  + 2NaCl
Mn(OH)2 – , , 

, 

Mn(OH)2 + H2SO4 = MnSO4 + 2H2O
Mn(OH)2 + KOH = K[Mn(OH)3]



 Mn2+

:
MnCl2.4H2O, MnSO4

.5H2O, Mn(NO3)2
.6H2O  –

 [Mn(H2O)6]2+

:
MnCO3, MnS, MnC2O4

MnCl2 + (NH4)2S = MnS  + 2 NH4Cl
MnS – , 

MnS= 10-10,  H2S, 



1

. c

. 
….Mg Mn Zn…H Cu Tc Re…

Mn +2HCl = MnCl2 + H2 E0 0
Mn + 4HNO3 )= Mn(NO3)2 +2NO2 +2H2O

4Re + 4 KOH +7O2 = 4KReO4 +2H2O ( )
Re + 7HNO3 )= HReO4 +7NO2 +3H2O
2Re + 7H2O2 = 2HReO4 +6H2O



2

3Mn + 2O2 = Mn3O4 (MnIIMnIII
2O4)

3Mn + N2 = Mn3N2 (1200oC)
Mn + Cl2 = MnCl2
Mn + F2 = MnF2  MnF3)

4Re + 7O2 = 2Re2O7 )
2Re + 5Cl2 = 2ReCl5
Re + 2S = ReS2



3

 M7+

, ,

Mn2O7 6 .55 ,
, 

Tc2O7 120 311 ,

Re2O7 301 362 ,

M2 7 2   = 2 4 , 
 Mn-Tc-Re

HMnO4
 (  20%)



4

 M7+

KMnO4
- =

250

KTcO4
1000

KReO4
=1370

2KMnO4 = K2MnO4 + MnO2 + O2

2MnO4
- + 5H2S +6H+ = 2Mn2+ + 5S + 8H2O

2ReO4
- +7H2S +2H+ = Re2S7 + 8H2O



5

KMnO4

pH<7 Mn2+

pH>7 MnO2

pH>>7 MnO4
2-

3MnSO4 +2KMnO4 + 2H2O = 5MnO2  +K2SO4 +2H2SO4



6

 KMnO4
:

1) :
3MnO2 + KClO3 + 6KOH = 3K2MnO4 + KCl + 3H2O
2)  :
Cl2, O3, PbO2, (NH4)2S2O8, KBiO3, XeF4

:
: 2H2O + 2e = H2 + 2OH-

:  MnO4
2- - e = MnO4

-

2K2MnO4 + 2H2O = 2KMnO4 +2KOH +H2
)



7

 Mn6+

MnO3  H2MnO4

 –  ( )

,

3MnO4
2- + 4H+ = 2MnO4

- + MnO2  + 2H2O
 CO2)



8

 Mn6+

 – ,
, 

 Mn2+; 
 MnO2

6K2MnO4 +C2H5OH +H2O = 6MnO2 + 2K2CO3 +8KOH



9

 Mn4+

MnO2 –

 ( ):
MnO2 + 4HCl = MnCl2 + Cl2  + 2H2O
2MnO2 + 2H2SO4 = 2MnSO4 +O2  +2H2O

:
)

3MnO2 + KClO3 + 3K2CO3 = 3K2MnO4 + KCl +3CO2
(KNO3)
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 Mn4+

MnO2 + 4HF = MnF4 + 2H2O
MnO2 + CaO = CaMnO3  (IV))
CaMnO3 + CaO = Ca2MnO4  (IV))



11

 Mn2+

MnO – , 
MnCO3 = MnO + CO2 )

 (
)  ( ).

MnCl2 + 2 NaOH = Mn(OH)2  + 2NaCl
Mn(OH)2 – , , 

, 

Mn(OH)2 + H2SO4 = MnSO4 + 2H2O
Mn(OH)2 + KOH = K[Mn(OH)3]



12

 Mn2+

:
MnCl2.4H2O, MnSO4

.5H2O, Mn(NO3)2
.6H2O  –

 [Mn(H2O)6]2+

:
MnCO3, MnS, MnC2O4

MnCl2 + (NH4)2S = MnS  + 2 NH4Cl
MnS – , 

MnS= 10-10,  H2S, 



VI 



14

O, S, Se, Te, Po
nS2nP4

Cr, Mo, W
(n-1)d5nS1

6+ ( )
3, H2SO4, K2SeO4

6+
3, K2CrO4

2-
2



O, S, Se, Te, Po
r, 0 r, 2-

O 0,73 1,24 3,44 -2, -1, 0

S 1,02 1,70 2,44 -2, 0, +4, +6

Se 1,17 1,84 2,55 -2, 0, +4, +6

Te 1,35 2,07 2,10 -2, 0, +4, +6

Po 1,64 - 1,8 (-3), 0, +3, (+5)



O – 1 
S – 14 ; , FeS2 )

, CaSO4
.2H2O ( ) .

Se – 62 , ; 

Te – 79 , ; 

Po ,
210Po (T1/2 = 138 )



O – 1774 ., . , 1772 ., 
, 1775 ., ; .

»
S
Se – 1817 ., , .

» -
Te – 1798 ., , .

» -
Po – 1898 ., ,

» -



. . 0 -1 -2 +2
O2, O3 H2O2

.
H2O,

.

OF2

18



O2 , = - 183 , 

3 , , = - 112 , fG0 = +
163 , , 

Ag + O2 = 

2Ag  + O3 = Ag2O + O2

19



2

: , , .
:

• :
1) 
2) 

• :
2KMnO4 = K2MnO4 + MnO2 + O2

KClO = KCl + 3/2O2

KNO = KNO2 + 1/2O2
20



21



, , 

2Na + O2 = Na2O2 ( )
Na + O2 (300 ) =  NaO2 ( )
M + O3 = MO3 ( ) M = Na,K,Rb,Cs
2MOH + 2O3 = 2MO3 + H2O + 1/2O2

 « »
4KO + 2CO = 2K2CO3 + 3O2

M2O2 +2H2O = 2MOH + H2O2

2MO2 + 2H2O = 2MOH + H2O2 + O2

2MO3 + 2H2O = 2MOH + H2O2 + 2O2

22



 H2O2
, , 

 30% 
BaO2 + H2SO4 !!! = BaSO4  + H2O2

 50% H2SO4:
 : 2HSO4

- -2e  = H2S2O8

H2S2O8 + H2O = H2SO4 + H2SO5 )
H2SO5 + H2O = H2SO4 + H2O2 )

,
): Ka1 = 1,5.10-12

Na2O2 + 2H2O = 2NaOH + H2O2

23



 H2O2

•
H2O2 + 2J- + 2H+ = J2 + 2H2O
H2O2 + Mn(OH)2 = MnO2  + 2H2O

•
5H2O2 + 2MnO4

- + 6H+ =2Mn2+ + 5O2 +8H2O

•
2H2O2 = 2H2O + O2 , MnO2, Fe2+/Fe3+, )

24



25



 S,Se,Te
S –  (S8),  (S8) 

T>95oC,  Sx

Se - Se8 ),  (Sex)
Te - Tex

26



 S, Se, Te
•

 + 2 = 2  = S, Se, Te)
•

 + 2Al = Al2 3  = S, Se, Te)
•
3S + 6NaOH = 2Na2S + Na2SO3 + 3H2O

),
3S + 6OH- = 2S2- + SO3

2- +3H2O
E0 = + 0,13B

Se  Te ( E0<0)
27



•
 + HCl =  (  = S, Se, Te)

•
S + 6HNO3 = H2SO4 + 6NO2 + 2H2O
Se – H2SeO3

Te – TeO2

28



H2 H2O H2S H2Se H2Te

pKa1 16 7 4 3

H2SO4 H2SeO4 H6TeO6

pKa1= 8, pKa2= 11,
pKa3 = 15

H2SO3 H2SeO3 H2TeO3

pKa1= 2 pKa1= 3 pKa1= 6
pKb= 11

29



H2S

100 000

).

0,1 ).
.

2S 

 HSH = 92°].
30



H2S
:

H2 + S = H2S (300oC) )

Al2S3 +6H2O = 2Al(OH)3 + 3H2S ( .)
FeS + 2H+ = Fe2+ + H2S ( .)

:
2H2S + O2 = 2S + 2H2O
2H2S + 3O2 = 2SO2 + 2H2O

31



:
1)  S: MnO4-, Cr2O7

2-, Fe3+

2)  SO4
2-: HNO3 , PbO2, BiO3

3-, FeO4
2-

, 
 Al2S3, Cr2S3

:
CdS , Sb2S3 , PbS ,
ZnS , CuS .

H2S

32



33

Na2S +(x-1)S = Na2Sx )
Na2Sx = 2Na+ + Sx

2- )

Na2Sx + 2HCl = H2Sx )

H2Sx ,
=2-6 , =6-9 .

,  H2S
H2S2: pKa1 =  4;  H2 2: pKa1 = 12
H2S: pKa1 = 7;     H2 : pKa1 = 16



34

SO2

T = -10oC,  (10%)
.

 – :
ZnS + 3/2O2 = ZnO + SO2

4FeS2 + 11O2 = 2Fe2O3 + 8SO2 (90% )

:
Na2SO3 + 2HCl = 2NaCl + SO2 + H2O
Cu + 2H2SO4 = CuSO4 + SO2 + 2H2O



35

:
SO + xH2O = SO2

.xH2O K 1
SO2

.xH2O = H2SO3 + (x-1)H2O K<<1
pKa1 = 2; pKa2 = 6

:
2NaOH + SO2 = Na2SO3 + H2O 
NaOH + SO2 = NaHSO3 ,

 S4+



36

2NaHSO3 = Na2S2O5 + H2O
 H2S2O5

(pH >7):
SO3

2- + H2O = HSO3
- + OH- Kh 10-8

(pH <7):
HSO3

- + H2O = H2SO3 + - Kh 10-12

HSO3
- = SO3

2- + H+ Ka2 10-6

 S4+
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 S4+

•
4SO3

2- = S2- + 3SO4
2- )

•  (S4+ S6+)

SO2 + 1/2O2 = SO3  H2SO4)
Na2SO3 + 1/2O2 = Na2SO4 )
SO2 + + H+ = SO4

2-

(MnO4
-, Cr2O7

-, ClO3
-, Cl2, Br2, I2, H2O2)

•
SO2 + 2H2S = 3S + 2H2O



1

Na2S +(x-1)S = Na2Sx )
Na2Sx = 2Na+ + Sx

2- )

Na2Sx + 2HCl = H2Sx )

H2Sx ,
=2-6 , =6-9 .

,  H2S
H2S2: pKa1 =  4;  H2 2: pKa1 = 12
H2S: pKa1 = 7;     H2 : pKa1 = 16



2

SO2

T = -10oC,  (10%)
.

 – :
ZnS + 3/2O2 = ZnO + SO2

4FeS2 + 11O2 = 2Fe2O3 + 8SO2 (90% )

:
Na2SO3 + 2HCl = 2NaCl + SO2 + H2O
Cu + 2H2SO4 = CuSO4 + SO2 + 2H2O



3

:
SO + xH2O = SO2

.xH2O K 1
SO2

.xH2O = H2SO3 + (x-1)H2O K<<1
pKa1 = 2; pKa2 = 6

:
2NaOH + SO2 = Na2SO3 + H2O 
NaOH + SO2 = NaHSO3 ,

 S4+



4

2NaHSO3 = Na2S2O5 + H2O
 H2S2O5

(pH >7):
SO3

2- + H2O = HSO3
- + OH- Kh 10-8

(pH <7):
HSO3

- + H2O = H2SO3 + - Kh 10-12

HSO3
- = SO3

2- + H+ Ka2 10-6

 S4+
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 S4+

•
4SO3

2- = S2- + 3SO4
2- )

•  (S4+ S6+)

SO2 + 1/2O2 = SO3  H2SO4)
Na2SO3 + 1/2O2 = Na2SO4 )
SO2 + + H+ = SO4

2-

(MnO4
-, Cr2O7

-, ClO3
-, Cl2, Br2, I2, H2O2)

•
SO2 + 2H2S = 3S + 2H2O



6

 S6+

SO2 + 1/2O2 = SO3 + Q (Pt, Cr2O3, Fe2O3)



7

 S6+

SO3 + H2O = H2SO4 )
xSO3 + H2SO4 = xSO3

.H2SO4 )
X=1 (45% SO3)
H2S2O7  ( ) 

=35 )
:

2NaHSO4 = Na2S2O7 + H2O



8

:
H2SO4 ) + xH2O = H2SO4 xH2O

 S6+

H2SO4 = 10 ; ;
,  -



9

H2SO4
.  – , 

 SO2
2H2SO4 + C = CO2 + 2SO2 + 2H2O

 H2S, HBr, HJ, HCl
H2SeO4 + 2HCl = H2SeO3 + Cl2 + H2O

:

E0(Mn+/M0) . .
E0<0 H2 S, H2S
E0>0 SO2

Au, Pt



10

H2S2O3 , . Na2S2O3
.5H2O -

, 
SO + H2S = H2S2O3 )

:
Na2S2O3 + 2HCl = SO2 + S + H2O + 2 NaCl ( )

:
Na2SO3 + S = Na2S2O3



11

S2O3
2- + 4Cl2 +5H2O = 2SO4

2- + 8Cl- +10H+

S2O3
2- + Br2 +H2O = S + SO4

2- +2Br- + 2H+

:
2S2O3

2- + J2 = S4O6
2- + 2J- !

:
AgBr  + 2S2O3

2- = [Ag(S2O3)2]3- + Br-

 S



12

H2S2O8

H2SO5  (
)

: K2S2O8 », 
.



13

E0(S2O8
2-/2SO4

2-) = +2,01
)

5S2O8
2- + 2Mn2+ + 8H2O = 10SO4

2- + 2MnO4
- + 16H+

3S2O8
2- + 2Cr3+ + 7H2O = 6SO4

2- + Cr2O7
2- + 14H+

,  Ag+)
 50% H2SO4:

 : 2HSO4
- -2e  = H2S2O8



14

H2SxO6

H2SxO6 = H2SO4 + SO2 + (x-2)S ( )
Na2SxO6  (x = 3, 4, 5, 6)

:
SO2 + H2S+H2O = H2SxO6

 -



15

 S
S + F2 = SF4  SF6
SF4 + 2H2O = SO2 + 4HF
SF6
2S + Cl2 = S2Cl2 )
S + Cl2 = SCl2 )

S2Cl2 + 2H2O = H2S + SO2 + 2HCl
3SCl2 + 4H2O = H2S + 2SO2 + 6HCl



16

SO2 + PCl5 = SOCl2 + P Cl3
SO3 + SCl2 = SOCl2 + SO2
SOCl2 + H2O = 2HCl + SO2

SO2 + Cl2 = SO2Cl2 . C)
SO2Cl2 + 2H2O = H2SO4 + 2HCl



17

VI 



18

• Cr – 20 o
FeCr2O4 , 
• Mo – 37 
MoS2
PbMoO4
• W – 39 
CaWO4
(Fe,Mn)WO4



19

• Cr 1797 . , 
» – ; 

.
• Mo  1817 . , 

» - .
• W 1781 . 

». 
Wolf Rahm.
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Cr Mo W
:

Cr + 2HCl = CrCl2 + H2
Mo  W  «H+»

Cr Mo W

 6+:
CrO3 MoO3  WO3

 200  1000



21

 Cr
:

FeCr2O4 + 4C = Fe + 2Cr + 4CO
:

4FeCr2O4+ 8Na2CO3 +7O2 = 8Na2CrO4+2Fe2O3
+8CO2

2Na2CrO4 + 2H2SO4 = Na2Cr2O7 + 2NaHSO4 +H2O

Na2Cr2O7 + 2C = Cr2O3 +Na2CO3 +CO
Cr2O3 +2Al = Al2O3 +2Cr

)



22

, , D, 3

Cr 1875 2430 7,2
Mo 2620 4830 10,2
W 3395 5900 19,3



23

: Cr
1) Cr + 2 HCl = CrCl2 + H2

. Ar,  [Cr(H2O)6]2+

2) 2Cr +6HCl + O2 = 2CrCl3 + H2 +2H2O
,  [Cr(H2O)6]3+

3) 2Cr +6H2SO4 = Cr2(SO4)3 +3SO2 +6H2O
.H2SO4

4) . HNO3

5) 



24

:
Mo, W

:
W + 8HF + 2HNO3 = H2[WF8] + 2NO +4H2O

+ 3NaNO3 + Na2CO3 = Na2 O4 +3NaNO2 +CO2

2W + 3O2 = 2WO3

Mo +2S = MoS2



25

 Cr6+

CrO3 , 
 200 , 

4CrO3 = 2Cr2O3 + 3O2

CrO3 + H2O = H2CrO4

K2Cr2O7 + 2H2SO = 2CrO3  + 2KHSO4 +H2O



26

 Cr6+

K2Cr2O7 + 6HCl = 2CrO2Cl2 + 3H2O +2KCl

CrO3 + HCl = CrO2Cl2 + H2O

2CrO2Cl2 + 3H2O = H2Cr2O7 + 4HCl



27

 Cr6+

H2CrO4 : Ka1= 10-1, Ka2= 10-7

H2Cr2O7: Ka2= 10-2

:
CrO4

2-

)
Cr2O7

2-

)
Cr2O7

2- + H2O = 2CrO4
2- + 2H+



28

 Cr3O8
2-

 Cr6+



29

 Cr6+

(VI) 
, 

Mo  W
4CrO3 + C2H5OH = 2Cr2O3 + 2CO2 + 3H2O

(NH4)2Cr2O7 = Cr2O3 + N2 + 4H2O

K2Cr2O7 + 14HCl = 3Cl2 +2CrCl3 + 7H2O +2KCl



30

 pH 
Cr2O7

2- + 3SO3
2- + 8H+ = 2Cr3+ + 3SO4

2- +
4H2O

2CrO4
2- + 3SO3

2- + 5H2O = 2Cr(OH)3 + 3SO4
2- + 4OH-

2CrO4
2- + 3Sn2+ + 10OH- + 8H2O = 2[Cr(OH)4]- +

3[Sn(OH)6]2-

 Cr6+



31

 Cr+3

Cr2O3 , 

, 

:
Cr2O3 + 2NaOH = 2NaCrO2 + H2O
NaCrO2 + 2NaOH + 2H2O = Na3[Cr(OH)6]



32

  Cr3+

Cr3+ + 3OH- = Cr(OH)3  -

,
:

Cr(OH)3 + 3HCl = CrCl3 + 3H2O
Cr(OH)3 + NaOH = Na[Cr(OH)4]



33

 Cr3+

[Cr(H2O)6]Cl3

[Cr(H2O)5Cl]Cl2
.H2O

[Cr(H2O)4Cl2]Cl.2H2O

 KCr(SO4)2
.12H2O
:

CrCl3.6H2O –



34

• Cr ,
, 

• Mo ,

• W , 



35

 S



1

V 



2

N – 33 , N2, NaNO3 )
P – 13 ; Ca3(PO4)3 ),

Ca3(PO4)2
.Ca(OH,F)2 )

As – 51 , FeAsS
)

Sb – 59 , Sb2S3
)

Bi – 60 , Bi2S3
)



3

• N – 1772 ., . ,  +
, , ;

. « »
• P – 1669 ., , . «

»
• As , .

. »
• Sb , . «

»
• Bi , 

 «Wismuth» ( )



4

 N2
= -196 , 

NH4Cl + NaNO2 = N2 + NaCl + 2H2O (T, )
NH4NO2 = 2 H2O + N2 + 334 

   = 940 , . ,

N2 = 2N  K298 = 10-120 (!!!) (K4000ºC = 1.3·10-12)



5

 N2
N2 + Li = Li3N , 
N2 + 3Mg = Mg3N2

N2 + 3Ca = Ca3N2

N2 + O2 = 2NO 

,

150 .



6

 N

• -3: NH3

• -2: N2H4

• -1: NH2OH –
• -1/3: HN3



:
N2 + 3H2 = 2NH3 ; rH< 0,

P, T, (Fe)

 ~ 130 . 

.

7



 (Haber), 
• 9  1868 . – 29  1934 .

, 1918 .

8



1918

». ,
,

, –

».

,
,

.

9



10

:
NH4Cl + NaOH = NH3 + NaCl + H2O

 NH3

2NH3 + NaClO = N2H4 + NaCl + H2O
)



11

fG0

NH3 -33oC -78oC 1v – 700v <0

N2H4 +2oC +114oC  > 0



12

NH3 + H2O = NH4
+ + OH- Kb = 1,8·10-5

N2H4 + H2O = N2H5
+ + OH- Kb = 10-6

N2H5
+ + H2O = N2H6

2+ +OH- Kb = 10-15

NH4Cl –
N2H5Cl –
N2H6Cl2



13

2NH = NH4
+ + NH2

- K = 10-33

2N2H = N2H5
+ + N2H3

- K = 10-25

Na + NH3 = NaNH2 + ½H2  Fe)

NaNH2 ), NaN2H3
.

Li2NH ), Li3N ).
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• Li3N, Mg3N2, Cu3N, Zn3N2

Li3N + 3H2O = 3LiOH + NH3

• Si3N4, Ge3N4, 
 AlN, GaN

 ( ), 

• TiNx, CrN, Cr2N, Fe4N
, , 

, , .
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Ox-red 

NH3

8NH3(aq) + 3Br2 = 6NH4Br + N2

3CuO + 2NH3 = 3Cu + N2 + 3H2O (  T)
4NH3 + 3O2 = 2N2 + 6H2O ( )
4NH3 + 5O2 = 4NO + 6H2O ( )
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Ox-red 
N2H4 - fG0 >0, , . 

; :
pH=0: N2 + 5H+ + 4e- = N2H5

+ E = -0,23 B
pH=14: N2 + 4H2O +2e- = N2H4 +4OH- E = -1,16 B

N2H4 + 2J2 = N2 + 4HJ
N2H5

+ + 4Fe3+ = N2 + 4Fe2+ + 5H+

N2H4 + O2 =  N2 + 2H2O
 - )
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•
HX (X = Cl, Br, I), H2CO3, H3PO4
(NH4)2CO3 = 2NH3 + CO2 +2H2O
NH4H2PO4 = NH3 + H3PO4

•
(NH4)2Cr2O7 = Cr2O3 + N2 + 4H2O
NH4NO3 = N2O+ 2H2O
(NH4)2SO4 = NH3 + NH4HSO4
3NH4HSO4 = N2 + NH3 + 3SO2 + 6H2O
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Fe3+, Al3+, Sn4+, Sn2+

 O,  N
Fe3+ + 3NH3 + 3H2O = Fe(OH)3 + 3NH4

+

Cu2+,Ni2+, Co2+, Pd2+, Pt2+, Pt4+

 N,  O
Cu2+ + 2NH3 + 2H2O = Cu(OH)2 + 2NH4

+

Cu(OH)2 + 4NH3 = [Cu(NH3)4]2+ + 2OH-
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 N
!!!)

+1 +2 +3 +4 +5
N2O NO N2O3 NO2

N2O4

N2O5

HNO2 HNO3

NaNO2 NaNO3
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N+1

N2O – , . , 

NH4NO = N2O + 2H2O !)

N2O + 2H+ +2e- = N2 + H2O  E0 = +1,77B, pH = 0
N2O + H2O + 2e- = N2 + 2OH- E0 = +0,94B, pH = 14

 (
),  ( )
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N+2

NO - , , 
, 

3Cu + 8HNO . = 3Cu(NO3)2 + 2NO + 4H2O

) 
 - , 

, 

) 
2NO = N2 + O2 (Cu+ )
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N+3

NO + NO2 = N2O3  1:1)
N2O3  ( .= -100 ),

 NO  NO2

NO + NO2 + H2O = 2HNO2  1:1)
NO + NO2 +2NaOH = 2NaNO2 + H2O
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 Ox-Red :

HNO2  ( ) 
HNO2 + H+ + e- = NO + H2O  E0 = +1,00 B
NO2

- + 2J- + 2H+ = 2NO + J2 + H2O

HNO2
HNO3 + 3H+ + 2e- = HNO2 + H2O E0 = +0,94 B

 MnO4
-, Cr2O7

2-  NO3
-

NO2
- + 2MnO4

- + 6H+ = 2Mn2+ + 5NO3
- + 3H2O

N+3
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 NO2
- :

- -
Mn+ :NO2

- Mn+ :ONO-

[(NH3)5Co(NO2)]Cl2 [(NH3)5Co(ONO)]Cl2

3
+

3
+

[(NH3)5Co(H2O)]3+

N+3
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N+4

NO2 , ,
, 

N2O4 , , =-11

2NO2 = N2O4 (K = 0,115  25 )
Cu + 4HNO . = Cu(NO3)2 + 2NO2 + 2H2O
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N+4

:

2NO2 + H2O = HNO3 + HNO2 )
3NO2 + H2O = 2HNO3 + NO ( )

2NO2 + 2OH- = NO3
- + NO2

- + H2O (pH 7)
3HNO2 = NO3

- + 2NO (pH<7)
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N+5

N2O5 ., , [NO2]+[NO3]-,
 O2N-O-NO2, 

2HNO . + P2O5 = 2HPO3 + N2O5

HNO3
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NO3
-

!
NO3

- + 2H2 + 3e- = NO + 4 - E0 = -0,14 B
NO3

- + H2 + e- = NO2 + 2 - E0 = -0,86 B

!
3KNO3 + 2FeCl3 + 10KOH =

2K2FeO4 + 3KNO2 + 5H2O + 6KCl

N+5
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HNO3

4HNO3 . = 4NO2 + O2 + 2H2O 
. HNO3  S, P, C, J2 c NO2

H2SO4, H3PO4, CO2, HJO3

  HNO3 . C, T
!!!)

3Cu + 8HNO . = 3Cu(NO3)2 + 2NO + 4H2O
4Mg + 10HNO . = 4Mg(NO3)2 + NH4NO3 + 3H2O
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 T
• NH4NO3 = N2O + 2H2O

• NaNO3 = NaNO2 + 1/2O2
.

Mg)

• Pb(NO3)2 = PbO + 2NO2 + 1/2O2
Mg Cu)

• AgNO3 = Ag + NO2 + 1/2O2

Cu)
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 N
NF3 , fG0<0!!!

NCl3 , 
NBr3

NJ3
.NH3
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: NCl3 + H2O = NH3 + HClO
NO  (  = F, Cl, Br) 
NO  + H2O = HNO2 + H
NO2  (F, Cl) 
NO2  + H2O = HNO3 + H

[NO]+X- (X = ClO4
-, HSO4

-) 
[NO2]+X- (X = ClO4

-, HSO4
-) 

[NO2]+[NO3]-

 N



1

N  P
•  N P 
• N  –

, P –
• N - 4-  ( ),

P – 5 
• :
N2 ),
P4



2

 = P, As, Sb, Bi

•
•

P5+ Bi5+;
 Bi5+

• . P3- Bi3-



3

, As, Sb, Bi
:

Ca3(PO4)2 + 5C + 3SiO2 = 1/2P4 +3CaSiO3 + 5
(1500oC)

 = As, Sb, Bi

2S3 + 9O2 = 2 2O3 + 6SO2 )

2O3 + 3C = 3CO + 2
, )



4

• 11 !
• 4 ,

, ,  CS2

•  – , , 

•  – , , 
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, As, Sb, Bi
• : P  P4O6

 P4O10, 2 3 4 6   ).

• : P, As, Sb 
Cl3 Cl5, Bi – BiCl3.

AsCl5  SbCl5
.

• :
P4 + 3KOH . +3H2O = 3KH2PO2 + PH3 )
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• :
+ 5HNO . = H3 O4 + 5NO2 + H2O
= P, As, Sb)

2Sb + 6H2SO . = Sb2(SO4)3 + 3SO2 +6H2O

Bi +4HNO3 = Bi(NO3)3 + NO  + 2H2O

, As, Sb, Bi
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PH3 ,
 – Ca3P2

 + 3Ca = Ca3 2  = P, As, Sb)
Ca3 2 +3H2O = 3Ca(OH)2 +2 H3

 PH3 BiH3
, 

:
2 H3 = 2  + 3 2 (Sb, As, Bi)



As2O3 + 6Zn + 6H2SO4 = 6ZnSO4 + 2AsH3 + 3H2O
2AsH3 = 3H2 + 2As (600 , )

•
, 

, 
 1836 . ,

,

.

 1840  ( ). 

. 8
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• :

PH + HJ = [PH4]+J- )
PH4J = PH3 + H+ + J- H2O)

:

5PH3 + 8MnO4
- + 24H+ = 8Mn2+ + 5H3PO4 + 12H2O
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+1

•
• H3PO2

) , ,
pKa = 1

•  ( ) 

P

OH

P

OH
HO HO

H
H

K = 10-12
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+1

• :
2P4 +3Ba(OH)2 + 6H2O = 2PH3 + 3Ba(H2PO2)2

Ba(H2PO2)2 + H2SO4 = BaSO4 + 2H3PO2

•
NaH2PO2 +4AgNO3 +2H2O = NaH2PO4+4Ag

+4HNO3
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+3

:
4 + 3 2 = 4 6 2)
4 + 5 2 = 4 10 2)
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+3

P4O6 As2O3 Sb2O3 Bi2O3

,
.

,
.

,
.

,
.

H3PO3 HAsO2,
H3AsO3

Sb(OH)3=
Sb2O3xH2O

Bi(OH)3

Na2HPO3 AsCl3
NaAsO2

SbCl3,
Na3[Sb(OH)6]

BiCl3
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+3

O

H3PO3 ,
,  Na2HPO3

pKa1 = 2, pKa2 = 7

H3AsO3 ,

pKa1 = 10, pKa2 = 14
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3

Cl3 + 3H2O = H3 O3 + 3HCl (  = P, As) –
,  As

PCl3 + 5NaOH = Na2HPO3 + 3NaCl + 2H2O

AsCl3 + 6NaOH = Na3AsO3 + 3NaCl + 3H2O
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17

3
1) Cl3 + H2O = (OH) l2 + HCl (  = Sb, Bi)

(OH) l2 + H2O = (OH)2 l
(OH)2 l = H2O + ( )Cl

:
2) 2SbCl3 + 3Na2CO3 + 3H2O = 2Sb(OH)3 +

3CO2 + 6NaCl
SbCl3 + 6NaOH = Na3[Sb(OH)6] + 3NaCl

3) BiCl3 + 3 NaOH = Bi(OH)3
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Ox/red 
 P+3

 H3PO3
4H3PO3 = 3H3PO4 + PH3 )

 H3PO3
H3PO3 + 2AgNO3 + H2O = H3PO4 +2Ag +2HNO3
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•  Bi3+

Bi(OH)3 + Cl2 +3KOH = KBiO3 + 2KCl +3H2O
2Bi(OH)3 + 3[Sn(OH)4]2- = 2Bi + 3[Sn(OH)6]2-

•  Bi3+

 ( !)
2BiCl3 + 3Zn = 2Bi + 3ZnCl2  HCl)

Ox/red Bi+3
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+5

P4O10 As2O5 Sb2O5 Bi2O5?

H3PO4 HAsO3

H3AsO4

Sb2O5
.xH2O

Na3PO4

NaPO3

Na3AsO4

NaAsO3

Na3SbO4-
NaSbO3 -

NaBiO3
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+5

P4O10 + 6H2O = 4H3PO4

 = P, As, Sb)

Cl5 + 4H2O = H3 O4 + 5HCl

 + 5HNO = H3 O4 + 5NO2 +H2O
Bi + 6HNO = Bi(NO3)3 + 3NO2 + 3H2O
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Ox +5

•  BiO3
-

•  BiO3
-

2KBiO3 + 4H2SO4 =Bi2(SO4)3 + O2 + K2SO4 +
4H2O

•  P5+
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As5+  Sb5+

:
H3AsO4 + 2HJ  = J2 + HAsO2 + 2H2O
H3SbO4 + 5HCl . = SbCl3 + Cl2 + 4H2O

:
J2 + NaAsO2 + 4NaOH = Na3AsO4 + 2NaJ +
2H2O

Ox +5
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100% H3PO4, T . = 42oC

pKa1 = 2; pKa2 = 6, pKa3 = 12

1%  Na3PO4: pH=12,1

1%  Na2HPO4: pH= 8,9

1%  NaH2PO4: pH= 4,6

2H3PO4 = H4P2O7 + H2
)
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P3+ PF3 !), PCl3, PBr3, PI3
P5+ PF5, PCl5 = [PCl4][PCl6] ,

PBr5 = [PBr4]+ Br-
.
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 + nS =  4Sn  = P, As

,
 CS2
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Cl3 + 3H2S = 2S3 + 6HCl (  HCl)
 = As, Sb, Bi

Cl5 + 5H2S = 2S5 + 10HCl (  HCl)
 = As, Sb (Bi2S5 )

As2S3, As2S5

Sb2S3, Sb2S5

Bi2S3
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. Bi2O3

. Bi2S3

. P2O5, As2O3, As2O5, Sb2O5

. P2S5, As2S3, As2S5, Sb2S5

. . Sb2O3
. Sb2S3
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) :

As2O3 . + Na2O . =  2NaAsO2

As2S . + Na2S =  2NaAsS2

!

Bi2O3 + Na2O = 

Bi2S3 + Na2S = 
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3+  = P, As, Sb): Na S2   Na3 S3
- -

5+  = P, As, Sb): Na S3   Na3 S4
- -

:
3Na + P + 3S = Na3PS3
3Na + P + 4S = Na3PS4
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 (  = As, Sb):
2S3 + Na2S = 2Na S2

2S5 + Na2S = 2Na S3

2S3 + Na2S2 = 2Na S3 + 2S

:
NaAsS2 + HCl = As2S3  + H2S + NaCl

As2S3 + 28HNO3 = 2H3AsO4 + 3H2SO4 +28NO2 +8H2O
.





2H2O2  2H2O + O2
MnO2

3H2O2 + 2KMnO4  2MnO2 +3O2  + 2KOH + 2H2O

 H2SO .

C12H22O11 )                 12C + 11H2O

C12H22O11 ) + 8H2SO4  8SO2  + 19H2O + 8C + 4CO2

H2SO4 



 Mn2O7
)

2KMnO4 + H2SO4  Mn2O7 + K2SO4 + H2O
4Mn2O7 + 2C2H5OH   4CO2 + 8MnO2+  6H2O

  KMnO4

2KMnO4 + C2H5OH + H2SO4  2CO2 + 2MnO2+

K2SO4 + H2O



 NH3

4NH3 + 5O2     4NO + 6H2O
Cr2O3

2NO + O2     2NO2

 KNO3

2KNO3 + C  2KNO2 + CO2

 NH3
, K  1  H2O

273 ~ 1200

293 ~ 700



1

+3

O

H3PO3 ,
,  Na2HPO3

pKa1 = 2, pKa2 = 7

H3AsO3 ,

pKa1 = 10, pKa2 = 14



2

3

(NCl3 + H2O = NH3 + HClO)

Cl3 + 3H2O = H3 O3 + 3HCl (  = P, As) –

,
As

As3 + 3 As( )3 3As 3 3 + As 3
3

PCl3 + 5NaOH = Na2HPO3 + 3NaCl + 2H2O

AsCl3 + 6NaOH = Na3AsO3 + 3NaCl + 3H2O



3



4

3
1) Cl3 + H2O = (OH) l2 + HCl (  = Sb, Bi)

(OH) l2 + H2O = (OH)2 l
(OH)2 l = H2O + ( )Cl

2) 2SbCl3 + 3Na2CO3 + 3H2O = 2Sb(OH)3 +
3CO2 + 6NaCl
Sb(OH)3 + 3HCl = SbCl3 + 3H2O

SbCl3 + 6NaOH . = Na3[Sb(OH)6] + 3NaCl

3) BiCl3 + 3 NaOH = Bi(OH)3
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Ox/red 
 P+3

 H3PO3
4H3PO3 = 3H3PO4 + PH3 )

 H3PO3
H3PO3 + 2AgNO3 + H2O = H3PO4 +2Ag +2HNO3
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•  Bi3+

Bi(OH)3 + Cl2 +3KOH = KBiO3 + 2KCl +3H2O
2Bi(OH)3 + 3[Sn(OH)4]2- = 2Bi + 3[Sn(OH)6]2-

•  Bi3+

, !
2BiCl3 + 3Zn = 2Bi + 3ZnCl2  HCl)

Ox/red Bi+3
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+5

P4O10 As2O5 Sb2O5 Bi2O5?

H3PO4 HAsO3

H3AsO4

Sb2O5
.xH2O

Na3PO4

NaPO3

Na3AsO4

NaAsO3

Na3SbO4-
NaSbO3 -

NaBiO3
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+5

P4O10 + 6H2O = 4H3PO4

 = P, As, Sb)

Cl5 + 4H2O = H3 O4 + 5HCl

 + 5HNO = H3 O4 + 5NO2 +H2O
Bi + 6HNO = Bi(NO3)3 + 3NO2 + 3H2O
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Ox +5

•  BiO3
-

•  BiO3
-

2KBiO3 + 4H2SO4 =Bi2(SO4)3 + O2 + K2SO4 +
4H2O

•  P5+
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As5+  Sb5+

:
H3AsO4 + 2HJ  = J2 + HAsO2 + 2H2O
H3SbO4 + 5HCl . = SbCl3 + Cl2 + 4H2O

:
J2 + NaAsO2 + 4NaOH = Na3AsO4 + 2NaJ +
2H2O

Ox +5
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100% H3PO4, T . = 42oC

pKa1 = 2; pKa2 = 6, pKa3 = 12

1%  Na3PO4: pH=12,1

1%  Na2HPO4: pH= 8,9

1%  NaH2PO4: pH= 4,6

2H3PO4 = H4P2O7 + H2
)
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P3+ PF3 !), PCl3, PBr3, PI3
P5+ PF5, PCl5 = [PCl4][PCl6] ,

PBr5 = [PBr4]+ Br-
.



13

 + nS =  4Sn  = P, As

,
 CS2
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 = As, Sb, Bi

Cl3 + 3H2S = 2S3 + 6HCl (  HCl)

 = As, Sb (Bi2S5 )
Cl5 + 5H2S = 2S5 + 10HCl (  HCl)

As2S3, As2S5

Sb2S3, Sb2S5

Bi2S3
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vs.

. Bi2O3

. Bi2S3

. P2O5, As2O3, As2O5,
Sb2O5

. P2S5, As2S3, As2S5, Sb2S5

. . Sb2O3

. Sb2S3
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) As Sb :

As2O3 . + Na2O . =  2NaAsO2

As2S . + Na2S =  2NaAsS2

!

Bi2O3 + Na2O = 

Bi2S3 + Na2S = 
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3+  = P, As, Sb): Na S2   Na3 S3
- -

5+  = P, As, Sb): Na S3   Na3 S4
- -

:
3Na + P + 3S = Na3PS3
3Na + P + 4S = Na3PS4
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 (  = As, Sb):
2S3 + Na2S = 2Na S2

2S5 + Na2S = 2Na S3

2S3 + Na2S2 = 2Na S3 + 2S

:
NaAsS2 + HCl = As2S3  + H2S + NaCl

As2S3 + 28HNO3 = 2H3AsO4 + 3H2SO4 +28NO2 +8H2O
.
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V 
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• V – 22 , , VS2
.V2S5

).

• Nb – 64 , ,
M(NbO3)2 (M = Mn, Fe) –

• Ta – 65 , ,
M(TaO3)2 (M = Mn, Fe) –
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• V – 1801 . , 
1830 .  - « » -

• Nb – 1801 . . 
.

1844 – . « » -
• Ta – 1802 . , 

.
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,

 Nb  Ta

M2O5 + 5Ca = 5CaO + 2M

V – , 

Nb, Ta –

Ta –
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:
" - ".
(0,2%)

:
,

,

,

.
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2V + 12HF = 2H[VF6] + 5H2

V + 6HNO3 = [VO2]NO3 + 5NO2 + 3H2O
3V + 5HNO3 + 3HCl = 3[VO2]Cl + 5NO+ 4H2O
Nb,Ta +  = 
Nb + 5HNO3 + 7HF = H2[NbF7] +5NO2 +5H2O

[TaF8]3-

4M + 12KOH + 5O2 = 4K3MO4 + 6H2O
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2+ VO VSO4

3+ V2O3 V2(SO4)3

[VO]SO4

4+ VO2

K4V4O9 »
[VO2]Cl [VO]Cl2 + Cl2

5+ V2O5

KVO3, K3VO4 »

H2SO4

KOH

HCl

KOH

HCl .)
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 V5+

V2O5 + H2O = 2HVO3

, )

V2O5 + 2NaOH = 2NaVO3 + H2O (
, ), Na3VO4

2HVO3 + 2HX . = 2[VO2]X + 2H2O

 V2O5 , 
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IV 



C, Si, Ge, Sn, Pb
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C – 11 , CO2, CaCO3 , ,
), , , . 

Si – 2 ; SiO2 , ),
, 

Ge – 54 , Cu3GeS4 )
Sn – 27 , SnO2 )
Pb – 60 , PbS ( ), PbSO4, PbCO3
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• C ;
. « » -

• Si – 1883 ., ; .
» -

• Ge
 1871 ., . 

1885 ., 
• Sn , .

» -
• Pb , 
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, d( ) = 1,54 Å

sp3

, d( ) = 1,42 Å

sp2

) =  ( ) (T, P, )

rGo = +2,9 



32

 1980 ., 

:
, 

, 

 5-  6-

60
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K3C60

 Tc = 18K

Gd@C60



 –
; ; 

.

 (2010)



35

–
 Al.

 – d  f ,
, , 

. WC – ,
. Fe3C –
.

 – B4C (  B12C3)  Si
, , ),
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 – (Be2C, Al4C3),
(MIIC2, MI

2C2)

2Al2O3 + 9C = Al4C3 + 6CO ( )

CaO + 3C = CaC2 + CO ( )

Al4C3 + 12H2O = 4Al(OH)3 + 3CH4

CaC2 + 2H2O = Ca(OH)2 + C2H2
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)

CO2 + C = 2CO ( )

 + H2O = CO + H2 )

HCOOH = O + H2O ( . H2SO4)

H2C2O4 = O + CO2 + H2O ( . H2SO4)
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:
CO+NaOH = HCOONa (120oC, 5 .)

:
2CO + O2 = 2CO2

O + PdCl2 + H2O = Pd  + CO2 + 2HCl

 ( ):
Ni + CO = Ni(CO)4
Fe + 5CO = Fe(CO)5
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O2

:
aCO3 = CaO + CO2 (1000oC)

:
CaCO3 + 2HCl = CaCl2 + CO2 + H2O

)
:

:  (Mg, Na, K)
2

2Mg + CO2 = 2MgO + C
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: 1V CO2  0,9V H2O
: O2 + H2O = H2CO3

(Ka1 = 4.10-7, Ka2 = 5.10-11)

2NaOH . + CO2 = Na2CO3 )
NaOH + CO . = NaHCO3 )

: Na+, K+, NH4
+

 MCO3 (M = Mg, Ca, Cu, Zn,
Pb, Ba)

(M= Al, Fe, Cr) :
2M3+ + 3CO3

2- + 3H2O = 2M(OH)3 + 3CO2
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CX4, X = F, Cl, Br, I (  -- ),

)

Cl4 + 4Na = 4NaCl +C )

O + Cl2 = COCl2
 - ,   

COCl2 + H2O = CO2 + 2HCl
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 S
CS2 , T = 44 , 

,  P4, S8, I2
C + 2S = CS2 ( 

)

CS2 + K2S = K2CS3
K2CS3 + 2HCl = 2KCl + H2CS3

Ka1 = 2.10-3, Ka2 = 7.10-9

H2CS3 = H2S + CS2 )
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 N
HCN – , t . = 26 , ,

: H-C N H-N=C

)

CH3-C N  , 
, t . = 60 )

CH3-N=C ,
, t . = 80 )

99,5% 0,5%



44

 N
:

CaC2 + N2 = Ca(CN2) + C  1100oC,
 (

 NH2-C N )
Ca(CN2) + C + Na2CO3 = 2NaCN + CaCO3

 HCN , pKa = 9.
:

KCN + H2O = HCN + KOH



45

 N

CN-

:
K4[Fe(CN)6] –
K3[Fe(CN)6] –

:
2Cu2+ + 10CN- = (CN)2  + 2[Cu(CN)4]3-
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 N  S
HSCN –  ( )

,  ( = 0,5)

:  H-S-C N H-N=C=S

KCN . + S = KSCN

, 

 Fe3+:

Fe3+ + 3SCN- = Fe(SCN)3
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:
Pt2+, Ag+  S ( )
M        :SCN-

Cr3+, Co2+  N
)

M        :NCS-

»
2Hg(SCN)2 + 5O2 = 2HgO + 2SO2 + 2CO2 + 2N2

 N  S



1

 – (Be2C, Al4C3),
(MIIC2, MI

2C2)

2Al2O3 + 9C = Al4C3 + 6CO ( )

CaO + 3C = CaC2 + CO ( )

Al4C3 + 12H2O = 4Al(OH)3 + 3CH4

CaC2 + 2H2O = Ca(OH)2 + C2H2



2

)

CO2 + C = 2CO ( )

 + H2O = CO + H2 )

HCOOH = O + H2O ( . H2SO4)

H2C2O4 = O + CO2 + H2O ( . H2SO4)



3

:
CO+NaOH = HCOONa (120oC, 5 .)

:
2CO + O2 = 2CO2

O + PdCl2 + H2O = Pd  + CO2 + 2HCl

 ( ):
Ni + CO = Ni(CO)4
Fe + 5CO = Fe(CO)5



4

O2

:
aCO3 = CaO + CO2 (1000oC)

:
CaCO3 + 2HCl = CaCl2 + CO2 + H2O

)
:

:  (Mg, Na, K)
2

2Mg + CO2 = 2MgO + C



5

: 1V CO2  0,9V H2O
: O2 + H2O = H2CO3

(Ka1 = 4.10-7, Ka2 = 5.10-11)

2NaOH . + CO2 = Na2CO3 )
NaOH + CO . = NaHCO3 )

: Na+, K+, NH4
+

 MCO3 (M = Mg, Ca, Cu, Zn,
Pb, Ba)

(M= Al, Fe, Cr) :
2M3+ + 3CO3

2- + 3H2O = 2M(OH)3 + 3CO2



6

CX4, X = F, Cl, Br, I (  -- ),

)

Cl4 + 4Na = 4NaCl +C )

O + Cl2 = COCl2
 - ,   

COCl2 + H2O = CO2 + 2HCl



7

 S
CS2 , T = 44 , 

,  P4, S8, I2,
, . .

:
C + 2S = CS2 ( 

)

CS2 + K2S = K2CS3
K2CS3 + 2HCl = 2KCl + H2CS3

Ka1 = 2.10-3, Ka2 = 7.10-9

H2CS3 = H2S + CS2 )



8

 N
HCN – , t . = 26 , ,

: H-C N H-N=C

)

CH3-C N  , 
, t . = 60 )

CH3-N=C ,
, t . = 80 )

99,5% 0,5%
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 N
:

CaC2 + N2 = Ca(CN2) + C  1100oC,
 (

 NH2-C N )
Ca(CN2) + C + Na2CO3 = 2NaCN + CaCO3

 HCN , pKa = 9.
:

KCN + H2O = HCN + KOH



10

 N
CN-

:
K4[Fe(CN)6] –
K3[Fe(CN)6] –

:
2Cu2+ + 10CN- = (CN)2  + 2[Cu(CN)4]3-

(CN)2 + 2KOH = KCN + KCNO +H2O
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 N  S
HSCN –  ( )

,  ( = 0,5)

:  H-S-C N H-N=C=S

KCN . + S = KSCN

, 

 Fe3+:

Fe3+ + 3SCN- = Fe(SCN)3



12

:
Pt2+, Ag+  S ( )
M        :SCN-

Cr3+, Co2+  N
)

M        :NCS-

»
2Hg(SCN)2 + 5O2 = 2HgO + 2SO2 + 2CO2 + 2N2

 N  S
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,  20 

SiO2 +2C = 2CO + Si (1900oC)

Si + 2Cl2 = SiCl4 )
SiCl + 2H = Si . + 4HCl

 Si

99,9999%



14

Si + O2 = SiO2 )

Si + 2Cl2 = SiCl4 )

Si + C = SiC (2000oC) 

2Si + N2 = 2SiN  (+ Si3N4) (2000oC)

, 
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… :

3Si + 4HNO3 + 18HF = 3H2[SiF6] + 4NO + 8H2O

Si + 2KOH +H2O = K2SiO3 + 2H2

Si + Mg = Mg2Si (+MgxSiy) -



16

Mg2Si + 4HCl . = 2MgCl2 + SiH4 )

SinH2n+2  n = 8 ( )

, (n > 60)

Si2H6 + 3,5O2 = 2SiO2 + 3H2O

SiH4 + 3H2O = SiO2
.H2O + 4H2



17

SiX4 (X = F, Cl, Br, I) )

SiX4 + 3H2O = SiO2
.H2O + 4HX (X = Cl, Br, I)

2SiF4 + 3H2O = SiO2
.H2O + H2[SiF6] + 2HF

 –
K2[SiF6]



18

 Si-O-Si

SiO2

E = O, NH



19

)

Si2O7
6- Sc2Si2O7

Thortveitit

(SiO3)n
2n- CaSiO3

Wollastonit



20

Si6O18
12- Al2Be3(Si6O18)

Beryll

(Si4O11)n
6n- Ca2Mg5(Si4O11)2(OH,F)2

Tremolit

(Si2O5)n
2n- Mg3(Si4O10)(OH)2

Talk
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[AlSiO4] , [AlSi4O10] , [Al2Si3O10]

Al  Si ( )
. 

[Na96(H2O)216][Al96Si96O384]

 4Å



22

[Na58(H2O)240][Al58Si134O384]

 8Å

1)

2)

3)

4)Ship in the Bottle



23

SiO2
SiO2:

1) , ,

2)SiO2 + 6HF = H2[SiF6] + 2H2O

3)SiO2 + 2NaOH . = Na2SiO3 + H2O
)

 H2SiO3,  H4SiO4

 pKa1 = 10, pKa2 = 13
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: 
; .

Na2SiO3 + HCl        xSiO2.yH2O + NaCl ( )
 –  ( )

:  - K2SiO3, Na2SiO3

, ).
.

: SiO3
2- + H2O = HSiO3

- + OH-

-H2O
Si2O5

2-
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Ge, Sn, Pb

 Ge-Sn-Pb

:

1) Ge – , 
 Si, 

2) Sn - , , . ---
 (« » 13.2 C)

3) Pb – , . 
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Ge, Sn, Pb
: Ge .

Sn + 2HCl = SnCl2 + H2 (Pb  HCl )

C :

M + HNO . = (NO3)2 + NO + H2O (M=Sn, Pb)

M + 4HNO . = H2MO3 +4NO2 + H2O
M = Ge, Sn ( xSnO2yH2O , x>y)

M + 4H2SO . = M(SO4)2 + 2SO2 + 4H2O
M = Ge, Sn
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Ge, Sn, Pb

Pb + 3H2SO . = Pb(HSO4)2 + SO2 + 2H2O

: Ge – ,
Sn + KOH + 2H2O = K[Sn(OH)3] + H2

 K4[Sn(OH)6]

(Pb )
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 Ge, Sn, Pb  H
Mg2Ge +4HCl = 2MgCl2 + GeH4

 GenH2n+2 (n< 10)

SnCl4 + Li[AlH4] = SnH4 + LiCl + AlCl3
PbH4 , , 

 HCl  Pb
 Mg.

 Pb(C2H5)4 .

4
C, Si, Ge, Sn, Pb

4 =  + 2 2 )
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2  = Ge, Sn, Pb)
. 

GeO2

<7 .
SnO2

.
PbO2 -

GeO2 + 4HCl . = GeCl4 + 2H2O

GeO2 + 2NaOH + 2H2O =Na2[Ge(OH)6]

GeO2 + 2NaOH = Na2GeO3 + H2O

Bi4Ge3O12



30

4+  = Ge, Sn)
2.yH2O – .

 x 2.yH2O (x<y - , x<y - )
 GeO2 , 

 pKa =10
:

Sn4+ + 4NH3 + 4H2O = Sn(OH)4 +4NH4
+

SnCl4 + 4H2O = Sn(OH)4  + 4HCl

Sn + 4HNO = H2SnO3  + 4NO2 + H2O



31

xSn 2
.yH2O

: y x, 
Sn(OH)4 + 2H2SO4 . = Sn(SO4)2 + 4H2O

Sn(OH)4 + 2KOH = K2[Sn(OH)6]

: --->

-

- : y < x,
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 Pb4+
Pb(OAc)2 + CaOCl2 + H2O = PbO2 + CaCl2 + 2HOAc

PbO2 + H2SO4 . = Pb(SO4)2 + 2H2O ( !)

:

PbO2 + 4HCl = PbCl2 + Cl2 + 2H2O

:

PbO + CaO = CaPbO3 )

Ca2PbO4 )

 [Pb(OH)6]2-
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 Pb4+

: PbF4 ( ., ),
PbCl4 ( , .)

[PbX6]2-

(X =Cl, Br, I),
K2[PbCl6]  200

•



2

6PbO + O2 = 2Pb3O4 (400-500oC) – -

PbII
2PbIVO4

2Pb3O4 = 6PbO + O2 (>500oC)

Pb3O4 + 4HNO = PbO2  + 2Pb(NO3)2 + 2H2O



3

2+  = Ge, Sn, Pb)
• Ox-Red
•

 Ge-Sn-Pb ( 2+)
•  Sn2+

• )2

•   )2
Ge-Sn-Pb 



4

 Sn2+

Sn(OH)2 = SnO + H2O ( )

Sn(OH)2 + H2SO4 = SnSO4 + 2H2O

Sn(OH)2 + NaOH = Na[Sn(OH)3],
 [Sn(OH)n](n-2)- n = 3 - 6

2Na[SnII(OH)3] = Sn0 + Na2[SnIV(OH)6]



5

 Sn2+

 SnX2:
X = Cl, Br, J, NO3, 1/2SO4

: Sn2+ + H2O = Sn(OH)+ + H+

:

SnCl2 + Cl- = [SnCl3]-

, 
. 

[PtCl3(SnCl3)]2-, [PtCl2(SnCl3)2]2-



6

 Pb2+

PbO –
2Pb + O2 = 2PbO ( )
PbO2 = PbO + 1/2O2 )
PbO2 (290-320 º ) Pb2O3 (390-420 º ) Pb3O4 (530-550 º ) bO



7

 Pb2+

PbO + 2AcOH = Pb(OAc)2 + H2O
Pb(OH)2 + 2HCl = PbCl2 + 2H2O
Pb(OH)2 + 2NaOH = Na2[Pb(OH)4]

Pb(NO3)2, Pb(OAc)2 –

 PbX2
(X = F-, Cl-, Br-, J-, 1/2SO4

2- , 1/2S2-, 1/2 3
2- )



8

 Ox-Red
Sn2+

2MnO4
- + 5Sn2+ + 16H+ = 2Mn2+ +5Sn4+ + 8H2O

2MnO4
- + [Sn(OH)3]- + 3OH- = 2MnO4

2- +
[Sn(OH)6]2-

PbO2 , 

5PbO2 + 2Mn2+ +4H+ = 5Pb2+ + 2MnO4
- + 2H2O

4PbO + H2S = PbSO4 + 3PbO + H2O
)



9

GeS, SnS, PbS –
 Na2S

!!! IIS + Na2S2 = Na2
IVS3  = Ge,Sn)

GeS2, SnS2 -

SnS2 + Na2S = Na2SnS3

Na2SnS3 + 2HCl = SnS2  + H2S + 2NaCl

PbS2  PbII(S2)



10

IV 



11

• Ti – 9 , TiO2 ), FeTiO3
), CaTiO3 )

• Zr – 21 , , ZrO2
), ZrSiO4 )

• Hf – 52 , 
, 2%  Zr

 Zr Hf .



12

• Ti – 1791 ., . , 1795 ., .
.  – . 

• Zr – 1789 . . 
,

 ( )
• f – 1922 . 

, . «Hafnia» -
.



13

., ., D, 3

Ti 1800 3330 4,5
Zr 1857 4340 6,5
Hf 2227 4620 13,1

,

 Zr  Hf

MO2 + 2C + 2Cl2 = MCl4 + 2CO

MCl4 + 2Mg = M + 2MgCl2 (900oC, Ar)

, , 



14

M+ H2 = MH2 . )

M + C = MC ( . )
 HfC·4TiC   

. . 3990 º )

2Ti + N2 = 2TiN (800 º )



15

Ti+ O2 = TiO2  > 550oC( ))
Ti + 2  = Ti 4

 = F(150oC), Cl(300oC), Br(360oC), J(550oC))
2Ti + 6HCl = 2TiCl3 + 3H2 )

Ti + 2NaOH . + H2O = Na2TiO3 + 2H2

Ti + 4HNO . + (x-2)H2O = TiO2
.xH2 ( ) + 4NO2

, 



16

)

M + 6HF = H2[MF6] + 3H2

M + 4CH3COOH + 6F- = [MF6]2- + 4CH3COO- + 2H2

M + 5H2SO . = H2[M(SO4)3] + 2SO2 + 4H2O

3M + 4HNO3 + 18HF = 3H2[MF6] + 4NO + 8H2O

(Zr  Hf)



17

4+

MO2 , , 
, . 

TiO2

ZrO2  ( )

TiO2  ( ),



18

»  « » 4+

CaO + TiO2 = CaTiO3 )
TiO2 + K2CO3 = K2TiO3 + CO2

, , :
MI

2 3, MI
4 O4

:
K2TiO3 + (n+1)H2O = TiO2

.nH2 ( ) + 2KOH
--- , )
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 M4+

TiO2 + H2SO . = TiOSO4 + H2O
TiOSO4 + (x+1)H2O = TiO2

.xH2 ( )+H2SO4 )
Cl4 + H2O = MOCl2 + 2HCl

 (TiO2+).

MOCl2.8H2O  (M = Zr, Hf)

[M4(OH)8(H2O)16]8+



20

 H2O2

Ti4+:  pH<2 [Ti(O2)(H2O)x]2+ ( )

 [Ti(O2)2(H2O)x] ( )
pH>7: [Ti(O2)4]4- ( )

K4[M(O2)4] (M = Zr, Hf) - , 



21

M + 2X2 = MX4 (M = Ti, Zr, Hf; X = F, Cl, Br, I)
 (

), 
TiCl4
TiCl4 + 2H2O = TiO2 + 4HCl

TiCl4 + 2HCl . = H2[TiCl6]

2 TiCl4 + H2 = 2TiCl3 + 2HCl ( )



22

: [MF6]2-

[MF7]3-, [MF8]4-  Zr  Hf

[M(acac)4] –  (MO CVD)

[Hf(ox)4]4-



III 

23





B, Al, Ga, In, Tl (ns2np1)

r .

Å
r, 3+

=6)

B 0,83 2,04 0,+3

Al 1,43 0,54 1,61 0, (+1), +3

Ga 1,39 0,62 1,81 0, (+1), +3

In 1,63 0,94 1,78 0, (+1), +3

Tl 1,70 1,03 2,04 0, +1, (+3)

25



– 28 , 9·10-4 .%
H3BO3 ), Na2B4O7

.10H2O ( ),

Al – 3 , 8,3 .%
xAl(OH)3

.yAlO(OH) ( ) –
 Al,

Al2O3
.2SiO2

.2H2O ( ),
Na3K[AlSiO4] ( )
Na3AlF6 )

26



Ga – , 4,6·10-4 .%,
 60-70 , CuGaS2 ),

 Al 
In – , 2·10-6 .%,

 70-75 , 

Tl – , 8·10-7 .%, ,
 75-80 , 

,  K 

27



• B –1808 ., . .
B2O3 + 6K = 2B + 3K2O , . Borax – .

• Al – 1825 ., . ,
AlCl3 + 3K(Hg) = Al +3KCl + Hg

. Alumen  Alumin -
• Ga  1871 ., 

.  1875 .,
,  . Gallia.

• In –1863 ., . ,
 ( .

)
• Tl – 1861 ., . , . « » -

 (
) 28



, , 
. = 2075

:

2H3BO3 = B2O3 + 3H2O ( )

B2O3 + 3Mg = 3MgO + 2B

. 
+ MgCl2 + H2O

29



[H+]: H3BO3 + 3H+ + 3e = B + 3H2O E0 = -0,87 B

[OH-]: [B(OH)4]- + 3e = B + 4OH- E0 = -1,79 B

,
 100oC

2B + 3H2O = B2O3 + 3H2 (800oC)

2B + 3X2 = 2BX3 (X = F, Cl, Br, I)

4B + 3O2 = 2B2O3 )

2B + N2 = BN (1200 )

B + 3HNO3 ( .) = H3BO3 + 3NO2 ) 30



B2O3

B2O3+H2

3
BF3( )

B

F2
2, tF2

H2O, 
t

O2

700ºC

H2



xB + yMg = MgyBx ( )
(B2O3)
MgyBx ( ) + Cl -- BnHm ( ) + H2

+ MgCl2

CaB6 AlB2
32



 B2H6

.
3- – .

B2H6 (3 2 + 6 = 12 ,
 8!)

1) 4BCl3 + 3Li[AlH4] = 2B2H6  +LiCl+ 3AlCl3 )

2) 2BF3 + 6NaH = B2H6  + 6NaF (175ºC)

33



1)  + Cl -- BnHm + H2 + MgCl2
2) B2H6

BnHn+4 BnHn+6

n=2, 4 –
n=5 –
n=10, 12 –

B4H10 – (10)
34



( )
1)B2H6 + 3O2 = B2O3 + 3H2O

rH = -2000  ( )

2) B2H6 + 6H2O = 2H3BO3 + 6H2
)

3) B2H6 + 2NaH = 2Na[BH4] –
)

Na[BH4] + 4H2O = 4H2 + H3BO3 + NaOH

35



III 

1



. III .

2

Sc -  ( ) 
 1879 .

.

 ( ) – Y, La  14 (4f
)

 –  La

Ac  14  (5f ) – .

 –  Ac



 ( .%)

Gd, Pr

Lu

NdCe,La

Tm



4

Pm 145Pm61 T1/2=26

 - Tm
), ,  As, Cd, Hg  Se

La, Ce, Y  Cu,
Pb.



5

,

(1,6-
1,7)×10 2

XIX
»).

:
 - (Y,La,Ln,Th)PO4

 - (Y,La,Ln)(CO3)F



6

,

),

50% , 5—10% ThO2
1% U3O8 .



Sc 
M3+ R, M3+(Å) ( . 6) E0(M3+/M), B

Sc [Ar] 0,89 -2,08
Y [Kr] 1,04 -2,37
La [Xe] 1,18 -2,38
Ce [Xe]4f1 1,15 -2,34
Lu [Xe]4f14 1,00 -2,30

7

1)
 + 6H2 = 2 )3 + 3H2

2)  R (  15%) 
 -

3)  3+



,
, -

4f
4f

f-

.

La(OH)3 …………………………….  Lu(OH)3
,

8



9

1) 2MCl3 + 3Ca = 3CaCl2 + 2 -

2) 2O3 + 6HF = 2 F3 + 3H2O ( )

 MF3  MCl3
, . 

!

, ,
:

: HNO3,
H2SO4, HCl, CH3COOH

+ 6HCl = 2 Cl3 + 3H2



10

.

 – , . ):

2Sc + 6NaOH + 3H2O = 2Na3[Sc(OH)6] + 3H2

 O2 ), H2, N2, Cl2, C, S, P

2Y + 3Cl2 = 2YCl3 ( 200º )

2La + N2 = 2LaN ( N + 3 2 )3 +N 3)

La + 2 = La 2 (1000 º )
2 2 )3 2 2 + H2)



•  M2O3 , 
, 

: La2O3 + 3H2O = 2La(OH)3 )
2 2  La2 O3)3, La(OH)3

•  M(OH)3

• , , ,

• , ,
, 

)

11



La(OH)3 …………………………….  Lu(OH)3
,

)

Sc2(SO4)3  Y2(SO4)3  La2(SO4)3

:
2Sc(OH)3 + 3H2SO4 = Sc2(SO4)3 + 3H2O
Sc(OH)3 + 3NaOH = Na3[Sc(OH)6]

2La(OH)3 + 3H2SO4 = La2(SO4)3 + 3H2O
La(OH)3 + NaOH  = 12



Ce 4f26s2 4f06s0 (Ce4+)
Eu 4f76s2 4f76s0 (Eu2+)
Gd 4f75d16s2 4f76s0 (Gd3+)
Tb 4f96s2 4f76s0 (Tb4+)

f

3+, 4+

Yb 2+.

13



 +4
Ce4+: [Xe] CeO2, CeF4
Pr4+: [Xe]4f1 PrO2 (pO2 280 , 400 C); PrF4

, Pr5O9, Pr6O11, Pr7O12.

, Pr4+

4Pr4+ + 2H2O = 4Pr3+ + O2 + 4H+

E0(Ce4+/Ce3+) = 1.2 B; E0(Pr4+/Pr3+) = 2.9 B

 Ce4+:
Ce + O2 = CeO2 , )

2 e(OH)3 + 2OH- + Cl2 = 2 Ce(OH)4 + 2Cl- (pH>7)

2Ce(OH)4 + 8HCl = 2CeCl3 + Cl2 + 8H2O (pH<7)

14



 +2
Sm2+: [Xe]4f6 SmI2
Eu2+: [Xe]4f7 EuO, EuX2, EuSO4 ), EuCO3 )
Yb2+: [Xe]4f14 YbO, YbX2, YbSO4

:
Sm2+ + H2O = [SmOH]2+ + ½H2
E0(Sm3+/Sm2+) = -1.55 B; E0(Eu3+/Eu2+) = -0.43 B
E0(Yb3+/Yb2+) = -1.15 B

:
EuCl3 + “H”  = EuCl2 + HCl (Zn + HCl)

15

 Ba2+!!!



•  [M(H2O)9]3+  (
 10-7 – 10-9 )

•
•

 Sc3+: [Sc(acac)3], K  = 6

 Y3+: [Y(acac)3(H2O)], K  = 7

 La3+:  [La(acac)3(H2O)2],  = 8

16



 Ln3+

 f-f .
.

 Sc3+,Y3+, La3+  f 
Gd3+ (4f7)  Lu3+ (4f14) –
Ce3+ (4f1  Yb3+ (4f1) -

:
Pr3+ ; Tm3+

Nd3+

Sm3+ , Dy3+, Ho3+

Pm3+ , Er3+

Eu3+ , Tb3+

17



18

 ( . Ce) ,
, ;

SmCo6, SmFeCu ;

LaNi5 ;

Y ;

LnBa2Cu3O7-x ;

 – ;

 –



232Th t1/2 =3,28.1010 ; 238U t1/2= 4,47.109 ;
251Cf t1/2= 900 ; 259No t1/2= 1,4 ; 260Lr t1/2 = 3

:



20

 R(M3+)  1,26 Å
 Ac  1,02 Å  Lr

, ,
, ,

2, S, 2, N2, X2

3U + 4O2 = U3O8 –
 (UO2

.2UO3)

Th + O2 = ThO2



Ac, Th, Pa

21

Ac3+  La 227Ac t1/2= 22 

Ac2O3; Ac(OH)3 –
Ac(OH)3 + 3HCl = AcCl3 + 3H2O
AcCl3, Ac(NO3)3
AcPO4, Ac2 O3)3

Th4+  Zr  Hf
.  - .

Th+ O2 = ThO2;
Th+ 2H2O = ThO2 + H2 .)

Th(OH)4 –
Th(OH)4 + 4HCl  ThCl4 + 4H2O
ThCl4 + 4NaOH = Th(OH)4  + 4NaCl (  xThO2·yH2O)



Ac, Th, Pa

22

Pa5+  Nb5+  Ta5+

, .
Pa(OH)5

Pa(OH)5 + 5HF  PaF5 + 5H2O

PaF5 + 2 KF  K2[PaF7]

Pa2O5 + NaOH )  NaPaO3  Na3PaO4



-1
235UO2



U
238U – 99% t1/2= 4.5 . 
235U – 0,75% -

t1/2= 0.7 . 

U4+:
 UO2, U(OH)4 ;

U4+ + 4F- = UF4 ; UO2 + 4HF = UF4 + 2H2O

U6+:
 UO3, UF6  57 )

UO3 + NaOH => Na2U2O7 ( Na2UO4) –



U
-H2UO4  UO2(OH)2

2H2UO4 + 2NaOH => Na2U2O7 + 3H2O    ( Na2UO4) –

UO2(OH)2 + 2HX => UO2X2 + 2H2O (X = NO3,
OAc, Cl)

UO3 + H2 = UO2 + H2O
UO2(NO3)2 + (Zn + 2H2SO4) = U(SO4)2 + Zn(NO3)2 +
2H2O
2UF4 + O2 = UF6 + UO2F2

3UF4 + 2ClF3 = 3UF6 + Cl2
25



26

, 
63 130 75%
13 168 49%
18 665 35%
46 823 29%
20 490 26%

101 229 20%
10 137 18%

23 084 18%
10 048 2%
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1. – 235U, 238U, 239Pu
 – 233U ( 232Th)

2. ,
 (160 239Pu ))

– 239Pu, 242Cm, 244Cm ( )
3. – 241Am; 252Cf
4. – 241Am , -

, ;
5. – 241Am 

; 252Cf –



28

:
235U + n 236U + n 237U (7 237Np + n 
238Np (2,1 238Pu

238U + n 239U (23 239Np (2,3 239Pu
(+ ) + n 240Pu + n 241Pu (+ ) + n 
242Pu + n 243Pu (5 243Am + n 244Am 
(26 244Cm

, «+n» 
.
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1 
-

18 

:

65 

~ 1 



:

30

- 600 .

, 
.

 — 1.01 — 1.1.

235UF6 M= 349
238UF6 M= 352

 –  0,86 %
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1 — ;
2 — ;
3 — ;
4 — ;
5 — ;
6 — .



32



 –

33

1 — ;
2 — ;
3 — ;
4 — ;
5 — ;
6 — .



1

II 



2

Be, Mg, Ca, Sr, Ba (ns2)
r, 0, Å r, 2+ =6)

Å
Be 1,12 0,45 0, +2

Mg 1,60 0,72 0, +2

Ca 1,97 1,00 0, +2

Sr 2,15 1,18 0, +2

Ba 2,22 1,35 0, +2



).

Ca, Sr, Ba – .
3

0,45 Å 0,72 Å 1,00 Å 1,18 Å 1,35 Å



 ( .%)

Ba

Mg
Sr

Ca

Be

4



5

• Be – 48 ; 3BeO.Al2O3
.6SiO2

: , .)
• Mg – 8 ; 2KCl.MgCl2.6H2O

), MgCO3
.CaCO3 )

• Ca – 5 ; CaCO3 ), CaF2
), CaSO4

.2H2O ( )



6

• Sr – 15 ; SrCO3 )
• Ba – 14 ; BaSO4 ),

• BaCO3 )

• Ra – ;



7

• Be – 1798 ., . , 
 (1828  – )

• Mg – 1808 , . , .
• Ca - 1808 , . , . calx –
• Sr - 1808 , . ,   
• Ba - 1808 , . , . « »

• Ra – 1898 ., , . « »



8

Be –  Ba[BeF4]

BeF2 + Mg = MgF2 + Be

Mg –  MgCl2
Sr, Ba –  MCl2
BaO



9

M + 2H2O = M(OH)2 + H2

(Be – ; Mg – , Ca, Sr, Ba
)

: M + 2HCl = MCl2 + H2

M + X2 = MX2  – )

M + S = MS

2M + O2 = 2MO

BaO + ½ O2 = BaO2  500  ( )



 BaO2

 O-O, A:

O2 1.18
CsO2 1.19
H2O2 1.46
BaO2 1.49

10



11

M(OH)2
Be(OH)2 , 

, 

Be(OH)2 + 2NaOH = Na2[Be(OH)4]

Be(OH)2[Be(OH)4]2-



12

  :
MCl2 + 2LiH = 2LiCl + MH2 (M = Be, Mg)

(C2H5)2Mg = MgH2 + 2C2H4 )

M + H2 = MH2 )

Mg + H2 = MgH2
)

Be + H2 = 



13

MH2 + 2H2O = M(OH)2 + 2H2

.

BeH2  MgH2  ( )

 Be, Mg, Ca, Sr, Ba

.

MH2 (M = Ca, Sr, Ba) –



14

Mg: R-MgX

R-X  + Mg R-MgX

, I2

C2H5-Br  + Mg C2H5-MgBr

C2H5-MgBr + CO2 C2H5-COOMgBr

C2H5-COOMgBr + HBr C2H5-COOH + MgBr2



15

M = Mg, Ca, Sr, Ba –
 MC2

M + 2C = MC2 )

MO + 3C = MC2 + CO ( )

MC2 + 2H2O = M(OH)2 + H-C C-H

CaC2

:
2BeO + 3C = 2CO + Be2C ( )
Be2C - , .



16

 N
M = Mg, Ca, Sr, Ba  M3N2

3M + N2 = M3N2 )

M3N2 + 6H2O = 3M(OH)2 + 2NH3

Be3N2 , 



17

, 

 = 4      [Be(OH)4]2-, [BeF4]2-

4Be(OH)2 + 6CH3COOH = [Be4O(CH3COO)6] +7H2O

[Be(OH)4]2-



18

 (  II)
CO2 + H2O =  + O2
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Zn, Cd, Hg
r, 0,Å r, 2+ =6),

Å
Zn 1,33 0,74 1,66 0,+2
Cd 1,54 0,95 1,46 0,+2
Hg 1,57 1,02 1,44 0,+1,+2

Zn: [Ar]3d104s2

Cd:[Kr]4d105s2

Hg: [Xe]4f145d106s2



 ( .%)

Hg

Zn

Cd

20



21

• Zn  XII ;
 ( ) .;

. Zinn ( )
• Cd – 1817 ., . ;

. « » -
• Hg  1500 . .;

 –
; . Hydrargirum –



22

Zn  Cd
: ZnS -  (

), Cd  Zn
ZnS + 3/2O2 = ZnO +SO2 )

: ZnO + C = CO + Zn
(1300oC), Cd 

:
ZnO + H2SO4 = ZnSO4 + H2O

: Zn2+ +2e- = Zn0

Cd – Zn .



23

Hg
: HgS ( ),

HgS ( ) + O2 = Hg +SO2

HgO = Hg + 1/2O2 ( 500oC)



24

, , 2+/M), D, 3

Zn 420 906 -0,76 7,13
Cd 321 770 -0,40 8,65
Hg -39 357 +0,85 13,55

Zn, Cd – , ,
, 

, .



25

M + H2SO . = MSO4 + H2 (M = Zn, Cd)

Zn + 2NaOH +2H2O =  Na2[Zn(OH)4] + H2

d + NaOH = 

:

4Zn +10HNO .= 4Zn(NO3)2 +NH4NO3 + 3H2O

4Cd + 10HNO . = 4Cd(NO3)2 +N2O + 5H2O

3Hg + 8HNO . = 3Hg(NO3)2 +2NO + 4H2O

: O2, S, 



26

 Zn  Cd
:

: MX2 (X = Cl, Br, NO3, 1/2SO4)
: M(CN)2 ), ZnS ( ), CdS
)

:
ZnCl2 = Zn2+ + 2Cl- )
CdBr2 = CdBr+ + Br-

1 = 0,5)
CdBr+ = Cd2+ + Br- ( 2 = 0,05)
CdBr2 + Br- = [CdBr3]-

[CdBr3]- + Br- = [CdBr4]2-



27

• ZnO/Zn(OH)2 :
Zn(OH)2 + H2SO4 = ZnSO4 + 2H2O
Zn(OH)2 + 2NaOH = Na2[Zn(OH)4] 
• CdO/Cd(OH)2 :

 Zn, . 

• HgO/ !! –



28

MxHgy

x y
.

M = Na, Ag, Au, Al, Cu, Cd, Zn

Fe –



29

Hg2+

Hg + 1/2O2 = HgO  (300 )
Hg2+ + 2OH- = H2O + HgO 

:

, ,

Hg(NO3)2

HgF2

HgSO4

Hg(ClO4)2

HgCl2 )
HgBr2

Hg(CN)2

HgI2
Hg(SCN)2 .
HgS



30

 Hg2+

:
Hg2+ + NO3

- +H2O = (HgOH)NO3  + H+

HgF2 + H2O = HgO  + 2HF

:
HgCl2 = HgCl+ + Cl- ( ~ 0,01)

Hg(CN)2 , 
. .



31

 Hg2
2+ . 1+)

Hg ( .) + HNO . = Hg2(NO3)2 + NO +H2O

Hg2+ + Hg = Hg2
2+ K = 170

Hg2
2+ +  2CN- =  Hg + Hg(CN)2 )

Hg2
2+ + 2OH = Hg + HgO + H2O ( )

Hg2(OH)2  Hg2O –

Hg2
2+ = Hg2+ + Hg K = 6 10-3



32

 Hg2
2+ . 1+)
: Hg2(NO3)2, Hg2F2

: Hg2X2 (X = Cl,Br,J)

:
Hg2(NO3)2 + H2O = Hg2(OH)NO3 + HNO3 )
Hg2F2 + H2O = HgO + Hg + 2HF ( )



33

Ox-red 
1) Hg + HNO . = Hg(NO3)2 + NO +H2O
Hg ( .) + HNO . = Hg2(NO3)2 + NO +H2O

2) :
Hg2(NO3)2+4HNO3 = 2Hg(NO3)2+2NO2+ 2H2O

3) :
2HgCl2 + SnCl2 .) = Hg2Cl2  + SnCl4

HgCl2 + SnCl2 .) = Hg  + SnCl4



34

 Hg(NO3)2  Hg2(NO3)2

Hg2+ Hg2
2+

Cl- HgCl2 ) Hg2Cl2 .

I- .) HgI2 . Hg2I2 .

I- ) [HgI4]2- [HgI4]2- + Hg

S2- HgS HgS  + Hg

CN- .) Hg(CN)2 p-p, Hg(CN)2 + Hg

CN- ) [Hg(CN)4]2-, [Hg(CN)4]2- +Hg



1

I 



2

Li, Na, K, Rb, Cs (ns1)

R ( 0), R( +),
=6)

0
+/ ,

Li 1,57 0,76 -3,04 0, +1

Na 1,92 1,02 -2,71 0, +1

K 2,36 1,38 -2,93 0, +1

Rb 2,53 1,52 -2,93 0, +1

Cs 2,74 1,67 -2,91 0, +1



3

Li – 29 ; Li2[Al2Si4O12] ( )
Na – 6 ; NaCl ( , . ),
K – 8 ; KCl.MgCl2.6H2O

), KCl ( )
Rb Cs - 26  38 ;
Fr



4

Na Cs



5

Li – 1817 ., ; . « » -
Na – 1807 ., . , . « » -
K – 1807 ., . , . « » -

Rb - 1861 ., . ; .
» -

Cs - 1861 ., . ; .
» -

Fr – 1939 ., . , 
227

89Ac = 223
87Fr + 4

2He
(t1/2 = 22 ) (t1/2 = 11,4 .)





(1778-1829)

7

1799

1800

1807

1808

, .

1810
.
,

.



,
: "

?"
:

".

8

.
;

;
;

.
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MCl  MOH (M
= Li, Na, K)

: M+ + e = M
: 2OH- -2e = H2O +1/2O2  Cl2)

2MCl + Ca = 2M + CaCl2 (M = Rb, Cs)
700oC, .

T (Ca) = 1484 C,
T (Cs) = 667 C.



  



11

 Li

Li ,  Mg
). 

.

6Li + N2 = 2Li3N –  ( )

 N2 . 
 M3N 

: LiF, Li2CO3, Li3PO4  Mg2+)

!



12

LiF   MgF2
: Li3N  Mg3N2

BCl3  SiCl4
BF3  SiF4

, .



13

1)  +1

2) . 

3)MOH – ,



14

 (K, Rb, Cs – )

 + H2O = NaOH + 1/2H2

2M + H2 = 2MH

NaH + H2O = NaOH + 1/2H2

2M + X2 = 2MX (X = F2, Cl2, Br2, J2 )

2M + S = M2S



15

Li Na K Rb Cs
Li2O Na2O

Li2O2 Na2O2 K2O2

- KO2 RbO2 CsO2



16

Na2O2 + O2 = 2NaO2 (500 , 300 )

KO2 + O3 = KO3 + O2 ) (Rb, Cs)

:

M2O + H2O = 2MOH

M2O2 + 2H2O = 2MOH + H2O2

2MO2 + 2H2O = 2MOH + H2O2 + O2

2MO3 + 2H2O = 2MOH + H2O2 + 2O2



17

M-O 

» :

4KO2 + 2CO2 = 2K2CO3 + 3O2

2Na2O2 + 2CO2 = 2Na2CO3 + O2

:

MOH + M = M2O + H2

2CO3 = M2O + CO2
)



 c

Rb6O, Rb9O2, Cs4O , Cs7O, Cs11O3

Rb9O2

Cs11O3

18



Na( ) + C10H8 Na[C10H8]
)

C5H6 + Na (C5H5)-Na+ + 1/2H2 )

[(C6H5)Li(L)]2

L = (CH3)2NCH2CH2N(CH3)2

19



, 

.
 –

!

18- -6 [K+@(18- -6)] 20



Na . = Na+(solv) + e- (solv)  NH3

, , 
.

Na+(solv) + e- (solv) + NH3 = NaNH2 (solv) + 1/2H2

[Cs(18- -6)2]+e-

 NH2CH2CH2NH2
2Na . = Na+(solv) + Na-(solv)
[Na(18- -6)]+Na-

21



22

I 



23

u, Ag, Au



24

Cu, Ag, Au
r, 0,
Å

r, +

=6),
Å

Cu 3d104s1 1,28 0,77 0,+1,+2,(+3)

Ag 4d105s1 1,44 1,15 0,+1,(+2),
(+3)

Au 4f145d106s1 1,44 1,37 0,+1,+3,(+5),



25

• Cu – 25 ; CuFeS2 ), Cu2S
), 2CuCO3

.Cu(OH)2 ),
 Cu

• Ag – 70; Ag2S ( )
• Au - 75; Au, Au2Te ( )

CuCO3
.Cu(OH)2 ) Ag



26

1872 

 –

»
 140 × 66

× 10 
285,76 

, 

.
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u . « » -
Ag . « » -
Au . « » - ;

  
. « » -



28

u2S + 3O2 = 2Cu2O + 2SO2 )

Cu2S + 2Cu2O = SO2 + 4Cu ,  O2)
: 

 Cu
 CuSO4

:
Cu + H2O + 2KCN = K[Cu(CN)2] + 1/2H2 + KOH

2 = 1016



29

 Ag  Au
 1843 .  ( )

2M + H2O + 4KCN +1/2O2 =2K[M(CN)2] +2KOH
M = Ag ( 2 = 7.1019); Au ( 2 = 2.1038)

2K[M(CN)2] + Zn = K2[Zn(CN)4] + 2M



30

Cu + X2 = CuX2 (X = Cl, Br)
Cu + 1/2J2 = CuJ
Cu + O2 = CuO
Cu + S = CuS

2Ag + X2 = 2AgX (X = Cl, Br, J)
Ag + F2 = AgF2

4Ag + 2H2S +O2 = 2Ag2S + 2H2O

!

, )



31

-

Cu + 2H2SO = CuSO4 + SO2 + 2H2O
Cu + 4HNO = Cu(NO3)2 + 2NO2 + 2H2O

2Ag + H2SO = Ag2SO4 + SO2 + 2H2O
Ag + 2HNO = AgNO3 + NO2 + H2O

Ag +  =  (AgCl )

2Au + 6H2SeO = Au2(SeO4)3 +3SeO2 +6H2O
Au + HNO3 + 4HCl = H[AuCl4] + NO + 2H2O



32

Ox-red 
1)  Cu2+  Ag+

2)
Cu+  Au+

3)

4) Cu3+, Ag3+, Au3+ ,



33

 Cu+

. : d10 ,
.

! Cu2O – .

4Cu2+ + 8OH- + N2H4 = 2Cu2  + N2 +6H2O
:

Cu2O + 2HCl = 2CuCl  + H2O
CuCl + HCl = H[CuCl2]

CuCl + 2NH3 = [Cu(NH3)2]Cl



34

 Cu+

: CuX (X = Cl, Br, I, CN, SCN).
CuF –

 Cu+

!!!
u+ = Cu2+ + Cu0 K298 = 106

Cu2O + H2SO = CuSO4 + Cu + H2O
Cu2O + 3H2SO = 2CuSO4 + SO2 + 3H2O



35

 Cu+

:
Cu2+ + 3J- = CuJ + J2

2Cu2+ + 4CN- = 2CuCN  + (CN)2

(  KCN  CuSO4)

CuCl2 + Cu = 2CuCl
(  HCl)

:
[Cu(CN)2]-, [CuCl2]-, [CuI2]-.



36

 Cu2+

Cu2+ + 2OH- = Cu(OH)2

.

u(OH)2 + H2SO4 = CuSO4 + 2H2O
Cu(OH)2 + 2OH- = [Cu(OH)4]2- (II)

Cu(OH)2 + 4NH3 = [Cu(NH3)4](OH)2

Cu(OH)2 = H2O + CuO , 



37

 Cu2+

: CuS, CuCO3

:
CuX2 (X = Cl, Br, NO3,1/2SO4, ClO4, OAc)

CuSO4

CuSO4
.5H2O –  ( )

CuCl2
CuCl2.6H2O – ; . 

, . 
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 Cu3+

2Cu(OH)2 + K2S2O8 + 2KOH = 2K2SO4 + 3H2O + Cu2O3

KCl + CuCl2 + F = K3[CuIIIF6] 

2Cu2O3 + 4H2SO4 = 4CuSO4 + O2 + 4H2O
Cu2O3 + 6HCl = 2CuCl2 + Cl2 + 3H2O
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1986  – , 
La2-xSrxCuO4

YBa2Cu3O7-

YBa2Cu3O6.5 – Cu+2,
YBa2Cu3O7 – Cu+2  Cu+3,

-
: 92 .



40

1911 . :

.

4.2 .



41

1933 :



42



43

 Ag+

Ag+ .

AgNO3 – , « »,

.
2 Ag+ + Zn = 2 Ag + Zn2+

Ag+ + C6H12O6 ) –
».



44

 Ag+

2Ag+ +2OH- = Ag2  + H2O , .
Ag2O + 2HF = 2AgF + H2O

Ag2O + 2HNO3 = 2AgNO3 + H2O
AgOH – ,

.

: AgNO3 . ),
AgF

:  AgX (X = Cl, Br, I, CN, SCN, 1/2S,
1/2CO3, 1/3PO4, 1/2CrO4 ).



45

 Ag+

Ag2 + 4NH3 + H2O =2[Ag(NH3)2]+ + 2OH-

AgCl  + 2NH3 = [Ag(NH3)2]+ + Cl-

2 = 107

AgBr, AgI  NH3

AgX  + 2CN- = [Ag(CN)2]- + X- (X=Cl, Br, I)
AgX  + 2S2O3

2- = [Ag(S2O3)2]3- + X- (X=Cl,Br,I)
2([Ag(CN)2]-) = 1020; 2([Ag(S2O3)2]3-) = 1013



46

Ag2+  Ag3+

Ag + F2 = AgF2
4AgF2 + 2H2O = O2 + 4HF + 4AgF

 [AgL4]2+

(L – , )

 Ag+

: Ag2O3 , . .
Ag2O3 + 2HNO3 = 2AgNO3 + O2 +H2O

KF + AgF + F = K[AgF4] ( )



47

Ag2+  Ag3+

 1868  AgO

Ag + O3 = AgO + O2

,  Ag2+:
(Ag1+Ag3+O2)n



48

Au+

: AuX ( X = Cl, Br, I, CN)
:

3AuCl  + H2O = 2Au + [AuCl3(OH)]- + H+

:
[AuCl2]-, [Au(CN)2]-, [Au(S2O3)2]3-

Au2O  AuOH



49

Au3+

,
, .

[AuCl4]- + 3OH- = Au(OH)3 + 4Cl-

, .

Au(OH)3 + KOH =K[Au(OH)4] 
Au(OH)3 + 4HCl = H[AuCl4] + 3H2O

2Au(OH)3 = Au2O3 + 3H2O (  150oC)
4Au2O3 = 4Au + 2Au2O +5O2  150oC)



50

Au3+  Au5+

Au + Cl2 = AuCl3  150

Au2Cl6

AuCl3 = AuCl + Cl2 (250oC)
Na[AuCl4]  400

AuCl3 + H2O = [AuCl3(H2O)] –
[AuCl3(H2O)] = H+ + [AuCl3(OH)]-



51

Au3+  Au5+

Au + KrF2 = Kr + AuF5

 200 )
AuF5 = F2 + AuF3

, 

(V):
AuF5 + KF = K[AuF6]



52

 ( )



1

VIII 



2

 –

He,           Ne, Ar, Kr, Xe, Rn
1s2 ns2np6

 –
3 

Fe, Co, Ni –

Ru, Rh, Pd
Os, Ir, Pt



3

Fe Co Ni
Fe Co Ni

. 3d64s2 3d74s2 3d84s2

0
2+/ , - 0,44 - 0,28 - 0,23

0,+2,+3,
(+4), +6

0,+2, +3,
(+4)

0,+2,(+3),
(+4)



4

• Fe – 4 ; Fe2O3 , 
), Fe3O4 , 
), FeCO3 )

• o – 34 ;
CoAs2 ),
CoAsS ( ),
Co3S4 )

• Ni – 27 ;
(FeNi)9S8 )



5

• Fe – ,
.

• – 1735, . , . « »
.

• Ni –– 1751, . , . « » -
.



6

(95%) 
:

Fe2O3 + 3C = 2Fe + 3CO

3Fe2O3 + C = 2Fe3O4 + CO2

2Fe3O4 + 2CO = 6FeO + 2CO2

FeO + CO = Fe + CO2
IGDA/A. Vergani

 ( ).



7

Bethlehem Steel

,
. ).



8

:
3CoS + 5O2 = Co3O4 + 3SO2

2Ni3S2 + 7O2 = 6NiO + 4 SO2

:
Co3O4 + 4  = 3 o + 4CO

NiO + C = 4Ni + CO

 Co3O4  NiO



9

, 
, Co  Ni :

M + H+ = M2+ + H2
 HNO3  H2SO4

 ( . ),
:

2Fe + 6H2SO4 = Fe2(SO4)3 + 3SO2 + 6H2O
Fe + 6HNO3 = Fe(NO3)3 + 3NO2 + 3H2O

.



10

Co, Ni Fe
. , Fe

:
Fe2O3(H2O)x

).



11

2+

: FeO CoO NiO
: Fe(OH)2 )

)2 , )
Ni(OH)2 )

:
M(OH)2 + 2H+ = M2+ + 2H2O

:
MSO4, M(NO3)2, MCl2

 6  H2O.



12

2+

 [M(H2O)6]2+

: Fe –
Co -
Ni –

:
 MS ( )

3
(Fe( ), , Ni)



13

2+

:
M(OH)3 + e = M(OH)2 + OH- Eo

M3+/M2

O2 + 2H2O + 4e = 4OH- Eo = + 0,4 B
2M(OH)2 + 1/2O2 + H2O =  2M(OH)3 Eo

M Eo
M3+/M2+, B Eo, B

Fe - 0,56 +0,96 > 0

Co + 0,17 + 0,23 > 0

Ni + 0,49 - 0,09 < 0



14

2+

:
M3+ + e = M2+ (Eo

M3+/M2 )
O2 + 4H+ + 4e = 2H2O (Eo = + 1,23 B)
4M2+ + O2 + 4H+ = 4M3+ + 2H2O ( Eo)

M Eo
M3+/M2+, B Eo, B

Fe + 0,77 +0,46 > 0

Co + 1,81 - 0,58 < 0

Ni > + 2 < 0
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 Co3+  Ni3+

Co(OH)3  Ni(OH)3 (NiO(OH))
:

2M(OH)2 + Br2 + 2OH- = 2M(OH)3 + 2Br- ( Eo)
Br2 + 2e = 2Br- (Eo = + 1,09 B)

Eo = + 0,92 (Co), Eo = + 0,6 (Ni)

 ( ) 
:

2Co + 3F2 = 2CoF3 (Ni)
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 M3+

 M2O3  M(OH)3

Fe(OH)3 + 3HCl =  FeCl3 + 3H2O
:

Fe(OH)3 + 3HJ =  FeJ2 + 1/2J2 + 3H2O
 Co  Ni Ox- :

Co(OH)3 + 3HCl =  CoCl2 + 1/2Cl2 + 3H2O
2Co(OH)3 + 2H2SO4 = 2CoSO4 + 1/2O2 + 5H2O

2Co(OH)3 + 4HNO3 =  2Co(NO3)2 + 1/2O2 +
5H2O



17

 M3+

 M3+  Fe
: FeX3 (x = Cl-, NO3

-, SO4
2-)

:
M2SO4*M2(SO4)3*24H2O

M  – K+, NH4
+ ; M – Al3+, Cr3+, Fe3+

, :
(NH4)2Fe2(SO4)4*24H2O



18

 M3+

 Fe3+

, 

 :
[Fe(H2O)6]3+ = [Fe(H2O)5(OH)]2+ + H+

K ~ 0,001

 Fe3+



19

 Fe6+

FeO3 , H2FeO4
:

Na2FeO4 ,
BaFeO4 .

2FeCl3 + 16KOH + 3Br2 = 2K2FeO4 + 6KBr + 6KCl +
8H2O

2K2FeO4 + 5H2SO4(p) = Fe2(SO4)3 + 3/2O2 + 5H2O +
2K2SO4



20

Fe
K4[FeII(CN)6] – ;

6 ~ 1037,  Fe3+

KFeIII[FeII(CN)6] 
K3[FeIII(CN)6] –

6 ~ 1044,  Fe2+

KFeII[FeIII(CN)6] 
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22

Co
Co2+  ( . = 6)
[Co(NH3)6]2+

6 ~ 105

[Co(CN)6]4-: 6 ~ 1019

 ( . = 4, )
[CoX4]2- X = Cl, Br, J
Co3+ , .

 3+
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Co
CoCl3  < 0oC
[Co(NH3)6]Cl3 6 ~ 1036

[Co(NH3)5 ]Cl2 ,
 = Cl, Br, J ( . Co3+  J-)

 KNO2
:

Co(NO3)2 + 7KNO2 + 2H+ =
K3[Co(NO2)6  + NO  + 2KNO3 + 2K+ + H2O



24

Ni
 Ni2+, . = 4, 6

: [Ni(NH3)6]Cl2, 6 ~ 109

K2[Ni(CN)4], 4 ~ 1015 )

 5

[Ni(CN)4]2- + N- = [Ni(CN)5]3-, k = 0,2



Ni +4CO Ni(CO)4

20-300

2000

Fe +5CO Fe(CO)5

150-2000 , 100 

 –
= 200 , = 430 ),

.

 –
= 200 , = 1030 ),

.



[Cr(CO)6]: ro 3d54s1

[Fe(CO)5]: Feo 3d64s2

[Ni(CO)4]: Nio 3d84s2

CO –

 2-
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 18 :
 « », 

.

( ns2np6(n-1)d10 2 + 6 + 10 = 18e )

[Cr(CO)6]: ro 3d54s1, 6 + 2x6 = 18e (6 )

[Fe(CO)5]: Feo 3d64s2, 8 + 2x5 = 18e (5 )

[Ni(CO)4]: Nio 3d84s2, 10 + 2x4 = 18  (4 )



28

, 
 (CO, NO, PR3 .) 

, 

 ( ).



29



30

:
  2

[Co2(CO)8]: oo 3d74s2, 18 + 2 + 2x8 = 36e
(8 )

[Fe2(CO)9]: Feo 3d64s2, 16 + 2 + 2x9 = 36e
(9 )

[Fe3(CO)12]: Feo 3d64s2, 24 + 6 + 2x12 = 54
(12 )



31

[Mn2(CO)10]: 7x2 + 2x10 + 1x2(Mn-Mn) = 36;

36/2 = 18

[Os3(CO)12]: 8x3 + 2x12 + 3x2(Os-Os) = 54;

54/3 = 18



3



4

Ru Rh Pd
Ru Rh Pd

. 4d75s1 4d85s1 4d10

., 2250 1966 1552
,

3
12,45 12,41 12,02

, 
 ( )

.



5

Os Ir Pt
Os Ir Pt

. 5d66s2 5d76s2 5d96s1

., 3040 2410 1769
,

3
22,61 22,65 21,45

 « » ( )
.



6

:
Pd – 71 , Pt – 72 , Rh – 75 ,
Ir – 76 , Ru – 73 , Os – 74 .

 82 « » )

, 
  . 

, , .



7



 ( , 
.)  10 

33% 
.

8



)



Ru, Rh, Pd

 ( )
 – UO2 (235U), 

 – 33 , 10 ):
~2,1  Ru, ~0,4  Rh, ~1,3  Pd 

.

 ( )

.



, .

.

, .

.
, .

2000 173000-181000 Ru: 364-381
Rh: 71-75

Pd: 218-228

Ru: 3090
Rh: 620
Pd: 6870

2030 676000-832000 Ru: 1423-1752
Rh: 280-344
Pd: 850-1047

Ru: 2870
Rh: 370
Pd: 4100



 – ,

, 
.

 Ru, Rh, Pd 
:

[RuNO(H2O)x(NO3)y](3-y)+

[Rhx(H2O)y -OH, -NO3)z]n+

[Pd(H2O)3(NO3)]+



(1716 – 1795) – ,

.

13Pt . Plata ., .



14

 Pt
, 

 - 9635 .



 (Pd) 
 (Rh) . 

 1803-1804 .  « » 

 (Ir)
 (Os) . 

 1804 .  « » 

 (Ru) . Ruthenia –
 1844 .  « » 

15
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Ru Os Rh Ir Pd Pt

0
(+1)
(+2)
+3
+4
+6
+8

0

(+2)
+3
+4
+6
+8

0
+1
(+2)
+3

(+4)
(+5)
(+6)

0
(+1)
(+2)
+3
+4

(+5)
(+6)

0
+2
(+3)
+4
(+5)
(+6)

0
+2
(+3)
+4
(+5)
(+6)
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Ru, Os, Rh, Ir
.

Pt –  «

3Pt + 18HCl + 4HNO3 = 3H2[PtCl6] + 4NO + 8H2O



Pd

3Pd + 18HCl + 4HNO3 = 3H2[PdCl6] + 4NO +
8H2O

Pd + 4HNO3(k) = Pd(NO3)2 + 2NO2 + 2H2O
:

Pd + 2H2SO4( ) = PdSO4 + SO2 + 2H2O

18



19

:
1.  ( =500-700 )

M + 3Na2O2 = Na2MO4 + 2Na2O (M = Ru, Os)
2. (T=600-900oC):

2Rh + 6NaCl + 3Cl2 = 2Na3RhCl6
Ir + 2NaCl + 2Cl2 = Na2IrCl6

Pd :
1  Pd  900  H2

, ) -
.
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Pd(II)  Pt(II)
, 

.
2Pd + O2 = PdO , >400oC

 O2

Pd + Cl2 = -PdCl2(> 550 ) -PdCl2(<550oC)
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 Pd(II)  Pt(II)
.

[MX4]2- (X = Cl, Br, I, SCN, CN)

[MX2L2] (L = NH3, NR3, Py )

[ML4]2+ (L = NH3, NR3, CH3CN)

:

[Pt(NH3)4][PtCl4]

 [Pt(NH3)4]2+

 [PtCl4]2-
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Pd(IV) Pt(IV)
 Pd: PdF4  (PdF3 - PdII[PdIVF6])

Pd + 2 F2 = PdF4 =120  )

 Pt: PtX4 (X = F, Cl, Br, I)

Pt + l2 = PtCl4 =300 )

H2 [PtCl6] = PtCl4 + 2 HCl ( =300 )

 –  PtO2  PtO2
.xH2O

PtO2 + 6HCl = H2[PtCl6] + 2H2O
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 Pd(IV), Pt(IV)

.

[PtCl6]2- ….. [PtClx(NH3)6-x] …..  [Pt(NH3)6]4+

[PtCl6]2- +6NH3 = [Pt(NH3)6]4+ + 6Cl- ( NH3)

:
[Pt(NH3)4]2+ + Cl2 = trans-[Pt (NH3)4Cl2]2+

 Pd4+ :

PdCl4 –

K2[PdCl6] = K2[PdCl4] + Cl2 (  150 )
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Pt(V)  Pt(VI)
Pt + 3F2 = PtF6

 200 ;
,

, = 61 , = 69
:

PtF6 + O2 = [O2]+[PtF6]-

NO + PtF6 = [NO]+[PtF6]-

2PtF6 + 2H2O = 2H2[PtF6] + O2
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 Rh(III)  Ir(III)
M + X2 = MX3 > 400oC ; X = Cl, Br, I)

2RhCl3 + 3F2 = 2RhF3 + 3Cl2 > 350oC)

Ir +IrF6 = 2IrF3 >300oC)
 – RhCl3 3H2O ) 

IrCl3 3H2O ).

, 

RhCl3 + 3/2O2 = Rh2O3 + 3Cl2
Ir2O3
Rh2O3
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 Rh(III)  Ir(III)
, 

.

:

[RhCl6]3- + 6NO2
- = [Rh(NO2)6]3- + 6Cl-

Na3 [Rh(NO2)6]

(NH4)2Na[Rh(NO2)6]
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 Ru  Os
Os(VIII) OsO4, =40 , = 130

Ru(VIII) RuO4, =25 = 130

Os + 2O2 = OsO4  > 300oC,  20 ), 

RuO2 + 2NaIO4 = RuO4 + 2NaIO3 ,
 180

RuO4 = RuO2 + O2

:

2[Ru(NH3)5Cl]2+ +Zn+N2 = [(NH3)5Ru-N N-Ru(NH3)5]4+

+Zn2++2Cl- (dN-N = 1,12Å)



– 56 

 433  (2010)

 2500 

 –
28



 –

 (  50%)

 – 57%

29

1 Troy Ounce = 31,1 



Rh – 76 $  1 
Pt – 56 $  1 
Pd – 25 $  1 
Ir – 34 $  1 
Ru – 6 $  1 

Au – 47 $  1 

30Platinum 2010 Interim Review

Click Help for details on how to cut and paste charts into a presentation or document.



 2010
 (187 )

40% -
32% -
6% -
6% -
5% -
4% -

 (203 )
58% -
16% -
8% -
7% -
7% -
4% -

(17 )
83% -
8% -
4% -

31Platinum 2010 Interim Review



CO, NOx,”CH”

32



33



:
2CO + O2 = 2CO2
“HC” + O2 = CO2 + H2O

:
2CO + 2NO = 2CO2 + N2
“HC” + NO = CO2 + H2O + N2

34



35



. ( , )

36



.

, , 
.

37



38



39

–

.

.



40.



Bi4Ge3O12

41
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Pt
H3N

H3N

Cl

ClPt
H2N

H2N

O

O

O

O
*
*

Pt
H3N

H3N

O

O

O

O



, 
, , 

. 
.
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1893-1966

1943

1932 .
(1915 .).

1945-1966

1941 1962 -
.

).
, .

(1946,
1949, 1951, 1952 .). .

45



,

.»

(V
,

 1960 .)

46



47



48

., 

 (
2200°C) 

 40\60).



1

VIII 



2

He Ne Ar Kr Xe Rn

1s2 ns2np6

I1, 24.6 21.6 15.8 14.0 12.1 10.8

(n+1)s,

19.3 16.6 11.5 9.9 8.3 6.8



3

He Ne Ar Kr Xe Rn
I1, 24.6 21.6 15.8 14.0 12.1 10.8

I1
+

4-9 ).

 (
, ,  ).

: - 24
2 He



4

. N2 ~ 9.5 .

He Ne Ar Kr Xe Rn

 (n+1)s,

19.3 16.6 11.5 9.9 8.3 6.8

:

.



5



6

 , 
,  — , .

1.  1 3

 9,4 . 
 Ar (0,93 % ).

2.
 ( ) 

10%  40-60 . 3 ).



7

.

.

 Rn 
,  — ;

.



8



9

 –

(clatratus . )

 - .

 ( ., , .) -
, 

, 
" - .



10

 " " 
 " " 

, 
, 

.



11

1896 . .
 Ar, 

 Ar 6H2O.

. 
: 6H2 = Ar, Kr, Xe Rn.

: Ar(Kr) 3C6H5OH  Xe 6C6H5OH
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Ar 3H2O

1999 .
.

.

 IV  Ar  3H O (

) 
) .

2

ab

), ,
 -  ( )



14

.

 (Xe),
(Kr (Rn).

Kr ,
Rn , 

222Rn  - 3.825 .

 Xe



15

 -
.

(Nil Bartlett)  1962 

 -
. -

,  ( ), 
.  —

.  (  1962 .)

 –
XePtF6.



16

O2 + PtF6
, 

O2
+:

O2 + PtVIF6 = O2
+[PtVF6]

(V)



17

, 

: I(O2) = 12.2 
I(Xe) = 12.1 

:
Xe + PtF6 = Xe+[PtF6]

Xe - . 
PtF6 -
Xe[PtF6] -

.
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Xe-F:

250 CXe + PtF6 [XeF]+[PtF6]

600 C [XeF]+[Pt2F11][XeF]+[PtF6]



19

. : [XeF]+[RuF6] .  [XeF]+

 [XexFy]+



20

:

XeF2 XeF4 XeF6 XeF8 Xe2F10

= 129 117 49.6

XeF5
+F
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Xe + F2 = XeF2
 Xe/F2 - 1:2, h , 25 )

Xe + 2F2 = XeF4
(6 , Xe/F2 - 1:5, 400 )

Xe + 3F2 = XeF6
(> 50 ,  F2, > 250 )
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:

XeF2(aq) + 2H+ + 2e = Xe + 2HF(aq)

Eo = + 2.64

XeF2 + BrO3 + H2O BrO4 + Xe + 2HF
5XeF2 + 2Mn2+ + 8H2O 2MnO4 + 5Xe + 10HF + 6H+
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0  - 0.15 .

.
:

XeF2 + 2OH Xe + 1/2O2 + 2F + H2O

XeF2



24

, ), 
), 

:

4XeF4 + 8H2O 2XeO3 + 2Xe + O2 + 16HF

XeF4



25

, 

:

XeF6 + H2O XeOF4 + 2HF

XeOF4 + H2O XeO2F2 + 2HF

XeO2F2 + H2O XeO3 + 2HF

:
XeF6



26

.

:

2XeF6 + SiO2 2XeOF4 + 2SiF4
)

 SiO2
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XeF2 + 2 SbF5 [XeF]+[Sb2F11]

XeF4 + BiF5 [XeF]+[BiF6]

XeF6 + RuF5 [XeF]+[RuF6]

, 
:
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XeF6 + CsF Cs[XeF7] . .,
 ~ 50

XeF6 + 2CsF Cs2[XeF8]
, 

 400



29

XeF6 + 3H2O  XeO3 + 6HF

 (VI)

 (VIII) 

XeO6
4-

 + Xe + O2 + 2H2O

2OH-

HXeO4
-

OH-

XeO6
4-

 + O2 + 2H2O

O3 + 4OH-
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:
Na4XeO6 8H2O, Ba2XeO6 nH2O

Ba2XeO6 + 8H2SO4 2BaSO4 + 2H2O + XeO4

     .

XeO4 - , , 
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!

2 36 2 12

0 94

:

1 26

H4XeO6 XeO3 Xe

HXeO6
3 HXeO4 Xe

:

. :

+8 +6 0

+8 +6 0
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33

, 
, :

XeF2 .  (                            ).

KrF2 - .  (                            ).

H f
0 105 /

H f
0 63 /
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KrF2 .

, , 
!

 KrF2  Kr  F2
- 183  ( ), 

KrF2 :
2Au + 5KrF2 2AuF5 + 5Kr
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[KrxFy]+,
:

[KrF]+[SbF6] , [Kr2F3]+[AsF6]

, 
KrF+ NF3

[NF4]+

!
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37

1)

-
)
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2)

-

: 

Ph-C C-R + 2XeF2 = Ph-CF2-CF2-R + 2Xe
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3) , .
:

He Ne Ar Kr Xe

- .
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4)

)



,  – 2013 .
1 (500 .)

1. (150 .) ,  (- -), 
 «  « »  -1», -
,   . :

).  30% 
: , (II), , -

,   ;
).  ;
). 

(III).
.  , ,  

 ( , , .).

2.  (160  .) , . 
:

Cl2

Na2S2O3

KClO3 KClO4CaOCl2

I2

Na2S2O3

KOH?
HCl

? ? ?

...

...

...

...

1

2

4

5

6

7 8

3

3.  (110 .)
-

.
).  ( ) 

[Co(NH3)6]Cl3 , CoCl2·6H2O. -
, .  ( )

.
).  -

 Co(NO2)(NH3)5Cl2? , 
 6, , -

 ( )
.

4. (80 .) , :
Cu(BrO3)2 = … (  300 )
Mn + HNO3( .) = …
S + NaOH = … ( )
K2CrO4 + SnSO4 + KOH + H2O = …

?

Cl2



 –2013

2

 1

(500 .)

1.  (80 .) 0.005 , 
 20  0.01 

 (II).

2. (200 .) , .

Sn(NO3)2Sn

Br2

Na2S .)

Na[Sn(OH)3]

tHNO3( .)

?
SnCl4

Na2S .)

... ... ... ...

...

1

2

3

4

?

5

6

7

?

8
9

10

H2O HCl .)

......

3. (100 .) , . 
.

1. K2CS3 + 2HCl

2. Pr6O11 + HCl .

3. Cu + HNO3 .

4. Ba(H2PO2)2 + H2SO4

5. Al + NaOH .

4. (120 .) :
TiCl2, NaSbS3, Ga2S3, Na3[TaF8],

: Ti, Sb, Ga, Ta.
, .



,  – 2013 
 (1000 + 100 .)

1. (210 ) , . , 
, 

CuCl2
KCN, . NH3, 

KOH, KI, .

CuO
HCl, 

......

... ...

...

3

45

6

1

2

2. (280 ) :

1) K2Cr2O7 + KOH
2) XeF6 + H2O
3) Au + KrF2

4) CeO2 + HBr

5) CsO2 + CO2

6) Ca+ HCl
7) UO3 + H2SO4

8) NaH + H2O

3. (240 .)  « » (
) :Ag, Au, Hg, Pt, Rh, Nb. 

.

4. (270 .) :
1) K  KOH
2) Zn  K2Zn(OH)4

3) FeCl2  K2FeO4

4) Ca3(PO4)2  P
5) H2O  H2

6) Bi2O3  Bi
7) PbCl2  PbO2

8) K2Cr2O7  K2CrO4
.

5. (100 .)  18 . 
, :

) Fe(CO)x, K2[Fe(CO)x], [Fe2(CO)x], [Fe3(CO)x] ( 3).



 – 2013 .
(1000 .)

1. (230 .)
).  Pb3O4 (13,7 ) 

.  ( .), 
.

). ,
. 

, .
.

2. (250 .)
 Pt(NCS)Cl2(NH3)4.

. , 
.) ? 

 ( ) 
  6.

3. (320 .) , .
:

Cl2

Na2S2O3

KClO3 KClO4CaOCl2

I2

Na2S2O3

KOH?
HCl

? ? ?

...

...

...

...

1

2

4

5

6

7 8

3

4. (200 ) , 
:

).   P  +   HNO3 .)
).   Al  + HBr( .)
).   Hg(NO3)2  + Na2S
).   Na2SO3 + KMnO4  + H2SO4
).   CuSO4 + NH3 .)

?

Cl2
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