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-  

 
 

,   ,        
,   - 

.

 
       

 
 

.      
,     -     

.

  

        

-      
10 11  - 

.         
,    .           

-
.          -   

,             
- .

  

 

,    ,      
,     -    

.

  

     

,   -   
-   -       
" 40" .    - 

10  11  -  " "    
"  ".          



 

5

 
,    . 

 
        

-   
.   ,   .  -    

,       . 
,     

 
  CuSO4  -  

.       
:

 

CuSO4( ) 

 

Cu2+
( - ) + SO4

2
( - )    

( )     -      
CuSO4 5H2O (            

-         
). -       

,    
250° .    :

 

CuSO4 5H2O 

 

CuSO4 + 5H2O.   

 

CuSO4 5H2O ,    -        
,     

.  ,    [Cu(H2O)4]SO4 H2O,     
.     - 

[Fe(H2O)6]SO4 H2O  FeSO4 7H2O.    - 
,        « »     

, ,

 

CuSO4 2H2O 

 

  
, CuSO4 5H2O 

 

  , AlCl3 6H2O 

 

-  
, Na2CO3 10H2O 

 

   . .       
,      

 

 
.

 

        

,      :

 

Na2CO3 10H2O 

 

Na2CO3 + 10H2O ( 120° );

 

K2SO3 2H2O 

 

K2SO3 + 2H2O ( 200° );

 

CaCl2 6H2O 

 

CaCl2 + 6H2O ( 250° ).

 

    

. ,   
CuSO4 5H2O ( )  105°   CuSO4 2H2O ( )  
CuSO4 H2O ( ).    250° .

 



 

6

 

          

-   
, 

 
    

( )    , :

 
Al2(SO4)3 18H2O 

 
Al2(SO4)3 + 18H2O ( 420° );

 
oSO4 7H2O 

 
CoSO4 + 7H2O ( 410° );

 
        

, 
:

 

2(FeCl3 6H2O) = Fe2O3 + 6HCl + 9H2O ( 250° );

 

2(AlCl3 6H2O) = Al2O3 + 6HCl + 9H2O (200 450° ).

 

 

,     ,  
,    - ,   - 

.

 

  

 

1.           
? 

2.          -    
( )   

? 
3.  K

 

 39.1% .   -
?

 

4.  

 

    644 

 

 ?

 

5.       500 

 

aCl2 2H2O  
10 

 

.        -
?

 

6.   5.38 

 

    92    
3.31% .   .

 

7.        10%   
(II)    ,   25%  

?
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1

 
"    " 

:    , ,  
, , , .

 
       

-         
-     

.

 

              

(m0).     5 10 

 

     
(m1).    -    

110 120  .  30   -         
- 

. ,   (m2),   -   
.  30    , -  

 

     
(m3). -  

 

 

 

    
-    

.    :

  

 

, 

 

 , 

 

0  
30  
60  
90  

 

        

- 
m, 

 

= m m .      ,   
.         -       

.  - 
.

      



 

8

 
-   

 
  

  
, , .    . -      

.   -  
.  .  .   

.     *.   -
*.  *.        

( - 
)     ( ).         

(U).           

 

(q)      
(W).  U, q 

 

W       
:

 

q = U + W.       (1)  
(1)    .  , -   

 (  = const): 
qr = U + p V = (U2 + pV2) 

 

(U1 + pV1) = H2 

 

H1 = H   (2)    
. . .,     - 

, H      .  -     
W = 0,    (1) - 

qv = U (3).         
=const ,    

 

 H.  
,     H,  .       

1      
:

 

H2( ) + ? 2( )

  

2 ( ), rH (298) = 286 /

 

 
rH  ,  ,    (1 

)   .            
.

 

 
.

 

 
,    

 

,

 

= const,   V,T = 
const,     ,      -  

.

 

      
, -   

.    -  
.

 

.

 

,   

 

   500  - 
,  , :

 

1) Ca( ) + ?O2( )

  

aO( ), fH (CaO; T) = 636.9 /

 



 

9

 
2) ( ) + 2( ) + 2( )

  
( )2( ), fH (Ca(OH)2; T) = 988.0 /

 
3) 2( ) + ? 2( )

  
2 ( ), fH ( 2 ; T) = 285.0 /

  
    

:

 
4) ( ) + 2 ( )

  
( )2( ), rH

 
= ? 

fH

  

    ( -
,  ( H 

 

0)   ( H 

 

0)   -        
).   

(4)   (1) (3): 
(4) = (2) 

 

(1) 

 

(3) 
: 

 

( ) + 2( ) + 2( ) + aO( )

 

+ 2 ( )

  

( )2( ) + Ca( ) + ?O2( ) + 2( ) + ? 2( )

 

:

 

( ) + 2 ( )

  

( )2( )

 

     

rH 4 = rH 2 

 

rH 1 

 

rH 3 

rH 4 = 988.0  ( 636.9)  ( 285.0) = 66.1 /

 

  

 

 

n = 500000/56 = 8928.6 

 

    
66.1 8928.6 = 590179 .   

 

    
-    

.    -     
0.

 

          

.    .

 

            
-             

.

   

 

:

 

1.       -   
?

 

2.     ,    
?

 

3.    .

 

4.  1  .

 

5.   ,    .

 

6. ,      -
?

 

7.      ?

 

8.    fH (298)  rH (298)? 
9.       .

 



 

10

 
10.  ,     -     

.

 
   

 
  

1.   2      2822  
.    ,     

2  2

 
 393 /  286 /

 
.

 
  

2.    :

 

K lO3( )

  

KCl( ) + 3/2O2( ), rH (298)= 49.4 ;

 

K lO4( ) 

 

KCl( ) + 2O2( ), rH (298)= 33 .       

298 K: 
4K lO3( )  3K lO4( ) + KCl( )

 

  

3.        494

 

    
19.7  

 

(   
101.3    270 ).    -   

,  ,    -  
(IV),       393.5, 241.8  

277.0 / .

 

  
4.        

298 K    :

 

ZnS 

 

Zn + S, rH 1 = 200.5 ; 

2ZnS + 3 2  2ZnO + 2SO2, rH 2 = 893.5 ; 

2SO2 + 2  2SO3, rH 3 = 198.2 ; 

ZnSO4 

 

ZnO + SO3, rH 4 = 235.0 .   

5*.   ,         
2   ,  

13 

 

(    ).    , - 
19.2 .       ,  -     

20    2 25        
? 

 

                                                                                                                                                                                                                               
2 

"   "  

:

 

     , - 
2 ,   .

 

:

 

  ( .),  , : 0.25 

 

    
0.25    .
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1.           
: 

 
NaOH( )

  
Na+

( - ) + OH ( - ), rH1 

1)       0.01 .

 
2)  200

 
    .  - 

.

 

3)   1     .

 

4)            
.         -  

.     . -         
-

.

 

5)        .

  

 

2.

 

 

 

     - 
:

 

NaOH( ) + H+
( - ) + Cl ( - ) 

 

H2O + Na+
( - ) + Cl ( - ), rH2 

1)  ,     1 5   1,   

 

200  0.125   HCl   .   . 

 

 
3.

 

          
:

 

Na+
( - ) + OH ( - ) + H+

( - ) + Cl ( - ) 

 

H2O + Na+
( - ) + Cl ( - ), rH3 

1)     100  0.25   -
.

 

  .

 

2)    100

 

 0.25     ,   
.

 

3)      ,    -  
.

 

4)    .

  

     

:

 

1)    ;

 

2) 

 

;

 

3) ,  c ;

 

4)   ; 
5)   N OH,     ;

 

6)   

 

      

 

1  NaOH; 
7)  rH2   rH1 + rH3; 
8)            - 

.
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.    -
. ,     .  - 

.  - .  .  . 
. ,     .

 

  

 

  

,  .     
.       

.          
.  

 

  -  
.  ,    - 

,    .

 

       

( )      

  

= 

 

C/ t        (4)       
, - 

,    .  -
: 

 

aA + bB + .

 

cC + dD        

 

  

(  ):

 

 = k[A]nA [B]nB,        (5) 

2

 

  

 

  

2

 
"   " 
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nA  nB 

 
    

 
 ,  -        

.  nA + nB    . k    
.

  
(5)    -

.         -
,         

.

 
 

.       
- ( ).      -  

100      2 4 .

 

 
( )        -  

:

 

2/ 1 = /10,                          (6)  
. ,       

:

 

                                                               k = Ae-E/RT,                                    (7)  

  

 
, 

  

 , -

 

 
, R 

 

  , 

   

-
,

 

 .     

.

 

       

 

 

 

    
- 

 

,   ,     .         
,    

.        -    
.

 

    
.   -     

-      
.

 

 + K 

 

K 

K + 

  

 + K         
-         
-  

.

   

 

 

1. 

 

        « »? 
2.  ,     .

 

3.      :

 

) 2Cl

 

Cl2 (k-1); ) Cl2 

 

2Cl ·(k1); ) l + Cl2 

 

l2 + Cl  (k2) 
4.      ?
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5.       -   

? 
6.        -

?       ?

   
  

 
  

1*.   

 
+ 

   
   -      

:

    

/

 

[A]0, M    [B]0, M         0, M·c-1 

      1     0.5     1.0              2.0 
      2     0.5     2.0            8.0 
      3     1.0     3.0           36.0 
      4     2.0     3.0           72.0 

 

    

.    
.    .

 

  

2.           
6.6   (IV),          

8.0   (IV).       
?

 

 

 

3.       60  700      

2 .    
.

 

  

4.    250   2 .        
750 ,      

2?

 

  
5.   

 

+ 2

 

= 2 + 2  288 K  -  
3.1·10-4 /( ).    97.96 

/ .         313 K?   

6.   ,    ,  
75 / .   210    8 .          

50 ?       
.
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3 
"   "  

1.  

 
    -    

.

 
     

 
:   , 5 ,   10 ,

 

                                      , , .

 

:    (Na2S2O3)   , 
                                 0.05    

 

     

6         
.          6  -    

.   -  
,      

.    .   . -  
.         - 

.

 

   

3     6    -       
.    - 

6  0.0125    ,    -     
.   - 

.    .

 

           

.   .

    

 

Na2S2O3, 

  

 Na2S2O3 

 

 H2SO4 

- 

 

 

 

 

,

  

 
,

 

/( )

                    

 

2.       .

 

      

  

:

 

  , , , 

 

:

 

0.2   , 0.1   

 

         

1

 

   
.  4 5    . - 
.   :   ?  -  

? ?   .
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.  .

  
 

,           
,  .   -   

(  )     
,       .   

(

 

 )   -    
.    - 

,         
.         

,         ,  
, . .  .

  

     
-   

.   :

 

mA + nB 

 

pC + qD 

                                      1 = k1[A]m[B]n, 2 = k-1[C]p[D]q                                            (8) 

 

    
1 = 2   

 

: 

                                            K = k1/k-1= [C]p[D]q / [A]m[D]n ,                               (9) 

 

[A], [B], [C], [D] 

 

   .   
(9)      

 

      
V,

 

= const.    -   
p,

 

= const,     -    
K . 

 

   
: , ,  

,         -
. ,        

,     

 

 

 

.   

,      - 
,     ,    

.

  

,         -  
.                

-
.  ( )       

( ) .

 

   
,  ,     ( -
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)   ,  ,   .         

,     .         
,    , ,  

, ,   . .

  
1.    

 
+ 

   
+ D  1.    

,    

 

[A]0 = 3 , [B]0 = 2 M. 

  

   

:

   

[A], M [B], M [C], M [D], M  

 

        3       2       0        0 

 

        

 

       

 

                               

 

 

 

         

 

        

 

       

 

        

 

 

 

     3

 

     2

  

                             

  

K  = [C] [D] / [A] [B] = (x x) / (3 x)  (2 x),  
 = 1.2 M. ,   

  

[A] = 3 1.2 = 1.8 M; [B] = 2 1.2 = 0.8 M; [C] = [D] = 1.2 M.  

2.

 

  N2O4( )

 

 2NO2( ), rH
o = 58.0 .         

)  
N2O4; ) 

 

NO2; )  ; )  ; ) - 
? 

   

         

. ).   N2O4,

 

  ,    
, ,    -    

; )   NO2  -         
-  

; )

  

   , -  
, ,     

; )        ( -   
), . . ; )    -

,       , 
. .   .
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1.     ?

  
2.         -

?

  
3.      :

 
3( )

  
( ) + 2( )

  

4.      K

 

 -
:

 

) S2( ) + 4H2( )

  

H4( ) + 2H2S( ); 

) 4NH3( ) + 5O2( )

  

4NO( ) + 6H2O( ); 

) 4NH3( ) + 3O2( )

  

2N2( ) + 6H2O( ). 

 

5.     2NO + O2 

 

2NO2    

NO,    -  
[NO] = 0.056, [O2] = 0.028 

 

[NO2] = 0.044 / .

  

6.    

 

+ 

   

+ D  1.  -  
,      

[A] = 3  [B] = 2 / .

  

7.        -   
,  ,  - 

 

: N2 + 3H2 

 

2NH3 

 

  

 4  
1.   :

 

2CrO4
2

( - ) + 2 +
( - ) 

 

Cr2O7
2

( - ) + H2O( ) 

                                  .                            .

 

:

 

  , , .

 

:

 

0.1    , 0.1    , 1

 

   
, 1

 

   . 

  

1)     1

 

   ,   

 

1  -  
.        1

 

 -        
.  -   

1

 

      ,   - 
.  ? ?

  

2)      1       -
,      1

 

     - 
,     1

 

   .   
?  ,  :
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Cr2O7

2
( - )

 
+ ( - ) 

 
2CrO4

2
( - )

 
+ +

( - )     

-  -     

 
+  ?     -   

?      ?

   
2.   : 

BaCrO4( ) 

 

Ba2+
(p- ) + rO4

2
( - ) 

:

 

0.1      , 1

 

  -    
,

 

0.1    .

 

1)     1    ,    

 

1    
.      1    -

.

 

2)       4 5   ,             
.        

.  ?

 

3)     4 5   ,   -              

.  ?

 

  -    
: 

 

2CrO4
2

( - ) + 2 +
( - ) 

 

Cr2O7
2

( - ) + H2O( ) 

Cr2O7
2

( - ) + ( - ) 

 

2CrO4
2

( - ) + +
( - )         

?   

  

, .     .       
.

 

 -
.

 

   

,     -
. ,         ,    

,   ,  ,   , 

 

 
.   

 

  -   
( ,  ),  (  

,      )   ( ). -    
.    -   

.

 

     
,   

.          
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.             
.

 
        

-       
.        

.

 
        

-
.     .

  
   

.

 

        
,     

.

 

    
2,    1.  

 

        

.   :

 

                                                      W2 = m2 / (m1 + m2),                                          (10)  

W 

 

   ; m2 

 

  -
, ; m1 

 

 , .         
.

 

 

  

   

, -  
1  :

 

                                                      = n / V,                                                             (11)  

  

   
, /

 

 ;

 

n 

 

 , ; V 

 

 , .  

 

     

-       

 

                                                             2 = n2 / (n2 + n1),                                       (12) 

 

X2 

 

   ; n1, n2 

 

  -

 

   
. 

 

        
1.

 

  
S   ,   

100 

 

. 

 

 

1.      , -     
200  0.1    (II)? 

:     

(II),   -  
200 

 

: n = V C 
n(CuSO4) = 0.2 0.1= 0.02 

 

n(CuSO4 5H2O) = n(CuSO4) 
M(CuSO4 5H2O) = 64 + 32 + 16 4 + 18 5 = 250 /

 

m = 0.02 250 = 5 

 

. 5 
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2.     -
,  38% HCl,    1.19 / ,    

1

  
2 ? 

:

 
    

: n(HCl) = 1 2 = 2 .   
HCl: m(HCl) = 2 36,5 = 73 .    

: m(

 

HCl) = 73 / 0.38 = 192.1 .     
V(

 

HCl) = 192.1 / 1.19 = 161.4 . 

: 161.4 

 

  

3.        96% - 
?

 

:

 

    

100

 

.     , -   
:

 

m(C2H5OH) = 100 0.96 = 96 ;   m(H2O) = 100  96 = 4 ; 
M(C2H5OH) = 12 2 + 1 6 + 16 = 46 / ; (H2O) = 1 2 + 16 = 18 / .   

: n(C2H5OH) = 96 / 46 = 2.09 ;  
n(H2O) = 4/18 = 0.22 ;    

: (C2H5OH) = 2.09 / (2.09 + 0.22) = 0.905 
(H2O) = 1  0.905 = 0.095. 

: 0.905  0.095.   

4.         400 

 

,   80 ,     20 ?  
K2SO4  21.4   80  11.1 

 

 20 .

 

.    

.  80 W = 21.4 / 121.4 = 0.176, 
m(K2SO4) = 400 0.176 = 70.51 .      

 

K2SO4.     20  
(400 ) ,        :

 

W(K2SO4) = (70.51 x)/(400 x) = 11.1 / 111.1 = 0.1,   = 33.9 

 

: 33.9 

 

  

5. 

 

40 

 

    (II)  
10 

 

 .

 

     -
,      .    24.3 

 

- 
.   ,     

38.5%  .

  

     

 

 

:

 

FeCl2 + xH2O  FeCl2 xH2O 
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: 
40 + 10  24.3 = 25.7 ,   25.7 0.385 = 9.90 

 
FeCl2.     

40 0.385 = 15.4 

 
. 

,   24.3 

 
  : 

15.4 + 10  9.9 = 15.5  FeCl2. 
(FeCl2) = 127 / , (FeCl2 xH2O) = (127 + 18 ) / .      

: 

 

W(FeCl2) = 15.5 / 24.3 = (127 / 127 + 18 ),  
 = 4 

: FeCl2 4H2O.  

 

  

 

  

1. 250  10%  750  15%  .       
?

 

  

2.  30%    (  = 1.2 / ).     
?   

3.        2%. -      
?   

4.        300

  

  
80     20 ,         

65.8  54.8  ?

 

  

5.       -   
,   40  96%  HNO3 (  = 1.5 / ) - 

30  48%  HNO3 (  = 1.3 / ).     
1.45 / .   

6.    50  50 ,   
15 

 

35 .   ,       
15 330 

 

 NH4Cl,   50 .

   

  

5 

"    "

  

      

.

 

      

  

1.      .  

:     100 , , ,

    

  
.   
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:            Na2S2O3 5H2O, CrK(SO4)2 12H2O, CoSO4 7H2O,  

                                                K4[Fe(CN)6] 3H2O, CuSO4 5H2O, CuNO3 3H2O, 

               NiSO4 7H2O, CoCl2 6H2O, CrCl3 6H2O 

1)       100  0.1 

 
 

.

 

2)          0.01 .  -   
.

 

3)           -  
.

 

4)     

 

 .   
.

  

2.       

  

 
. 

  

: ,    100 , , , .

  

: 5%  CuSO4,  .

  

1)       

 

. 

2)    5%  CuSO4,    
100  0.0132 ( 0.01; 0.015; 0.020; 0.030  . .)

  

.

 

3)             
.

 

4)     ,  , -    
.
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.   .  
,   .    . - 

,  .  . -    
.   -    

.

  
        

-
. ,        -

.         (  -
) , , ,  .  - 

 

 
,     , , -

.

 

 
,    K+   

 

   

 

K

  

K+ + 

 

    

 

][

]][[

KA

AK
pK 

Kp        K .

 

     

, . .    
.

 

  

 

   
, -        

: 

 

,
n

n

 

 

n

  

 ,    , 
. 
n .

  

   , .

 

  

 

     

,   -
.       ,     

.

 

       
-  

:

 

1

2

K    

  

 

K

 

    
(

 

~ 1), 

 

 (

 

< 1)   (

 

<< 1).    ,         
,    
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. ,     -
,  ,   .

  
  

 
1.         ?  -   

,   ?

 

2.      ,       
?    -  

?

 

3.          
:  ,  , - 

,  ,  ,  ,  
,  .  

 

   -
.

 

4.         -     
.

 

5.        :

 

) 
, )  (II), )  (IV), ) , ) -
?    .

 

6.       8.5% 

 

(

 

= 1.04 / 3),  1.38.1021    1 3 . 
( 94.5%) 

7.   HNO2 

 

1 0.1    6.15.1022 -    
.  -   

? ( 2.2%).   

 

 

6 

"      "             

,     
,    .

  

       

,        
( )

 

,   
.         - 

AgNO3     NO3.     
3-4  ,  - 

,   3-4    .

 

  -  
,    :
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N Cl + AgNO3  AgCl

 
( ., )

 
+ N NO3  

 
   

: Cl  + Ag+   AgCl        

Cl

 
       

CO3
2 , PO4

3 , AsO4
3 ,    - 

 
SO4

2 .            
.

 

       
Cl

 

  -
,    .

 

        
-      

:

 

AgCl ( ., ) + 2N 4

 

 [Ag(N 3)2]Cl + 2 2

 

                                                                

 

         

-     
(  ).         

- 
Cl

 

.    :

 

[Ag(N 3)2]Cl + 2 N 3  AgCl

 

( ., ) + 2N 4NO3      

,    -  
.

  

   

7 
"

 

    "     

 

      

: Cl

 

( ), NO3

 

( ), CO3
2

 

( ), 
SO4

2

 

( ), 4
3

 

( ).    , , 
,     .

 

        
-

.

 

NO3

 

        
" 

".    
3 4       ,  

6 8  

 

  (II)     
.    -

,   ,  5 6    -
.          -      

[Fe(NO)SO4].    
:
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6FeSO4 + 2NaNO3 + 4H2SO4  3(Fe2(SO4)3 + 2NO( ) + 4 2  + Na2SO4  

FeSO4 + NO( )  [Fe(NO)SO4] 
                                                                        

 
-       

(II)    :

  

                          Fe2+ 

 

  Fe3+                      3 
          NO3  + 4 + + 3  NO( ) + 2 2          1 
3Fe2+ + NO3  + 4 +  3Fe3+ + NO( ) + 2 2

  

CO3
2

 

       

-        
, , -

,   .          
,         -

.

 

   
3 4      

,  4 5    .    
:

 

Na2CO3 + CH3COOOH  CH3COONa + H2O + CO2( ) 

                                                                                               

 

   
: 

CO3
2

 

+ 2 +  
2CO3  H2O + CO2( )  

SO4
2

 

        

 

,   ,    -  
.

 

   
3 4         

,  3 4          
.    :

 

Na2SO4 + Cl2  SO4( )

 

+ 2NaCl 
                                                           

 

   
:

 

SO4
2  +  2+  SO4( )  

,        -    
.        -  

.
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4
3

 
              

.       
.        

MgCl2,   NH4Cl    
NH4OH.     

3 4  ,  - ,  
3 4      

 

-  
.   :

 

Na2 4 + MgCl2 + NH4Cl  Mg NH4 4( ) +2NaCl + HCl                                                         

 

   

:

 

4
3  + Mg2+ + NH4

+ 

 

MgNH4 4( )        

:

 

MgNH4 4( ) + 3HCl  MgCl2 + NH4Cl + 3 4     

8 

"     "  

Fe3+ 

 

  

(III)   :

 

1.  

 

 (II)  K4[Fe(CN)6] (  
). 

 

   
4 5    (III)  4 5   

.         
(II) (III) (" ").    

" "   .      
:

 

4Fe3+ +3 [Fe(CN)6]
4

 

 Fe4[Fe(CN)6]3 

                                                                  "

 

"         
,   -    

,       -    
,    - 

.

 

2.  

 

    (NH4CNS)   (K4CNS).    
4 5     (III)  4-5   

.           
(III).     - 

:
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Fe3+ + nCNS

 
 [Fe(CNS)n]

(3-n) ( .)

 
  

,   (III) -     
.  -   

(III)     .

  
Cu2+      

 
  

-  
NH4 .    

4 5    (II),  2 3 -   
,   .       

 

 
- :

 

2CuSO4 + 2NH4

 

 [Cu( )]2SO4( ) +  (NH4)2SO4 

                                                            -

 

   
: 

 

Cu2+ +  NH4

 

 [Cu( )]+ + NH4
+       

-         
-  

:

 

[Cu( )]2SO4( ) +  6NH4  + (NH4)2SO4  2[Cu(NH3)4] SO4 + 8 2

 

                                                         

 

     
:

 

Cu2+ +  4NH4

 

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

  

Zn2+     

:

 

1.    , . .          
.

 

   
4 5    ,  3-4    

,       
:

 

ZnCl2 + 2N

 

 Zn( )2( )

 

+ 2N Cl 
                                                           

 

       
8 10  N

 

    
,      - 

:

 

Zn( )2( )

 

+ 2N

 

 N 2[Zn( )4] 
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:

 
Zn( )2( )

 
+ 2 Cl  ZnCl2 + 2 2

  
2.       -   

(NH4)2[Hg(CNS)4] ( - 
). 

 
   

4 5   ,  2 3  -
- ,   .         

: 

 

Zn2+ + [Hg(CNS)4]
2

 

 Zn[Hg(CNS)4]( ., )

 

                                                    

  

   

9 
"    ,   . -   

(  

 

    "       

,    -  
,         - 
. 

 

K+       

:

 

1.    N 3[ (N 2)6].    

4 5       

 

- 
,           

:

 

2K+ + N 3[ (N 2)6]  K2N [ (N 2)6]( ., ) + 2N + 

                                       

 

          
-  

.

 

2.         .

 

   

4 5    

 

  

 

-
,   

 

2K+ + Pb2+ + Cu2+ + 6N 2

 

 K2Pb[ u(N 2)6]( ., )

 

                                                       

 

    
. -     

.   - 

 

 
,       
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.    ,    
.               

.

  
NH4

+       

,   ,  - 
.

 

     
,    -

 

 
,       -

.     .

 

1.    4-5    ,  
4 5   N    .  -

:

 

NH4
+ + N

 

 NH3( )

 

+ N + + 2

 

         

,     .

 

2.         - 
« »      

K2[ gI4] ( ).

 

    
3 4    , - 

8 10     (   -   
),   .       

,     
,   .     -          

-
:

 

NH4
+ + 

 

 NH3( )

 

+ 2

 

NH3( )

 

+ 2K2[ gI4] + 3K

 

 [NH2Hg2O]I( ., )

 

+ 7KI + 2 2

  

N +      

 

 

- -       
Zn( 3 )2    

U 2( 3 )2 

N + + Zn2+ +3U 2
2+ + 9 3

 

+ 9 2

 

 N Zn(U 2)3( 3 )9 9 2

                                                                              

- - -

 

        
-       

.
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10 
"         "  

  
      

,  ,     .  -   
,        - 

.

  

  

  
    

-   -  
( ).  ,    -    

,   .          
( )  ,    

.        -  
,      ,  
. ,      :

 

3 Na + H2O 

 

NaOH + CH3COOH          

-  
- .       

,     , -      
:

 

3

 

+ H2O 

 

CH3COOH + 

 

      

 

 

 

- 
,     .

 

     
4  :

 

1. ,       -   
, . .      

 

 
.      -

.

 

2. ,         
.           

.

 

3. ,         
:

 

NH4Cl +  H2O 

 

NH4OH + HCl    

:

 

NH4
+ + H2O 

 

NH4OH + + 
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.

 
4. ,         

:

 
3 NH4 + H2O 

 
CH3COOH + NH4OH    

:

 

3  + H2O 

 
CH3COOH + 

 

NH4
+ + H2O 

 

NH4OH + +  

. .          
,       .

 

      
( ).  -        

:  

 

= 

 

lg [ +].     0  14.  
0

  

<7  ,  7<

  

14  ,  

 

= 7  
.

 

     
- -    

- .  - -     

 

 

 

    

 

.     

 

   
( ), ,    

.

   

 

 

 

  

3 4 -

  

7 

 

< 7 

 

,

  

> 7 

   

8 10  

   

0 14  -  

  

  

 

1.     (III)     
,        -

?       
.

 

2. ,        ,        
NaCl, BaCl2, FeCl3? 

3.         - 

 

    
:  -

,  ,  .
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11 

"  "   

 
    

,  ,  
,  ,  ,     

.

 
    

10 12   ,   
1 2  ,     -  

.     

 

   
.

 

    . -      

,    . 

  

     

 

 

 

 

 

 

  

 

 

- 

 

-  

 

   

 

HCl 1      

CH3COOH 2      

NaOH 3      

NH4OH 4      

CH3COONa 5      

NH4NO3 6      

NaNO3 7      
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- 

 
- .    

.   .  - 
.  - , -

, *.     - 
.  .

 
 

,      -
,     ,  -

.

 

   
-  

( )   ,       
.

 

   
: 1)  ,          

; 2) - 
,        -  
; 3)  ,           

.

 

   
, . .        

,  :

 

1.    .    -     
.

 

2.        -
.   ,      -

. , H2S 

 

S    ,   -  
  H2S 

 

H2SO4.  
,       ,      

. , H2SO4 

 

S 2    

,      

  

H2SO4 

 

2S. 
3. ,        -     

( ,   ). 
, Fe+3        Fe(III),   

 

  
Fe( )3. 

4. 

 

    , -    
,   -  

( ).

 

 

1.

 

      

 

FeCl3 + KI 

  

Fe+3 

 

,   Fe+2; I- 

 

,
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I2: 
FeCl3 + KI 

 
FeCl2 + KCl + I2

  
Fe+3 + e

 
 Fe+2  2  

2I

 
 2e

  
I2 

___________________ 

2Fe+3 +2I

 
2 Fe+2 +  I2 

2FeCl3 + 2KI 

 

2FeCl2 + 2KCl + I2

  

                

.           
,    -   

.      -
,      

  

  .          
-   

+ (  )  

 

(  ).          
-  

: ,      
,          

; ,          
.        -

.

 

 

2.

 

     

(II) -    
.

  

  

. FeS2  

  

Fe3+ (Fe(NO3)2 

Fe3+ + 3NO3 ) 

   

SO4
2  (H2SO4  SO4

2  +2 +). 
FeS2 

 

Fe3+ +2SO4
2 .  

,

 

  ,     8  -
,     16 + ( ):

 

FeS2 +8H2

 

 Fe3+ + 2SO4
2  + 16 +.     

0,   +15,  FeS2   15  
:

 

FeS2 +8H2

 

15 Fe3+ + 2SO4
2

 

+ 16 +.      

- :

  

NO3

  

NO2     

1  .      
2 +( ),     

  

  2 :  

NO3  + 2 + 

 

NO2 + 2
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( +1)   :

  
NO3  + 2 + + 

 
NO2 + 2

  
- :

  
NO3  + 2 + +    NO2 + 2                       15 

FeS2 +8 H2

 
15 Fe3+ + 2SO4

2

 
+ 16 +      1 

_____________________________________________________________________  

FeS2 +8H2  + 15NO3  + 30 + Fe3+ + 2SO4
2  + 16 + + 15NO2 +15 2 .      

8H2

 

 16 +     

- :

 

FeS2 + 15NO3  + 14 + Fe3+ + 2SO4
2  + 15NO2 +7 2 .        

NO3

 

 4 +,    
:

 

FeS2 + 18 NO3( ) Fe(NO3)3 +2H2SO4 + 15NO2  +7 2 .   

 

1.    ,       
:

 

Cu + H2SO4 ( ) 

 

Fe + H2SO4 ( ) 

 

Fe + H2SO4 ( ) 

 

Zn + H2SO4 ( ) 

 

2.    ,     
- :

 

Cu2S + O2  CuO + SO2 

Ca3(PO4)2 + C + SiO2  CaSiO3 + P + CO 

3.   - ,   -  
- :

 

H2S + HNO3  H2SO4 + NO + H2O 
KI + H2SO4 ( )  I2 + S + K2SO4 + H2O 

4*.     - -   
:

 

MnO2 + KBr + H2SO4  Br2 + 

 

KMnO4 + SO2 + H2O  

 

K2Cr2O7 +K2S + H2SO4  S + 

 

CrCl3 + NaClO + NaOH  

 

NaNO2 + Cl2 + NaOH 
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12 

" - " 

:   ,  , , 

  
:  0.002 M   , 0.5   - 

, 0.5   , 0.5    , 1%  -
, 0.05    ,   , 5%   

.

 

 
. 

 

  
(36.5%), 10%   .

  

1.     2  ,  

  

 - 
.      1 

 

10%   
.

 

 .   .

 

2.       . - 
2 3    .   -

?       -
,  0.05    .  ? -  

.

 

3.   2  1 0.002    , -

 

2 3  10 %  

 

.    -

 

  
0.05    ,   

 

0.05        
.  -     

.

 

4.    0.1  0.5   ,  2

  

  
2 3   .      
0.05       .    

.

 

5.    5 

 

     -
.  10 .    .

 

 -  
.
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.  
.   

 
.  

*. *.  *.  

,              
,  -

.         

 

   
,   -  

.     ,     

 

. ,           
, -  

.        
.

 

     
,         

.

 

     
,   

 

   
.

   

    

 

         

,    

 

     
.

 

 1.        
-   

:

 

         : 2Cl

 

 2e

  

Cl2  

 

K:  Na+ + e

  

Nao    2        = 2.714 

 

________________ 
2 NaCl  2Na + Cl2       

-    
,   (  ).       

(    -   
),   (   -    

),    - 
(   ).      - 

,       -  
,

 

  ,    -  
( )   .    -      

.   

 

  
- ( F ),     -       

F .    -  
,      -   

, . .    -
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,      

.      Na2SO4 c  -     
: 

  
:  2 2

 
 4

 
 4 + + 2             = 1.23 

 
       2SO4

2  2 

  
S2O8

2                               = 2.01 

 
 

,       
, . .      ,      

SO4
2 . -  -   

.

  

      

:

 

: 2Cl

 

 2e

  

Cl2                        = 1.360 

 

K: 2 2  + 2

  

2 + 2

        

          =  0.828 

  

_________________________      
2 NaCl + 2 2

  

Cl2  + H2  + 2NaOH           

.      .

 

     
( , , ).

 

      
.

  

2.     (II)   -
:     Cu(NO3)2( - )

  

Cu2+ + 2NO3

  

: Cuo  2e

  

Cu2+            

 

K: Cu2+ + 2e

  

Cuo            

 

      

.

 

     
:

 

: 2 2

 

 4

 

 4 + + 2                            = 1.229 

 

K:  Cu2+ + 2e

  

Cuo            2              = 0.337       
______________________ 
2Cu(NO3)2 + 2 2

  

2Cu + 4HNO3 + O2

   

      

: 
1)         

.

 

2)      , -  
.    .

 

  3)                      
.

 

     

 

 

-
:

 

                                                         m = I·t·

 

/ n·F,                                              (13) 
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m 

 
    , ; 

  
 - 

, / ; n 

 
 ; I 

 
 ,

 
;

 
t 

 
 - 

,

 
; F 

 
 ,  96500 / .   

3.    250 

 
10%-             

- 
.   ( . .) ,   .

  
  

NaNO3( - )

 

  :

  

A:  2 2  + 2

  

2 + 2

 

2  
K:  2H2O 

 

4e

 

 4H+ + O2 

_________________________ 
2H2O  2H2 + O2    

 

 

: m(NaNO3) = 250·0.1 = 25 , 
m(H2O) = 250  25 = 225 .      

 

   
. 

W2(NaNO3) = 0.2,     

 

,  
0.2 = 25 / (250 )   = 125 .     

 

n = 125 / 18 = 6.94 .    
6.94 

 

2  6.94 / 2 = 3.47 

 

2.   
( . .) 

 

V(H2) = 6.94·22.4 = 155.6 , V(O2) = 3.47·22.4 = 77.7 . 
: 155.6 

 

 77.7 .  

4. 

 

    

 

   
100 

 

     1.24  (

 

= 1.17 
/ )    5.40 

 

.         
.

  

  

AgNO3( - )

 

  :

 

A:  Ag+ + e

  

Ago  4 
K:  2H2O  4e

 

 4H+ + O2 

______________________ 
4AgNO3 + 2H2O = 4Ago  + 4HNO3 + O2

  

     

n(AgNO3) = 1.24·0.1 = 0.124 .    

 

n(Ag) = 5.4 / 107 = 0.05 , 
. .     n(HNO3) = 0.05 ,  

 

m(HNO3) = 0.05·63 = 3.15 , n(O2) = 0.0125 , m(O2) = 0.4 ,  
n(AgNO3) = 0.05 ,   0.05·170 = 8.5 . 
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n(H2O) = 0.025 ,   
m(H2O) = 0.025·18 = 0.45 .       

:

 
5.4 + 0.4 = 5.8 .     

100·1.17 = 117 .     
117 5.8 = 111.2 . 

W(HNO3) =3.15 / 111.2 = 0.0283  2.83%,  
W(AgNO3) = (0.124 0.05)·170 / 111.2 = 0.113  11.30% 

: W(AgNO3) = 11.30%  W(HNO3) = 2.83%.     

 

  

1. 

 

      - 
268 

 

   10 .     
100  24%-  NaOH.     .

 

  
2*.  400 

 

8%-   (II) -   
,       20.5 .        

,   , -   
.

  

  

 

1.   ,    -        
.

 

2. C     H2SO4 , CuCl2, AgNO3   

.

 

3.    ,   -    
, : )  ; )  

.

 

4.       : )

 

 
; )  .

 

5.        - 
,   , ,   - 

?

 

6.     

 

    
(II)   : ) Sn  2e

  

Sn2+; ) 2Cl

  

2e

  

Cl2; 

) 2H2O 

 

4e

 

 4H+ + O2? 

7.              
.

 

   - 
: ) KCl; ) CuCl2; ) Cu(NO3)2? 
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8.      (II)   - 

: 2H2O 

 
4e

  
4H+ + O2.    -   

?

  
  

 13 

"       "  

:

 

, U- ,  ,   
, , .

  

:

 

0.5  

 

   5%   (II).  

1.     

 

  .

 

2.  U-     ,  - 

  

    
1 .   

,        15 . 

3.   ,        -       
.

 

 - 
.

 

4.   ,     ,    
.

 

5.          
?

 

6.    .       
.

 

7.     2      . 

 

      
- 

.

 

   [OH ]. 

8     

 

0.1   (III),   
.

 

   .

 

9   .    -
.

 

10  U-    .  ,       
10 . 

11      .

 

 - 
,   .

 

 

  

.
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I.    

  
1.        -

 
.

  
    - 

CaSO4? 

 

    

. . ,             

:

 

13641632404CaSOMr 

. Mr (CaSO4) = 136.  

2.           

 

.

  

       
H2SO4? 

 

    

. . ,    
:

 

...16)(

...32)(

...1)(

Om

Sm

Hm

 

          

-
:

 

32:16:164:32:2164:32:12)(4:)(:2 OmSmHm 
. m (H) : m (S) : m (O) = 1 : 16 : 32.  

3.       

 

.

  

      CaSO4? 

 

    

. . ,      
:

 

13641632404CaSOMr       

:

 

%2929.0
136

40
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:

 
%2424.0

136

32

 
,   ,    ,   

,      :

 
%4747.024.029.01OW

 

.

 

    CaSO4: Ca  0.29; S  0.23; O  0.47.  

4.        -  

 

.

  

  ,  : 
Na  27.06%; N  16.47%; O  57.47%? 

 

        

NaxNyOz.  

  

   ( %)   - 
:

 

53.3:17.1:17.1
16

47.57
:

14

47.16
:

23

06.27
z:y:x           

:

 

3:1:1
17.1

53.3

17.1

17.1

17.1

17.1
:: zyx 

.    

 

NaNO3.  

5.                  
-

  

 

1. 

 

  

 

 
: 

  

85.7%; 

 

 14.3%,  0.5 

 

  14 ? 

 

      

:

 

2:13.14:15.7
1

3.14
:

12

7.85
:

 

,     

 

CH2.      
1 : 2   ( 2)x,  x -  

 

1, 2, 3 , .   x   - 
(0.5 

 

  14 ):  

 

 
( 1 ) : 

/28
5.0

14
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, x = 28 / /14 /  = 2, 

,   ( 2)2  2 4.    
x: 

12 x + 2 x = 28,  
x = 2,      C2H4. 

.

 
    

 
C2H4 ( ).

   
 

2. 

 

  ,       
3.6 

 

  2.24 

 

 ( . .); -        
16? 

 

1.        -

 

   
: 

M

M
D

/32

16
)(

)(

2
2

 

2.          ,          
.      

: 

OHn 2.0
/18

/16.3
)( 2

 

Nn 1.0
/4.22

24.2
)( 2

 

OHnHn 4.0)(2)( 2

 

NnNn 2.0)(2)( 2

 

3.        : 

 

1:22.0:4.0)(:)( Nnn 
,   ,   -

, 

 

(N 2)x.   x     -
,   . 1: 

x  (14 + 2) = 32,  x = 2. 
.

 

   

 

N2H4 (H2N NH2; ).
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II. ,     

   
1.        -    

 
.

   
 

 
 : 1)  -

; 2)  ; 3)  ? 

 
    

. . ,     
1 : 

Hem

m

Hm

Nm

4)(

29)(

2)(

28)(

2

2

 

    

1 

 

 22.4 .      
:

 

/25.1
4.22

28

 

 

:

 

00.7
/4

/28

96.0
/29

/28

00.14
/2

/28

2

2.

22

ND

ND

ND

He

H 

.   ( 1   . .)  1.25 / .   
: 1)    14.00; 2)   

 

0.96; 3)   

 

7.00.  

2.         

 

.

 

,    22 

 

 (IV) ( 
. .)?

  

    

. . , -
:

 

COm

COM

441/44)(

/4421612

2

2
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22 

 
 (IV):  

COV 2.11
44

4.2222
)( 2

 
.

 
22 

 
 (IV) ( . .)   11.2 .  

3.         -   

  

 

1. 

 

 5.6 

 

 (IV) ( . .)?

  

    

. . , -    
(IV): 

NOM /46216142

 

      

: 

mV

V
NOn )( 2                       

M

m
NOn )( 2 

,

 

V

MV
m

m

5.11
/4.22

/466.5

 

.

 

5.6 

 

 (IV)   11.5 .  

 

 

2.   0.5 

 

 ,    
,       10?

  

 

  

   

,

 

    (0.5 

 

) .      

 

  
: 

m

x
Hm

32
1/4.22

)5.0(
)(

2
1/4.22

)(

2

2

  

 

,        
10,  :

 

10

4.22

25.0

32
4.22

5.0

4.22

2

)(
2

DH 
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= 0.2.  

V(H2) = 0.2 , V(O2) = 0.3 .   
( ): 

%,40%100
5.0

2.0
),%( 2H

 
(O2) = (100  40)% = 60%. 

.

 

  

 

( )

 

40%   60% .

  

III. ,

 

   

  

1.     ,   -        
- 

  

.

 

,      100%  -   
500  10% ?

  

   

(m2)  

 

(m)   -
: 

m2 = m W = 500

 

 0.1 = 50 ,    
( )   m1 = m 

 

m2 =500 50 = 450 . 
.   500  10%    450 

 

 

 

50  100%  .

  

*.

 

  50 

 

10%   ,   
96%   (

 

= 1.84 / 3)? 

 

1.    96%    x , 

 

m2 = (x 0.96) ,  m1 = (x 

 

0.96 x) . 
2. 

 

      50  10% : 
m2 = 50 0.10 = 5 ,  m1 = 50 

 

5 = 45 . 
3.  x: 

x 0.96 = 5, x = 5.21. 
4.    96%    ,    

50  10%   : 
V -  = m /  = 5.21  / 1.84 /  = 2.83 , 
V  = 45 (x 0.96 x) = 44.79 . 

.

 

  50 

 

10%   ,   
44.79 

 

  2.83  96%   .

  



 

50

 
*.

  
 40%

 
      

100  10% ,   60%   ?

  
   

(VI)  100  10% :

 
m(SO3) = 100 

 
 0.1 = 10 ,         

100  10 = 90 

 

,   (VI)      90 

 

 
:

 

m = 90 

 

80 /

 

/ 98 /  = 73.5 

 

    
(VI): 73.5 

 

+ 10 

 

= 83.5 .  
100 

 

40%     40 

  

. 
,   (VI)   ,   40 

 

 
:

 

m = 40 

 

80 /

 

/ 98 /  = 32.65 

 

    
(VI)  100 

 

60% -
:

 

m = 60 

 

80 /

 

/ 98 /  = 49 

 

    
10%   100 .   

40%    x .    
(VI)   

 

  32.65 

 

x/100 .   
60%    y .    
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