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 1.1             .

 
   (g)   -

(cm3)
> 10-1 > 10

10-2 - 10-1 1 - 10
10-3 - 10-2 0,1 - 1

            0,1  1 g,
         10  100 cm3.

        
    .    

 ,   0,01  0,1 g,    ,  1  10
cm3.            

.      

.     ,   
  .        

.      ,
    ,     , 
   .      , 
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     1 mg      
 ,   0,1  1 cm3.    
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hemiska analiza

kvantitativna analizakvalitativna analiza

izbor na metoda
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izrazuvawe rezultati
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W.Ostwald (1853-1932)

2.1.  

         ,  
   ,  :     ,   
   ,       .

        .   
     ( )  

        .

      :

        
        

 ,
        

  ,
      ,

        
   ,

    ,
   :  , ,

  , pH, ,    
.

- 22 -



 

   ,    
      .

   

        . 
       

 ,      .

      ,   
    2.1.

2.1        
   

 ( , )
 

  
  

 

     ,    :
  ,      .

  

       
    100 (    10-9m).

:  ,   ,   ,    2.1

 2.1    (  ,   , )

       
       .     ,

, ,   .

        
.  ,   ,  ,  

     ,   .

- 23 -



 

          
    , ,     ,  

.
         
 ,          

   .

  

  ( )     
  1  100 .     

    .   
        (    

)      (    
    ).

         
,      .  
  ,       

.

,    
        

   .  :  ,   , ,
  .         

       (  2.2 ).

 2.2 ,                        2.2 ,   

      
  .      ,   , 
   ( )    

   .    . ,
       ,   

     ( ,   ).   :
 ,  ,    .

        
  , ,    .

        
         1 . 

- 24 -



 

      ,  ,   
(  2.2 ).

   :
        

      ,  
          .

2.2.

      ,
   .    

          .
    , 

   .       
.       

         . 
    ,   .   
       .   .

         
   .      

 ,  , .       
,        

.

 

     .
    

       
.   :   , 

 ,   .   
        100

 .
    ,    

,    2.2

2.2     18ºC

  
  100 g   18ºC

 KI
  NaNO3

 AgNO3
 NaCl

  Ca(OH)2
 CaSO4

 BaSO4
 AgCl

                      137,50
                        88,00
                        68,60
                        35,86
                          0,17
                         0,20
                         0,00023
                         0,00016
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  100 g     10 g  ,  
 ,   KI, NaNO3, NaCl.   

   1 – 10 g. Ako  100 g ,    0,01 – 1
g,    .  Ca(OH)2, CaSO4.

       
10 mg  100 g  (BaSO4, AgCl).  

.
       .

   ,   .   
,      ,  
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       ,
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  ,     
 ,     .

       .   
          

  ,     50 cm3  
46,20 cm3       92,65 cm3.
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MgSO4 · 6H2O   , Na2CO3 · 10H2O  
.
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  :

1.         :   , , 
 ,  ,   ,    ?

2.    ,    
  !

3.         ?
4.  ,   ?
5.        ,   ,    .

     ,   . 
       !

6.         ?
7.    !
8.           

!
_______________________________________________________________________
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2.3.   

          .
    ,    

2.3.

2.3      

 

 

(B,A) =
)A(
)B(

m
m

 

w(B) =
im

m )B(
 

(B) =
)pp(
)B(

V
m

 

r (B,A) =
)A(
)B(

n
n

 

x (B) =
in

n )B(
 

c (B) =
)pp(
)B(

V
n

 

(B,A) =
)A(
)B(

V
V

(B) =
iV

V )B(

 

(B) =
)pp(
)B(

V
V

 (B)   ,  (A)  
.

       - .
       – .

   w  .
    .
      – .

     – .

      .   
   (  ),      (  ). 

   ,   ppm – - -
(  ).

      
   .        , 
 :  ,    

.

- 28 -



 

2.3.1.    

-  w(B)  (B)   
  m(B)      

  mi .

w(B) =
im

m )B(

– 1:     50   NaOH    NaOH
10%.   NaOH  ?

:
m(p - p) = 50 g
w(NaOH) = 10%
m(NaOH) = ?
_______________
m(p - p) = mi            ,    100.  

w(B) =
im
Bm )( m(B) = w(B) · mi

m(NaOH) = w(NaOH) · m(p - p)
m(NaOH) = 0,1 · 50 g = 5 g

– 2:    100   w(BaCl2) = 3% BaCl2 · 2H2O ?

:
m(p - p) = 100 g m(B) = w(B) · mi
w(BaCl2) = 3% m(BaCl2) = 0,03 · 100 g
M(BaCl2) = 208,2 g·mol-1 m(BaCl2) = 3 g
M(BaCl2 · 2H2O) = 224,2 g·mol-1
m(BaCl2 · 2H2O) = ?
m(H2O) = ?
M(BaCl2) : M(BaCl2 · 2H2O) = 3g(BaCl2) : x(BaCl2 · 2H2O)

x(BaCl2 · 2H2O) = 1-

-1

gmol2,208
3ggmol224,2  =

2,208
6,732 g  = 3,52 g

m(H2O) = m(p - p) - m(BaCl2 · 2H2O)
m(H2O) = 100 g -  3,52 g
m(H2O) = 96,48 g = 96,48 cm3

-  (B)        
V(B)         vi.

(B) =
iV

V )B(

– 1:           7%, 
    200cm3.       
?

:
(CH3COOH) = 7%

V(p - p) = 200 cm3

- 29 -



 

(H2O) = ?
__________
V(p - p) = vi

     V(B) = (B) · vi.
   : V(CH3COOH) = (CH3COOH) · V(p - p)

V(CH3COOH) = 0,07 · 200 cm3

V(CH3COOH) = 14 cm3

V(H2O) = V(p - p) - V(CH3COOH)
V(H2O) = 200 cm3 – 14 cm3

V(H2O) = 186 cm3

(H2O) =
)(
)( 2

ppV
OHV  = 3

3

200
186

cm
cm  = 0,93 · 100 = 93%

    93%.

-  ( ) x(B)     
n(B)       

ni.

x(B) =
in
Bn )(

2.3.2.     

-  (B)      
m(B)    V(p - p).

(B) =
)(
)(
ppV

Bm

         
kg/m3.     g/dm3.

 1:    250 cm3      
 5,50 g·dm-3.      ?

:
V(p - p) = 250 cm3 = 0,25 dm3 1 dm3 = 1 L
(KCl) = 5,50 g·dm-3 1 cm3 = 1 ml

m(KCl) = ?
____________________________

            
 :

m(B) = (B) · V(p - p)
m(KCl) = 5,50 g·dm-3 · 0,25 dm3

m(KCl) = 1,375 g

     1,375 g.

-  ( ) c(B)     
n(B)    V(p - p)
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c (B) =
)pp(
)B(

V
n

   mol/m3,    mol/dm3.
         
    .

 1:           200 cm3

    KNO3 0,150 moldm-3?

:
m(KNO3) = ?
V(p - p) = 200 cm3 = 0,2 dm3

c(KNO3) = 0,150 mol·dm-3

M(KNO3) = 101 g·mol-1
_________________________

     : n(B) = c (B) · V(p - p).  

n(B) =
)B(
)B(

M
m  

)KNO(
)KNO(
3

3

M
m = c(KNO3) · V(p - p) 

m(KNO3) = c(KNO3) · V(p - p) · M(KNO3)
m(KNO3) = 0,150 mol·dm-3 · 0,2 dm3 · 101 g·mol-1
m(KNO3) = 3,03 g

   3,03 g

 2:          
4 dm3   8,2 g NaOH?

:
c(NaOH) = ?
V(p - p) = 4 dm3

m(NaOH) = 8,2 g
M(NaOH) =40 g·mol-1
__________________

    n(B) =
)B(
)B(

M
m  n(NaOH) =

)NaOH(
)NaOH(

M
m

n(NaOH) = 140gmol
8,2g   =  0,205 mol

c(NaOH) =
)pp(
)NaOH(

V
n  = 3dm4

mol205,0  = 0,0512 moldm-3

      0,0512 moldm-3

-  (B)     
V(B)    V(p - p)

(B) =
)pp(
)B(

V
V

     
.
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:          
  90 cm3   30 cm3 ?

:
( ) = ?

V(H2O) = 90 cm3

V ( ) = 30 cm3

__________________
V(p - p) = V ( ) + V(H2O) = 30 cm3 + 90 cm3 = 120 cm3

( ) =
)pp(
)aceton(

V
V  = 3

3

120cm
30cm  =  0,25

     0,25.

      
          

,   .

 1:         0,14,   
  1,09 gcm-3.   : )   

     )   
?

:
w(NaNO3) = 0,14

(p - p) = 1,09 g·cm-3

(NaNO3) = ?
c(NaNO3) = ? M(NaNO3) = 85 g·mol-1
__________________
)         (B) = w(B) · (p - p)
 (NaNO3) = w(NaNO3) · (p - p)

          :
 (NaNO3) = 0,14 · 1,09 g·cm-3 = 0,1526 g·cm-3

        152,6 g·dm-3

)        

c(NaNO3) = )NaNO(
)NaNO(

3

3

M
c(NaNO3) = 1

3

85gmol
152,6gdm  = 1,795 mol·dm-3

       1,795 mol·dm-3.

 2:  250 cm3       1,07 g·cm-3 
 2,5 g  .      

   !

:
V(p - p) = 250 cm3

(p - p) = 1,07 g·cm-3

m(NaCl) = 2,5 g
w(NaCl) = ?
__________________

      m(p – p) = V(p - p) (p - p)
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m(p – p) = 250 cm3  1,07 g·cm-3

m(p – p) = 267,5 g

             
 :

w(NaCl) =
)pp(
)NaCl(

m
m =

g
g
5,267
5,2 = 0,0093  100 = 0,93%

        0,93%.
_______________________________________________________________________

 :

1. )           50g   
  9%?

)     ?
: ) m(Na2SO4) = 4,5g

) m(H2O) = 45,5g
2.              350mg 

 120g ?
: w( ) = 0,29%

3.              
43,90%.             !

                                                                               : 7mol H2O
4.         200 cm3,      
0,4.      0,1  ,     

  ?
: (H2O) = 73,33%

5.         250ml    
     3,5g?

: (BaCl2) = 14g·dm-3

6.          2cm3

 ,        70mg!
                              : c(HCl) = 0,95mol·dm-3

7. )          2dm3  
  0,015moldm-3?

)     !
: ) m(MgCl2) = 2,85g

) (MgCl2) = 1,425 g·dm-3

8. )         ,  
 0,25?     15 cm3  .

)       ?
:     ) V(p - p) = 60 cm3

                                                                                                                      ) V(H2O) = 45 cm3

9.         200 cm3    
63%   1,30g·cm-3?

: m(HNO3) = 163,8 g
10.       1,5dm-3     

 96%   1,82g·cm-3?
: m(H2O) = 109,2 g

11.            20% 
 0,86 g·cm-3?

                                                                                               : c(KOH) = 3,071mol·dm-3

12.    22 g    0,5 kg       1,68
g·cm-3.   : )      ; ) 
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     ; )    
  !

: ) w(KCl) = 4,21%
) ( Cl) = 70,807 g·dm-3

) c(KCl) = 0,951 mol·dm-3

13.         
  36%   1,179 g·cm-3?

           : c(HCl) = 11,646 mol·dm-3

14.            1,14 g·cm-

3    27 mol·dm-3?
                  : ) w(HF) = 47,37%

_______________________________________________________________________

2.3.3.     

        
 .          
          

     .

  

   ,  
 ,          

 .      ,    
              
 .

          
,     m1·w1= m2·w2  :

m1       ,
w1          ,
m2         ,
w2           

.

      ,  
c1·V1= c2·V2.

        ,
    : 1·V1= 2·V2.

 1

)          
 80 gdm-3         250 cm3  

 HCl 30 gdm-3 ?

) cm3       ?
:

)V1(HCl)=?

- 34 -



 

1(HCl)=80 g·dm-3

V2(HCl)= 250 cm3 = 0,25 dm3

2(HCl)=30 g·dm-3

          V1 1= V2 2
:

V1(HCl) 1(HCl)= V2(HCl) 2(HCl)
V1(HCl) 80 g·dm-3= 0.25 dm3 30 g·dm-3

V1(HCl) = 0,09375 dm3 = 93,75 cm3

         93.75
cm3.

) cm3 ( ) = ?
V2- V1 = cm3 ( ) V(H2O) = m(H2O)  (H2O) = 1g/cm3

250 cm3 – 93,75 cm3 = 156,25 cm3

     156,25 cm3 .

2

       0,750 kg  HNO3   63%
        20%?

:
    m1 w 1=(m1+m2) w 3 (1)

m1 –      ,
w 1 –         ,
m2 –    ( ),
w3 –          

.
m2(H2O)=?
m1(HNO3)=0,750 kg = 750 g
w1 (HNO3)=63%=0,63
w3 (HNO3)=20%=0,2

      (1)   750 g · 0,63 = (750 g + m(H2O)) ·
0,2
m(H2O) = 1612,5 g = 1,612 kg

           1,612 kg = 1,612 dm3

  

       ,     
     : V1 c1+ V2 c2 = (V1+ V2) c3 :

V1     
c1     
V2     
c2     
c3     .
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3

   : 1,5 dm3     
 0,120 moldm-3  500 cm3     
 0,530 moldm-3 ,     .   

NaOH   ?
:

V1(NaOH)=1,5 dm3 V2(NaOH)=500 cm3 = 0,5 dm3

c1(NaOH)=0,120 mol·dm-3 c2(NaOH)=0,530 mol·dm-3 c3(NaOH)=?
        

V1 c1+ V2 c2 = (V1+ V2) c3  :
1,5 dm3 · 0,12 mol·dm-3 + 0,5 dm3 · 0,530 mol·dm-3 = (1,5 dm3+0,5 dm3) c3
c3(NaOH)=0,2225 mol·dm-3

       0,2225 mol·dm-3.

_______________________________________________________________________

 :

1.         1 kg    MnCl2,  
w(MnCl2) = 15%,         MnCl2 3%?

                                                                                                                   : V(H2O) = 4 l
2. )      KOH   w(KOH ) = 18,62% 

(p - p) = 1,175 g·cm-3          300 cm3   
KOH   w(KOH) = 5,51%  (p - p) = 1,05 g·cm-3?

)          KOH?
 :     ) V(KOH) = 79,32 cm3

) V(H2O) = 220, 68 cm3

3.             20 cm-3  FeCl3
c(FeCl3) = 1,244 mol·dm-3      c(FeCl3) = 0,5 mol·dm-3 ?

: V(H2O) = 29,76 cm3

4.  0,5 dm3  KCl   0,33 kg KCl.       
      (KCl) = 240 g·dm-3 ?

                                                                                                         : V(KCl) = 1,375 dm3

5.          3,5 dm3  
H2SO4   0,125 mol·dm-3   200 cm3  H2SO4   0,998
mol·dm-3 ?

: c(H2SO4) = 0,1721 mol·dm-3

6.    80%  CH3COOH      10 dm3  
CH3COOH   w(CH3COOH) = 63%        
w(CH3COOH) = 75%?

  : w(CH3COOH) = 24 dm3

_______________________________________________________________________
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2.4.       

    

       
    ,        

  . ,     
    ,    

 ,         
   .     

 .        .
       :

aA + bB cC + dD

A, B, C, D       , a,
b, c, d        .

         
 v1,           

  v2,   :

v1 = k1 · [c (A)]a · [c (B)]b
v2 = k2 · [c (C)]c · [c (D)]d

k1 i k2    v1 v2,   
          

   .

   ,  v1    v2, 
 A  B     

C D.    , v1  ,  v2 
.     .   

        , 
 .

         
  ,    .
      ,

     ,       
 . ,    ,   

          .
     .

    v1 = v2.      
v1 v2        :

k1 · [c (A)]a · [c (B)]b = k2 · [c (C)]c · [c (D)]d

ba

dc

cc
cc
(B)][·(A)][
(D)][·(C)][  =

2

1

k
k  = Kc
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   k1 k2      Kc.

Kc    .
    ,      

        
  ,  

    .

        
,      .   

      ,   
   ,      

      .      
  ,      

.

         (
 ),        .

 ,       .

         
     .     

  ,     
.

_______________________________________________________________________

  :

1.        ?
2.        .
3.     :   HI(g),  

NH3(g),           
 !

4.           ,
  :

2SO2(g) + O2(g) 2SO3(g)
N2(g) + O2(g) 2NO(g)

_______________________________________________________________________

2.5.   

 ,         
.       

,         
.      ,   , 

     .  
          .

       (Svante Arrhenius), 
   .
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   ( ) .

          
  .

        , 
        ,

        
.        

     
   .  ,  

         
  .

 2.3   (1859-1927)

      „   “

  

 ,    ,     ,  
          

.        ,  
        .

      ,    
  ,       .

      ,    
.  2.4        .

 ,      -
.     -    ,

        
  ,       .  

    ,    .   2.5 
   -  , 

.

2.4         2.5    
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 ,        
       :  ,

   .   ,    , 
,        . 

  ,   ,   
,     .      2.4.

2.4.      

  
  
  
  
  
   

  

    ,   
         .

HNO3(aq)  H+
(aq) + NO )(3 aq

HCl(aq) H+
(aq) + Cl )(aq

    (HNO3, HCl)   
.         :

H2SO4(aq)  H+
(aq)  +  HSO )(4 aq

HSO )(4 aq  H+
(aq) +  SO 2

)(4 aq

     . 
       :

H3PO4(aq)  H+
(aq)  +  H2PO )(4 aq

H2PO )(4 aq H+
(aq) +  HPO 2

)(4 aq

HPO 2
)(4 aq H+

(aq) +  PO 3
)(4 aq

   ,    
,     .

 ,       
     ( ):

H+
(aq)  + H2O(l)  H3O+

(aq)
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       ,  
 .

  ,       
:

KOH(aq) K+
(aq) + OH )(aq

NH4OH(aq) NH )(4 aq + OH )(aq

          ,
        ,  :

Mg(OH)2(aq) MgOH+
(aq) + OH )(aq

MgOH+
(aq) Mg 2

)(aq +  OH )(aq

       .
   ,         

    .  ,    
    (  – ),   
    ( – ).    

:

HCl(aq) + H2O(l) H3O+
(aq) + Cl )(aq

NH3(l) + H2O(l) NH )(4 aq + OH )(aq

           ,  
          .   

        2.5

 2.5.      

     

Arrhenius    H+ ,
  

  OH-

,   
Bronsted-Lowry   
Lewis       

 

        ,   
      .

        
 .

Al2(SO4)3(aq)  2Al 3 )(aq + 3SO 2
)(4 aq

           
 .
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KNaSO4(aq)  K+
(aq) + Na+

(aq) + SO 2
)(4 aq

        , 
   .

NaHCO3(aq) Na+
(aq) + HCO )(3 aq HCO )(3 aq H )(aq + CO 2

)(3 aq

           
 :     .

Mg(OH)Cl(aq)  Mg(OH) )(aq + Cl )(aq Mg(OH) )(aq Mg 2
)(aq + OH )(aq

        
  ,  ,      

 .

[Ag(NH3 )2]Cl(aq) [Ag(NH3 )2] +
(aq) + Cl )(aq

          
.            .

2.6.    

       .   
  ,     ,  

     .

         
  .    

        
     .   

  ( )     :

=
N
n · 100

n     , N    .

         0 – 1.
   ,     100     

.

       
,    .   

,       .
        

  .
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  c = 0,1 mol·dm-3.   , 

  ,   .

          
       . 

 ,        
,            

 ,  :

H2SO4 (aq) 2H+
(aq)   +   SO4

2–
(aq)

     ,   
     .     

      :

CH3COOH (aq) H+
(aq)   +   CH3COO –

(aq)

     ,  2.6   
 ,    .

 2.6.      
   

    %

 > 30% HClO4, HNO3, HCl, H2SO4, KOH, Ca(OH)2

3% - 30% H3PO4, H2SO3, HF
 < 3% CH3COOH, H2S, HCN, NH4OH, Zn(OH)2

_______________________________________________________________________

    :

1.       : H2S, H2MnO3, ZnCl2,
Ca2(PO4)3, Al(OH)3!

2.          : ) KHSO3 )
(NH4)2SO4  ) Mg(OH)Cl ?

3.         ,    
    ?

4.       ,   ?
5.             CaCl2,   

  1mol?
6.            25 ,  =

1,8 · 10-9,       1!
7. H+ Cl-         , 

     100 000,  = 0,01?
8.           

      !
_______________________________________________________________________
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2.7.      

        . 
         .

,         
:

AB  A+ + B –

      ,   AB  
 ,  A+ B -    AB.

        :

Kc = )AB(
)B()A(

c
cc

Kc        
    ,

[c(A+)]    ,
[c(B-)]     ,
[c(AB)]        

AB.

Kc       
   .  

   , 
       

 .

         
,    .    ,

   .   ,  
   ,     

 2.7

 2.7.       

Kc –   
CH3COOH Kc = 1,76 · 10-5

H2CO3
Kc (I) = 4,40 · 10-7

Kc (II) = 4,80 · 10-11

H2C2O4
Kc (I) = 5,35 · 10-2

Kc (II) = 5,42 · 10-5

NH4OH Kc = 1,79 · 10-5

HNO2 Kc = 5 · 10-4

       ,  
         

  .

- 44 -



 

     

 CH3COOH     ,   
   :

CH3COOH (aq) H+
(aq) +  CH3COO -

(aq)

       .   
       :

Kk =
)COOH(CH

)COO(CH)(H

(aq)3

(aq)3(aq)

c
cc

Kk      (Kc = Kk).

 ,      
.        .

I H2S(aq) H+
(aq) +  HS -

(aq)        KI

II HS -
(aq) H+

(aq) +  S 2-
(aq)    KII

       
        .

Kk = KI  KII

     

  NH4OH  .  
 :

NH4OH(aq) NH )(4 aq  +  OH )(aq

           Kb 
          

 .      :

Kb = )OHNH(
)OH()NH(

(aq)4

(aq)4(aq)

c
cc

Kb      (Kc = Kb).

       

          
  .
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    ,      
  ,     

.  ,       CH3COOH
  ,  CH3COONa,   

CH3COO-.  ,      
    .       

   ,      , 
     .

           .
 ,        NH4OH(aq)  

  NH4Cl,   NH4
+,   

        
  .

           
 ,        

   ,       
.

  ,     
    pH -    .

     ,    
            

.      Kc = 2 · c

Kc -   ,
-    ,

c -   .

 1

           
 0,2 mol·dm-3    = 0,0095

:
K(CH3COOH) = 2 · c
K(CH3COOH) = (0,0095)2 · 0,2 mol·dm-3

K(CH3COOH) = 1,805 · 10-5 mol·dm-3

 2

       1,83 · 10-5 mol·dm-3  
  0,01 mol·dm-3.     ?

:

=
c
Kk = 3

35

dm0,01mol
dmmol101,83 = 4,2 · 10-2 = 4,2%
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_______________________________________________________________________

  :

1.            
c(CH3COOH) = 1 mol·dm-3 = 0,41%.

: (CH3COOH) = 1,68 · 10-5 mol·dm-3

2.          1,8 · 10-9 
  25 .         

    ?
: N(H2O)=555600000

3.           
  :  > 1,  <1,  = 1  = 0 ?     

?

4.  1 dm-3       0,1 mol  .
)        ?
)        ?

:    ) 0,1 mol
) 0,2 mol

5.            
   0,1 moldm-3    K(NH4OH) = 1,8 ·

10-5 mol·dm-3.
: c(OH-) = 1,34 · 10-3

mol·dm-3

6.          
   K(NH4OH) = 0,1mol·dm-3 K(NH4OH) = 1,8 · 10-5 mol·dm-3.

: = 0,42%
_______________________________________________________________________

2.8.  

        
,     .     

,       .

      ,     
  ,        .

 :

MgSO4(aq) + 2KCl(aq) K2SO4(aq) +  MgCl2(aq)

          
,        . , 

       :

Mg 2
)(aq + SO 2

)(4 aq + 2K )(aq +  2Cl )(aq 2K )(aq +  SO 2
)(4 aq + Mg 2

)(aq +  2Cl )(aq

         ,   
    .

         ,
          .

- 47 -



 

   ,     :
o       ( );
o       ;
o      ;
o      .

       , –   
.        ,  

  ,    .

o       -

           , 
      .     

  :

 AgNO3(aq) +  KCl(aq) AgCl(s) +  KNO3(aq)

Ag+
(aq) +  NO )(3 aq +  K+

(aq) +  Cl )(aq AgCl(s) +  K+
(aq) +  NO )(3 aq

 (   ) Ag+
(aq) +  Cl )(aq AgCl(s)

AgCl(s)      
,     .

o       

Mg(OH)2(aq) + 2HCl(aq)  MgCl2(aq) + 2H2O(l)

Mg2+
(aq) + 2OH )(aq + 2H+

(aq) + 2Cl )(aq  Mg2+
(aq) + 2Cl )(aq + 2H2O(l)

2OH )(aq + 2H+
(aq) 2H2O(l) /2      OH )(aq + H+

(aq) H2O(l)

         
   .

o      

2HCl(aq) +  Na2S(aq)  2NaCl(aq) + H2S(g)

2H+
(aq) +  2Cl )(aq +  2Na+

(aq) + S 2
)(aq  2Na+

(aq) + 2Cl )(aq + H2S(g)

2H+
(aq) +  S2-

(aq) H2S(g)

  H2S(g)    
.

o      

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

 [Cu(NH3)4]2+      ,
  .
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 :
         

  .      
        .

_______________________________________________________________________
  :

1.      :
)     ,
)     ,
)     ,
)     .

      ,    .
2.           ,   

  !    ?
3.          :

)     ,
)     ,
)     ,
)     .

2.9.   

      .   
      .   

          :

H2O(l)   H+
(aq)  +  OH )(aq

       ,     
       .

  ,   . . ,   
,     ,      

   H3O+ ( ).     
   :

H2O(l)  +   H2O(l)  H3O+
(aq)  +  OH )(aq

         
  :

Kc =
)OH()OH(
)OH()OH(

(l)2(l)2

(aq)(aq)3

cc
cc

     ,   
      . ,    

      :
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Kc · c(H2O(l)) · c(H2O(l)) = c(H3O+
(aq)) · c(OH )(aq )

       ,   
Kw       .

Kc c(H2O) c(H2O) = Kw    

Kw = c(H3O+) c(OH-)

       
      .

        ,  
    .   , 

       Kw = 1  10 -14 mol2 ·dm-6

 298°K (25°C).  Kw       
.

 Kw       2.8

 2.8.  Kw  

° Kw ° Kw

0 0,11 · 10-14 50 5,47 · 10-14

10 0,30 · 10-14 70 15,8 · 10-14

25 1,00 · 10-14 100 55,0 · 10-14

   ,     Kw.
     ,      1 mol 

 1 mol H+  1 mol OH- ,   :

c(H3O+) 2 = c(OH-) 2 = Kw = 1  10 -14 mol2 dm -6

c(H3O+) = c(OH-) = 6214 dmmol10 = 10-7mol dm-3

c(H3O+) = 10-7mol dm-3

          ,  
          10-

7mol dm-3   25°C.

 c(H3O+) = c(OH-)     , c(H3O+) = 1 10-7mol dm-3

c(H3O+) > c(OH-)     , c(H3O+) > 1 10-7mol dm-3

 c(H3O+) < c(OH-)   , c(H3O+) < 1 10-7mol dm-3

       Kw   
  c(H3O+) c(OH-)       

    :
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c(H3O+) =
)OH(c

Kw c(OH-) =
)OH( 3c

Kw

 1

     c(H3O+)   , 
   c(OH-) = 10-11 mol  dm-3 ?

c(H3O+) = 311

6214

dmmol101
dmmol101

c(H3O+) = 10-3 mol dm-3

 2

     c(OH-)   
 c(H3O+) = 10-5 mol dm-3 ?

c(OH-) = 35

6214

dmmol101
dmmol101

c(OH-) = 10-9 mol dm-3

 

     ,  
 ,     
,   .    
  ,   (Sorensen)

1909    ,    
    .

 2.6  (1868-1939)

      
     .

= - log c(H3O+)/ mol dm-3

    OH-    
 pOH,    :

pOH = -log c(OH-)/ mol dm-3

  , c(H3O+) = c(OH-) = 1 10-7 mol dm-3, 
   :

pH = - log c(H3O+) = - log 1 10-7 = - ( - 7) log 10

 log 10 = 1,  :
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= - (- 7)  1  = 7

   t° = 25°C

= 7   ;  < 7   ;  > 7    

        Kw = c(H3O+) c(OH-)
 ,   :

log Kw = log c(H3O+) c(OH-)
log Kw = log c(H3O+) + log c(OH-) / (-1)
- log Kw = - log c(H3O+) - log c(OH-)

(- log)   p,   

pKw = pH + pOH

   pH = 7  pOH = 7,  pKw = 14
  25°C.    ,   

  ,  :  55°C   pH  
6,6.

       pH  
 .2.9

2.9.   pH

3-
3

moldm
)O(Hc 10-1 10-2 10-3 10-4 10-5 10-6 10-7 10-8 10-9 10-10 10-11 10-12 10-13 10-14

pH 1 2 3 4 5 6 7 8 9 10 11 12 13 14

          

       pOH 
 .2.10

2.10.  pOH

3-moldm
)c(OH 10-14 10-13 10-12 10-11 10-10 10-9 10-8 10-7 10-6 10-5 10-4 10-3 10-2 10-1

pOH 14 13 12 11 10 9 8 7 6 5 4 3 2 1
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 pH       
.         pH.

 pH          
    .     
 pH   :   pH = 1-1,5,   pH

= 6,9,   pH = 7,3.

  :
        –   

      .      
          ( , ,

  )
        ,     

          

      ,    :
 H3O+ ,  OH- ,      

  pH  pOH.

 1

    pH     HCl
c(HCl) = 0,1 mol·dm-3 ?

:
  HCl  , 

  ,  c(H3O+) = c(HCl) = 10-1 mol·dm-3

(        ,   ).
pH = - log c(H3O+)/mol·dm-3 = - log10-1mol·dm-3/mol·dm-3

pH = 1
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_______________________________________________________________________

    :

1.          
 pH = 2?

2.             
!

3.       10-9 moldm-3  
      ,    

 ?
4.          

    10-3 mol dm-3?
5.     pH = 6,    pH = 10,   

?
6.    , pH     : ) 0 – 7 ) 7 – 14 ) 0 –

14!
_______________________________________________________________________

2.10. 

       
   ,   ,  

           2.7.

2.7 )      , )      

 ,        
    ,       

.    .

          
  ,    .      
.   ,        

        
 .   ,    
 ,    ,      .

       
    .       
   HInd (   ) IndOH (   ).

   ,      :

HInd(aq) +  H2O     H3O+
(aq)   +     Ind )(aq
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        :

Kc =
)HInd(

)Ind()H(

(aq)

(aq)(aq)

c
cc

    ,   
Hind      Ind-.   
,      ,   

     .

      ,    
.      c,   

 .        
 ,    .

     ,     
   .     , 

   .       
Ind-  .

 ,  ,    
        .

 ,        
    2.11

2.11.   

  pH      

5,0-8,0

- 3,2-4,4 -   
 

- 4,2-6,2   
-  

- - 6,0-7,6 -
- 8,0-9,8

       pH,   
  .

        
 ,       

 .

   pH  ,  
    2.8.    

      , 
    .

 2.8   
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    :  , 
,    .

_______________________________________________________________________

    :

1.           ?
2.       .
3.           .
4.     Hind   Ind-   

   .
5.      ,     ?   

      .
6.      : CaCl2, BaCO3, CH3COONH4, Na2S,

    ?
7.           

  .  !?
_______________________________________________________________________

2.11.   

      ,      
    .   2.9      

 -        .
,        

   . 
   pH   

.
     

    .  
      ,

     
    

 .   pH 
   .

     
     

.

 2.9 ) - , ) 

         , 
          .

       .
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      :

CH3COOK(aq)    CH3COO )(aq +   K+
(aq)

     ,     (H+)
      CH3COOH. ,

     :

CH3COO )(aq +   H2O(l)    CH3COOH(aq)  +   OH )(aq

   – ,   –
,    .    

   ,     , pH > 7.
,     .

    ,   
 ,      ,    

        .

 NH4Cl          
 .      :

NH4Cl(aq)    NH4
+

(aq)   +    Cl )(aq

 NH4
+

(aq)    ,   
NH3(aq),          :

NH4
+

(aq)   +    H2O(l)    H3O+
(aq)   +   NH3(aq)

            

     – ,    - .
          ,

  , pH < 7     .

    ,     
           

    .

 CH3COONH4         
 .       :

CH3COONH4(aq)    CH3COO )(aq +    NH4
+

(aq)

  CH3COO-
(aq) NH4

+
(aq)     , 

        ,  
       .  
   :

- 57 -



 

CH3COO )(aq +   NH4
+

(aq)   +   H2O(l)    CH3COOH(aq)   +   NH4OH(aq)

     CH3COONH4(aq)   
          

   .       
         .

 , pH = 7.

      ,      
    ,    ,   

  ,         
         

  .

 NaCl        . 
    :

NaCl(aq)    Na+
(aq)   +   Cl )(aq

   – ,      – ,
          .

        , 
 , pH = 7.

           
      ,  

.    .

_______________________________________________________________________

    :

1.          ?
2.        : K2SO4, NH4Cl, NaCl, MgS,

(NH4)2CO3?      !
3.            : )   

  ) ,   .
4.         : ZnCl2, Na2CO3, KCN, NaNO3,

MgSO4?         .
5. oja ja  pH    K2CO3: a) pH = 7  ) pH > 7  ) pH = 0  ) pH < 7 ?
_______________________________________________________________________

2.12.  

          
  pH.         

         . 
     ,    

       pH     .

- 58 -



 

                ,     pH, 
          

  pH.

      
 pH   .

          
       .

            :     
    , CH3COOH  CH3COONa;   
H3PO4  NaH2PO4;     NH4OH    

NH4Cl   ,  ,    
 H2CO3      NaHCO3.

   -     
    :

CH3COOH  H+ + CH3COO-

CH3COONa  Na+ + CH3COO-

                ,  
 HCl,     HCl  H+ + Cl– ,   

:

CH3COO– + Na+ + H+ + Cl–  CH3COOH + Na+ + Cl–

   :
CH3COO– + H+  CH3COOH

                   
       .   

         
   .         

    .

  -   NH4OH NH4Cl 
  :

NH4OH  NH4
+ + OH-

NH4Cl  NH4
+ + Cl-

                   NaOH, NH4
+

      OH-    NaOH    
 NH4OH:

NH4
+ + Cl– + Na+ + OH–  NH4OH + Na+ + Cl–

NH4
+ + OH– NH4OH
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        , 
      ,    

  pH.

       
 ,  ,      NaHCO3,

 .

      , HCO3
-  

,         .

HCO3
-   +   H+     H2CO3

 ,   , HCO3
-  ,    OH-

      .

HCO3
-   +   OH-     H2O   +   CO3

2-

         
,           

          
    (  2.10).

 2.10  

  :
        .   pH

       6,5 – 6,7          .

_______________________________________________________________________

    :

1.     ?
2.      ,     ?
3.           

.
4.             

.
5.      pH     ,   

   ?
_______________________________________________________________________
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2.13.     

            
         . ,    

     ,    
   .

          
:

           AgCl(S)          
.       1  10-5 mol/dm3

.

       .  
       AgCl(S)   :

AgCl(s)  Ag+
(aq) + Cl–(aq)

      :

)AgCl(
)Cl()Ag(

(S)

(aq)(aq)

c
cc  = KAgCl            :

c(Ag+
(aq)) · c(Cl –

(aq)) = K(AgCl) c(AgCl(s)) =  const

c(Ag+
(aq)) · c(Cl -

 (aq)) = Ks(AgCl)

Ks       
   ,  

       
  .       .

       20o C 
   2.12

 2.12        20C

Ks Ks
          AgCl 1,1. 10 – 10 mol2 dm -6  (II)         PbSO4 2,3. 10 – 8 mol2 dm -6

         AgBr 5 . 10 – 13 mol2 dm -6             BaSO4 1,2. 10 – 10 mol2 dm -6

             AgI 8,5. 10 – 17 mol2 dm -6  (II)   PbS 4,2. 10 – 28 mol2 dm -6

 (II)     PbCl2 8,7. 10 – 8 mol3 dm -9 (III) Fe(OH)3 1,1. 10 – 36 mol4 dm -12

        ,  
    .     

  ,     è    
 Ks   .
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          1

dm3
,    s.

1:
      AgCl(S)    

Ks = 1,2  10-10 mol2 ·dm-6  20 C.
:

AgCl  Ag+ + Cl- Ks(AgCl) = c(Ag+) c(Cl-)

     Ag+  Cl-    ,   
    .    :

Ks = s2

           s(AgCl) = -6210 dmmol101,2   = 1,1  10-5 mol·dm-3

         ,    AgCl  1,1  10-5 mol·dm-3

 2:

   BaSO4  moldm-3, Ks (BaSO4) = 1 . 10–10

mol2·dm -6 ?
   BaSO4 :

BaSO4    Ba2+  +   SO4
2-

s s              s

Ks (BaSO4) = c(Ba2+) c( SO4
2-) = 1. 10 – 10 mol2 · dm -6 Ks = s2

  BaSO4     :
s = c(Ba2+) = c(SO4

2-)
Ks  = 6210 dmmol101  = 1 . 10 – 5 mol·dm -3

s(BaSO4) = 1 . 10 – 5 mol·dm -3

 BaSO4    1. 10 – 5 mol·dm -3.

 3:

     PbCl2,   PbCl2
3,5 . 10 – 2 mol·dm -3,  25°C!

   PbCl2  :

PbCl2 = Pb2+ +   2Cl –

    s          s            s
  : Ks = c(Pb2+) . c(Cl -)2

Ks (PbCl2) = 3,5 . 10 – 2 mol·dm -3 (7 . 10 – 2)2 mol2·dm -6

Ks (PbCl2) = 1,7 . 10 – 8 mol3·dm -9

  PbCl2 3,5 . 10 – 2 mol·dm -3,    
PbCl2 1,7 . 10 – 8 mol3·dm -9 .
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_______________________________________________________________________

   :

1)     ?
2)       Ks   

 BaSO4!
3)       (II)    

  s = 3,5 · 10-8mol · dm-3 t = 25 C!           (Ks = 1,7 · 10-8mol3dm-9)
4)       AgCl     

Ks = 1,2 · 10-10mol2 · dm-6.
_______________________________________________________________________
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3.   

3.1.    

      ,   
       
: , , ,    .

         .
         

(IUPAC),        
 ,       

.

      :

        
   ,

            
,

         
   ,

        
    ,    

  ,
       

       
   .
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3.1.1.

       . 
     ,       

 .

  

 IUPAC,      
 .

         
          .

         
          

    ,    .

3.1       

   

Na2O –  
BaO -  
Al2O3 -  
CaO -   
ZnO –  

   

PbO2 - (IV) 
Cu2O - (I) 
CuO - (II) 
Fe2O3 - (III) 
FeO - (II) 

           .
 IUPAC:       

     ,     .
   ,         

 :        
   ,        

  .

3.1     

  
N2O5 - (V)  
P4O10 - (V)  
NO - (II) 
CO2 - (IV) 
CO - 
SiO2 - 
*P4O10 -
N2O5 -
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*                 
.

  ,        
.

           ,  
( ),   .

          
  ,     .

      .   
        .

           .  
      .

_______________________________________________________________________

  :

1)     SO2  ,   CO  
?

2)      (V)    : ) P4O10  ) P2O5 ?
3)    :

)          ,
)          ,
)        .

4)     H2O2?
5)   CO2      ?
6)     ?
_______________________________________________________________________

3.1.2.

       
.     ,    

    .

  

       
       - ,   

,   ,   .

             
   - .     

   :
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3.2 )   

       
(  )

HCl
HBr
HI
HF
H2S
HCN

    
     

     
     
     

     

Cl –

Br –

I –

F –

S2-

CN –

    .   
   ,       

 *            
- -   (H2SO4 -  , HNO3 -

 , H3ASO4 -  ).

*             .

       *     
, -    (HNO2 -  , H3ASO3

-  ).

*             .

          
    – ,       
    – .      

  :

3.2 )    

       
(  )

H2SO4
H2SO3
HNO3
HNO2
H3PO4
H3PO3
H2CO3
H3AsO4
H3AsO3
H3SbO4
H4SiO4

     
     

    
     
     

     
    

     
    
    
 ( )

SO4
2-

SO3
2-

NO3
–

NO2
–

PO4
3 -   

PO3
3 -

CO3
2-

AsO4
3-

AsO3
3-

SbO4
3-

SiO4
4-
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       ,  
     :

        ,  
 - ,  - (HClO -  );
       ,  
  -  - ,  - (HClO4 -

 ).
           

   .

3.2 )      

        
(  )

HClO4
HClO3
HClO2
HClO

     
    

     
     

ClO4
-

ClO3
-

ClO2
-

ClO -

        
        .   

     :

                                H3PO4 - H2O = HPO3  

        –
       .

       
       .   

( )    :

2H3PO4 - H2O = H4P2O7    
2H3SbO4 - H2O = H4Sb2O7  

            
    ,  :  - H2S2O3 (

 H2SO4),  H3AsS4 (   H3AsO4).
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_______________________________________________________________________

  
1)    : HPO3, H3AsO4, H2S2O7, H2S2O3, HMnO4

H2Cr2O7.
2)        :  ,

,  ,  ,   
.

_______________________________________________________________________

3.1.3.

   ,      
       .

  

         
     ,       3.3

3.3   

      
  

KOH   
Ca(OH)2   
Al(OH)3   
Zn(OH)2  
NH4OH   

    
   

   .

      
  

Pb(OH)2 (II)
Pb(OH)4 (IV)
CuOH  (I)  
Cu(OH)2 (II)
Cr(OH)3 (III)

  ,
     
   

   ,
    

 ,  ,
 .

   :
Al(OH)3 –         .
NaOH –      .    

,         ,  
  .        .
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_______________________________________________________________________

  :

1.   ?
2.      :

) Ba(OH)2, CuOH Cr(OH)3.
)         !

3.    pH        ?
4.          ?
_______________________________________________________________________

3.1.4.

     .    
   3.4

 3.4  

   

NaCL
KI
(NH4)2S
Na2SO3
AlPO4
Zn(NO3)2
FeSO4

NaHCO3
AgHSO4
FeHPO4
KHSO4
Mg(HCO3)2
NaH2PO4

Mg(OH)Cl
Co(OH)Br
Bi(OH)2NO3

KNaSO4
AlK(SO4)2
MgNH4PO4
FeNH4(NO3)3

MgSO4  7H2O
NiCl2  6H2O
Na2CO3  10H2O

 
  

  
   

.

( ) 
  
   

 
 

  
 .

 ( )
 

   
  

  
 

 .

  
 

 
 

  
 

.

 
  
   

  
  

 .

       .   
 ,             

      .     
 ,       .

            
 (  ),  : KI   , (NH4)2S   
, Zn(NO3)2      , Na2SO3     .

         
: FeSO4 (II) , Cu3PO4 (I) .

- 70 -



 

         ,   
     ,  : NaHCO3

, NaH2PO4   .
            

      ,  : Mg(OH)Cl
, Bi(OH)2NO3   .

     ,     
,          ,  :

KNaSO4   , MgNH4PO4   ,
FeNH4(NO3)3  (II) .

           
      ,    ,  

 .  : MgSO4  7H2O    , CaCl2
2H2O     .

      :  - , - , - , - 
,     ,  :

NaClO  
KMnO4  
NH4PO3  
K2P2O7  

  „ “      . ,  ,
MgSO4  7H2O     Pb(CH3COO)2   

    ,   .

  :
  , , , , , ,   

  .

_______________________________________________________________________

  :

1.      .3.4
2.        ?

    _______________ .
   _______________ .
   _______________ .
   _______________ .
   _______________ .

   _______________ .
3.      :

MgCl(OH) ______________________
CaHPO2 · 3H2O _______________________
MgNH4PO4 __________________________
Na2O2 ________________________

4.        :
  _________________
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 (II)  _______________________
  ____________________
  _____________________
   ________________
   _________________

_______________________________________________________________________

3.1.5.  

       .
          

     .     
 .  :  [Cu(NH3)4]SO4, 

[Cu(NH3)4]2+  ,   K[Ag(CN)2], [Ag(CN)2]-
.

 ,       :

       

K[Ag(CN)2]
             

   

       IUPAC,   
       ,  

   ,         
 .

          
         

.
     ,     
  .

 ,        – .
   3.5

NO 3  
NO 2  
SO 2

4  
S2O 2

3  
HSO 4
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          3.6

Cl  
I  
Br  
OH  
CN  
O 2  

 ,       
 3.7

H2O
NH3

NO  
CO  

       ,  
,   ,     ,   ,  

   .
        , 

 .
      ,   

   : , , ,  .   
  ,      

 *        .
*            

       ,    
         .

     ,     ,
 :

[Cu(NH3)4]SO4     (II)  
[Fe(H2O)6]Cl3       (III)  
[CoCl2(NH3)4]Cl (III)  

      ,   
,  ,      

         –   
          .

     ,      
,  :

K[Ag(CN)2]    (I)
K2[HgI4]                   (II)
Na[Cu(S2O3)2]        (I)
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  .     ,  :
[Fe(CO)5],  [Pt(NH3)2Cl4]  .

      ,    
  ,  :

[Fe(CO)5]     (0)
[Pt(NH3)2Cl4]    (IV)
[Mn(CO)5]     (0)

_______________________________________________________________________

  :

1.     :
[Cr(H2O)6]Cl3 ______________________________
[Cu(NH3)4]SO4 · H2O ____________________________
[Fe(CO)5] ________________________________
Na2[Pb(OH)4] ______________________________
Ca[Cu(Cl)4] ________________________________

2.       :
  ______________________

 (I) _________________________
(III)    ___________________________

(0) ________________________
_______________________________________________________________________

3.2.      

        
.
     ,     
          

.       ,    
 .        

  ,      
   .   

    .       
,   ,       

.
        

      .  
 ,        

  .      
     .
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          ,
      ,  :

-      ,
-    ,
-    ,
-          

 .        
  .

3.2.1.       

        :
1.    ,
2.    .

   

            .
        .
    .        

      .     
 .

          
  ,        Fe – Ni - Cr

   3.1

       HCl.
    ,      
.         

  (  3.1).

 3.1    

     HCl,    
    ,       

      ,  , 
       , – ,

– .
   .       Na2B4O7 ·

10H2O    ( )  NaNH4HPO4 · 4H2O 
   ,     .  
              .

   #      (   ). 
 ,      ,   

   .        
 .

         ,   
       . 
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    .      
      .

   

        . 
              

.  ,   ,     
,           

.
         

  .
       ,     

 :
-    ,
-   .

       ,   
 ,   .

3.2.2.  

          
   ,  :

-  ,
-  ,
-   (   ).

          ,
    ,    . 

    :  ,  ,
 ,    .

             
.              

      ,  :  
        : Ag+, Pb2+  Hg2

2+,  
    , . .  .     

          .
          

  . ,  ,  (II) ,
  : HCl, KI, NaOH, NH4OH  K2CrO4.   

(II)           
      K2CrO4.     
       (II)   

   PbCrO4       .
         

           .  , 
        (II)  
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  .        , 

        
 .        

   ,  
.            

       .  
            

.          ,     ,
     .

_______________________________________________________________________

    :

1.         ,    
 ?

2.        ,     ?
3.   ?
4.    ?
5.      ,     ?
6.       ?
_______________________________________________________________________

3.3.      

      , 
   .   

        ,   
       .   

       ,  
    .

    ,  
   ,  :

 3.2

-  ,
-   (   ),
-   (   ),
-  .

     ,     
          . 

     HCl  HNO3.
       ,  

     ,    . 
         

 ,     .  
        ( 2 mg).
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       .
        2 cm3 .  

         ,  
     .       

,        .  ,  Cu2+ 
  ,  Ni2+  ,  Co2+ .

      ,      
 ,    ,    .

   ,       .
       ,       

      .    
   HCl.

       ,    
  .       HNO3

 HCl    1:3.

   

       , 
    .   ,   

,      ,    
.         3.2.
             

,       
  .    . .    

Na2CO3.      .  Na2CO3,
        ,   

KHSO4,    , Na2O2.
          

       .    
    Na2CO3. ,   
,          

  .     ,   
      .

_______________________________________________________________________

    :

1.          ,     
 ?

2.          ?
3.           .
4.         ,     

 ?
5.       . .„  “?
_______________________________________________________________________
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3.4.    

3.4.1.    

        , 
 .        , 

        .   
    ,   .     
  ,    .

     

3.8

I

II

III

IV

V

VI

   !
   ?

  ,        
 ,         

       , 
: Cu2+ (II) ; Fe3+ (III) .

  ,          
      ,  : Na+

; Ca2+  .

      ?
     ,   

 .      
  .         ( ),

      ( ).      
         

  

Ag+, Pb2+,  Hg 2
2

HCL : AgCl, PbCl2, Hg2Cl2

Hg2+, Cu2+, Bi3+, Cd2+,
As3+, Sb3+, Sn2+ H2S

: HgS, CuS, Bi2S3, CdS
As2S3, Sb2S3, SnS

Fe3+, Al3+, Cr3+ NH4OH : Fe(OH)3, Al(OH)3,
Cr(OH)3

Co2+, Ni2+, Mn2+, Zn2+ (NH4)2S : CoS, NiS, MnS, ZnS

Ba2+, Ca2+, Sr2+ (NH4)2CO3 : BaCO3, CaCO3, SrCO3

Mg2+,  NH 4 , Na+, K+  . /
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  .         (s),
   (g),   (l),     (aq).

          ,  
     .

           
  .

      ?
     .  

   1–2 cm3,       -  2–3 
 .      : 

 ,     ,     .
            
      .

      ,    -
 .

          
         .

            
,          

  .       .
       pH  ,  

       .
              .

3.4.2.     

  

      :

     
    

 c(HCl) = 2moldm-3. 
     
 AgCl, PbCl2  Hg2Cl2

,    .
    

 .

Ag+

 

Hg 2
2

(I) 

Pb2+

(II) 
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-         ,
-          ,
-   H2S ,
-     ,   HCl,    

HNO3  H2SO4,
-         +1.

    Ag+

        AgNO3,
      .      
.

  HCl       , 
     AgCl

AgNO3 + HCl   = AgCl   + HNO3

          :

Ag+
(aq)   +   Cl )(aq = AgCl(s)

        
  (  ).

      NH4OH,   
       :

AgCl   +   2NH4OH   =   [Ag(NH3)2]Cl   +   2H2O

         (
    ),    

 :

[Ag(NH3)2]Cl   +   2HNO3   =  AgCl   +   2NH4NO3

         
.          

 .

 (    )    
      Ag2CrO4:

2AgNO3   +   K2CrO4  =  Ag2CrO4   +   2KNO3

2Ag+
(aq)  +   CrO 2

)(4 aq = Ag2CrO4(s)

    Ag2CrO4      
  ,       .

  KI       AgI:

AgNO3   +   KI   = AgI  +   KNO3

87.107
47 Ag

argentum
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Ag+
(aq)   +   I )(aq = AgI(s)

  AgI      ,   
 AgCl.

         
         Ag2O.

-   ,        
 ,

-      HCl,     HNO3, H2SO4 
 ,

-      ,     –
,

-         .

  ,     : (I) - Hg2
2+ 

(II) - Hg2+ . (I)     HCl     
 , (II)    .    

   .

   (I) Hg2
2+

      (I) Hg2(NO3)2.
  , (I)   .

  HCl      , (I)
    (I) Hg2Cl2:

Hg2(NO3)2 + 2HCl =  Hg2Cl2   + 2HNO3

Hg 2
)(2 aq + 2Cl )(aq = Hg2Cl2(s)

  Hg2Cl2       
 Hg:

Hg2Cl2  +  2NH4OH  =  Hg  +  Hg(NH2)Cl  +  NH4Cl  +  2H2O

            
   (II)  .

      (I) .

      (I) Hg2CrO4:

Hg2(NO3)2 + K2CrO4 =  Hg2CrO4 + 2KNO3

Hg 2
)(2 aq +   CrO 2

)(4 aq = Hg2CrO4(s)

       .

80Hg200,59

hydrargyrum
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  KI, (I)     (I) 
Hg2I2.         , 

 .        ,   
      Hg:

Hg2(NO3)2   +   2KI   =   Hg2I2   +  2KNO3

Hg 2
)(2 aq +   2I )(aq = Hg2I2(s)

Hg2I2   +   2KI   =   K2[HgI4]  +   Hg

      (I) .  
   .     , 

      .

 ,  (II) SnCl2   (I)
      .

Hg2(NO3)2   +   SnCl2   =   Hg2Cl2   +   Sn(NO3)2

Hg 2
)(2 aq +   2Cl )(aq =   Hg2Cl2(s)

Hg2Cl2   +   SnCl2   =   2Hg  +  SnCl4

  , (I)      (I)
.

    .    (I)
Hg2

2+  ,   (II) Hg2+   .

-       ,
-          ,
-     HNO3   H2SO4  

H2SO4  ,
-        +2  +4,

 (IV)   .

   (II) - Pb2+

      (II) Pb(NO3)2 .
  (II) .

  HCl, (II)     (II)
PbCl2:

Pb(NO3)2   +   2HCl   =   PbCl2   +   2HNO3

Pb 2
)(aq + 2Cl )(aq = PbCl2(s)

82Pb207,19

plumbum
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  (II)      , 
        .  

  (         
  ).
PbCl2      ,      

 .

 KI, (II)    (II) 
PbI2:

Pb(NO3)2  +   2KI  =  PbI2  +  2KNO3

Pb 2
)(aq +   I )(aq = PbI2(s)

    (II)       
.         ,    

   PbI2,      
Pb2+ .

  .

 K2CrO4,    K2Cr2O7  (II)
   (II) PbCrO4:

Pb(NO3)2   +  K2CrO4   =   PbCrO4   +   2KNO3

Pb 2
)(aq +   CrO 2

)(4 aq = PbCrO4(s)

      ,    
  (II) ,       

CH3COONa. (II)       ,   
     .

   .

 (NaOH, KOH)  (II)   
(II) :

Pb(NO3)2   +  2NaOH  =  Pb(OH)2   +   2NaNO3

Pb 2
)(aq +  2OH )(aq = Pb(OH)2(s)

(II) Pb(OH)2(s)   ,   
  ,     .     

:

Pb(OH)2  +  2NaOH  =  Na2PbO2  + 2H2O

Pb(OH)2  +  2HNO3  =  Pb(NO3)2  +  2H2O

  Na2PbO2   .     
   .
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(II)   H2S    (II) 
PbS.        :

Pb(NO3)2  +  H2S   =  PbS  +  2HNO3

Pb 2
)(aq +   S 2

)(aq = PbS(s)

3PbS + 8HNO3 = 3Pb(NO3)2 + 2NO + 4H2O  + 3S

 3.9       
       

 3.9      I  

 
HCl K2CrO4 KI NaOH

Ag+ AgCl(s) Ag2CrO4(s)
 

AgI(s)
 

Ag2O(s)

Pb2+ PbCl2(s) Pb2CrO4(s) PbI2(s) Pb(OH)2(s)

Hg2
2+ Hg2Cl2(s) Hg2CrO4(s) Hg2I2(s)

 
Hg2O(s)

_______________________________________________________________________

    :

1.    ?
2.      .
3.       .
4.       Ag+, Pb2+  Hg2

2+   .
5.  Pb2+        ?
6.   Hg2

2+    : ) HCl ) KI  ) K2CrO4  ) NaOH,  
 .

7.    HCl        
    ?

8.             
.

9.          ?
10.   :

Ag+ Pb2+ Hg2
2+

KI PbI2
 ( )

K2CrO4 Hg2CrO4
 ( )

_______________________________________________________________________
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3.4.3.     

  

    :

IIa

IIb 

As3+, Sb3+ Sn2+ , IIb   As5+, Sb5+ Sn4+

.
    H2S,   

    .     
 ,  HCl c(HCl) = 0,3 moldm-3,    

     .    
  0,3 moldm-3,    Pb2+ Cd2+ .
           

   (NH4)2S2,  
: IIa IIb.  Hg2+, Cu2+, Bi3+ Cd2+     

(NH4)2S2   ,   As3+,5+,
Sb3+,5+ Sn2+,4+        

.
 IIa       

    (II)  .
       

 .

 

   (II)  Hg2+

      (II)  .
(II)     .

  H2S, (II)      (II)

:

HgCl2 + H2S =   HgS  + 2HCl

Hg 2
)(aq +   S 2

)(aq = HgS(s)

  HgS       .  
      HCl 

HNO3     3:1.

Hg2+

 (II)
Cu2+

 (II)
Bi3+ Cd2+

As3+

 (III)
Sb3+

(III)

Sn2+

 (II)
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3HgS + 2HNO3 + 6HCl  3HgCl2 + 2NO + 4H2O + 3S

 KI  (II)     

(II)  HgI2:

HgCl2  +  2KI  =   HgI2 +  2KCl

Hg 2
)(aq +   2I )(aq = HgI2(s)

    (II)       
 ,        

 (II):

HgI2 + 2KI =  K2[HgI4]

   ,      
       (II)    .  

     .

 (II) SnCl2   (II)    (I)  , 
  SnCl2       

      :

2HgCl2  +   SnCl2 =   Hg2Cl2   +   SnCl4

Hg2Cl2   +   SnCl2 =  2Hg   +   SnCl4
    (I)  ,      

,       (II)   .
     (II) .

-       ,
-  ,       

,
-    HCl,      HNO3 H2SO4,
-    ,
-   ,   : (I) Cu+  (II)

 Cu2+.

    .

   (II)  Cu2+

       (II)  Cu(NO3)2 
    (II)  CuSO4.

  Cu2+ (II)     
  : [Cu(H2O)6]2+, [Cu(H2O)4]2+.

29Cu63,54

cuprum
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  H2S, (II)      (II)
CuS:

CuSO4   +   H2S =  CuS   +   H2SO4

Cu 2
)(aq + S 2

)(aq = CuS(s)

        :

3CuS +  8HNO3 =  3Cu(NO3)2 +  2NO + 3S + 4H2O

  NH4OH   -     ,
(II) :

2CuSO4   +   2NH4OH =   Cu2SO4(OH)2    +   (NH4)2SO4

           
      (II)

:

Cu2SO4(OH)2   +   (NH4)2SO4   +   6NH4OH = 2[Cu(NH3)4]SO4 + 8H2O

     (II) .

 (II), (II) ,   
   (II) (II):
2CuSO4   +   K4[Fe(CN)6] =   Cu2[Fe(CN)6]    +   2K2SO4

2Cu 2
)(aq +   [Fe(CN)6] 4

)(aq   = Cu2[Fe(CN)6](s)

     (II) (II)  
   .

      Cu2+ .

 KCN (II)      (II)
,           (I)  
.     , (I)    

       (I):

CuSO4   +   2KCN   =   Cu(CN)2   +    K2SO4

Cu 2
)(aq +    2CN )(aq =   Cu(CN)2(s)

2Cu(CN)2   = 2CuCN   +   (CN)2

 CuCN   +   3CN )(aq =   [Cu(CN)4] 3
)(aq

  (II)     .
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-        ,
-          ,  

,       ,
-       +3,
-        : (III)  Bi3+ 

   BiO+.

   (III)  Bi3+

     (III)  BiCl3.  
, (III) .

   BiCl3,     
  (  - BiOCl(s)).

BiCl3 + H2O BiOCl  +  2HCl

           
   (III) .

 H2S  (III)    
(III)  (Bi2S3),       

:

2BiCl3 + 3H2S = Bi2S3 + 6HCl

2Bi3+
(aq) + 3S2-

(aq) = Bi2S3(s)

Bi2S3 + 8HNO3 = 2Bi(NO3)3 +2NO + 3S +4H2O

  ,     , (III) 
   (III) ,       

:
BiCl3 +  3NaOH = Bi(OH)3 +  3NaCl

   (III)     Cu2+ Cd2+ .
 Na2SnO2   (III)   

,     :

2Bi(OH)3  +  3Na2SnO2  =  2Bi  +  3Na2SnO3  +  3H2O

        .   
    (II)      .

SnCl2  +  2NaOH  =  Sn(OH)2  +  2NaCl
Sn(OH)2  +  2NaOH  =  Na2SnO2  +  2H2O

       (III) .

83Bi208,98

bismuthum
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 KI, (III)     (III)
BiI3,       ,    

-    :

BiCl3 + 3KI =  BiI3    + 3KCl

BiI3 + KI = K[BiI4]

     (III) .

-      ,
-     ,
-        Cd2+.

     .

    Cd2+

       CdSO4  
 Cd(NO3)2.

     .

  ,     ,  
    CdS,     

  :

CdSO4 +   H2S =  CdS    +   H2SO4

Cd2+
(aq)  +   S2-

(aq) = CdS(s)

      Cd2+  
      .

 KCN       
           ,  

    (II):

CdSO4 +  2KCN = Cd(CN)2 + K2SO4

Cd(CN)2 +  2KCN = K2[Cd(CN)4]

     H2S,       
,      .

K2[Cd(CN)4] + H2S CdS   + 2KCN + 2HCN

          
     (II) ,   KCN
 (II)      .

48Cd112,40

cadmium
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  ,      
          
     

:

CdSO4  +  2NH4OH = Cd(OH)2   +  (NH4)2SO4

Cd(OH)2  +  6NH4OH = [Cd(NH3)6](OH)2  +  6H2O

      ,   
 Cd(OH)2       .

 

-   ,     HCl,    HNO3
   NaOH,

-   ,        As3+ 
As5+ ,    ,     AsO3

3-

  AsO4
3-,

-        .

   (III)  As3+

  H2S,      
   (III) :

2AsCl3  +  3H2S  = As2S3  +  6HCl

2As3+
(aq) +  3S2-

(aq) = As2S3(s)

  As2S3      ,
 As3+        AsO4

3-.  
  , (III)      

,      .    
        :

As2S3  +  3(NH4)2S2  =  2(NH4)3AsS4  +  S

      ,     
(V) :

2(NH4)3AsS4  +  6HCl  = As2S5  +  6 NH4Cl  +  3 H2S

     (III) .

  Ag+,    ,  AsO2
- ,

   ,     

AsO )(2 aq +  3Ag+
(aq)  +  2OH )(aq = Ag3AsO3  +  H2O

33As74,92

arsenicum
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    .
      As5+ .

-      ,
-    HCl,    H2SO4  HNO3,
-   ,        Sb3+ 

Sb5+ ,       SbO3
3-   

SbO4
3-,

-         .

   (III)  Sb3+

  (III)     ,   
     :

SbCl3  +  H2O SbOCl  +  2HCl

       .

  H2S, (III)     
   (III) :

2SbCl3  +  3H2S  =  Sb2S3  + 6HCl

2Sb3+
(aq) +  3S2-

(aq) = Sb2S3(s)

      ,    
.        

   :

Sb2S3  + 3(NH4)2S2  =  2(NH4)3SbS4  +  S

         
(III) .
   (III) , (III)      

 (1:1) HCl:

Sb2S3  +  6HCl  =  2SbCl3  +  3H2S

  (  ), Sb3+     
   ,      

 :

Sb3+
(aq) + Fe(s) =   Sb(s) +  Fe3+

(aq)

Sb3+
(aq) +  Sn(s)  = Sb(s)  +  Sn2+

(aq)

51Sb121,75

stibium
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       (III)
.

-    ,         
,

-      ,   
,    ,

-         +2  +4.
  (II)   ,

-   ,         (II)
Sn2+  (IV)  Sn4+,       

SnO2
2-    SnO3

2-.      
    – stanum,

-      .

   (II)  Sn2+

       (II)  SnCl2.  
SnCl2 ,        (II) :

SnCl2  +  2H2O Sn(OH)2  +  2HCl

(II)    .     ,
   (II)     SnO2

2- :

Sn(OH)2  +  2NaOH  =  Na2SnO2  +  2H2O

(II)       ,   
 (II) :

Sn(OH)2  +  2HCl  =  SnCl2  +  2H2O

  H2S,    , (II)  
 (II) :

SnCl2  +  2H2S  = SnS  + 2HCl

Sn2+
(aq) +  S2-

(aq) = SnS(s)

        ,     
   ,    (1:1) HCl   
,      :

SnS  +  (NH4)2S2  =  (NH4)2SnS3

       HCl,  
   (II) 

 (II) , (II)     (IV) , 
      (I) :

SnCl2 +  2HgCl2  = Hg2Cl2  +  SnCl4

50Sn118,69

stanum
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   (II) ,      :

2Hg2Cl2(s)  +  Sn2+
(aq) = 4Hg(s)  +  SnCl4(aq)

     (II) .   
    (II) .

3.10          
    

 
H2S NH4OH KI H2O

Hg2+ HgS(s) [Hg(NH3)4](aq)
2+

 -
HgI2(s) ---

Cu2+ CuS(s) [Cu(NH3)4](aq)
2+

 -
Cu2I2(s) ---

Bi3+ Bi2S3(s) Bi(OH)3(s) BiI3(s) BiOCl(s)

Cd2+ CdS(s) [Cd(NH3)4](aq)
2+

--- ---

As3+ As2S3(s) --- --- ---

Sb3+ Sb2S3(s) Sb(OH)3(s) --- SbOCl(s)

Sn2+ SnS(s) Sn(OH)2
 -

--- Sn2OCl2(s)

_______________________________________________________________________

    :

1.          ?
2.        : ) , ) , )

, ) ,    
3.      ,   ?
4.          :

CuS__________                      As2S3____________
HgS__________                     Sb2S3____________
Bi2S3__________                    SnS_____________
CdS___________

5.       ?
6.      : CuS, Bi2S3  CdS?    

7.    ?
8.        ?
9.         .
10.         (II)    

     .
11.        (II) ?    

  .
_______________________________________________________________________

- 94 -



 

3.4.4.     

  

     :

     
   ,  

   , 
  . 

    
 ,   

.    
  .

-     ,      
,

-    ,     
,

-      ,   
H2SO4 HNO3,        .  

 ,
-      (II) Fe2+  (III)

 Fe3+.

  (II)  Fe2+

Fe2+     Fe3+ .
       (II) FeSO4.

  Fe2+    .    
 [Fe(H2O)6]2+ (II).

  NH4OH, (II)   
  (II) :

FeSO4  +  2NH4OH  =  Fe(OH)2  +  (NH4)2SO4

Fe2+
(aq) +  2OH )(aq  = Fe(OH)2(s)

  (II)       (III)
   .

  (II)     .

 (III),  (II)  
  (II) (III)   :

Fe2+

(II)
Al3+

Fe3+

(III)
Cr3+

(III)

26Fe55,85

ferrum
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3FeSO4  +  2K3[Fe(CN)6]  = Fe3[Fe(CN)6]2  +  3K2SO4

    Fe2+ (II) .

   (III)  Fe3+

     (III) FeCl3,    
 HCl        (      

(III) ):

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

  Fe3+ (III)    . 
 (III)      [Fe(H2O)6]3+

(III).

  NH4OH,     , (III)
     (III) :

FeCl3  + 3NH4OH  = Fe(OH)3 +  3NH4Cl

Fe3+
(aq) +  3OH )(aq = Fe(OH)3(s)

       (HCl),    
   ,     Cr(OH)3 Al(OH)3.

  (II) Fe3+   
 (III) (II),    :

4FeCl3  +  3K4[Fe(CN)6]  = Fe4[Fe(CN)6]3  +  12KCl

       ,   
  .

        .

  (  ) KCNS, Fe3+    
  (III) ,     

(  ):

FeCl3  +  3KCNS  = Fe(CNS)3  +  3KCl

Fe3+
(aq) +  3CNS -

 (aq) = Fe(CNS)3

   Fe3+ .

H2S, Fe3+    Fe2+ ,   
  :

2FeCl3  +  H2S  =  2FeCl2  +  2HCl  +  S
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  , Fe3+     
  (III) :

FeCl3  +  Na2HPO4 FePO4  +  2NaCl  +  HCl

         HCl, 
   .        ,  
   .      

Fe3+ ,          
 (   ).

-    ,    .   
,        ,

-       ,
-      ,
-    HCl  HNO3,  H2SO4  

 .     ,
-        :  

Al3+    AlO2-.      
.

     Al3+

       AlCl3 
  KAl(SO4)2 · 12H2O.   

  ,       
 ,     .

AlCl3  +  3H2O  Al(OH)3  +  3HCl

          
    .

  NH4OH, Al3+      
 :

AlCl3  +  3NH4OH =  Al(OH)3  +  3NH4Cl

Al3+
(aq) +  3OH-

(aq) = Al(OH)3(s)

        .   
 ,          
     pH=8-10.    

         .

  (NaOH KOH),   
    ,     

      :

Al(OH)3(s)  +  3H3O+
(aq)  = Al3+

(aq) +  6H2O(l)

13Al26,98

aluminium
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Al(OH)3(s)  +  OH-
(aq) = AlO-

2(aq) + 2H2O(l)

   ,      .
            -

AlO 2 .

   -s,  
   ,    .

          Al3+ -
(    ).

:  3-4      2-3 NaOH, 1-2 
-s     .    

   ,         
.

 (II) Co(NO3)2 ,  Al3+   (II)
Co(AlO2)2    ,    

     .     
.        : 

      ,   
,      .    
   ,      ,     .
        ,  

     .

O

Al

O

Al2O3 + CoO Co  
O

Al

O

-     ,   ,
-        ,  

       ,
-       : +2, +3, +4, +5  +6,
-      : (III)  Cr3+,  

CrO2,  CrO4
2-    Cr2O7

2-.

   (III)  Cr3+

Cr3+ (III)        .
      (III)  CrCl3 ·

6H2O   (III)   Cr2(SO4)3 · 6H2O.    

24Cr51,99

chromium
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 .          
.

  NH4OH, (III)     
    (III) :

CrCl3  +  3NH4OH =  Cr(OH)3  +  3NH4Cl

Cr3+
(aq) +  3OH-

(aq) = Cr(OH)3(s)

        .   
  ,       
NH4Cl       (   ).

  , Cr3+    
 (III) ,          

  NaCrO2,     :

Cr3+
(aq) +  3OH-

(aq) = Cr(OH)3(s)

Cr(OH)3(s)  +  NaOH(aq)  = NaCrO2(aq) +  2H2O(l)

  Cr3+ ,    
-  CrO 2 .

    :  H2O2,   
 ,        -   -

CrO 2
4     :

CrO2
-
(aq) +  2OH-

(aq) + H2O2(aq) = CrO4
2-

(aq) + 2H2O(l)

 CrO 2
4      , 

  , H2O2  H2CrO6,   
   .      

,      .
   ,     

 (III) .

  ,    CrO 2
4  

   Cr2O 2
7 ,      . 

    ,      .

Ag+, Pb2+ Ba2+ ,     
    :

CrO 2
)(4 aq   +  Ag )(aq   = Ag2CrO4(s)

CrO 2
)(4 aq   +  Pb 2

)(aq   = PbCrO4(s)
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CrO 2
)(4 aq   +  Ba 2

)(aq   = BaCrO4(s)

         
.

3.11        
    

 
NH4OH NaOH K4[Fe(CN)6]

+ + 

Fe2+ Fe(OH)2(s) Fe(OH)2(s) Fe4[Fe(CN)6]2(s) Fe(aq)
3+ Fe(OH)3(s)

 

Fe3+ Fe(OH)3(s)
 

Fe(OH)3(s)
 

Fe4[Fe(CN)6]3(s) --- Fe(OH)3(s)
 

Al3+ Al(OH)3(s) AlO2(aq)
-

--- --- AlO2(aq)
-

Cr3+ Cr(OH)3(s) CrO2(aq)
-

 
--- Cr2O7

2- CrO4
2-

_______________________________________________________________________

    :

1.            
    .

2.            ?
3.          :

Fe2+_____________  Fe3+_____________  Al3+_____________  Cr3+_____________
4.             (III)

   .
5.      (III) : )  ,  )

 , )  ?
6.         ?
7.          

 ?    ,    .
_______________________________________________________________________

3.4.5.     

  

     :

    
    

(NH4)2S,    ,
    

.    
   , 

     70°C     .  
    .

Co2+

(II)
Ni2+

(II)

Mn2+

(II)
Zn2+
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-    ,     ,
-   HCl   H2SO4   , 

H2SO4  HNO3  ,
-       ,
-       : (II) Co2+

(III)  Co3+.

   (II)  Co2+

      (II) CoCl2  
  (II) Co(NO3)2.

Co2+ (II)     .   
   (II) [Co(H2O)6]2+.    

    .    (II)    
  .

    , (II)  
  (II) :

CoCl2 + (NH4)2S =  CoS    + 2NH4Cl

Co2+
(aq) +  S2-

(aq) = CoS(s)

     :

3CoS + 6HCl + 2HNO3 = 3CoCl2 + 2NO + 3S + 4H2O

  , Co2+      (II)
 ,     ,    

    (II) :

CoCl2 + NaOH =  Co(OH)Cl  + NaCl

Co(OH)Cl + NaOH =  Co(OH)2 + NaCl

       ,  
    .    , Co2+

   (II) [Co(NH3)6]2+,    
 ,   (III) .

      , (II)
    - 

(II):

CoCl2 + 4KCNS = K2[Co(CNS)4] + 2KCl

      ,   
         1:1   . ,
    .

27Co58,93

cobaltum
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      .    
 :  3-4   ,    KCNS  

      .      
   ,       (II)  

.
  (III)     

(III) .

-    ,       ,
-        , 

HNO3  ,
-         +2  +3.

   (II) Ni2+

      (II) NiCl2   
 (II) NiSO4.

  , (II)    ,  
 , (II) - [Ni(H2O)6]2+.

  (NH4)2S,  (II)     
   (II) ,      :

NiCl2 + (NH4)2S  =  NiS  +  2NH4Cl

Ni2+
(aq) +  S2-

(aq) = NiS(s)

3NiS + 2HNO3 + 6HCl = 3NiCl2 + 3S + 2NO + 4H2O

  , (II)     
(II) ,        ,   

   :

NiCl2 + 2NaOH  =  Ni(OH)2  +  2NaCl

Ni2+
(aq) +  2OH-

(aq) = Ni(OH)2(s)

  , Ni2+      
Ni(OH)2,       ,      

  , (II) :

NiCl2 + 2NH4OH =  Ni(OH)2    + 2NH4Cl

Ni(OH)2 + 6NH4OH = [Ni(NH3)6](OH)2 + 6H2O

      (    ),
  , Ni2+    

28Ni58,71

niccolum
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 ,   .     
.       , 

   .
      ,  

,      .

-    ,      ,
-      ,
-   ,      +2, +4  +7,
-           :

(II) Mn2+    MnO4
- .

   (II)  Mn2+

       (II) MnSO4.
(II)     .

  , (II)     (II) 
  ,       :

MnSO4 + (NH4)2S = MnS + (NH4)2SO4

Mn2+
(aq) +  S2-

(aq) = MnS(s)

MnS(s) + 2HCl = MnCl2 + H2S

  , (II)      (II)
,      :

MnSO4 + 2NH4OH Mn(OH)2  + (NH4)2SO4

           
  .

  (II)   
  (II)         

     H2MnO3:

MnSO4 + 2NaOH =  Mn(OH)2  + Na2SO4

2Mn(OH)2 + O2 = 2H2MnO3

 PbO2,     
*, (II)     MnO4

- , 
   :

2Mn(NO3)2 + 6HNO3 + 5PbO2 = 2HMnO4 + 5Pb(NO3)2 + 2H2O

25Mn54,94

manganum
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Mn2+
(aq) +  4H+

(aq) + 5PbO2(s) = 2MnO-
4(aq)  +  5Pb2+

(aq) +  2H2O(l)

             
(II) .

-    ,   ,
-           

,
-   ,         

Zn2+    ZnO2
2- .

     Zn2+

      ZnCl2   
ZnSO4.

  Zn2+    .

  ,   H2S,       ,
         
 :

ZnCl2 + (NH4)2S =  ZnS   + 2NH4Cl

Zn2+
(aq) +  S2-

(aq) = ZnS(s)

ZnS + 2HCl = ZnCl2 + H2S

      NH4Cl      
ZnS   .

         
    .       

  ,       :

ZnCl2 + 2NaOH =  Zn(OH)2   + 2NaCl

Zn2+
(aq) +  2OH-

(aq) =  Zn(OH)2(s)

Zn(OH)2 + 2NaOH = Na2ZnO2 +2H2O

Zn(OH)2 + 2HCl = ZnCl2 + 2H2O

    ,    
   ,       , 

 .         .

  (II),     
(II),       ,

     :

30Zn65,37

zincum

- 104 -



 

3ZnCl2 + 2K4[Fe(CN)6] = K2Zn3[Fe(CN)6]2  + 6KCl

        .

  Co(NO3)2,   ,    
,   CoZnO2,     . . -

 :
Zn(NO3)2  +  Co(NO3)2  = CoZnO2  +  4NO2  +  O2

          
.

3.12          
    

 
(NH4)2S NaOH NH4OH

 KCNS PbO2
+ HNO3

K4[Fe(CN)6]

Co2+ CoS(s) Co(OH)2(s) [Co(NH3)6]
(aq)

2+
Co(CNS)2

 --- ---
K4[Co(CN)6]

Ni2+ NiS(s) Ni(OH)2(s) [Ni(NH3)6]2+
---

Ni

---

Mn2+ MnS(s) Mn(OH)2(s) Mn(OH)2(s) --- --- MnO4
-
(aq) Mn2[Fe(CN)6]

Zn2+ ZnS(s) Zn(OH)2(s) [Zn(NH3)4]2+
--- --- --- K2Zn3[Fe(CN)6]2(s)

_______________________________________________________________________

    :

1.            ?
2.       (II)   (II)  

   .
3.     : ) (II) , ) (II) , ) (II)

   )  ?     .
4.      (II) ?    

?
5.            ?
6.        (II)   

   .
7.           .
_______________________________________________________________________
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3.4.6.     

  

     :

     
    

(NH4)2CO3,    .
      

    
 ,   

   OH- 
 .

   ,  
       

 .

-    ,        ,   
      ,

-   HNO3  HCl,
-      ,
-        ,   Ba2+.

     Ba2+

       BaCl2    
 Ba(NO3)2.

      .

  ,      
          :

BaCl2 + (NH4)2CO3 =  BaCO3   + 2NH4Cl

Ba2+
(aq) +  CO3

2-
(aq) = BaCO3(s)

BaCO3 + 2HCl = BaCl2 + H2O + CO2

BaCO3 + 2CH3COOH = Ba(CH3COO)2 + CO2 + H2O

        
      ,      

.
BaCl2 + K2CrO4 =  BaCrO4  + 2KCl

Ba2+

Ca2+

Sr2+

56Ba137,33

barium
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Ba2+
(aq) +  CrO4

2-
(aq) = BaCrO4(s)

     .  
     .         

,        CH3COONa.

     , Ba2+ 
     BaSO4,    

  ,   .       
 Na2CO3  ,     

  BaCO3.      
       .

     ,   
    .      
 Ca2+ :

BaCl2 + (NH4)2SO4 = BaSO4   + 2NH4Cl

    ,   
  ,  3.3.

       
Ba2+ ,   .

 3.3    

-     ,    ,   
      ,

-        ,
-         ,
-        ,   Ca2+.

    Ca2+

     .
       CaCl2  

Ca(NO3)2.

  (NH4)2CO3,    
CaCO3          :

CaCl2 + (NH4)2CO3 = CaCO3  + 2NH4Cl

Ca2+
(aq) +  CO3

2-
(aq) = CaCO3(s)

CaCO3 + 2HCl = CaCl2 + H2O + CO2

20Ca40,07

calcium

- 107 -



 

CaCO3 + 2CH3COOH = Ca (CH3COO)2 + H2O + CO2

  (NH4)2C2O4,      
  ,     HCl HNO3,    
  .

CaCl2 + (NH4)2C2O4 =  CaC2O4 + 2NH4Cl

Ca2+
(aq) +  C2O4

2-
(aq) = CaC2O4(s)

          ,
   Ba2+ Sr2+   .

       .   
   Ca2+ Ba2+ .

 (   CaSO4)     .
      ,    

      .  , 
          
.

    ,   
-  ,  3.4.

     
 .

 3.4      

-     ,       
,

-  ,       ,
-       ,   Sr2+.

     Sr2+

      SrCl2   
 Sr(NO3)2.

      .

  (NH4)2CO3,      
       :

SrCl2 + (NH4)2CO3 = SrCO3     + 2NH4Cl

Sr2+
(aq) +  CO3

2-
(aq) = SrCO3(s)

38Sr87,62

strontium
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SrCO3 + 2HCl = SrCl2 + H2O + CO2

  ,       
SrSO4,       ,    

    ,  . , 
    , ,  ,  

.  SrCO3     .

SrCl2 + H2SO4 = SrSO4   + 2HCl

  (     ),  
       :

SrCl2 + CaSO4 =  SrSO4    + CaCl2

Sr2+
(aq) +  SO4

2-
(aq) = SrSO4(s)

        .

   ,   
  ,  3.5.

      
.

 3.5      

3.13          
    

 
(NH4)2CO3 K2CrO4 (NH4)2C2O4

CaSO4
 

H2SO4  

Ba2+ BaCO3(s) BaCrO4(s) BaC2O4(s)
 

BaSO4(s) BaSO4(s)

Ca2+ CaCO3(s)  CaC2O4(s)
 

 CaSO4(s)  

Sr2+ SrCO3(s)  SrC2O4(s)
 

SrSO4(s) 
 

SrSO4(s)

_______________________________________________________________________

    :

1.               
?

2.             
   : ) , )  , )  ,
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)  ?          
.

3.             
 ?

4.        ?    
.

5.               
?

6.     ,    :
a) Ba2+_____________  Sr2+_____________  Ca2+_____________

)            
       ?

_______________________________________________________________________

3.4.7.     

  

     :

    
 ,     

 .  
    .   

 ,     
       
  .

   ,      
  ,      

,   .

-     ,      
  ,

-      ,
-     ,     ,
-           Mg2+.

     Mg2+

      .

     ,   
       :

MgCl2  +  2NaOH =  Mg(OH)2  + 2NaCl

Mg2+ NH4
+

Na+ K+

12Mg24,30

magnesium

- 110 -



 

Mg 2
)(aq +  2OH )(aq = Mg(OH)2(s)

      ,   , 
      .   

   ,         
.

 Na2HPO4   ,  
         

  :

MgCl2  +  Na2HPO4  + NH4OH  = MgNH4PO4  + 2NaCl  +  H2O

          
.

         .   
 ,      HCl  

 NH4OH.    è      
   (    ).     

   .
        

.
       ,    

 .

   CO3
2-,     , 

         
:

2Mg2+ +  CO3
2-  + H2O = Mg2(OH)2CO3  + CO2(g)

      ,    
    .

 NH4
+

        NH3(g)
.

 ,       
         NH4

+ , 
 :

:NH3(g) + H2O(l)  NH )(4 aq  + OH )(aq

  ,     .    
         .
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     NH4
+

       NH4Cl.
      .

      ,  
 NH3 – ,     .

NH4Cl  +  KOH  =  NH3(g)  +  KCl  +  H2O
NH4

+  +  OH-  = NH3(g)  +  H2O

       NH4
+

.           
 ,      .

      (II). 
        

  (II)  ,     
. ,      ,  

  .

Hg
NH3  +  2K2[HgI4]  +  3KOH  = O NH2 – I  + 7KI  +   2H2O

Hg

    ,    
     .

      ,  
    .  ,     

  .

-       ,   (   
  ),

-    ,     ,    
,      ,

-         ,
-        Na+.

    Na+

      .

  K2H2Sb2O7,   
        

  :

2NaCl  +  K2H2Sb2O7 = Na2H2Sb2O7   + 2KCl

11Na22,99

natrium
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     .   
         .

   -   Na+ ,
     ,   

 (      ,  
),  3.6.

 3.6      

-          ,
-       K+.

     K+

        KCl.
      .

  NaHC4H4O6 (    ),  
         
 :

KCl  + NaHC4H4O6  =  KHC4H4O6  +  NaCl

K+
(aq) + HC4H4O-

6(aq)  = KHC4H4O6(s)

       .
     ,      .

  HClO4,      
 :

KCl + HClO4 =  KClO4    + HCl
K+

(aq) +  ClO4
-
(aq) = KClO4(s)

       
.

 (III) Na3[Co(NO2)6],    
     

(III):

2KCl  +  Na3[Co(NO2)6] = K2Na[Co(NO2)6]   +  2NaCl

19K39,10

kalium
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       ,    
 .

       
.

   -     ,
    ,  3.7.

      ,  
    ,   

 .

 3.7      

3.14          
    

 
Na2HPO4+NH4OH Na3[Co(NO2)6] K2H2Sb2O7 HClO4 K2[HgI4]

Mg2+ Mg2NH4PO4(s)
 --- --- --- --- ---

NH4
+ --- (NH4)3[Co(NO2)6](s) --- --- [NH2Hg2O](s)

 ---

Na+ --- --- Na2H2Sb2O7(s)
 --- ---

K+ --- K2Na[Co(NO2)6](s) --- KClO4(s) --- -

_______________________________________________________________________

   :

1.         .
2.          .
3.          .
4.             : )

 , )  , )  , ) 
(III).

5.      ,    ,     
  ?           .

_______________________________________________________________________
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3.4.8.        

        ,    
:

1.         ,    
         .

2.     ,      
        .

3.            .
4.             

 .
5.            

    .
6.          

         .
7.          ,   

 .
8.          ,   

      .

       .  
        

,        
 .       .

        
 :

1.    .
2.   .
3.   .
4.   .

          
– ,   ,   –
.

  

    ,      
     . ,      

       ,     
    .
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   ,     
      .       ,   
    ,       

 .        
 .

       

         
  :

– 1.        
     1cm3   ,  

   HCl  c(HCl) = 6 moldm-3   
    .       

    ( ).     2-3 
 HCl        .     ,

    .      , 
,           

      II, III, IV, V VI  .  
   1cm3        HCl.  

,   ,      
-2.

–2.    Pb2+   Ag+ 2
2Hg

    1cm3  ,    
   PbCl2   Pb2+    . 

  Ag+ 2
2Hg      AgCl  Hg2Cl2. 

     .    
Pb2+ .

–3.    Pb2+ 
    -2      

CH3COONa  1-2  K2Cr2O7.      ,    
  Pb2+    .
     , Pb2+      

,            
.          ,   

 .   ,     .

–4.   2
2Hg

       1-2 cm3   NH4OH.
        2

2Hg ,  Ag+ 
   .       .

           
  Ag+ .
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–5.    Ag+ 
  –4,    6 moldm-3  HNO3  

    (         
).           Ag+

  .

  :
          ,  

    ,       
      .

       

-1       
       I   

         .  
  ,  ,     

   .        10  
  .        

 .    ,     
  .           ,
      .  

   ,          
.          

 (   ),      III, IV, V
VI  .       

,      .    
       ,    

   .

-2    IIa   IIb
     ,     

          . 
      .     IIa

,      IIb .

   IIa  (  )

-3  Hg2+     IIa
     HNO3,      

 ,    .   HgS ,  
  : Cu2+, Bi3+, Pb2+ Cd2+    .

-4  HgS   Hg2+

  HgS    ,   
  .        ,  

    5-6        . 
     Hg2+ .

    1-2   KI.   
,     Hg2+ .
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-5    Cu2+ j
   -3      

   ,  ,    .  
Bi3+  Pb2+ j ,    Cu2+ Cd2+ j . 

      Cu2+ j .    
 Cd2+ j .

-6  Cd2+ j
      KCN.   

    .     
  Cd2+ j .

-7  Bi3+ Pb2+ j
   -5  NaOH,    . 

 Bi3+ ,     Pb2+ j .
-8  Bi3+ j

         Na2SnO2.
        Bi3+ j .

-9  Pb2+ j

   -7    ,   
     .      

 Pb2+ j .

   IIb  (  )

-10    IIb
   -2,   HCl,    

,  ,    .      
IIb     ,    .

-11  As3+     
      2-3      

  NH4Cl.    ,   HCl,
  ,    .   As3+

,    Sb3+ Sn2+  (     
-14).

-12    As3+

    (NH4)2CO3        . 
   .     

  As3+ .

-13  Sb3+

  -11,   HCl,    
     .         

Sb3+   .     ,    
Sn2+ .
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-14  Sn2+

        HgCl2.
       Sn2+ .

       

-1         

       ,  
-1,           .   
 1-2  HNO3    a Fe2+ Fe3+ .

     NH4OH   NH4Cl  
  ( ),    .     

      ,      IV,
V VI .      (1:1).

-2  Fe3+      
     1 cm3 NaOH  5-6  H2O2.  

     Fe3+    , Cr3+

Al3+    .        
.

-3      Fe3+

   HNO3 .    KCNS.   
 ,    Fe3+ .

-4  Cr3+

  -2,     .     
  BaCl2.    ,   Cr3+

.

-5  Al3+

      NH4Cl     
.        Al3+ .

       

-1         

       IV, V  VI  (  -
1),  ,       (NH4)2S    

          
.      .  

  V VI .
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-2    Mn2+ Zn2+

   HCl          
   ,      

 .     .

-3  Co2+ Ni2+

        , 
  ,         . 
     .

-4  Ni2+

           
 ( )        .  

Ni2+ ,     .

-5  Co2+

       NH4CNS    
    .     ,   

 ,   Co2+ .

-6  Mn2+ Zn2+

  -2,     ,   
NaOH H2O2.        

 .        
.

-7  Mn2+

        ,   
HNO3    PbO2.    (  )  

   .     ,   
  Mn2+ .

-8  Zn2+

  -6,     ,  H2S-
      .     ,    HCl,

   Zn2+ .

       

-1         

 (  -1)        V VI
 ,          

    III IV .      
   ,       . 
     ,    ,   

      .  ,    
     . ,  .
  ,          
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 (NH4)2CO3,     .    
  .

-2       
     ,    , 

   ,      .   
   .

-3  Ba2+      
      K2CrO4.    

   Ba2+    .
    1-2  HCl ,      

         .  
  Ba2+    .

-4  Ba2+

     (  -2),    K2CrO4 
   Ba2+ .        
 .   ,    Sr2+,   .

-5   
   -4,  NH4OH    

   (NH4)2CO3,    .   
 Sr2+  Ca2+ ,    .

-6    Sr2+  Ca2+

     ,       
     .       .

-7  Sr2+      
         CaSO4 ,  

    .         Sr2+

  .
 Sr2+           .  

,     Sr2+ .

-8  Sr2+   
     (  -6),  H2SO4 NH4OH

 .     ,    .   
Sr2+ ,     Ca2+ .

-9  Ca2+     
   Na2C2O4   .      

  Ca2+ .
   , Ca2+    .

       

    ,  , 
          ,
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       .  
           
 ,     .

-1  NH4
+

 1cm3   ,  NaOH ,     
       .  

        .

-2    
    V     

 ,           
.      3-4 cm3 HCl.     

            .

-3  Mg2+

      NH4OH Na2HPO4.   
          Mg2+ .

-4   +     
        Na3[Co(NO2)6].  

           .
       ,   
 .      ,  

  .        
   .

-5  Na+     
        K2H2Sb2O7.  

     Na+    .
        

  Na+    .

 .3.15        
–1.          

  + HCl,   (  . ) +  (II, III, IV, V  VI )
                               ( )

–2.    Pb2+   Ag+ 2
2Hg

 (  . ) + H2O,     ( 2
2Hg  Ag+) + 

(Pb2+)
–3.    Pb2+ 

 (Pb2+) + K2Cr2O7 + CH3COONa    (  Pb2+)
–4.   2

2Hg
 ( 2

2Hg  Ag+) + NH4OH,     (  2
2Hg ) +  (Ag+)

–5.    Ag+ 
 (Ag+) + HNO3 ( )    (  Ag+)
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 .3.16         (IIa + IIb)
–1.          

 (II, III, IV, V  VI ) + H2S(aq),     (  . ) +
 (III, IV, V  VI )

–2.     IIa  IIb
 (  . ) + (NH4)2S2,    IIa + IIb (

)

   IIa  (  )
–3.   Hg2+    IIa

 (  . ) + (NH4)2S2,    HgS +  (Pb2+,
Cu2+, Bi3+, Cd2+)

–4.   HgS   Hg2+

HgS +  ,    ,    ,   
Hg2+ + KI   (  Hg2+)

–5.     Cu2+

 (Pb2+, Cu2+, Bi3+, Cd2+) + k.NH4OH,      (Bi 3+, Pb2+) +
 (Cu2+, Cd2+),     Cu2+

– 6.        Cd2+

 -  (Cu2+, Cd2+) + KCN (  )   -  (Cu2+, Cd2+) + H2S(aq)  
 (  Cd2+)

– 7.   Bi3+  Pb2+ 
 (Bi 3+, Pb2+) + NaOH (   ),     Bi 3+

+ Pb2+ 
–8.   Bi3+

 Bi 3+ + Na2SnO2 (  )   (  Bi 3+)
–9.   Pb2+ 

Pb2+ + CH3COOH ( ) + K2CrO4   (  Pb2+)

   IIb  (  )
–10.     IIb

IIb + HCl (  ),   IIb + - (  )
–11.   As3+  Sb3+ Sn2+ 

IIb + (1:1)HCl,   As3+ +  (Sb3+ Sn2+)
–12.   As3+

As3+ + (NH4)2 3,  - As3+ + H2S(aq)  (  As3+)
–13.   Sb3+

 (Sb3+ Sn2+) + Fe,     (  Sb3+) + -
Sn2+

–14.   Sn2+

Sn2+ + HgCl2   (  )   Sn2+

 .3.17         
–1.          

 (III, IV, V  VI ) + NH4OH + NH4Cl ( ),    
(   ) +  (IV, V  VI )

–2.   Fe3+      
 (   ) + NaOH + H2O2    Fe3+ + -

(CrO4
2-, AlO3

3-)
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–3.   Fe3+     
Fe3+ + HNO3,  - Fe3+ + KCNS -   (  Fe3+)

–4.   Cr3+

½  (CrO4
2-, AlO3

3-) + BaCl2,      
(  Cr3+)

–5.   Al3+

½  (CrO4
2-, AlO3

3-) + NH4Cl ( ),    
 (  Al3+)

 .3.18        
–1.        

 (IV, V  VI ) + (NH4)2S,     (   ) +
 (V  VI )

–2.     Mn2+ Zn2+

 (   ) + HCl        
(Ni2+, Co2+) +  (Mn2+, Zn2+)

–3.     Ni2+  Co2+

 (Ni2+,Co2+) +  ,    ,   1-2 cm3 H2O  (Ni2+,
Co2+)

–4.   Ni2+

½  (Ni2+, Co2+) + NH4OH ( ) +    (  
Ni2+ )

–5.   Co2+

½  (Ni2+, Co2+) + KCNS ( ),     (1:1)    (  
Co2+)

–6. Mn2+ Zn2+

 (Mn2+, Zn2+) + NaOH + H2O2,       (Mn4+) +
ZnO2

2-

–7.   Mn2+

  (Mn4+) + HNO3 + PbO2,     2-3    
(  Mn2+ )

–8.   Zn2+

ZnO2
2-  + CH3COOH ( ) + H2S,     (  Zn2+ )

 .3.19        
–1.        

 (V  VI )* + NH4OH ( ) + (NH4)2CO3,    
(  ) +  (VI )

–2.       
 (   ) + CH3COOH ( )   (Ba2+, Sr2+, Ca2+)

–3.   Ba2+      
½ (Ba2+, Sr2+, Ca2+) + K2CrO4   (  Ba2+).

   (Ba2+, Sr2+, Ca2+),    ,     (
Ba2+)

–4.  Ba2+

½ (Ba2+, Sr2+, Ca2+) + K2CrO4  Ba2+ (  ) + (Sr2+, Ca2+,
CrO4

2-)
–5.  CrO4

2-

(Sr2+, Ca2+, CrO4
2-) + NH4OH ( ) + (NH4)2CO3,    
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 (Sr2+, Ca2+) +  (  )
–6.  Sr2+, Ca2+

 (Sr2+, Ca2+)      + CH3COOH ( )   (Sr2+, Ca2+))
–7.   Sr2+      

½ (Sr2+, Ca2+) +  CaSO4 ,     (  )
  Sr2+ .

   (Sr2+,Ca2+),    ,    -
(  Sr2+)

–8.  Sr2+

½ (Sr2+, Ca2+) + H2SO4 + NH4OH ( ),    Sr2+ +
 (Ca2+ )

–9.   Ca2+      
(Ca2+) + K2C2O4,     (  Ca2+).

   (Ca2+),    ,    -  (  
Sr2+)

*         ,    
(V VI )     ,       

 .3.20       
–1.  NH4

+

  + N OH ( ),    (  NH4
+ )

–2.  NH4
+

      + HCl,    (  ) + (Mg2+,
+, Na+)

–3.   Mg2+

1/3 (Mg2+, +, Na+) + NH4OH ( ) + Na2HPO4    (  
Mg2+)

–4.   K+      
1/3 (Mg2+, +, Na+) + Na3[Co(NO2)6]   (  K+    ).

 , K+     (  K+    ).
–5.   Na+      

1/3 (Mg2+, +, Na+) + K2H2Sb2O7   (  Na+   
).

 , Na+     (  Na+    ).

3.5.    

  

          ,
         .

        .   
     Ag+   Ba2+   

    .    , 
      BaCl2   

AgNO3.      ,       3.21
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 3.21   

  
I Cl-, Br-, I-, S2-, CN- -   AgNO3,  

    HNO3
- BaCl2   

II SO4
2-, CO3

2-, PO4
3-, C2O4

2-,
BO3

3-, C4H4O6
2-

-   AgNO3  BaCl2
    ,  

 HNO3 (  2
4SO )

III NO3
-, NO2

-, CH3COO- - AgNO3,  BaCl2   

3.5.1   

    :

Cl-
 

Br-

 
I-
 

S2-

 
CN-

 ,   AgNO3  ,  
  ,   ,    BaCl2   .

 HCl

       
  .       .
      w(HCl) = 38%

= 1,18 gcm-3.   .      
    . 
  ,        

,    Ag+, Pb2+  Hg2
2+ .

       
.       .

  :
        pH = 1 - 1,5.  

        ,    
   , ,   .

    Cl-

       , NaCl KCl.

     AgNO3,   
    :
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AgNO3  + NaCl  =  AgCl  +  NaNO3

Ag+
(aq)  +  Cl-(aq)  = AgCl(s)

           ,
  ,   .

      ,    
    :

AgCl(s)   +   2NH4OH   =   [Ag(NH3)2]Cl   +   2H2O

          
 ,       AgCl(s).

[Ag(NH3)2]Cl   +   2HNO3 = AgCl(s) + 2NH4NO3

            
.

 (K nO4, HNO3)     
    Cl2     

 .

2K nO4  +  16HCl  =  5Cl2(g)  +  2MnCl2  +  2KCl  +  8H2O

MnO-
4(aq) +  8H+

(aq) +  4Cl-(aq) = Cl2(g)  +  MnCl2(aq)  + 4H2O(l)

   H2SO4    
  :

Cl-(ag) + H2SO4(l) = HCl(g) + SO4
2-

(aq)

   .     
  ,    ,     .

 HBr

      
.         .  
   .        

  .   ,   
   .       .

   .         
    ,   .

    Br –

       NaBr  
KBr.

     AgNO3,   
    :
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KBr  +  AgNO3 =  AgBr  +  KNO3

Br )(aq +   Ag )(aq = AgBr(s)

 (      ), 
   ,   

,  3.8.

2KBr(aq)  +  Cl2(aq)  = Br2(aq)  +  2KCl(aq)

 3.8     Br2

      ,  
     CHCl3.

        
      :  1cm3   , 
 3-4   , 3-4    3-4  

.    ,      
     .

 HI

     .
   .     .   
        (I) .  

      I-.    
  .

    I –

          .

     AgNO3,  
    :

KI  +  AgNO3 =  AgI  +  KNO3

I )(aq +   Ag )(aq = AgI(s)

 ,       
 ,     ,  3.9.

2KI  +  Cl2(aq)  = I2  +  2KCl

 3.9    I2

          
CHCl3,      .    

  ,     .   
 .        

  .         ,
         .  
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    ,      
.

  (II) ,     (II) :

2KI  +  Pb(NO3)2 =  PbI2  +  2KNO3

2I )(aq +   Pb 2
)(aq = PbI2(s)

           
.          

PbI2(s).         
  .

 H2S

        H2S  .
    .   ,  
   ,  HS-  S2-.

          
.   ,     

 S2-   .     
.

    S2-

       Na2S.

     AgNO3,   
   ,       

.

Na2S  +  2AgNO3 =  Ag2S  +  2NaNO3

S 2
)(aq +   2Ag )(aq = Ag2S(s)

    , 
  ,     – ,   

      .

Na2S  +  2HCl =  H2S(g)  +  2NaCl

S 2
)(aq +   2H )(aq =   H2S(g)

  ,        , 
      (II) PbS:

H2S  +  (CH3COO)2Pb =  PbS  +  2CH3COOH

S 2
)(aq +   Pb 2

)(aq = PbS(s)
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     .

  Cd2+,       
   CdS.

3.22         
   

Cl- Br- I- S2-

AgNO3
+ HNO3

AgCl(s)
 

AgBr(s) AgI(s) Ag2S(s)

 --- Br2(aq) I2(aq) S(s)

H2SO4 HCl(g)
  

HBr(g)
  

I2(g)
 H2S(g)

 

Pb 2
)(aq

PbCl2(s)
 

PbBr2(s) PbI2(s) PbS(s)

K nO4
+ HNO3

Cl2(g)
  Br2(g)

I2(g)
 S

_______________________________________________________________________

    :

1.           AgNO3
BaCl2?

2.   :

      Ag+    
   Cl-

  
    I-

        Ag2S

3.             :

NaBr + Cl2 = _______________________
NaBr + I2 = ___________________
KI + Br2 = __________________

4.      ,    ?
5.         ?  

6.           ?   
 .

_______________________________________________________________________
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3.5.2   

    :

SO 2
4 CO 2

3 PO 3
4 C2O 2

4 BO 3
3 C4H4O 2

6

    BaCl2    AgNO3  
  ,      

c(HNO3) = 2mol dm-3.          
   ,       
 .

 H2SO4

        
w(H2SO4)=98%,   = 1,84 gcm-3.     

 .         , 
     .    

    ,  HSO4
-    SO4

2-

   .

!
       ,  

  .       , 
      H2SO4    

    ,   ,   .

    SO4
2-

    BaCl2,    
 BaSO4:

BaCl2 + Na2SO4 = BaSO4 + 2NaCl

Ba 2
)(aq +  SO 2

)(4 aq = BaSO4(s)

          .
     Na2CO3   .

      (  ),   
 .

   .

     AgNO3,    
   ,    .

2AgNO3 +  Na2SO4 = Ag2SO4  +  2NaNO3
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2Ag+
(aq)  +  SO 2

)(4 aq = Ag2SO4(s)

  (II) ,       
(II) :

(CH3COO)2Pb  +  Na2SO4 = PbSO4  + 2CH3COONa

Pb2+
(aq) +  SO 2

)(4 aq = PbSO4(s)

          .

 H2CO3

       .  
        .    

,    ,    .   
,    .       ,
   HCO3

-   CO3
2-.    

 .

     CO3
2-

    BaCl2,   
    :

BaCl2 + Na2CO3 = BaCO3 + 2NaCl

Ba2+
(aq) +  CO 2

)(3 aq = BaCO3(s)

         .

    AgNO3,    
:

2AgNO3 +  Na2CO3 = Ag2CO3  +  2NaNO3

2Ag+
(aq)  +  CO 2

)(3 aq = Ag2CO3(s)

           .

       ,
          :

Na2CO3  +  2HCl =  2NaCl  + CO2  +  H2O

 CO2,         , 
     Ba(OH)2  Ca(OH)2  

   :

CO2(g)  + Ba(OH)2 = BaCO3(s)  +  H2O(l)
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.

 H3PO4

       
.      ,     .

      ,   
   :  ,     .

         pH  .   
    .    

 .

    PO4
3-

    AgNO3,    
     :

3AgNO3 +  Na3PO4 = Ag3PO4  +  3NaNO3

3Ag+
(aq)  +  PO 3

)(4 aq = Ag3PO4(s)

           
.

   BaCl2,       
  ,        
 :

BaCl2 + Na2HPO4 = BaHPO4 + 2NaCl

Ba2+
(aq) +  HPO 2

)(4 aq = BaHPO4(s)

    MgCl2,   
   ,      ,   

   .

MgCl2   + Na2HPO4 +  NH4OH = MgNH4PO4 + 2NaCl  +   H2O

Mg2+
(aq) +  HPO 2

)(4 aq +  NH )(4 aq = MgNH4PO4(s) + H+
(aq)

    .      
    ,       

  .

        
,       
 :
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12(NH4)2MoO4 + H3PO4 + 21HNO3 = (NH4)3[P o12O40] + 21NH4NO3 + 12H2O

        ,   
  .     

.

 H2C2O4 · 2H2O

      ,   
     .     ,   
.          

.           
.    .

     C2O4
2-

    AgNO3,   
   ,      :

2AgNO3 +  Na2C2O4 = Ag2C2O4  +  2NaNO3

2Ag+
(aq)  +  C2O 2

)(4 aq = Ag2C2O4(s)

   BaCl2,     
   :

BaCl2 + Na2C2O4 = BaC2O4 + 2NaCl

Ba2+
(aq) +  C2O 2

)(4 aq = BaC2O4(s)

       .

   CaCl2,       
    ,      ,  

    :

CaCl2 + Na2C2O4 = CaC2O4 + 2NaCl

Ca2+
(aq)  +  C2O 2

)(4 aq = CaC2O4(s)

     .

      
,      CO2 CO:

H2C2O4 = CO2  + CO + H2O

         
  CO2(g),   

 .
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2K nO4 + 5H2C2O4 + 3H2SO4 = 2MnSO4 + 10 CO2 + K2SO4 + H2O

MnO )(4 aq + C2O 2
)(4 aq + 8H+

(aq) = Mn2+
(aq) + 2CO2(g) + 4H2O(l)

       
   CO2    .

3.23         
   

SO 2
4 CO 2

3 PO 3
4 C2O 2

4

AgNO3
Ag2SO4(s)

 
  .

Ag2CO3(s) Ag3PO4(s) Ag2C2O4(s)

BaCl2 BaSO4(s)
 

BaCO3(s) BaHPO4(s) BaC2O4(s)

H2SO4 --- CO2(g) H3PO4(aq)
CO2(g), CO(g), H2O(l)

 H2SO4

CaCl2 CaSO4(s)
  .

CaCO3(s) CaHPO4(s) CaC2O4(s)

(NH4)2MoO4
+ HNO3

--- --- (NH4)3[P o12O40](s)
 ---

_______________________________________________________________________

    :

1.        AgNO3,   BaCl2?
2.          .
3.   Ba2+         

.    :
) PO 3

4 ) C2O 2
4 ) SO 2

4 ) CO 2
3

4.       ?      
   .

5.   .       ?

___________     + AgNO3   = ___________   + NaNO3

_______________________________________________________________________
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3.5.3   

    :

NO3
-

 
NO2

-

 
CH3COO-

 

    AgNO3   BaCl2  
.

 HNO3

         
w(HNO3)=70%  =1,42 gcm-3.       
NO2(g)     .       , 

   .      
       .   

,      .   
.

    NO3
-

    ,     
    .

3Ag + 4HNO3 = 3AgNO3 + NO + 2H2O

 ,       NO(g).

      , 
      –

 NO2(g).

NaNO3 + H2SO4 = NaHSO4 + HNO3

4HNO3 = 4NO2 + 2H2O + O2

     (II) FeSO4
 ,      
     .   
  FeSO4    

(II),      
 ,  3.10.

 3.10   (II)

2NaNO3 + 6FeSO4 + 4H2SO4 = 2NO + 3Fe2(SO4)3 + Na2SO4 + 4H2O

NO + FeSO4 = [Fe(NO)]SO4

          .
,    ,        .
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      ,     
.

      . 
       ,   

  .

 CH3COOH

       ,  
 .    16°C     „ “

( )  .    ,        .
         .  

           .
   .

    CH3COO-

       , 
   .

CH3COONa  +  HCl =  CH3COOH  + NaCl

CH3COO )(aq +  H )(aq =  CH3COOH(l)

     .

(III) FeCl3       
.

6CH3COONa  +  3FeCl3  + 2H2O  = [Fe3(OH)2(CH3COO)6]Cl  +  6NaCl + 2HCl

      ,    
    .

  (  )      
    KHSO4,

  .

C2H5OH,    H2SO4 (
 ),     

       .

CH3COOH  +  HOC2H5 =  CH3COOC2H5 +  H2O

         .
   ,     . ,

          ,   
   .   ,       

 ,         
.
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3.24          
   

NO 3 CH3COO

AgNO3 ---- CH3COOAg(s)
  .

H2SO4
NO2(g)

 . H2SO4   
CH3COOH(l)

 
FeSO4 [Fe(NO)]SO4

 
----

FeCl3 ---- [Fe3(OH)2(CH3COO)6Cl(aq)

C2H5OH
+ H2SO4

--- CH3COOC2H5(aq)
   

    

 ,        .
     ,           

    .
   ,   

   ,       (Pb, Fe,
Ag).        ,    

 .       
    Na2CO3  :

       c(Na2CO3) =
2moldm-3   ,     . 

,     .    
,    .   ,    
 ,         .

 ,              
 C 2.     .   

  ,  ,   .   
    ,       

  .
         ,    

      .   ,    
    AgNO3,       BaCl2.

         
,   3.21.         

   ,          
    .
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_______________________________________________________________________

    :

1.         .
2.     ?      

    .
3.    „ “  ?
4.   :

) CH3COOK(s)  + __________ ______________ , )    
?

5.           ,     
?

_______________________________________________________________________
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-   
   –   

– ,   
    

 .
–    

   , 
 ,  

.
 –   

      
    

  .
–  
     

 ,     
.

–  .
 ( .aqua) – .

 –  IA 
     

     
( ).

–  
      

 ,    
 .

–  
     

   –   
– .

–   .
 –   

  pH    pH 
    ,

 pH > 7.
  (pH) – 

    
    .

 –   
      

   .  
     

      
.

–   
      ,

    .
–   

       
.

 –   
     

  
  .
 –  

     .
–   

   .
–  

     
.

 -  IIA
   .  

    (    
).   

     
( ).

–    
     

      .
– ,

.
–  ,

     
     

,   .
–    .

   –  
  

      .
–  ( )

  .
 –   

    
.

 –  
    

   
.

–  .
–    

  
    .

–     
  .
–   ( ) 

   , 
   .

–   
       

 .
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 –  
   .

  –
      

.
 –  

   , 
   .

–  
       

  .
 –   

     
    .

–    
 .

 –  
     .

–     
 pH    .

–    .
   –

    

   
 .

–   
   , 

   .
 –   

     
.

–   
       .

– .
– .

–    
     
.

–      
     

 H3O+ .
–   ( )

     , 
 , .
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