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; 76 – 90  ( ) – 
; 61 – 75  ( ) – 

;  60  ( ) – 
.

 ( ).

, :

 = 0,5  + 0,25  + 0,25 .

 –  ( ) 
;

 –  ( ) 
;

 –  ( ) 
.

, 
, 

. 
:

ECTS )

5 ( ) 90-100

4 ( ) 85-89

4 ( ) 75-84

D 3 ( )
, 

68-74

E 3 ( ) 60-67

FX 2 ( ) 35-59

F 2 ( ) 1-34
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1 

 « », « », « », « », « »;
; 

, , 
, . 

, 
; , 

; . 
, . 

, 
, 
.

1.1 

 [2] . 19 – 21; [3] . 10 – 16. :
 – , 

 ( , , , .), 
 0,012 12 . (  – – « »).

 – N, 
, NA  0,012 .

 ( )  0,012 
,  (1,993 10–26 ):

N =
10993,1

012,0
26 = 6,02 1023 1.

(NA), ( –1)  
 1 .

(M) , 
 (  – ):

M = m .
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. ,

r (N ) = 23,           M(N ) = 23 ;
r (N Cl) = 58,5,    M(N Cl) = 58,5 .

 (Vm) – , 
 (

– 3 3 ):

Vm = V .

 = 1 Vm = 22,4 3  22,4 10–3 3.

, 
 ( ) .
:

2HCl + a(OH)2 = aCl2 + 2H2O

 1/2 a(OH)2. , 1/2 a(OH)2

.  1/2 
f a(OH)2)= 1/2.

, f = 1, 
.

1.1.1  ([2] . 22 – 33; [3] . 16 – 21)

 ([2] . 33; [3] . 21). 
,  ( )

 ( ) .
, : ,
, , 

.
 – , 

.
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,  (H3PO4) 
 1/3, ½, 1 

.
 – , 

. .
 –  1 , 

.
 – ,

. .

, , 
.

:

f (H2)= 21
1 =

2
1 ;        f (N2)= 32

1 =
6
1 ;      f (O2)= 22

1 =
4
1 .

 ( + , 
):

f  =
)n(H

1 ;

f (HCl)=
1
1 =1;                 f (H3AsO4) = 3

1 .

 ( , 
):

f  =
)n( H

1 .

:

f (NaOH) =
1
1  = 1;   f (Zn(OH)2) = 2

1 ;   f (Al(OH)3) = 3
1 .
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:
:

f  =
OOn

1

:

f (H2O)=
2
1

21
1 ;    f (CaO)=

2
1

21
1 ;      f (Al2O3)= 6

1
23

1 .

:

f  =
)n( )

1 .

:

f (K3PO4)= 3
1

13
1 ;  f (ZnSO4)= 21

1 ;    f (Ca3(PO4)2)= 6
1

23
1

1.1.2   ([2] . 22 – 33; [3] . 16 – 21)

1.1.3 

 1. ,
,  (O)  (Cu) – , (Fe) – .

:
:

                                                                   III       II                             II

Fei   Oi Cui   Oi

:
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B(Fe) i(Fe)=B( ) i( );    B(Cu) i(Cu)=B( ) i( )

Fe 3 i(Fe)= 2 i( ),
i(O)
i(Fe)

3
2

Cu 2 i(Cu) = 2 i( ) 1
2
2

i(O)
i(Cu)

: : Fe – Fe2O3, Cu – CuO.

 2. l2O7

 – H4 ).
: .

l2O7:                       B( l) i( l)= B( ) i( )

B( l)=
i(Cl)

i(O)B(O) =
2
72 = 7.

H4:                         B( ) i( )=B(H) i(H)

B( )=
i(C)

i(H)B(H) =
1
41 = 4.

: l2O7  7. 
H4  4.

. 

 3.  2,25 .
: (Cu) = 63,546  = 64 .

(Cu)=
/64
25,2

M(Cu)
m(Cu) = 0,035 .

: 2,25  0,035 .

 4.  10 Cu (I).
:  (I) 

M(Cu2O) = 2Ar(Cu) + Ar(O);   M(Cu2O) = 2 64 + 1 16 = 144 .
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(Cu2O) =
144
10

O)M(Cu
O)m(Cu

2

2  = 0,07 .

: 10 Cu2O  0,07 Cu2O.

 5. Na l
0,55 .

: :

M(Na l) = 1Ar(Na)+1Ar l);  M(Na l) = 1 23 + 1 35,5 = 58,5 .

Na l:

m(Na l)= M(NaCl);     m(Na l)= 0,55 58,5 = 32,175 .

: 32,175 Na l  0,55 .

 6.
 10,5 .

: 2  32 . 
2:

2) = )M(O
)m(O

2

2 ; 2) = 32
5,10 = 0,328 .

 ( ) :

N(O2) = (O2) N  ;   N(O2) = 0,328 6,02 1023 = 1,975 1023.

:  10,5  1,975 1023

.
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 ( ) – 
), .

 (Ar) – , 
 ( ).

 (Mr) – , 
.

:

m )=
AN

M ,

, ;
N , -1

M , .

7. .

iCiDi  - ,
,D – ;  – ,

M(BiCiDi) = i A(B) + i A(C) + i A(D),

 – .
.  – Na2CO3

 – H3PO4.
:

Mr(Na2CO3) = 2A(Na) + 1A(C) + 3A( ) =
= 2 23 + 1 12 + 3 36 = 106 ( .)

Mr(H3PO4) = 3A(H) + 1A(P) + 4A( ) =
= 3 1 + 1 31 + 4 16 = 98 ( .)

:                 Mr(Na2CO3) = 106 (a. .)
Mr(H3PO4) = 98 )
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8. .
. Mg HCl.
.

:

=
AN

M

m(Mg) = 123106,02
24,3 = 4,037 10-23

m(HCl) = 12310026
4536

,
, = 6,055 10-23

:       m(Mg) = 4,037 10-23  ;        m(HCl) = 6,055 10-23

 – 

) = ) ,

) ;
( ) – ;

.
 – , 

.
, Di

B + C + D = 1
%B + %C + %D = 100%

9. .
 (IV) 

 (VII).
.

M(Mn) = 55 ; (MnO2) = 87 ; n2O7 ) = 222

 1 .

m(MnO2) = n M(MnO2) = 87 .
   m(Mn2O7) = n M(Mn2O7) = 222 .
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MnO2  1 , 
Mn2O7  2 , :

:

m(Mn) = n M(Mn); m(Mn) = 55 ;

:

m(Mn) = n M(Mn);  m(Mn) = 2 55 = 110 ;

:

(Mn) =
)m(MnO

m(Mn)
2

;  (Mn)=
87
55 = 0,632 63,2%

  (Mn)=
)Om(Mn

m(Mn)
72

; (Mn)=
222
110 =0,495 49,5%

, 
.

BiCiDi:
i M(B)  ( iCiDi)
m(B)  ( iCiDi) .

 ( iCiDi) = M(B)i
)DCM(Bm(B) iii

10. ,  5,4
.

.

(Al) = 27 ;  (Al2O3) = 102

Al2O3

m(Al2O3)= M(Al)i
)OM(Alm(Al) 32
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m(Al2O3)= 272
10245, =10,2

11. , 
.

 80% GeO2. 
,  250 .

.

= 
           m(GeO2) =m (GeO2));     m(GeO2)= 250 0,8 = 200

m(Ge)=
)M(GeO

iM(Ge))m(GeO
2

2 ; m(Ge)=
5104

5721200
,

, = 135 .

12.
.

(%)  11,1;  – 88,9.  54 . 
.

. , 
100 . :

m(C) = m( ) (C);  m(C) = 100 0,889 = 88,9 ;
m(H) = m( ) (H); m(H) = 100 0,111 = 11,1 .

:

n(C)= n(C);
m( )M( )
M(c )m(C) =

10012
54988, = 4

n(H)= n(H);
m( )M(H)
M( )m(H) =

1001
54111, = 6

4 6.
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13. , .
 (%): Na 34,6;  – 23,3;  – 42,1.

.
. , 

100 , m ) = 100 . , :

m(Na) = m ) (Na);  m(Na) = 100 0,346 = 34,6 ,
m(P) = m ) (P);      m(P) = 100 0,233 = 23,3 ,
m(O) = m ) (O);     m(O) = 100 0,421 = 42,1 .

, ,
:

n(Na)=
M(Na)
m(Na) ;  n(Na)=

23
634, = 1,50 ;

n(P)=
M(P)
m(P) ;      n(P)=

31
323, = 0,75 ;

n(O)=
M(O)
m(O) ;     n(O)=

16
142, = 2,63 .

:

n(Na):n(P):n(O) = 1,50 : 0,75 : 2,63

 (0,75).
:

n(Na):n(P):n(O) = 2 : 1 : 3,5

, 

n(Na):n(P):n(O) = 4 : 2 : 7

,  – Na4P2O7
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. . 

.:  = 101325   = 1·105 ;  = 273 ) 
:

Vm = V ,  = V·Vm.

Vm = 22,4 3 – .;
V .

 ([2] . 25; [3] . 19) 
. :

1 = 2, =
M
m .

 m – ;  – ;

2

1

2

1

M
M

m
m ,

2

1

m
m = D,  D =

2

1

M
M ;

D .

,  2 :

D
2H  =

)M(H
M

2
;       M = 2·D

2H ,

 (D ).
( ) = 29 . :

M = 29·D .

([2] . 30):

2

1

V
V =

1

2

p
p     p1V1 = p2V2 = p3V3 =…, pV = const.
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:

2

1

V
V =

2

1

T
T

2

1

p
p =

2

1

T
T   (V = const)

:

1

11

T
Vp =

2

22

T
Vp

, 
0

00

T
pV =

T
pV

.

 1
0

00

T
pV

, R.

pV =
M
m RT,  V, [ 3]          pV = 1000

M
m RT, V, [ 3].

.

 1. H2,  5,6 3 .

:
mV

V =
AN

n
, 

n =
m

A

V
NV =

4,22
1002,66,5 23

= 1,5 1023 .

:  5,6 3  1,5 1023 H2.

 2. 2,   11,5  3

 –  ( V), .

:  =
mV

V  =
4,22
5,11 = 0,513 .

:  11,5 3
2  0,513 .
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 3. ,  100 2.

:
mV

V
M
m ,

2) = 32 .

M
VmV m =

32
4,22100 = 70 3.

:  100  70 3.

 4.  1 3
4 ( .).

:  1 3  – , 
:

M = Vm,

 =
4,22

16
mV

M = 0,174 .

4) = 16 .

:  1 3
4 0,714 .

 5. , 
 16.

.            M = D(He) M(He) = 16 4 = 64 .

) = 4 .

:  64 .

 6.  ( V), 
(S 2)  100  25 °  125 .

:

(S 2 )= )M(SO
)m(SO

2

2 ; (S 2) = 64
100  = 1,56 .
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 M(S 2) = 64 
.:

V(S 2 ) = (S 2) Vm;       V(S 2 ) = 1,56 22,4 = 34,9 .

,

:

0

00

T
pV =

1

11

T
pV ,

101,3 ;  = 273 ; V  – , , .;
p1 – 125 ; 1 = (273+20) = 293 , V1 , , 

.

V1 =
01

100

Tp
TVp ;    V1(SO2 ) = 87,30

273125
9,342933,101 3.

:    ( V)  30,87 3.

 7.  500 3 ,  27
101300 ,  0,345 . .

:
:

M =
pV

mRT1000

 =101300 ,    V = 0,50 ,     = (273+27) = 300 ,     m = 0,345 .

M = 17
5,0101300

300314,8345,01000 .

:  17 .



36

 1. Mn2 7.
: : B(Mn) = 7.

B =
M
M   M (Mn) =

B(Mn)
M(Mn)

M =
7
55  = 7,85 .

:
Mn2 7 7,85 .

 2. 3 4.
: =  f

3 4). (f )
:

f 3 O4)= ;
)n(H

1           f (H3 O4) = 3
1 ,

M (H3 O4) = f  (H3 O4) M(H3 O4) = 3
1 98 = 32,67 .

: 3 4 = 32,67 .

 3. , 
 55,9% . 

, ? 
 35,45 .

: , 
 100 , .

 = –  l;          = 100 – 55,9 = 44,1

)          
l)
)

Cl
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)= ;
m(Cl)

l))      )= ;28
9,55

5,351,44

:

(Fe) = ;
(Fe)M

M(Fe)     (Fe)= 2
28
56 .

, :  FeCl2.
:  = 28 .

 4.
,  0,082  75,6 3

. , .
:

)V
M

)V(H
m(Me)

22
,

)V
)V(H

M
m(Me)

2

2

V 2) = ƒ ·Vm = 1/2 · 22,4 = 11,2 3.

15,12
0756,0

2,11082,0
)V(H

)Vm(Me)M
2

2 ,

M(Me) =  B · ) = 2 · 12,15  = 24,30 .

   – .

M (MeO) = M (Me) + M (O) = 12,15 + 8 = 20,15 .

  M (O) = ƒ )· ) = 1/2 · 16 = 8 .

:
12,15 .
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 5. 3,31  ( ) 
 5,29 . 
.

: :

(A)M
m(A) =

(B)M
m(B) ;

(Pb)M
m(Pb) =

))(Pb(NOM
))m(Pb(NO
23

23 ;

(Pb(NO3)2) = (Pb) + M  (NO3
–);

, :

(Pb)M
31,3 =

)(NOM(Pb)M 3

29,5 ;

                 M (NO3
–)= ƒ · (NO3

–)=1 · (14 + 3 · 16) = 62 .

(Pb)M
31,3 =

62
29,5

(Pb)M
.

:

3,31·[ (Pb)+ 62] = 5,29 (Pb)
(Pb) = 103,6 .

:
103,6 .

 6.
1,75  2,0 .

:    )=
m(KOH)

(KOH))m(
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)=
0,2

5675,1 = 49 ,

OH) = f M( OH) = 1 56 = 56 .

: = 49 .

2   

2.1 

 –  ( e ),  (p+)  (n0) – 
 ([2] . 67 – 90, [3] . 44 – 54).

2.2  , 

([2] . 79, 81, 85, 88, [3] . 50, 52).
:

:

                n = 1   2  3  4  5 6  7
K L M N O P Q

l: 0; 1; 2; 3;
s,  p, d,  f.

: . 
.

–l  0  +l ( . 1).
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 1 – 

l l - ml = - l…0…+ l
ml = 2 l+1

0
1
2
3

s
p
d
f

0
-1, 0, +1

-2, -1, 0, +1, +2
-3, -2, -1, 0, +1, +2, +3

1
3
5
7

  +1/2     –1/2;  « », ms.

, 
,  – .

2.3  ([2] . 88 – 100, [3] . 52 – 54)

2.4   

, 
16S 1s22s22p63s23p4    [Ne]3s23p4.

d , 
p- s-

S0

   3d
  3p

3s  = 2   (  = 2)

S*:

S0     1s22s22p63s23p43d0   + hv    S*     1s22s22p63s23p33d1    :

S0

   3d
  3p

3s
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                                     +   hv   S*

   3d
  3p

3s  B  =  4

S** 1s22s22p63s13p33d2.

   
  3d

  3p
3s      = 6

, .

2.5 

.

26Fe0 [Ar]3d64s2  – 2e    Fe2+ [Ar]3d64s0   – 1e  Fe3+ [Ar]3d54s0

Fe0                  3d

Fe0 – 2e     Fe2+

4s
Fe2+                  3d

Fe2 – 1e –    Fe3 +

4s
Fe3+                  3d

4s
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s- p-
.

, 
. 

:
16S [Ne] 3s23p4  + 2e   S2— [Ne] 3s23p6

                    +  2e    

2.6 . 
([2] . 50 – 59, [3] . 233 – 242)

,
.  1869 . ([2] . 50, [3] . 234).

2.7 

,
, , 

. , ,
 ([2] . 56-59,

[3] . 235 – 238).

2.8 

 1.  ( ).
: 25Mn :

1s22s22p63s23p64s23d104 65s24d5 [ r] 5s24d5

  1, 2, 3, 4, 3, 4, 5, 4 – ; s, p, d – .
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 2. .
:

, , – .
  …  5s24d5  – 

    

 3.
.

:
.

1s2 2s2 2p6 3s2 3p6 4s2 3d10 4 6 5s2 4d5

n 1 2 2 3 3 4 3 4 5 4
l 0 0 1 0 1 0 2 1 0 2
n+l 1 2 3 3 4 4 5 5 5 6

s-, p-, d-, f  0, 1, 2, 3.
: n+l

2p6  3s2  3p6  4s2  2p  3p,  3s
4s.

4. 43  …4p65s24d5

.
:

, .  –
5.  – 4d  10 . 

 4d  5 , 
.  – …4d55s2   …5s24d5

: n, l, ml, ms ..
 (n) . 

4d1, 4d5  4,  5s1, 5s2  – .
 (l) 

: s,  p,  d  f, l d
 – 2, s  – 0. :
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-2 -1 0 +1 +2
- 

4d
5s

n l ml ms

4d1 4 2 -2 -1/2
4d2 4 2 -1 -1/2
4d3 4 2 0 -1/2
4d4 4 2 +1 -1/2
4d5 4 2 +2 -1/2
5s1 5 0 0 -1/2
5s2 5 0 0 +1/2

ml = 2l +1 s  = 1, 
p = 3,  d = 5,  f = 7 . 

, ml =  -l…0…+ l.
, s  – , 

 «0».
p  – 3 , 

ml – «-1», «0», «+1». d  – 5 ml –«-2», «-1»,
«0», «+1», «+2». f ml  «-3», «-2»,
«-1», «0», «+1», «+2», «+3».

,  4d1 ml  «-2»,  5s1 – «0».
 (ms) 

. 
 +1/2  –1/2. 
:  4d1-4d5  5s1  «-1/2»,  5s2 – 
 – «+1/2».

 5.
.

:  …4d55s2
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  0 +hv  Tc*

  4d        4d     5p
     5s         5s =7

,  5s  2 . 
, , 

.  5p
. 

 5s Tc*

Tc0 …4d55s2 + hv  Tc* …4d55s15p1.

. 
. Tc* 7.

. 
.

 6.
:  ( ).

:
. , 

5s  –  2 .  4d ,
 5 ,  –

»  5s- . 
. 
:

0 2e 2+

  4d        4d
     5s         5s

          0 …4d55s2 - 2e 2+ …4d55s0

- 3e 3+ …4d45s0

- 4e 4+ …4d35s0

- 5e 5+ …4d25s0
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- 6e 6+ …4d15s0

- 7e 7+ …4d05s0

,  7 : 0,
+2, +3, +4, +5, +6, +7.

 7. , 
 …4p64d55s2. 

: .
:

: …4p65s24d5.
d . d . 

s-,  d-,  f , . 
.

 8. , , 
 – 1s22s22p63s23p5. 

: . ?
:  – , 

, 
.

 – 3s23p5;
– 2p6 – . : …3s23p5. 

p , p . 
, 

p : p B-At, .
p B-At , 

.  – . 
B-At, .  – .

 9.
.  ...4s23d104p65s24d6.

:. : …5s24d6.  5 
,  – 5. 

: 2 + 6 = 8  – 8. 
d . s- p

, d- f  – .
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: ,  …5s24d6

 5 , 8 , 
. .  – Ru – .

3

3.1  ([2] . 118 – 160, [3] . 71 – 94)

 – , 
.

. .

3.2 ([2] . 131 – 138, [3] . 78 – 88)

 2 – 

,
,

H2 H  — H 435,0 0,074
F2 F  — F 159,0 0,142
O2 O  O 498,7 0,120
N2 N  N 945,6 0,109
Cl2 Cl  — Cl 242,3 0,198
S2 S  S 417,6 0,189
P2 P P 489,1 0,188

3.3 

 – 
 –  ([2] . 130 – 146,

[3] . 79 – 83)
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3.4 
([2] . 138 – 142)

, ,
, 

. , 
. , .

,

, .

, .
s1–s1 – 

 ( , 2) s1–p1

, l) p1– p1–  (
l2), .

s     s     s   p     p            p

             H    H H  Cl      Cl        Cl

, 
. BeCl2. 

 +2,  –1. 
 (Be 1s22s2) ,  –

. 
:

Be  +   h Be*

1s22s2 1s22s12p1   … 2q2
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   p`      Be

         sp`    q2

 s`
 s`  p`

1800

 q2

1800

 Cl                 Cl

sp , 
 180°. sp-

 II , .
 III sp2 .  –

,  – 120 .
AlCl3

- 

Cl … 3s23p5
3p

3s

. 
. , 

. , 
, .

 s1

 p2

 q3

Al0 + h   – Al*

1s22s22p63s23p1 … 3s13p2      …3q3 .
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sp2  120 .

 s`  p`
1200

 q3

 y

 x 1200

Cl Cl

Cl

 Al

4

 – sp3 .

C + h C*
1s22s22p2 1s22s12p3      …2q4

4 sp3

109 28 .

 s1

 p3

 q4

 s`p3

109028`

 q4

 y

 x
 z` 109028`

 H  H

 H

 H C

.  NH3

 3 . 
.

N + h   –
1s22s22p3 sp3 – 

 2s- .

, , 
,  2s- , 
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 107 18 . 
.  V .

s .
,  –

.

 H

N

 H

 H

 H

 H

 H

2

 2  /1s22s22p4/ 
s

O … 2s22p4

2p – sp3

                           2s

s- , 
 104 30 . 

 VIA .

 H
 p

 H

 p

9 0 0 1 04 03 0’ H  H

3.5  
([2] . 598 - 622, [3] . 36 – 40)

VIII .
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, , 
, -

,  ( ).
 - n+

, 
d . 

. , B, Si, P, As, 
 ( ) K[BH4],  H2[SiF6],

K[PF6]  ([2] . 601, [3] . 37).

.), , , 
. , . – .

n+ L
:

n+ + x(:L)   [Me(:L)x]  ;          n+ + x(:Lm–)   [Me(:L)x]n –xm

.  ([2] . 599, [3] . 36).
.  2   [Ag(NH3)2]+, [Cu( l)2]–

sp , 
:

3N   Ag+   NH3

n+

K2[Zn(OH)4][Ag(NH3)2]Cl
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. 4 
: , .

 (
sp3),  – 

 ( dsp2).
. 

. 
Fe(CO)5,  [MnCl5]3–.

 6 
: 

, . 
d2sp3 sp3d2

 ([2] . 607 – 609).

 3 – 

.

2 sp [Ag(CN)2]–, [Ag(N 3)2]+

3 sp2 NO3
–

4 sp3, d3s NH4
+, BF4

–, CrO4
2–

4 dsp2 [Ni(CN)4]2–, [Cu(NH3)4]2+,
[Pt(NH3)4]2+

6 d2sp3,   sp3d2 [Co(NH3)6]3+, [Fe(CN)6]3–,
[Cd(NH3)6]3+

5 dsp3 ; Fe(CO)5, [CuCl5]3–, [MnCl5]3–

: 
 ( ), 

 ( ) . 
, , 

.
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 4 – 

[Cu(NH3)4]SO4

 ( )
K3[Fe(CN)6]

)

Fe(CO)5

[Fe(H2O)6]Cl3

)
Na3[Al(OH)6] Pt(NH3)2Br2

[Cr(OH)2H2O(NH3)3]Br
-

(III)

Cs2[Pt(CN)4F2]
-

V)

Cr(NH3)3(NCS)3

-( -
N) 

, , .
, 

.
,  (

)n) 
Pt(N 3)2 l2, 

. 
 ([2] . 616 – 619, [3] . 40).

,
, 

, , :

 =  1 /   =  1 / 

3.6 

 1.  …3p64s23d5

 4 
.

.
, . ,

Mn – 4.  – 3d
 10 . Mn  3d  5
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, . 
Mn - …3d54s2  …4s23d5

-2 -1 0 +1 +2
- 

3d Mn
4s

n l ml ms
3d1 3 2 -2 -1/2
3d2 3 2 -1 -1/2
3d3 3 2 0 -1/2
3d4 3 2 +1 -1/2
3d5 3 2 +2 -1/2
4s1 4 0 0 -1/2
4s2 4 0 0 +1/2

: n – , l –
, ml –  ms – .  (n)

.  3d1 – 3d5

 3,  4s1, 4s2  –
.

 (l) 
: s, p, d, f, 

–  0,  1,  2,  3. l d  – 2, s-
 – 0.

ml = 2l +  1 s  – 1, 
p –  3,  d – 5, f – 7 . 

, ml =  -l…0…+ l.
, s  – , 

 «0».
p  – 3 , 

ml – «-1», «0», «+1». d  – 5 ml –«-2», «-1»,

«0», «+1», «+2». f ml  «-3», «-2»,
«-1», «0», «+1», «+2», «+3».



56

,  3d1  ml  «-2»,  4s1 – «0».
 (ms) 

. 
 +1/2  –1/2. 
:  3d1-3d5  4s1  “-1/2”,  4s2 – 
 – «+1/2».

 2. Mn.
. Mn :

1s22s22p63s23p64s23d5,

  1, 2, 3, 4, 3 – ; s, p, d – .

 3.
.

.
. 

,  (n)  (l) 

1s2 2s2 2p6 3s2 3p6 4s2 3d5

n 1 2 2 3 3 4 3
l 0 0 1 0 1 0 2
n+l 1 2 3 3 4 4 5

s-, p-, d-, f  0, 1, 2, 3.
: 

(n+l) 
n. n+l

2p6  3s2  3p6  4s2  2p  3p,  3s
4s.

 4. .
.

, , – .
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Mn  …  4s23d5  – 

 5.
.

. Mn  …3d54s2

  Mn0 +h Mn*

3d   3d   4p
4s 4s =7

, 4s  2 . 
, , 

. 4p
. 

4s
Mn*

Mn0 …3d54s2 +  h  Mn* …3d54s14p1.

. 
. Mn*  7.

. 
.

 6.
.

.
. Mn , 

4s  –  2 .  3d ,
 5 ,  –

»  4s  - . Mn
. , 
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  Mn0 -2e- Mn2+

3d   3d
4s 4s

Mn0 …3d54s2 -2e -  Mn2+ …3d54s0

-3e -  Mn3+ …3d44s0

-4e -  Mn4+ …3d34s0

-5e -  Mn5+ …3d24s0

-6e -  Mn6+ …3d14s0

-7e -  Mn7+ …3d04s0

, Mn  7 : Mn0,
Mn+2, Mn+3, Mn+4, Mn+5, Mn+6, Mn+7.

 7. , 
 …3p63d54s2. 

: .
.

: …3p64s23d5.
d . d . 

s-,d, f , . 
.

 8. , , 
 – 1s22s22p63s23p3. 

: .
.  – , 

, 
.

 – 3s23p3;
– 2p6 – . : …3s23p3. 

p . p .
, 

p : p B-At, .
p B-At , 



59

.  – . 
B-At, .

 9. 
.  ...4s23d104p65s24d6.

. : …5s24d6.   5 
,  – 5. 

: 2 + 6 = 8  – 8. 
d . s- p

, d- f  – .
: ,  …5s24d6

 5 , 8 , .
.  - Ru - .

 10. , 
, , 

.
.  …5s24d2.

:

4d
5s

, d . ,
.

Zr0 …4d25s2 – 2e-  Zr+2…4d25s0

    … 4d25s2 – 3e-  Zr+3…4d15s0

  … 4d25s2 – 4e-  Zr+4…4d05s0

d :

+1, +2, +3 +4 +5, +6, +7

:

ZrO,      Zr(OH)2

Zr2O3,   Zr(OH)3

ZrO2,    Zr(OH)4=H2ZrO3 - 
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, 

 1. AlCl3,
H2S, AsH3.

:

. .

AlCl3                   1 =  1.6               1 = 3.0          =  1,4
H2S                       =  2.1               S  = 2.6            =  0,5
AsH3   =  2.1               As =  2              =  0,1

 AlCl3 = 1,4,
.

 2. AlCl3,  H2S, AsH3

l3, l4.
: , , 

 ( : 2,  ,  2,  2 ,  3 ,
2, 3, 4;  – ,  – 

). 2,  ,  2, 
. 

, :

:
AlCl3, l, ;
H2S  S, ;

             AsH3 s, ;
             l3 , ;
             l4 , V.

, 
.  – ,

: 13 l …3s23p1, 16S …3s23p4, 15As …4s24p3, 4Be …2s2, 5B …2s22p1, 6C …2s22p2.
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. , 
, , – 

.

AlCl3. l
) ,  – .

l : 3s2  + hv 3s13p2.
 s- ,

s- , 
sp2 l.

 120 .

H2S. S
, H2S. 

,  90 .

AsH3. As , 
. 

As, 
.

l3.
) ,  – .

: 2s2 +hv 2s1 2p2.
s- ,

s- , 
sp2 , 

 120 .

l4.
) ,  – V.

: 2s2  + hv 2s12p3.
s- ,

s- , 
sp3 . 

,  109028 .
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 1. Cu2+, Sr2+, CN –

. 
.

.  –
. Cu2+  Sr2+, 

 – . 
d , Cu2+ d , 

. ., , 
,  4. Sr2+,  s

,  – 
 –  CN–. , Sr[Cu(CN)4]

:

Sr(CN)2 + Cu(CN)2 = Sr[Cu(CN)4]  ( )
2Sr(CN)2 + CuSO4 = Sr[Cu(CN)4] + SrSO4

 2. : [Ni(NH3)4]Cl2,  [Pt(NH3)4Cl2]SO4,
[Co(NH3)5Cl]Cl2, [Cr(H2O)6]Br3, [Cu(NH3)4](OH)2, Ca[BeF4].

:
[Ni(NH3)4]Cl2 – ) ;
[Pt(NH3)4Cl2]SO4 – V) ;
[Co(NH3)5Cl]Cl2 – ) ;
[Cr(H2O)6]Br3 – ) ;
[Cu(NH3)4](OH)2 – ) ;
Ca[BeF4] – ).

 3.
Sr[Cu(CN)4].

:

Sr[Cu(CN)4]  Sr2+ + [Cu(CN)4]2–

[Cu(CN)4]2–  Cu 2+ + 4CN–

 3.
[Cu(CN)4]2–.
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:  – , 

.

([Cu(CN)4]2–) = 2
4

2

CuCN)
CNCu  = 5·10–28.

 4. 
Sr[Cu(CN)4] .

. :

Sr[Cu(CN)4] + Na2SO4 = Na2[Cu(CN)4] + SrSO4

, 

,  [Cu(CN)4]2–

4  

 « », « », « »; 
, .

, 
. 

, 
. 

, 
; 

;
.

4.1 

4.1.1 ([2] . 169 – 208, [3] . 95 – 121)

:
.  .
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4.1.2  ([2] . 170 – 173, [3] . 98 – 101)

 2 :
.

4.1.3 

, 
 (U). ([2] . 199 - 201, [3] . 97 – 98)

4.1.4 ([2] . 172, [3] . 101)

           298   =  – 298 

. =  ( .)  –   ( .)

 ( ).

([2] . 202, [3] . 102). S =
T
Q .

 ([2] . 203 , [3] . 103).

G = S;                 G = f( , )

4.1.5  

 1.

2NO2 ( ) + 2NaOH( )  = NaNO3 ) + NaNO2 ( ) + H2O ( )

.
: , 

:

2NO2 ( ) + 2NaOH( )  = NaNO3 ) + NaNO2 ( ) + H2O ( )
,
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2NO2  + 2Na+ + 2OH–  = Na++ NO3
–+ Na++ NO2

–  + H2O

                               2NO2  + 2OH–  = NO3
–+ NO2

–  + H2O
                                33,5    -299,94   -206,6   -106,3   -285,8

0
298

.
:

. =  n 0
298  ( .)  –   n 0

298 ( .)

:

. = [ 0
298(NO3

–) + 0
298(NO2

–) + 0
298(H2O)] – [ 0

298(NO2) +

+ 2 0
298(OH –)] = [-206,6 + (-106,3) + (-285,8)] – [2 · 33,5 + 2(-229,94)] =

= 498,7 – (-392,88) = -498,7 + 392,88 = -105,82 

: . 0 (-105,82 ), , 
.

 2.
:

) + 2 ) = 2 ) + 2 )
-137,27   -237,19    -394,38     0

: , G , G°298 – 
 ( ), :

G . = G°298 . ( .)  –  G°298 . . ( .)

G  = -394,38  – (-137,27 – 237,19) = -19,28 

: , G 0.
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 3. : NH4Cl( ) = NH3 ) + HCl( ).

. NH4Cl?
: G :

G = S.
:

. = °298  ( .)    n °298  ( .)

S . =  n S°298 . ( .)    n S°298 . ( .)

:

. = ( °298 (NH3) + °298 ( l)) – °298 (NH4Cl) =

= (-46,19 – 32,30) – (-313,39) = 176,9 ,

°298

 S . = (  S°298 (NH3) +  S°298 ( l))   S°298  (NH4Cl) =

= (192,5 + 186,7) – 94,56 = 284,6 /( ) = 0,2846 /( )

G . =176,9 – 0,2846 · 298 = 176,9 – 84,8 = 92,1 

G > 0, ,
. , 

G = 0,  = S:

 =
S
H  =

2846,0
9,176 = 621,5 

:  621,6 
                         (621,5 – 273 = 348,8 )

 4. S  90 ,
2 ) – 2 ), .

: S :
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S . = nS°298 . ( .)  – nS°298 . ( .)

S . = S°298 2 ) – S°298 2 ) = 70,1 – 39,3 = 30,8 /( ).

:

 =
18

90
M
m = 5  .

 90 :

S  = 30,8 /( ) · 5  = 154 .

: S  = 154  = 0,154 .

 5. :

4 ) + 2 2 ) = 2 ) + 2 2 )       . = -890,2 

, 
2 2 ).

: , 
:

) + 2 2 ) = 4 )           = ?

:

1) 4 ) + 2 2 ) = 2 ) + 2 2 )       . = -890,2 
2) ) + 2 ( ) = 2 )                   . = -393,5 
3) 2 ) +1/2 2 = 2 ) . = -285,8 

:  (3) 2,  (2)  (3) 
 (1):

4 ) + 2 2 ) – ) – 2 2 ) – 2 2 ) =

= 2 ) + 2 2 ) – 2 ) – 2 2 )
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= -890,2 + 393,5 + 571,6 = 74,9 

) + 2 2 ) = 4 )           = 74,9  

, .  = - .; 4) = -74,9 
:

 = 2) + 2 2 ) – 4) – 2 2)

4) =  –  2) – 2 2 )=

= -890,0 + 393,5 + 2·285,6= -74,9 

:  ( 4) = -74,9  .

4.2  .

 – , 
. ([2] . 174 – 198 , [3] . 110 – 121)

4.2.1   ([2] . 176, [3] . 111)

 [2] . 179, [3]  113.

4.2.2  ([2] . 188 – 109, [3] . 117 – 119)

4.2.3  . 
([2] . 190 – 199, [3] . 119 – 121)

4.2.4  

 1.  2  ( ) + 2 )  2 2( )

[ ] = 0,4 3,  [ 2] = 0,2 3,  [ 2] = 1,2 3. 
  .

: :
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2 ) + 2 )   2 2( )

:

 =
2

2

ONO
NO

2

2

 =
2,016,0

44,1
2,04,0

2,1
2

2

 = 45.

 2  1 2  2 
2.  1,2 2  1,2  0,6 2

 ( ) = [ ] + 1,2 = 0,4 + 1,2 = 1,6 3

 ( 2) = [ 2] + 0,6 = 0,2 + 0,6 = 0,8 3

 2.
,  2 :

2 )+ ) = 2 )

: , 
:

 = K [CO2] const = K [CO2]                    = K [CO]2

 2  (  ( ) 
 ( )), :

 = K [1/2 CO2] = 1/2 K [CO2]            = K [1/2 CO]2 = 1/4 K [CO]2

 = 1/2K [CO2] / K [CO2] = 1/2,

,  2 .
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 = 1/4K[CO2]2 / K[CO2]2 = 1/4,

,  4 .

 3.
 90  60 ° ,  = 3.

:  :

2 = 1 ,10
TT 12

2, 1 – 1 2,
      – .

2 = 1 ,3 10
9060

           2 = 1 ,3 10
30

       2 = 1 · 3–3= 1/9 1

:  9 .

 4. : ,
, 3 ;   , , 3 .

2 ) + 2 ) = 2 2, )          > 0

:
,  – , 

– .

, , .
, 

: 3  2 . 
:  ( ),

 ( ).
 – 2, 

: [CO2 , [CO2 .
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5 

: 
, 

, 
. ; -

, ; 
, 

. 
, , ; 

, ;
, .

([2] . 217 – 270, [3] . 123 – 177)

5.1 ([2] . 219-220, [3] . 147-149)

5.2 ([2] . 228-237,
[3] . 149-156)

5.3 ([2] . 237-258, [3] . 158 - 171)

5.3.1 ([2] . 246- 255, [3] . 160-161)

5.3.2 . ([2] . 259,
[3] . 164-161)

5.3.3  ([2] . 264 - 270, [3] . 171 - 173)

5.3.3 ([2] . 256 - 258, [3] . 175 - 176)

5.3.4  

1.  32 l3  168  ( ) .
 1,15 3. .
:  –  ( ) 

 ( m). :
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V
m

;
mm

m
m
m -

;
m ;
m ;
m ;

, 3;
V .

200
32

16832
32

mm
m

= 0,16       16%

:

,
mM

1000m
;

m mm
-

m m ;
. 

.
( l3) = 27 + 3 · 35,5 = 133,5 .

427,1
1685,133

100032
m   .

 –  (CM),  (
 – , ) (C )  ( ) .

--

-
M

-

-
M VM

m
=;

V
=

 =
--

-
M

-

-
M VM

m
=;

V
=
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10001000
C;

C
;

V
m

, :

-m
V .

:

2005,133
1015,132 3

--

-
M mM

m
= = 1,38 3

2005,1333
1

1015,132 3

--

-
M mMf

m
=  = 4,14 3

38,1331
M f

=  = 4,14 3

1000
5,13338,1

1000
C = 0,184 3

. :  = 0,16; m =1,427  ;
                :  = 1,38 3; C = 4,14 3;  = 0,184 3.

 2. Na2CO3  250 3

0,25 ?
: Na2CO3, 

250 3  0,25 3:

(Na2CO3) = CM·V = 0,25 3 · 0,25 3  = 0,0625 

Na2CO3, :

m(Na2CO3) = · = 0,0625  · 106  = 6,625 ;
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(Na2CO3) =106 .

.  250 3 0,25 
 ( )  6,625 .

 3.  14 3  500 
.). .

. ,
:

(H2S) =
m

2

V
S)V(H =

4,22
014,0 = 0,000625 .

:

m(H2S) = (H2S)·M(H2S) = 0,000625 · 34 = 0,02125 ,

M(H2S) = 34 
:

m = m(H2 ) + m(H2S) = 500 + 0,02125  500,02 

:

 = 410424,0
02,500

02125,0
m
m -  0,424 · 10–2% = 4,24·10–3%

. H2S  0,424 · 10–4.

 4.
 20  %   1,1  3 ,  250 

l 2%.
:

 « ». 
 (20),  – 

(0 2 ),  – :
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l  20 2  20%- l
2

2 0 18 2

2, 18
 (20 – 2 = 18; 2 – 0 = 2) 

: 2 : 18= 1 : 9.
 250  2% :

m( l) = 250 ·
91

1  = 25 ; V(HCl) = m  =
1,1

25  = 22,7 3;

m(H2 ) = 250 ·
91

9 = 225 ; V(H2 )  =
0,1

225  = 225 3.

.  250  2% HCl  22,7 3

HCl  225 3  ( 2 ).

 5. 300 3%- KMnO4, 
8% 2%- .

:
 « »,

                                          +

                                           =
6  300 ,  1  = 50 .

,  300  3%- KMnO4

 50  8%- KMnO4 (1 )  250  2%-
KMnO4 (5 ), 

m1 = 300
51

1 = 50  8%-

    m2 = 300
51

5 = 250  2%-

KMnO4

8

2
3

1  8%-

5  2%-
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 6. 100 0,5 l, 
0,8 0,3 .
:

» 

.

                                 +

                                                  =

                                         0,5

,  0,8 HCl  0,3 HCl
 2 : 3 (  40  0,8  60  0,3 ),

 100  0,5 HCl.

V1 = 100  0,2/(0,2+0,3)= 40  0,8 l
V2 = 100  0,3/0,5 = 60  0,3 HCl

 7.  200 3 0,1  
CuSO4 5H2O.
. :

m(CuSO4) = (CuSO4) CM V =  159,5 0,1 0,2 = 3,19 .

CuSO4 5H2O, 
:

1  CuSO4 5H2O  1 CuSO4

 249,5  CuSO4 5H2O        -      159,5  CuSO4

        m  CuSO4 5H2O        -          3,19  CuSO4

m (CuSO4 5H2O) = (249,5  3,19)/159,5 = 4,98 .
.  200 3 0,1  

 4,98 CuSO4 5H2O.

     HCl
0,8

0,3
0,5

0,2   0,8 

 0,3   0,3 
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 1.  0,1 ZnSO4  0  1,59·105 .
.

. :

=   RT

:

 =
TR

 = 4,1
273314,81,02

1
1059,1 2

:  1,4.

 2.  24,8 l  100 
100  9,14·104 . , 

 1,0133·105 .
: :

B
0

0 N
p

pp ;
BA

Bi
p
p

0

l :

B =
M
m

l) =
5,74
8,24  = 0,33 ,

( l) = 39 + 35,5 = 74,5 

2 ) =
18

100  = 5,55 ,

( 2 ) = 2 + 16 = 18 
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:

B0

BA0

p
ppi = 75,1

33,0100133,1
55,533,010914,0100133,1

5

55

.

 1,75.

 3. ,  8 NaOH  1000 , 
100,184 .  ( 2  = 0,516)

. :

 = m ;  = m ;

     m – ;

,
mM

1000m
mm

-

 =
-

-

mM
mEi 310

;

:

78,1
108516,0
100040184,0

33
-

-

10m
mMT

i .

 1,78.

 4.  8%- NaN 3  2268,8 
 20 .  – 2337,8 . 

NaN 3 .
. NaN 3:

B0

BA0

p
ppi

(NaN 3) = 85
8 = 0,094  ;           (NaN 3) = 85 

( 2 ) = 18
8100 = 5,105 ,    2 ) = 18 
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094,07,2337
094,01054,58,22687,2337i = 1,63.

NaN 3 :

1n
1 ,

n – , NaN 3 .

12
163,1 = 0,63  63%

:  = 1,63,  = 63%

 5. ,  0,25 3

2,5 3
2  -0,35 . 

 (  1,86°).
: 3) = 63 

3:

88,1
100025,06386,1

25006335,0
3

-

-

10m
mMT

i

3 :

12
188,1  = 0,88    88%

:  = 1,88,  = 88%.

 6. K2SO4, 
0,02  1000 2 .

: :

I = 1/2   (C1Z1
2 + C2Z2

2 + … + CiZi
2)
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(K2SO4) = 1/2[ +(ZK
+ )2+CSO4

2–(ZSO4
2–)2]=1/2[0,02·2·12+0,02·1· 2 2]= 0,06

:  0,06.

 7. l2 , 
0,925 l2  500 .

: :

017,0
5,0111

925,0
mM

1000m
mm

- .

( 12) = 111 ,   500  = 0,5 
:

 = 1/2 (0,017 · 22 + 0,017· 2 1 2) =
2

034,0068,0  = 0,051

:

2Ca
f   = 0,50;

Cl
f   = 0,84.

:

2Ca
a  = 2aC

f · 2Ca
C   = 0,50 · 0,017 = 0,0097

Cl
a  =

Cl
f ·

Cl
C   = 0,84 · 0,034 = 0,0289

:

2CaCla  = 2Ca
a ·(

Cl
a )2 =  0,0097 · (0,0289)2 = 8·10–6.

: l2  8·10–6.
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 8. AgNO3

,  0,01 AgNO3  1000 .

. AgNO3:

 = 1/2(0,01·12 + 0,01·12) =
2

01,001,0  = 0,01

AgNO3:

lg f = -0,5117 Z1Z2 I

lg f = -0,5117 ·1•1 01,0  =  -0,05117 ; f ± = 0,89

 1.  0,01 , 
10–3 3  6,82·1018  (

).
. :

  + + –

10-3 3 0,01  6,02·1018

(1  – 6,02·1023). n . 
 2  ( +, –), n

2n . 
(6,02·1018 – n ).  6,82·1018 ( ) , :

6,82·1018 = (6,02·1018 – n ) + 2n = 6,02·1018 + n

n = 6,82·1018 – 6,02·1018 = 0,8·1018

:

 = 18

18

1002,6
108,0

N
n  = 0,133 = 13,3%
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 2.
 0,1 ,  =1,1·10–7.

. H2S , 
:

 =
1,0

101,1 7

M
 = 1,05·10–3

: H2S  1  0,105 %.

 3. –  0,01 4 ,
. = 1,77·10–5 .

.
, 

, , :

 =  n.

–
4

4 :

 =
01,0
1077,1 5

M
 = 0,42·10–1 = 0,042

– :

( –) = 0,01·0,042·1 = 0,42·10–3 3.

 4. F2  18  1,7·10–6.
2+ F – F2.

. :

F2
2+ + 2F–

F–  2 2+, 
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(F –) = ( 2+)

F2) = ( 2+)· (F–) .
F– 2+, :

F2) = ( 2+) ·(2 ( 2+))2 = 4 3( 2+)  = 1,7·10–6

2+ :

( 2+) = 3
6

4
107,1  = 0,75·10–2 3

(F–) . = 0,75·10–2·2 = 1,5·10–2 3

           : :
( 2+) = 0,75·10–2 3 (F–) = 1,5·10–2 3.

 5. Mg(OH)2  1,7·10–4 3  18 .
Mg(OH)2 .

Mg(OH)2

 1 Mg2+ –.  
Mg(OH)2:

(Mg2+) = 1,7·10–4 3;

( –)  = 1,7·10-4 · 2 = 3,4·10–4 3;

(Mg(OH)2) = (Mg2+) ( –) = 1,7·10–4  · (3,4·10–4)2 = 1,96·10–11.

: Mg(OH)2=1,96·10–11.

 6. (PbI2)  20  8·10–9. 
3) .

.  S ( 3), :

(PbI2) = (Pb2+)·( (I–))2 = S·(2S)2 = 4S3, 
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S = 3
4

2PbI = 3
9

4
108  = 1,3·10–4 3.

: PbI2 = 1,3·10–4 3.

6  

. 
; 

; 
; ; 

 ( , ) .
. 

, , 
. ,

. 
.

, 
, . 

, , 
, . 

 1-2 , 
, . 

.

, 
. ,  III 

, 
. 

.
,  Fr

Cs. ,  IV-VII 
) , 

.
. , 

. 
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, 
 1-2 . 

. , , 
, 

, .

, , 
 (II) CO
2S,  (IV) SO2,

H2SO3

,
r, l.

 ( ) SnCl2, 
(II) FeSO4,  (II) MnSO4,

Cr2(SO4)3.

4,
2 4,

 (IV) 2,
2 r2O7,

Cr 4,
HNO3,

2, O3,
H2O2,

, 

. 
. 

, 
, , 

.
; ,

, , 
. , 

, : + ;
2 .

, 
, 

:

SO3
2  + H2O SO4

2  + 2H+,
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a , :

3
2  + 2  S 4

2  + H2O.

. , 
:

SO3
2  + H2O  SO2 + 2 .

), , 
.

, , , 
. 

, 
.
, 

. , 
 (IV) :

6 12 6 + O2 2 + 2

 0, 
, . 

, , 
:

6 12 6 2

6 12O6 + 6 2 6 2 + 24 + ,
6 12O6 + 6 2  – 24e 2 + 24 +

2 , :

2 + 2 2O   4 , , 
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O2 + 2 2O + 4e  4OH
:

6 12O6 + 6 2  – 24e  6 2 + 24 + 1
O2 + 2 2O + 4e  4OH 6

:

6 12O6 + 6 2  6 2 + 6 2

.
: , 

.
, 

. 
, 

:

u + Pd(NO3)2 = Cu(NO3)2 + Pd
2H2S + H2 3 = 3S + 3H2

, 
. 

. :

2NaNO3 2NaNO2 + O2

2 3 2KCl + 3O2

, 
:

NH4NO2  N2 + 2H2O
NH4NO3  N2O + 2H2O

 (
) 
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. , 
, , ,

. :

3HNO2 = HNO3 + 2NO + H2O
Cl2 + H2O = HClO + HCl

7  . 

7.1

: [1] . 271-308;
[2] . 178-220; [12] . 255-291.

 – , 
 (  –

, 
). 

, , , 
. 

, 
. . 

, 
, , 

, , . 
.

.
, 

 ( ) 
, 

:  ( ).
, 

, 
II , , 

. , 
, .
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 ( ), 
, 

.  « » .
. 

, 

:

+
2 ) + e  =  + 2

, 
 ( ).

, , , 
.

. ,  (Mg,  Zn,  Cr) 
, 

.
 (Cu, Ag, Hg) 

, , 
, .
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.
, 

, 
. 

, , . 
.

, 
 ( ), 

1 3  101,325 
298  ( ).

, 
. 

 ( ). 
:

2 + + 2e  = 2H(Pt) = H2

, , 
. 

:

+  + 2   = 3
+ + e

° (2 +/ 2) = 0

,
. 

, 
 1 3 , 

, 
.  (

) – 
 ( °).

, 
 1 3

,  ( KNO3), 
:
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° = °(2 +/ 2) – °(Zn2+/Zno)= - °(Zn2+/Zno)

, ,
, 

.

 (
) 

), . 
 ( ) 

°.

.
, 

, 
.

:
) ,  -0,413 , 

, 
-0,413  =7 .

,  ,  
, ,

. , 

, 
, .

) , , 
, :

Zn + CuS 4 = ZnS 4 + Cu

, 
.  ,   (II)  

:
2 l + 3 l2 = 2 l3 + 3 u
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CuS 4; , 
l

 S 4
2 .

) , 
, , 

 ( l, H2 4) ,
:

Zn + H2 4 ) = ZnS 4 + 2

, , 
.

 (Pt, Pd, Au), 

, .  ( , 
) 

, .
, , 

:

Red

Oxln
xF
RT0

Me/Me 0x

Clg
x
059.00

Me/Me 0x ,

0 ;
R = 8,314  ( );
T  (T0 = 298 );
F = 96494  ( );
[Ox], [Red] ;

.
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7.2   

, 
, 

. 
, . 

, 
: , 

. , . 
 (

). 
), . 

. NaCl
 (  801 ° ).

, 
.

( ) Na+ + e  = Na
(+) 2 l  2e  = l2

2Na+ + 2 l  2Na + l2,

2NaCl 2Na + l2

, 
.

, , 
.

, 
, 

:

(–)    2 + + 2e  = 2  ( )

n+ + ne  = 0
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, 
, 

. , : Cu2+, Hg2+,
Ag+ ,  

.
 ( , , ),

.

 ( ),  ,  
, 

.
, , 

:
-  (HCl,  HBr,  ,  HCN,  HSCN,  H2S

):

(+)      2 l  2e l2
0

- 2,  ( 4
2 ; N 3 ; 4

3 .):

(+)     2 2  4e 2 + 4 +

, , 
. , 

, 
.

2 2  4e 2 + 4 +

 1,23  (
). 

, , ° 
 1,23 :

(+) 0  ne  = n+
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, ,
, , , . , 

 (II) , 
, :

CuSO4  Cu2+ + SO4
2

(–) Cu2+ + 2e u0

(+) A Cu0  2e u2+

, :

 = Q  I  t     
F

QPMm   
F

tIPMm

: m , ;
) , ;

F , F = 96485  = 26,8 ;
, ;

t , .

, ,
, . 

,  1 , 
 (M (P)/F). 

, .

7.3   

 – , 
.
,

, 
.
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, .  
 U- , 

(KNO3, l). Zn u , 
, , 

n+.

: Zn0  2e  = Zn2+ ,  (–)
: Cu2+ + 2e  = u0 ,  (+)

Zn + CuSO4 = ZnS 4 + Cu

, 

). 
,  ,  

, .
,  (Zn) , 

. 
:

(–) Zn ZnSO4 CuSO4 u  (+)

(–)  Zn0 Zn2+ Cu2+ u  (+)

, , , 
, , 

,  
.

,
, , 

, , :

l0  3e  = l3+; Fe0  2e  = Fe2+; 2
0  2e  = 2 +

,
, , ,

, :
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S0 + 2e   = S2 ; l2
0 + 2e  = 2 l  ; Fe3+ + e  = Fe2+

, 
.

, ,
, 

. , 
.

.
:

  = °( ) °( ),

, :
0(Zn2+/Zn0) = -0,76 ; 0 u2+ u0) = +0,34 , :

. = 0 u2+ u0) (Zn2+/Zn0)  = +0,34  (-0,76) = 1,1 .

, 
, 

, , 
.

:

G0 = - n F .) ,

 n – , .

.
:

G0  = -2 · 96494 · 1,1 = -212286,8  = -212,3 

, 
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, - 
, .

7.4   6-7

 1.
, 
:

NH3;  N2;  N2O;  NO;  N2O3;  NO2;  N2O5;  HNO2;  HNO3.

. ,
, . 

, , 
, . 

, :
.( )  =  -2;  .( ) = +1. : 
.(N)  =  +5  N2O5 HNO3 ( .); 
.(N) = -3 NH3 ;  – :

                 -3   +               0            +    -2            +2  -2         +3    -2            +4   -2            +5     -2          +   +3  -2              +  +5   -2

NH3;    N2;   N2O ;    NO;    N2O3;    NO2;    N2O5;    HNO2;     HNO3.

 (+5) N2O5; HNO3

. NH3

,  – , 
.

 2. , 
, , 

. -
:

KMnO4 + HCl  MnCl2 + Cl2 + KCl + H2O

.
, :

K+ + MnO4  + H+ + Cl  Mn2++ 2Cl  + K+ + 2Cl + Cl20 + H2O
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:

MnO4  +16H++ 5e Mn2+ + 8H2O   ( ) |2|  
            2Cl    - 2e     Cl20                             ( )    |5|  

H+ H2O , 
 (e ) – . 

:

2MnO4  +16H++ 10Cl  2Mn2++ 5Cl2
0 + 8H2O

:

2KMnO4 + 16HCl = 2MnCl2 + 5Cl2 + 2KCl + 8H2O

3.
, 

, , .

. 
.

KI + NaNO2 + H2SO4  I2 + NO + K2SO4 + Na2SO4 + H2O

.

1) :

K ++I +Na++NO2  +2H ++SO4
2 I2+ NO + 2K++ SO4

2  + 2Na++ SO4
2  +H2O

I2 – , NO – , ,
H2O – . 

.
2) : 

, .

I + NO2  + 2H +  I2 + NO + H2O
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3) . 
+ . 

 – . 
. 

 – +.
4) :

I                      I2

 NO2  NO

5) :

2I                      I2

 NO2  NO

6) 
 ( ) 

OHNOeHNO

IeI

22

2

12

22

I2, ,
 2I ,  2 , I .

NO2
+

NO 2 , , NO2 .
7)  – 2 (2

), , 
:

2
1

e12

e22

OHNOHNO

II

22

2

8) 

2I + 2NO2  + 4H +  I2 + 2NO + 2H2O
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9) 

2KI + 2NaNO2 + 2H2SO4  I2 + 2NO + K2SO4 + Na2SO4 + 2H2O

2K   2K; 2I      I2; 2Na   2Na;
2N   2N; 12    12 ; 4    4 ; 2S   2S.

10) 
:

M = f M

f  – , f  =
n
1 ;

n – , 
.

M (KI)= 83166
2
1

M (NaNO3)= 69691

: , 
I  – ; 

NO2 ; I ; NO2

. M (KI)= 83 , M (NaNO3) = 69 .

 4.
, .

2 + Cl2 + H2O = HIO3 + HCl
:

1) 2 + Cl2 + H2O = H ++ IO3  + H + + Cl

2) 

3) 
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4) 2                   IO3

                                  Cl2                 Cl

5) 2                  2IO3

                                  Cl2                2Cl

6)
CleCl

eI

2

-
32

22

1221062

7)
5
1

22

1221062

CleCl

eI

2

-
32

8) 2 + 5Cl2 + 6H2O = 2IO3  + 12H+ + 10Cl

9) 2 +5Cl2 + 6H2O = 2HIO3 + 10HCl

I2      2I; 5Cl2   10Cl; 12H   12H; 6    6 .

10) M (I2) = f M = 4,25254
10
1

                      M (Cl2)= f M = 5,3571
2
1

: , 
, ; Cl2

0, 2
0

.

M (I2) = 25,4 , M (Cl2)= 35,5 .

 5. 
, 

Mn(OH)2 + Br2 + NaOH  Mn(OH)4 + NaBr

:

Mn(OH)2 + Br2 + Na ++OH  Mn(OH)4 + Na++Br
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Mn(OH)2, Mn(OH)4 – , Br2 – .

Mn(OH)2 + Br2 + OH  Mn(OH)4 + Br
                                                         

Mn(OH)2             Mn(OH)4

  Br2             2Br

BreBr
Mn(OH)eOHMn(OH)

22
22

1
1

2

42

Mn(OH)2 + Br2 + 2OH  Mn(OH)4 + 2Br

Mn(OH)2 + Br2 + 2NaOH = Mn(OH)4 + 2NaBr

M (Mn( )2) = f M = 5,4489
2
1

M (Br2)= f M = 80160
2
1

: ; 
, ; Br2, Mn(OH)2.

M (Mn( )2) = 44,5 , M (Br2)= 80

 6. , 
. 

.
NaI CuSO4. 
.

.

NaI Na+ + I

CuSO4 Cu2+ + SO4
2-

2
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, 
, , 

                                 +                                      
SO4

2-              Na+

B540
22

,
I/I

I                   Cu2+ B34,02Cu/Cu

231
4222

,
/ 2                2 410

2222
,

/

, , 
 ( ), , 

 ( ).

 (
)  ( , 

).

1
12

02
2

Cue2Cu)K

Ie2I)

:
2I  + Cu2+ I2 + Cu0

 = . –
 = 0,54 – (+0,34) = 0,20 .

2
1

e2)K

e4)

22

22

:

2 2  +4 2 2 + 2 2 + 4 + + 4 –

4 2

2 2 2 + 2 2
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 = . –  = 1,23 – (-0,41) = 1,64 .

: :
) , , 

: 1) 2I I2 ; 2) 2 2 2 + 4 +; 3) SO4
2–

.
) , , 

: 1) Cu2+  Cu0; 2) 2 2 2 + 2 –;
3) + .

 7. , 
.

, 

           ) ;     ) .

.
Zn(NO3)2  Zn 2+ + 2NO3

2

                                            +  ( , Zn)               
NO3     Zn2+ B76,02Zn/Zn

0231
42 22

,
/ 2      2

0
22

410
22

,
/

 (NO3 ) , 
) 

   +)   2 2  – 4e 2 + 4 +     |1

Zn2+, 

) Zn2+ + 2e Zn0                  |  2

:     2 2  + 2Zn2+
2 + 4 + + 2Zn0.
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: 2 2  + 2Zn(NO3)2 = 2 + 4 NO3 + 2Zn

) Zn, 
. 

 +) Zn0 - 2e Zn2+

) Zn2+ + 2e Zn0

Zn0 + Zn2+  Zn2+ + Zn0

: )  ( ) 
. Zn2+.

) 
) 

. 0
Zn

, .

 8. 
.

 2,5 
I = 6 .
.

AgNO3 Ag+ + NO3

2

    +) NO3 , 2

01,23
/ 4222

, 
NO3 .

 +)   2 2  – 4 2 2 + 4 +

.



107

:
) 

133
826

52665
2 ,

,
,,

F
tIVV

65422
4
1

2 ,,Vf)V ;

, F = 26,8 .

) 484
826

5268 ,
,

,
F

tIMm

832
4
1

2 f)

                 ) Ag+, 2

0,80
Ag/Ag 0

0
2222

0,41

Ag+.
) Ag+ + 1  Ag0

,  2,5 
I = 6 .

560
96500

90006108 ,
F

tIMm .

t = 2,5·60·60 = 9000 ; F = 96500  ( ).
(Ag) = f ·  = 1 · 108 .

:  3,13 ,  60,5 .

 9. 
.

:
, 

, 
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. 
, .

, : 
, . ,

.
 ( ).

, 
. 

. 
2S .

, 
.

( ) + + e  =
(+) S2  2e  = So

2K+ + S2  2K0 + S0,

K2S 2K0 + S0

, 
.

 10. ,
 (  100%),

 2 ,  – 2 .
: , 

, :

CuSO4    Cu2+ + SO4
2

(–) Cu2+ + 2e u0

(+) A 2 2  4e 2 + 4 +

SO4
2  + 2 + = 2SO4
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: 2; u;
2SO4. 

, :

 = Q I t     
F

QPMm   
F

tIPMm

: m , ;
) , ;

F , F = 96485  = 26,8 ;
, ;

t , .

, ,
, . 

,  1 , 
 (M (P)/F). 

, .

74,4
96500

72002
2
15,63

)(Cum ,

84,0
96500

72002
4
14,22

)(O2V ,

3,7
96500

72002
2
198

)SO42m .

 11.
: Cr|Cr(NO3)2, (Cr(NO3)2) = 0,05 3.

:

2Cr/Cr

0 = - 0,91 .
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Clg
n

,05900

 0,05 :

264,1)3,1(0295,091,005,0lg
2
059,091,0

 = 0,05 3

 = 0,05 3 = 5 10 2 3

lg 5 10 2 = lg 5 + lg 10 2 = 0,7 + (-2) = -1,3

:  0,05 

2Cr/Cr
= 0,288 .

 12.
; , 

   (  ( )) , .
, Cd Ni

:

Cd | CdSO4 || NiSO4 | Ni

:
1.

Cd Ni

 -) Cd | CdSO4 || NiSO4 | Ni   (  +)
2Cd/Cd

0 = -0,40 2Ni/Ni
0 = -0,25 

 –  (Cd) 
 –  (Ni). 

.
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2.
:

Cd – ,  – 
Cd2+;  – Ni2+

 – Ni0.

 -) Cd | CdSO4 || NiSO4 | Ni   (  +)

 – ) Cd – 2e  Cd 2+       1      - 
 + ) Ni 2+ + 2e  Ni 0       1      - 

Cd + Ni 2+  Cd 2+ + Ni 0 – 
Cd + NiSO4  CdSO4 + Ni 0 – 

 ( )

 ( ) =  -

 = -0,25 – (-0,40) = 0,15 .

:

G = -n ·  · F

G = -2 · 0,15 · 96484 = -28945,2  = -28,95 

 ( G 0).

 = - G = 28,95 

: Cd – , Ni2+ – .
Cd Ni  0,15 , 

 29 .
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 13.

Co | CoCl2 || CoCl2 | Co
=0,1 ; =2 

.

:
1. :

 – 20 = -0,28 .

2. 
:

.31,0)03,0(28,0)1(
2
059,028,01

lg 0,1 = lg 10 1 = -1

.271,0009,028,0)3,0(
2
059,028,02

lg 2 = 0,3

3.  ( 31,01 ;   = 10 1 ) 
,  ( 271,02 ;   =  2  )  
.

                                                   2
) | CoCl2 || CoCl2 | C    ( +)

=0,1 ; =2 

 (  –) 
 (  +).

4. 

 ( , ) =  -



113

 ( , ) = -0,271 – (-0,31) = 0,039 

: 
2 =0,1  (  –) , 2 =2  (  +).

 0,039 .

8 

. 
 (

, 
), . 

, 
, :

Me0 – e   =  +,

:  Fe – 2e  = Fe2+     ( :  2Fe0 + O2
0= 2FeO)

:
1) ;
2) ;
3) .

.

, . 
.

: 
 (F2, Cl2, NO2, SO2,  H2S) 

.  (
: , , ). 

.
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, 
. -

, 
, .

,
-, 

. , 
.

)  (
). , 

:

Me (–) Me  2e  = 2+

 - .
, + ( ) 

2, :

(+) 2 + + 2e  = 2

(+) : 2 + 2 2  + 4e  = 4

, 
, . ,

, , 

). ,
:

( ) : Fe – 2e  = Fe2+ -  ( )
(+) : 2 + + 2e  = 2 -  ( )

: Fe + 2 + = Fe2+ + 2

:

( ) : Fe – 2e  = Fe2+ -  ( )
(+) : 2 + 2 2  + 4e  = 4 -  ( )

: 2Fe + 2 + 2H2  = 2Fe(OH)2
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Fe(OH)2  (II), , 
, :

4Fe(OH)2 + 2 + 2 2  = 4Fe(OH)3,

 (II)  ( ), 
2 .

, 
, . , 

. 
 ( ), .

( ) : Fe – 2e  = Fe2+ -  ( )
(+) : Cu 2 + + 2e  = 2 - 

, ,
 ( ) 

 ( ).

, , 
 (

), 
, 

 ( ).
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, 
, 

) . : 
, +, 

:

Cu 2 + + 2e  = 2

, 
, 

 ( ).

 ( ), 
, . 

. 
.

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

, . 
. , ,

.

8.1 

 1.

, Fe – Ni.

.
, 

, 

-) Fe 2 + 2H2O  4OH  Ni    ( +)
B4402 ,

Fe/Fe
B25,02Ni/Ni



117

 ( ) .

A-) Fe – 2e Fe2+                     2
K+) Ni 2 + 2H2O + 4e  4OH 1

2Fe + 2 + 2H2O  2Fe 2+ + 4OH  2Fe( )2

                                                                           
: , 

,  – Fe.

 2.
Zn  –  Cd.

, , 
.

.
, 

:

-) Zn Cl H+ + Cl  Cd    ( +)
B7602 ,

Zn/Zn
B4002 ,

Cd/Cd

(Zn)  (Cd).
:

A-) Zn – 2e Zn 2+

K+)  2H++ 2e H2

Zn + 2H+ H2 + Zn 2+

: Zn + 2HCl H2 + ZnCl2
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:  – Zn,
, 

.

 3.

,
.

:
, 

:

+) Fe 2 + 2H2O  4OH  Ti    ( -)
B4402 ,

Fe/Fe
B63,12Ti/Ti

 (Ti) 
 (Fe). :

A-) Ti – 2e Ti 2+                         2
K+) 2 + 2H2O + 4e  4OH 1

2Ti + 2 + 2H2O  2Ti 2+ + 4OH  2Ti( )2

: , . 
(Ti)  – . , 

 (Fe), , Ti .

 4.
: ) , ) ;

) Cu(NO3)2. .
:

, 
,  (

)  (
).
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, 
, 

 ( ).

 ( ), 
, .

:
0(Fe/Fe2+) = -0,44B; 0(Sn/Sn2+) = -0,136B. , 

 – , , 
, 

; ; 
Cu(NO3)2:

        ( ) Fe – 2e Fe2+ (  – );
    ) ( ) Sn / 2H2O + 2 + 4e  4  ( ) ;
    ) ( ) Sn / 2 + + 2e   2 ( );
    ) ( ) Sn / Cu2+ + 2e   Cu ( ).

: [12] c.291-296

9  ,    

9.1 , 

: [1] . 314-350;
[8] . 211-230;   [9]  . 5-31.

 ( ) – ,
 ( ) 

 ( ),  10 7 – 10 9 .
,

.
 10 7 , 

. 
 10 9

, , , .
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 ( ) 
. 

. 
:

][][ /6/6S 232

DD

 D 

; D =
d
1 ,    d – , :

D = 103-106,      d = 10 3-10 6  – ;
D = 107-109,      d = 10 7-10 9  – ;
D = 109-1011,     d = 10 9-10 11  – .

:

1.  –  ( );
2.  –  -  ( );
3.  –  -  ( );
4. –  -  ( );
5.  –  -  ( );
6.  –  -  ( );
7.  –  -  ( );
8. ,  –  -  ( ).

, . , 
, 

. 
 ( ) , 

, 
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).

 ( )
 (

). 
 – , 

).

 (  – 
, ). 

, 
. 

.

:

AgNO3 + KI = AgI + KNO3

AgNO3

KI, 
: K+;  I ; Ag+; NO3 . 

,  I
, 

AgI, .
 – m(AgI) 

, , 
Ag+ ( , 

).

,  – NO3  ( , 
), 

. 
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:

(mAgI) – ;

[(m AgI) nAg+] n +  – 

[(mAgI) nAg+ (n-x)NO3 ]x+  – 

{[(m AgI) n Ag+ (n-x)NO3 ]x+ xNO3 }    – 

                      {[m(AgI  nAg+]n+·(n-x) NO3
¯}x+ ·xNO3

¯
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, 
:  = n – (n–x).

m – AgI, 
, n – 
Ag+. m n. 

n,  (n-x) 
, 
.

, 
, 

. 
NO3

, .
NO3

 - .
 – , 

 (
), 

.

: 
.

KI, 
, :

KI + AgNO3 = AgI + KNO3

(mAgI) – ;

[(mAgI) n ]n   – 

[(mAgI) n (n-x) +]x   – 

{[(mAgI) n (n-x) +]x x +}    –   

 (
),  –  ( ).
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, .
 ( ), 

 (mAgI) 
 n , (n-x) +, 

:  – .

{[(mAgI nI ]n ·(n- )K+} – K+

{[(mAgI)·nI ·(n-x)K+] ·xK+}

, 

, 
. 

( ) . , 
.

, 
 ( ) , , 

.

, . , 
 – , .

, , 
 ( ), 

.

9.2  

.
, 

 1857 .

 ( , 
, ), 

. 
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.  (1868-1894), 
 ( ).

, 
, .  (1889-1894), 

, ,
. 

,
.

. , 
, 

, 
. , 

.
,  (

), , 
. 

:

= k l

, 
, 

.
.

, 
, . 

. 
, , , 

.

, 
 ( ) . 
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, 
, . 

.

: , 
, ,  (

 – . 

.
, 

 (
). 

.
: ,

, , 
 (10 7-10 9 ).

, 
 ( , ),

, 
, 

.
, 

. 
, 

.

, 
. 

. 

.
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,
:

1.
. 

, , 
, ).

2. , ,
, . 

, , 
,  ( ) –

.
3. . 

 – ), , 
.

4.

,  – 
, 

, :

1: 2 : 3 =1 : (
2
1 )6 :  (

3
1 )6 = 1 :

64
1  :

729
1

5.
. 

, . 

 – . 
 0,03.

, 
, 

. 
, .
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, , . 
. -

, 
.

, 
, 

,  (
). , -

 10 9 , 
 ( ).

, 
 ( )

. 
, ,  –

.
, 

, 
, :

VV
1000VC ,

 – , 3;
     V ; V – , 3.

, 
 ( ) z

. ):

6

5

z
TkC ,

 – ;
z – ;
k – , .
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9.3 

 1. 3

 N 2 3.

) 2 3 l2. ,
2 3, , . 

:
2 3 + l2 3 (T) + 2N l

                 3  + 2+
3 (T)

: 
: , .

) 3 ( ), )
: (m 3).

, - , 
, 

. ). 
2 3, 

3
2  ( ).

, , :

[(m 3) •n 3
2 ]2n – 

 ( , +), 
. (n-x)N +,

. 
 – ,

:

{[(m 3)• 3
2 ] 2n  •(n-x)N +}2  – .

+, 
.

, 
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. 
,

. , 2 3 ,
:

{[(m 3)•n 3
2 ] 2n  •(n-x)N +}2 •2 +,

) .
l2, 3

:

{[(m 3)• 2+ ]2n+•(n-x) l }2 +•2 l ,

, 
, 

.
) ,

:

{[(m 3)• 3
2 ]2n  •2nN +}0,

{[(m 3)• 2+ ]2n+•2n l }0,

 2.
FeCl3  ( ) (

):

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

a)  – FeCl3.  Fe3+

. :

{[(m KFe[Fe(CN)6 ]•nFe3+ ]3n+ •3(n – x)Cl }3 x+•3xCl ,

{[(m Fe4[Fe(CN)6 ]•nFe3+ ]3n+ •3(n – x)Cl }3 x+•3xCl
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)  – K4[Fe(CN)6]. , 
,  :

{[(mKFe[Fe(CN)6]•n[Fe(CN)6]4 ]4 n •4(n – x)K+}4 x •4xK+,

{[(mFe4[Fe(CN)6]3•n[Fe(CN)6]4 ]4 n •4(n – x)K+}4 x •4xK+

 3.   ( ),
,  ( ), , . , 

FeCl3 :

FeCl3 + 3  Fe( )3 + 3 l

. 

Fe( )3  + l  Fe l + 2 2 ,

Fe( )2 l  + 2  Fe( )3 + l

Fe l  Fe( )2 l, 
, :

{[(mFe( )3•nFe +)] n+•(n x)Cl } x+• xCl ,

{[(mFe( )3•nFe( H)2
+)] n+•(n x)Cl } x+• xCl

 4. ,
, .

1)
 ( ) ( )  (

, , .):
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3H2S + 2HN 3 = 3S ) + 2NO + 4 2

2H2S + 2 = 2S( ) + 2 2

2H2S + SO2 = 3S ) + 2 2

:

{[(mS) •nHS – ]n– •(n-x)H +} – • xH +.

2) , ) 

,  ( )  :
)  ( )

2AgNO3 + KCHO + K2CO3 = 2Ag ) + RCOOH + 2KNO3 + CO2

gO:

AgNO3 + K2CO3 = KAgO + KNO3 + CO2

:
{[(mAg)•n AgO ] n  •(n x)K +}  • K +,

)  ( )

2NaAuO2 + 3HCHO + Na2CO3 = 2Au ) + 3HCOONa + NaHCO3 + H2O

NaAuO2 ( ), :

{[(mAu)•n AuO2 ] n  •(n-x)Na+}  • Na+,

)  ( ), 
nO4

2 nO4 + 3H2O2 = 2MnO2 ( ) + 3O2 +2KOH + 2H2O

 :      {[(mMnO2)•n MnO4 ] n  •(n-x)K +} K +
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 5.  (  1) , 
.

:

{[(m 3)•n 3
2 ] 2n •(n x)N +}2  •2 +, )

{[(m 3)•n 2+ ] 2n+•(n x) l }2 +•2 l , )

) , 
, .  ( )– , 

)– .
) , .

, 
.  ( ) :

( +) > ( 2+) > ( l3+),

: l3, l2(S 4)3,
l(NO3)3 .

 ( ) :

( l –) > (SO4
2 –) > ( 4

3–),

 N 3 4, [Fe(CN)6]4 - ), [Fe(CN)6]3 -
) , 

 1-, 2- ,3- :

1:4,11:73000137,0:0156,0:1
3
1:

2
1:

1
1

666321 C:C:C

 6.
.

, 
 ( ) 0,5 

 7,0·10 9 ,  = 19320 3.
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:
 S . ,

 1,0·10 6 3. S
S

V:

S  =
V
S ,

:

S  =
r
3  S  =

D
6 ,

r – ;
D – .

,  0,5 :

383
3

1058,2
19320

105,0V .

:

191
9 1086,0

105,3
3S

:

S V = 0,86 109 2,58 10–8 = 2,22 3

 7.  – 
, .

 0,002  0,03 3

0,0006 , 
. .
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:  (BaCl2) 
:

3BaCl2 + Al2(SO4)3 = 3BaSO4 + 2AlCl3

, 
:

333
3

42
1086,0

102
106103

. ,  0,009 3 0,002 
BaCl2, 

:

[(m BaSO4) nBa2+ 2(n-x)Cl ] + 2xCl

 8.
.

 0,01 3 AgCl.
 0,002 3 1 

NaNO3,  – 0,012 3 0,01 
Ca(NO3)2,  – 0,007 3 0,001 Al(NO3)3.

.
: :

VV
1000VC ,

 – , / 3;
     V ; V – , 3.

, , NO3

: Na+; Ca2+; Al3+, 
, Al3+.
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, , 
 ( , 

  ).
, 

:

370,166
001,0002,0

1000002,01C
3NaNO

3
) 45,5

001,0012,0
1000012,001,0C

23a(NO

341,0
001,0007,0
1000007,0001,0C

33 )Al(NO

 9. .
Ag ,  0,02 3

0,01  0,028 3 0,005 
AgNO3. . 

.
: , 

, :

AgNO3 + KI = AgI + KNO3

:

AgNO3:

0,005 · 0,028 = 1,4 · 10 4 ;

KI:

0,02 · 0,01 = 2,0 · 10 4 .
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, 
KI  ( ),  AgNO3  (

), 
AgI, ,  -

,  ( ), 
. 

+. 
:

{[(mAgI) nI ]n (n- )K+} – K+

{[(mAgI)·nI ·(n-x)K+] ·xK+}

 10. , -
 ( ).

:
{[(AgI)m·nI ·(n-x)K+] ·xK+}

, 
, 

:

{[(mAgI)·nI ·nK+]

                    (mAgI) – ;
                    [(mAgI)·n ]   – ;
                    [(mAgI)·n ·n +]   – ;
                    n   – ;
                    n +  – .

,

, .

 11. , 
 15 3 0,025 l   85 3 0,005 AgNO3.

:
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1. , :

 = ·V.

l :

( l) = 0,025 · 15 = 0,375 

AgNO3 : (AgNO3) = 0,005 · 85 = 0,425 
AgNO3 .

2. :

{[(mAgCl) nAg+]n+·(n – x)NO3 }x+·xNO3

 12.  100 3

 3 3 0,2  4 3 0,3 .
? 

? 
?

:
1. :

 (Na2SO4) = 0058,0
10)3100(

1032,0
3

3

VV
CV 3

 (Na l)= 0115,0
10)4100(

1043,0
3

3

VV
CV 3

2. :

(Na2SO4) = 4,172
0058,0
11 3

(Na l) = 94,86
0115,0
11 3
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3. Na2SO4 > Na l. 
, , 

: SO4
2  > l . , 

, 
.
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, 
: chemistry@odeku.edu.ua.

 – 
 « »

1
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2.  2
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4.  3
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5.  4
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7. .

8. 
9. ,
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.
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,
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.
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 1

 1.

) .   0,060  3. 
 = 352 ,  = 96990 ; , ;

; .

)
: Al(OH)3; H3PO4; SO3.

)
, ; :

Fe(OH)2CH3COO + 3HNO3 = Fe(NO3)3 + CH3COOH + 2H2O,
KH2PO4 + KOH = K2HPO4 + H2O.

) , 
1,017  0,28 3  ( .).

 2.

) , 
. 

 ( , , , ), 
: Mg,          V.

) , 
33. 

. . .

) : KCl, CS2, NH3.

) :
) HCl, ) 2. ?
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 3.

)
, ,  0,485 ZnS. 

?  t = 30 C : ) 
; ) ; ) 

?
ZnO( ) + H2S( )  =  ZnS( ) + H2O( )

) -, :

H2O + C + 132 CO + H2

CO + 1/2O2 CO2 + 282 .

.

)
. 

, , . :

4Fe ) + 5O2 ) = Fe2O3 );   < 0
CO( ) +2 2 ) = C 3 );    < 0

)
, ?

, , 
 0,485 l2. 

.
CCl4 ( ) + O2 ) = CO2 ) + Cl2 )

 4.

) AgCl,   100  3

AgNO3,  50 3 0,2 l. 
AgNO3? ?
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) ,  0,25 
 2,5 3 ,  -0,35 . 

. ( 2 ) = 1,86 .

) + – ,  4,3.

: 5·10–5 3, 2·10–10 3.

) ) , 
: g2SO4 + Ba(OH)2;   Ca(NO3)2 + MgSO4;

) , 
: SO4,  K2CO3,  CaS.

 5.

) , , 
, . 

:

) Zn + KNO2 + KOH  K2ZnO2 + NH3 + H2O
) Ag + HNO3  AgNO3 + NO2 + H2O

)
? , 

, 
?

) , 
:

                            ) ;                      ) .
.

) Na2SiO3

AgNO3 Ag2SiO3. 
. 

: KNO3, CH3COOH, NH4Cl? 
.
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 2

 1.

) 2Se .  0,016 3. 
 = 290 ,  = 101280 ; , , 

.

) 0,5  0,23 3  ( ). 
 ( = 2), ?

) ,  = 8,9%.
 (  = 3). 

.

)  ( ) .  0,061 3. 
 = 390 ,  = 101180 ; , 

.

 2.

) , 
, 

. 
. , 

: ,    .

) , 
3. 

. . .

) : CaCl2, CO2, H2. .

)
 4- . 
 ( , , , 

), :
 …5p66s25d3, …4p65s24d10.
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 3.

)
, ,  0,18 2 . 

? 
; ?

N2O( ) + NH3 ) = H2O( ) + N2 )

) :

S( ) + O2 ) = SO2 )

)
. 

, , . :

MgO( ) + Al2O3 )  = MgAl2O4)( );    < 0
2SO2 ) + O2 ) = 2SO3 )    < 0

) :

Cl2 + CO2  COCl2

 4.

) m  (  = 1,178 3), 
l2  20%.

) ,  1,7 ZnCl2  250 
–0,23 . 

. ( 2 ) = 1,86 .

)  =  2  
 =11, . .

: 2,35.

) ) Na2CO3.  ?
, :

l( )3,      2SO4,      CrCl3.
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) , 
: K2S CrCl3.

 5.

) , , 
, . 

:

) MnO2 + HCl  MnCl2 + Cl2 + H2O
) Cu + H2SO4  CuSO4 + SO2 + H2O

)
 0,01 3. 

, 
. 

 0,01 3; 
; .

) , 
:

) ; ) .
.

) H2S Bi(NO3)2

Bi2S3. 
. 

: CH3COONH4, NaNO3, HCl? 
.
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 3

 1.

)  ( ) .  0,046 3. 
 = 314 ,  = 101210 ; ,

.

)  ( .)  0,45 
,  20 .

)
:

3KOH + FeCl3 = Fe(OH)3 + 3KCl.

)  1,5  0,69 3

). .

 2.

)
 ( , , ,

), 
:

…3p64s23d6,     …5s24d105p3.

) : CaCl2, CO2, H2. .

) , 
15. 

. . .

) , 
, .
 ( , , ,

), :
, .
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 3.

)
. 

, , . :

SO2 ) + l2 ) = SO2 l2 );     < 0
) + ) = 2 2 );        > 0

)
, ,  1,008 3

2 2. 
?  t = 20 C :

) ; ) ; ) 
?

2 ) + H2 )  =  2 2 ) + )2 )

) :

3H2S ) + 4HClO3 ( ) = 3H2SO4 ( ) + 4HCl ), H < 0.

) :

ZnS ( ) + O2 ( ) = ZnO ( ) + SO2 ( )

 4.
) 2 3 96%-  (  =  1,84  3)  3 3.

,  = 1.
: 1,62.

)  3,2% l2 100,32 . 
.

( 2 ) = 0,52 .

)
= 12  = 11.

: 11,74.

) ) :

Cu2+ + S2– = CuS;      Pb(OH)2 + 2OH– = PbO2
2– + 2H2O;
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) 
, ? , -

: FeCl2 FeCl3; MgCl2

ZnCl2.

 5.

) , , 
, . 

:

) Fe2O3 + NaNO3 + NaOH  Na2FeO4 + NaNO2 + H2O
) NaCrO2 + Br2 + NaOH  Na2CrO4 + NaBr + H2O

)
 0,0001 3. 

, 
. 

 0,0001 3; 
; .

) , 
:

) ; ) . 
.

)
.

, 
. 

: NaNO3, NH4NO3,
CH3COONa? 

?
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 4

 1.
) .  0,044 3. 

 = 329 ,  = 113580 ; ;
, .

)
: Fe(OH)2; Na2HPO4; CuO.

) , 
 78,47; 68,42  52,0% . .

)  ( ) .  0,036 3. 
 = 354 ,  = 101010 ; ,

.

 2.

) , 
. 

 ( , , , ), 
: l,       .

) :
) ; ) 4. ?

) , 
35. 

. . .

)
 ( , , ,

), 
:

…5p66s25d2 , …3p64s23d10
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 3.

) :

H2S ( ) + CO2 ( )  H2O ( ) + CS2 ( )

)

N2 + 3H2 2NH3,

 3 ?

) , t > 0, P < 0:

3SO3 ) + N2O( ) = 3SO2 ) + 2NO2 );      > 0

)

O2 ) + 2 O ( ) = 2 O2 ),

 2 ?

 4.

)  10  20%-  400 . 
?

) 6 12 6, 
 100,26 . ( 2 ) = 0,52 .

)  =  1   =  2.
.

:1,36.

) ,  5 3

 0,05 .
: 4,58·10–9.
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 5.

) , , 
, . 

:

) S + HNO3  H2SO4 + NO2 + H2O
) Al + KNO2 + KOH  K3AlO3 + NH3 + H2O

)
. , 

, .

) , 
:

) ; ) . 
.

)

. 
. 

: ZnCl2, NH4NO3, CH3COONa?
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 5

 1.

)  ( ) .  0,031 3. 
 = 320 ,  = 101190 ; , 

, ; .

)  0,943 3 3  1,291 . 
,

.

)
:

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

)  ( V) .  0,038 3. 
 = 392 ,  = 101078 ; , ,

.

 2.

) , 
, 

. 
, , , ), 

: l,       .

) , 
9. 

. . .

) : ) 
HI, ) F2. ?

)
 4- . 
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 ( , , , 
), :

…3p64s23d3;     ….5s24d105p3.

 3.

) :

N2 + H2  NH3.

, 
?

) :

2 ( ) + 2  ( ) 2 3 ( ).

.

)

2  + 2 = 2

 2 ?

) .

 4.

)  30%- , 
 = 1,328 3.   1  3  5 3 . 

.

) ? 

: 10 8 14 10?

)  = 2,2.
: 3,15·10–3 ; 6,31·10–3 .
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)  6,26·10–5. 
,  0,04 l2

Na2SO4.

 5.

) : ,
, ,

, 
. .

, 
 75 . ,
:

AsH3 + HNO3 = H3AsO4 + NO2 + H2O

) ,
. 

.
, .

) , 
:

) ; ) . 
.

) Na2SiO3

AgNO3 Ag2SiO3. ,
 (

). 
: KNO3, CH3COOH, NH4Cl ( )? 

.
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 6

 1.

) 3Br .  0,046 3. 
 = 295 ,  = 101099 ; , ,

.

) , 
 26,97 .

(Mg) = 12,16 ,  ( l) = 8,99 .

)
: ZnCl2; K3PO3; N2O5.

)  ( ) .  0,046 3. 
 = 354 ,  = 110070 ; ,

.

 2.

)
 4- . 
 ( , , , 

), :
…3p64s23d7;     …5s24d105p5

) , 
8. 

. . .

) :
) HF, ) O2. ?

) , 
. 
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 ( , , , ), 
:                    Be,               .

 3.

)
:

CH4 ) + CO2 ( ) 2CO ) + 2H2 ( )

) :

2 ) + 2 )  2 2 )

.

) :

N2 + 3H2 = 2NH3

 2 .

) ? .

 4.

)  3  3 10%- , 
 = 1,054 3,  5 3 2%- =1,01 3.

,  = 8 3.

)  0,2 
,  1 3  2,19·1028

?

) ) , 
:

SO4 + Ba(OH)2;   Ca( )2 + MgSO4;
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) , 
: SO4, K2CO3, CaS.

) Mg( )2

2,6·10–3 3. .
:   4,77·10–12.

 5.

)  – : HBr; HBrO3;
HBrO4 , 

, .
. 

,  25 . 
, :

KBr + KBrO3 + H2SO4 = Br2 + K2SO4 + H2O

)
 0,0001 3. 

, 
. 

 0,0001 3; 
; .

) , 
:

) ; ) . 
.

) Zn(NO3)2

K3[Fe(CN)6] Zn3[Fe(CN)6]2. 
.

: K2SO4, NH4NO3, NaCl? 
Zn3[Fe(CN)6]2 ? .
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 7

 1.

)  ( 3) .  0,035 3. 
 = 396 ,  = 101050 ; , 

; .

)  3,31  2,78 . 
.

)
: Fe(OH)2Cl; NaH2PO4; CuSO4.

)  10,3  7,1 . 
. .

 2.

) , 
. 

 ( , , , ), 
:                   s,                      .

) , 
25. 

. . .

) :
) HBr, ) N2. ?

)
 4- . 
 ( , , , 

), :

…3p64s23d104p2,    …5s24d105p6.
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 3.

)
, ,  0,34 NH3. 

?  t = 25 C : ) 
; ) ; ) 

?
NO2 ) + H2 )  =  NH3 ) + H2O( )

) , 
(IV) 

2NO ( ) + O2 ( ) 2NO2 ( )

 1000 ?

)
. 

, , . :

FeCl3 ) + NH4OH( ) = FeOHCl2 ) + NH4Cl( );   < 0
CO( ) + Cl2 ) = COCl2 );     < 0

) :

2NO ( ) = N2 ( ) + O2 ( )

 3 ?

 4.

)  20,8%-
,  = 1,12 3.  4 3

?

) ,  11,04 
800  –0,279 . .
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)  10  3  1 . 
 = 1.

: 11,40;   2,60.

) ) , 
:

MgSO4 + Ba(OH)2; CaCl2 + MgSO4

) , 
: CuSO4, K2CO3, CaS.

 5.

) : ,
, 

, , 
. . 

,  25 .
, :

KClO3 + Na2SO3 =  KCl + Na2SO4

) , , 
, .

, . 
.

) , 
:

) ; ) . 
.

) FeSO4

K3[Fe(CN)6] Fe3[Fe(CN)6]2. 
.

: NH4NO3,
KNO3, NaCl? Fe3[Fe(CN)6]2 ?
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 8

 1.

)  ( V) .  0,038 3. 
 = 322 ,  = 101178 ; , ,

.

)  39,0% , 
 16 . , 

.

) : ) , ) ,
) . 

.

)  1,591  70,2 3

 ( .). .

 2.

) , 
, .
 ( , , ,

), :
,   .

)
 ( , , ,

), 
:

    …2p63s23p2,   …3p64s23d8

) , 
10. 

. . .
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) :
) NH3, ) I2. ?

 3.

)
, ,  4,6 2. 

?  t = 25 C : ) 
; ) ; ) 

?
2 4 ) + 2 )  =  2 ) + 2 )

) , 
 20  60 °  256 .

) :

SO3 ( ) + NO ( ) = SO2 ( ) + NO2 ( ); H > 0,    t < 0.

) :

CO ( ) + NH3 ( ) = HCN ( ) + H2O ( ),

 2 .

 4.

)  700  60%-  200 . 
?

) l2
 0,398  2 3 . 

 –0,74 . ( 2 ) = 1,86 .

)  3,12%- l
 = 1,015 3),  = 1.

: 0,06.
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) ) , 
:

Pb(NO3)2 + NaI; Pb(NO3)2 + NaOH;

) , 
: Na2SiO3, CrCl3, Na2S.

 5.

) , . 
.

, 
 15 .

P + HNO3 + H2O = H3PO4 + NO

)
.  – ? 

, . 

.

) , 
:

) ; ) . 
.

) (NH4)2S
(CH3COO)2Pb PbS. 

. 

: Ca(CH3COO)2, NaNO3, Al(NO3)3? 
PbS ?
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 9

 1.

) .  0,075 3. 
 = 376 ,  = 101156 ; , 

; .

) : ) ,
)  ( ) . 

.

)
: Ca(OH)2; CaHPO4; H2O.

) .  0,066 3. 
 = 299 ,  = 106680 ; ,

, .

 2.

)
 4- . 
 ( , , , 

), :

…3p64s23d8;  …5s24d105p1

) :
) ; 4. ?

) , 
14. 

. . .

) , 
, .
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 ( , , ,
), :   N,    Mn.

 3.

)
, ?

, , 
 4,48 3 l2. 

.
Cl ( ) + O2 ) = 2 ) + Cl2 )

) ,  2, 
 10  40 ° ?

)
. 

, , . :

4Fe( ) + 3O2 ) = 2 Fe2O3 );  < 0
2CO( ) = 2C( ) + 2 ( );          > 0

) :

H2S () + SO2 () = 2SO2 () + 2H2O (),

2  2 ?

 4.

)  96%-  (  = 1,84 3) 
 3 3 0,4 ?

) 6 12 6

. 
?

) +  0,3 
3 , 3 = 1,8·10–5.



167

) ) :

SiO3
2– + 2H+ = H2SiO3;  CaCO3 + 2H+ =  Ca2+ + H2O + CO2;

) 
, ? , -

: NaCN CH3COONa; Na2CO3

Na2SO3.

 5.

) , , 
, . 

.
, 

 5 .

K2S + KMnO4 + H2SO4 = S + K2SO4 + MnSO4 + H2O

) .  - 
? , .

.

)
 0,1 3. 

, 
. 

 0,0001 3; 
; .

) K4[Fe(CN)6] 
AgNO3 Ag4[Fe(CN)6]. 

. 
: H2SO4,

NH4NO3, CH3COONa? 
Ag4[Fe(CN)6] ?
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 10

 1.

) .  0,085 3.  = 396
,  = 101256 ; , ;

.

)  1,886 3 3  2,582  . 
.

)  2,5 
4,1 . .

) 3 l .  0,041 3. 
 = 366 ,  = 96789 ; , ;

; .

 2.

) , 
, .
 ( , , ,

), :   N ,    M .

) , 
22. 

. . .

) :

NaF,  AlF3,  CF4,  BaF2,  NF3.

.

)
 4- . 
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 ( , , , 
), :

…5p66s25d8,  …4p65s24d10

 3.

)
, ,  0,44 2. 

?  t = 25 C :
) ; ) ; ) 

?
NO2 ( ) + H2 )  =  2 ) + HNO3 )

)  30 °  3 . 
 60 ° ? 

3.
)

. 
, , . :

O( ) + 2O( )  = (O )2 );     < 0
3HClO( ) = 2HCl( ) + HClO3 )     < 0

)
.

2HNO3 ( ) + H2S ) 2NO ) + S ) + 2H2O )

 4.

) ,  75 3 0,3 
 125 3 0,2 ?

) ,  3,04 10 16  100 , 
 80,714 ; t  ( 6 6) = 80,2 . ( 6 6).

) ?  0,01 
3  4,2%.

: 3,38;  10,62.
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) ) , 
:

SnCl2 + (NH4)2S;    SnCl2 + H3PO4;

) , 
: FeCl3, ZnSO4, Na2CO3.

 5.

) , , 
, . 

:

) MnO2 + Br2 + KOH  K2MnO4 + KBr + H2O
) Ni(OH)2 + NaOCl + H2O  Ni(OH)3 + NaCl

)
 0,01 3. 

, 
. 

 0,01 3; 
; .

) , ,
? 

.

) NH4OH Cl2

Be(OH)2. ,

. 
: Na2SO4, ZnCl2, KNO3? 

Be(OH)2 ? .
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172
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*

Ag Argentum

As Arsenicum )
Au Aurum

Bi Bismuthum )
C Carboneum , ,

, 
Cu Cuprum

F Fluorum )
,

Fe Ferrum

H Hydrogenium

Hg Hydrargirum
Mercurium

I Iodum

Mn Manganum )
N Nitrogenium

Ni Niccolum

O Oxygenium ,

Pb Plumbum )
S Sulfur

Sb Stibium )
Si Silicium )
Sn Stannum )

. , 
.



174



175
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 6 –

,  ( ) 1·10–6

 ( ) 1·10–10

 ( ) 1,01325·105

.) 133,322

,  ( ) 1,60219·10–19

 ( )
 ( )

 (D)

7 –

2,9979246 /c
h 6,62618·10–34

. e 1,602189·10–19

N 6,022045·1023 –1

F 9,64846·104

R 8,3144 /( )
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 8 - , 

, m(A) , 
T

 ( ) Ar .
BA -

 ( ) PA
i, j, k -
mA , 

A %
 ( ) Mr, .

MA
,

V m
,

3

V , 3

A
BD -
A , 3

t
R /( )
nA

n  ,A  ( )
 A

V  ,A
3 ,
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 9 –   ( )

I II III IV V VI VII VIII
1 H

2.1
He
-

2 Li
1.0

Be
1.5

B
2.0

C
2.5

N
3.0

O
3.5

F
4.0

Ne
-

3 Na
0.9

Mg
1.2

Al
1.5

Si
1.8

P
2.1

S
2.6

Cl
3.0

Ar
-

4 K
0.8

Ca
1.0

Sc
1.3

Ti
1.5

V
1.6

Cr
1.6

Mn
1.5

Fe
1.8

Co
1.9

Ni
1.9

Cu
1.9

Zn
1.6

Ga
1.6

Ge
1.8

As
2.0

Se
2.4

Br
2.8

Kr
-

5 Rb
0.8

Sr
1.0

Y
1.2

Zr
1.4

Nb
1.6

Mo
1.8

Tc
1.9

Ru
2.2

Rh
2.2

Pd
2.2

Ag
1.9

Cd
1.7

In
1.7

Sn
1.8

Sb
1.9

Te
2.1

I
2.5

Xe
-

6 Cs
0.7

Ba
0.9

La*
1.08

Hf
1.3

Ta
1.5

W
1.7

Re
1.9

Os
2.2

Ir
2.2

Pt
2.2

Au
2.4

Hg
1.9

Tl
1.8

Pb
1.9

Bi
2.0

Po
2.0

At
2.2

Rn
-

7 Fr
0.7

Ra
0.9

Ac**
1.1

 1.08-1.14
**  1.11-1.2
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10–

HAlO2

HAsO3

H2AsO4

HAsO2

H3AsO3

HBO2

H3BO3

H2B4O7

HBr
HOBr
HBrO3

HCOOH
CH3COOH
HCN
H2CO3

H2C2O4

HCl
HClO
HClO2

HClO3

HClO4

HCrO2

H2CrO4

H2Cr2O7

HI
HOI
HIO3

HIO4

HMnO4

H2MnO4

H2MoO4

HN3

HNO2

 ( )
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 10

HNO3

HPO3

H3PO4

H4P2O7

H3PO3

H3PO2

H2S
HSCN
H2SO3

H2SO4

H2S2O3

H2S2O7

H2S2O8

H2Se
H2SeO3

H2SiO3

 ( )

 ( )
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 11 –

1 2 3 4 5 6
- . -

-

HCl
,

, ClH 1 Cl

HBr
,

BrH 1 Br

HI
,

IH 1 I

SH 2
, HSH 2 HS

-

HClO
,

,
 ( )

ClOH 1 ClO
- ,

 ( )-

2HClO ,
 ( ) OClOH 1 2ClO ,

 ( )-

3HClO ,
 (V) 1 3ClO ,

 (V)-

4HClO ,
 (VI ) 1 4ClO ,

(VI )-

32 SOH ,
 ( V) 2 SO3

SO3
2

-
,

V)-
,

V)-

42 SOH , 2 SO4
SO4

-

2HNO
,
,

 ( )
ONOH 1 2NO

,
 ( )-

3HNO , 1 3NO

3HPO 1 3PO -
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 11

1 2 3 4 5 6

43POH
,
,

, 3
3
4

2
4

42

PO

HPO

POH

-

-
,

32COH , 2
2
3

3

CO

HCO

4HMnO
,

,
 (VI )

1 4MnO
-

, 
(VI )-

COOHCH3 , 1 COOCH3
,

33POH
)

H—O

H—O
2

2
3

32

HPO

POH
-

-

724 OPH , 4

4
72

3
72

2
722

723

OP

OHP

OPH

OPH -

-

42CrOH 2 2
4CrO

722 OCrH 2 2
72OCr
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 12 – 

. . 
[Ag(CN)2]2– 1·10–21 [Fe(CN)6]4– 1·10–37 1·1024

[Ag(NH3 )2]+ 7·10–8 [Fe(CN)6]3– 1·10–44 1·10 31

[Ag(S2O3)2]3– 1·10–14 [Fe(CN)6]3– 1·10–3 1·10 24

[Ag(NO2)2]– 1,3·10–3 [Fe(CNS)4]– 7,1·10 24

[CdCl4] 2– 9·10–33 [Ni(CN)4]2– 3·10–16  1·10 30

[Cd 4] 2– 8·10–7 [Ni(NH3)6]2+ 2·10–9 1·1022

d(CN)4]2– 1·10–17 [Zn(NH3)4]2+ 4·10–10 1·1022

d(NH3)4]2+ 8·10–8 [Zn(CN)4]2– 2·10–17 1,2·1016

d(NH3)6]2+ 8·10–68 [Zn(OH)4]2– 1,4·1015

(NH3)4]2+ 8·10–6 1,17·107 [Pt(NH3)4]2+ 5·10–34

(NH3)6]3+ 6·10–36 3,2·1032 [HgS2] 2– 1·10–53

(CN)4]2– 8·10–20 [Hg(CN)4]2– 4·10–42

(NCS)3]– 63,1 [Hg(CNS)4]2– 1·10–22

u(NH3)4]2+ 2·10–13 4,8·1012 [HgCl4] 2– 8·10–16

u(CN)2]– 1,1·1024 [HgI4] 2– 1·10–30

u(CNS)4]2– 3,31·106 [Hg r4] 2– 1·10–21

 13 – 

H S G
 +  

+   +
 ±

+ + ±
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 14 – °298, S°298

                  G°298  298  (25° )

H0
298 S0

298

/( )
G0

298 H0
298 S0

298

/( )
G0

298

12 3 .) -1676,0 50,9 -1582,0 2 ) -943,9 50,3 -888,6
4 .) -74,9 186,2 -50,8 2 .) -296,9 248,1 -300,2

2 4 .) 52,3 219,4 68,1 3 ) -394,8 256,0 -370,0
2 2 .) +226,8 200,8 +209,2 PCl5 ) -369,45 362,9 -324,55
2 6 .) -89,7 229,5 -167,9 PCl3 ) -277,0 311,7 -286,27
6 6 .) 82,9 269,2 129,7 ZnO ( .) -350,6 43,6 -320,7
3 8 .) -103,85 269,87 - ZnS ( .) -205,4 57,74 -200,7
4 10 .) -30,15 296,12 -4,10 Na2O ( .) -416,0 75,21 -377,1

l4 .) -102,93 309,74 -60,63 Na2SiO ( .) -1525,4 113,8 -1427,7
S2 88,7 151,0 64,4 SiO2 .) -908,2 42,7 -854,2

 ( .) -110,5 197,5 -137,1 N2 0 -84,4 0
2 .) -393,5 213,7 -394,4 O2 0 205,04 0

3 .) -1207,0 88,7 -1127,7 l2 0 222,0 0
2 .) -62,8 70,3 -67,8 ) 0 5,74 0

CaO ( .) -635,5 39,7 -604,2 Fe 0 27,15 0
Ca(OH)2 .) -986,6 76,1 -896,8 Al 0 28,35 0

12 ) -785,8 113,8 -750,2 A13+ -524,7 -313,4 -481,2
CuO ( .) -162,0 42,6 29,9 CO3

2– -676,3 -53,1 -528,1
CuS ( .) -53,1 66,5 -53,6 Ca2+ -542,9 -55,2 -553,1
Fe .) -264,8 60,8 -244,3 Cl– -167,46 55,1 -131,2
Fe2 3 .) -322,2 87,4 -740,3 Cu2+ 64,4 -98,7 64,98
Fe3 4 .) -1117,1 146,2 -1014,2 Fe2+ -87,9 -113,4 -84,94
FeS ( .) -100,4 60,29 -100,8 Fe3+ -47,7 -293,3 -10,5
HCl ( .) -92,3 186,8 -95,2 H+ 0 0 0
H2  ( , .) -241,8 188,7 -228,6 NH4

+ -132,4 114,4 -79,5
2  ( ) -285,8 70,1 -237,3 K+ -251,2 102,5 -282,3

H2S ( .) -21,0 205,7 -33,8 Li+ -278,4 14,2 -293,8
NH3 .) -46,2 192,6 -16,7 NO2

– -106,3 125,1 -35,3
NH4NO .) -365,4 151,0 -183,8 NO3

– -206,6 146,4 -110,5
NH4Cl ( ) -314,2 95,8 -203,2 Na+ -239,66 60,2 -261,87
N2  ( .) 82,0 219,9 104,1 OH– -229,94 -10,54 -157,3
NO ( .) 90,3 210,6 86,6 SO4

2– -907,5 17,2 -743,0
2 .) 33,5 240,2 51,5 Zn2+ -153,74 -110,67 -127,3
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 15 –

AgBr 5,3·10–13 CuS 6·10–36

AgCl 1,8·10–10 Fe(OH)2 1·10–15

AgI 1,1·10–16 Fe(OH)3 3,7·10–40

Ag2S 6·10–50 FePO4 1,3·10–22

Ag2SO4 2·10–5 FeS 5·10–18

BaCO3 5,1· 10–9 HgS 1,6·10–52

BaCrO4 1,6·10–10 MgCO3 2,1·10–5

BaSO4 1,1·10–10 Mg(OH)2 1,3·10–11

Ba3(PO4)2 6·10–39 Mg3(PO4)2 1,0·10–13

CaCO3 5,1·10–9 MnCO3 5,0·10–10

CaC2O4 2·10–9 MnS 2,5·10–10

CaF2 4·10–11 PbCO3 7,5·10–14

CaSO4 6,3·10–5 PbI2 8,0·10–9

Ca3(PO4)2 2 ·10–29 PbS 2,5·10–27

CaHPO4 2,7·10–7 PbSO4 1,6·10–8

Ca5(OH)(PO4)
3

1,6·10–58 SrCO3 1,1·10–10

CdS 7,9·10–27 Zn(OH)2 1·10–17

Cu(OH)2 2,2·10–20 ZnS 1,6·10–24

 16 –
                         

z
 1  2  3

0,001 0,98 0,78 0,73
0,005 0,95 0,66 0,51
0,01 0,92 0,60 0,39
0,05 0,84 0,50 0,21
0,1 0,81 0,44 0,16
0,2 0,80 0,41 0,14
0,3 0,81 0,42 0,14
0,4 0,82 0,45 0,17
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0,5 0,84 0,50 0,21

 17 – 

<3,1 3,1< <4,4 >4,4

<4,2 4,2< <6,3 >6,3

<8,0 8,0< <9,8 >9,8

<5,0 5,0< <8,0 >8,0

 18 – 

lg 1 = 0 lg 5  = 0,70
lg 1,4 = 0,15 lg 6  = 0,78
lg 1,6 = 0,20 lg 6,31 = 0,80
lg 2  = 0,30 lg 6,61 = 0,82
lg 2,5 = 0,40 lg 7  = 0,84
lg 3  = 0,48 lg 8  = 0,90
lg 4 = 0,60 lg 9  = 0,95
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 19 – 
t = 25 °

0, 0, 

Li+/Li Li+ +  = Li -3,045 Sn2+/Sn Sn2++ 2  = Sn -0,136
Rb+/Rb Rb + +  = Rb -2,925 Pb2+/Pb Pb2++ 2  = Pb -0,126
K+/K K++  = K -2,925 W3+/W W3++ 3  = W -0,05

Cs+/Cs Cs++  = Cs -2,923 Fe3+/Fe Fe3++ 3  = Fe -0,036
Ra2+/Ra Ra2+ + 2  = Ra -2,916 H+/H2 H++  = ½ H2 0,00
Ba2+/Ba Ba2++ 2  = Ba -2,906 Ge2+/Ge Ge2++ 2  = Ge +0,01
S2

2+/S2 S2
2++ 2 = S2 -2,89 Sb3+/Sb Sb3++ 3  = Sb +0,20

Ca2+/Ca Ca2++ 2  = Ca -2,866 Bi3+/Bi Bi3++ 3  = Bi +0,23
Na+/Na Na++  = Na -2,714 Re3+/Re Re3++ 3  = Re +0,3
La3+/La La3++ 3  = La -2,522 Cu2+/Cu Cu2++ 2  = Cu +0,337

Mg2+/Mg Mg2++ 2 = Mg -2,363 O2/OH– ½ O2 + H2O + 2
= = 2OH– +0,401

Be2+/Be Be2++ 2  = Be -1,847 Te2+/Te Te2+ + 2  = Te +0,402
Hf 4+/Hf Hf 4++ 4  =Hf -1,700 Ru2+/Ru Ru2++ 2  = Ru +0,45
Al3+/Al Al3++ 3  = Al -1,662 Cu+/Cu Cu++  = Cu +0,521
Ti2+/Ti Ti2++ 2  = Ti -1,628 I2/I – ½ I2 +  = I – +0,535

V2+/V V2++ 2  = V -1,186 Hg2
2+/2Hg Hg2

2+ + 2  =
2Hg +0,798

Mn2+/Mn Mn2++ 2  = Mn -1,180 Ag+/Ag Ag++  =Ag +0,799
Cr2+/Cr Cr2++ 2  = Cr -0,913 Rh3+/Rh Rh3++ 3  = Rh +0,8
Zn2+/Zn Zn2++ 2  = Zn -0,763 Os2+/Os Os2++ 2  = Os +0,85
Cr3+/Cr Cr3++ 3  = Cr -0,744 Hg2+/Hg Hg2++ 2  = Hg +0,854
Ga3+/Ga Ga3++ 3  = Ga -0,53 Pd2+/Pd Pd2++ 2  = Pd +0,987

S0/S2– S0+ 2  = S2– -0,51 Br2/Br – ½ Br2 +  = Br – +1,065
Fe2+/Fe Fe2++ 2  = Fe -0,440 Ir3+/Ir Ir3++ 3  = Ir +1,15
Cd2+/Cd Cd2++ 2  = Cd -0,403 Pt2+/Pt Pt2++ 2  = Pt +1,2
Tl +/Tl Tl ++  =Tl -0,336 Cl2/Cl – ½ Cl2 +  = Cl – +1,359

Co2+/Co Co2++ 2  = Co -0,277 Au3+/Au Au3++ 3  = Au +1,498
V3+/V2+ V3++  = V2+ -0,255 Au+/Au Au++  = Au +1,691
Ni2+/Ni Ni2++ 2  = Ni -0,250 H2/H – ½ H2 +  = H – +2,2

Mo3+/Mo Mo3++ 3  = Mo -0,20 F2/F – ½ F2 +  = F – +2,87
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 20 –

  0, 
AsO3

– / AsO2
– AsO3

– + 2  + 2H +  = AsO2
– + H2O 0,56

Br2 (p) / 2Br – Br2 + 2  =  2Br – 1,07
2CO2 ( ) / H2C2O4 ) 2CO2 + 2H + + 2  = H2C2O4 –0,49
Cl2 ( ) / 2Cl – Cl2    + 2  =  2Cl – 1,36
ClO – /Cl – ClO –  + 2   + H2O  = Cl – + 2OH – 0,89
ClO –/ Cl – ClO – + 2  + 2H +  = Cl – + H2O 1,49
ClO2

– / ClO – ClO2
–  + 2   + H2O  = ClO – + 2OH – 0,66

ClO2 / ClO2
– ClO2  +    = ClO2

– 1,16
2ClO3

– / Cl2 ( ) 2ClO3
– + 10  +12H + = Cl2  + 6H2O 1,47

ClO3
– / Cl – ClO3

– + 6  + 6H +  = Cl – + 3H2O 1,45
ClO3

– / ClO2
– ClO3

–  + 2   + H2O  = ClO2
– + 2OH – 0,33

ClO4
– / Cl – ClO4

–  + 8   + 8H +  = Cl – + 4H2O 1,39
ClO4

– / ClO3
– ClO4

–  + 2   + 2H +  = ClO3
– + H2O 1,19

ClO4
– / ClO3

– ClO4
–  + 2   + H2O  = ClO3

– + 2OH – 0,36
HClO / Cl2 HClO +  + H + = ½ Cl2 + H2O 1,63
HClO2 /HClO HClO2 + 2  + 2H + = HClO + H2O 1,64
Co 3+ / Co 2+ Co 3+ +   = Co 2+ 2,07
Cr2O7

2– / Cr 3+ Cr2O7
2– + 6  + 14H + = 2Cr 3+ + 7H2O 1,33

Cr 3+ / Cr 2+ Cr 3+ +   = Cr 2+ –0,41
CrO4

2– / CrO2
– CrO4

2– + 3 + 2H2O = CrO2
– + 4OH – –0,13

Cu 2+ / Cu + Cu 2+ +    = Cu + 0,16
F2 ) / 2F – F2  + 2   = 2F – 2,87
Fe 3+ / Fe 2+ Fe3+ +     = Fe2+ 0,77
H2 ) / 2H – H2 + 2   = 2H – +2,25
H2O2 ( ) / 2OH – H2O2 + 2    =  2OH – –0,28
H2O2 ) / 2H2O H2O2 +2  + 2H +  = 2H2O 1,78
I2 ( ) / 2I – I2 + 2   = 2I – 0,54

3
– / –

3
– + 6  + 6 +  = – + 3 2 1,09

3
– / 2 2 3

– + 10  + 12 +  = 2 + 6 2 1,19
MnO2 .) / Mn2+ MnO2 + 2   + 4H +  = Mn2+ + 2H2O 1,23
MnO4

– / MnO2 ) MnO4
– +3  + 4H + = MnO2 + 2 2 1,695

MnO4
– / MnO4

2– MnO4
– +   = MnO4

2– 0,54
MnO4

–/ Mn2+ MnO4
– + 5   + 8H + = Mn2+ + 4H2O 1,51

MnO4
–/ MnO2 ) MnO4

– + 3  + 2H2O = MnO2 + 4OH – 0,59
N2O4 ) / NO2

– N2O4 + 2  =  2NO2
– 1,07

NO2
–/ NO( ) NO2

–+   +2H + = NO + H2O 1,0
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2NO3
– / N2 ( ) 2NO3

– + 10  +12H +  = N2  + 6H2O 1,24
NO3

– / NO NO3
– + 3  +2H2O    = NO  + 4OH – –0,14

NO3
– / NO ( ) NO3

– + 3  +4H +  = NO  + 2H2O 0,96
NO3

– / NO2 NO3
– +  + 2H+ = NO2  + H2O 0,84

NO3
–/ HNO2 NO3

– + 2   +3H +  = HNO2  + H2O 0,94
NO3

–/ NO2
– NO3

– + 2   +2H +  = NO2
–  + H2O 0,94

O2 ( ) / H2O2 (p) O2 + 2  + 2H+ = H2O2 0,68
O2 ( ) / H2O2 (p) O2 + 2  + 2H2O = H2O2   + 2OH – –1,37
O2 ( ) /4OH – O2 + 4   + 2H +  = 4OH – 0,40
O2 ) /2H2O O2 + 4  + 4H +  = 2H2O 1,23
O3 ) / O2 ) O3 + 2   + 2H + = O2 + H2O 2,07
O3 ) / O2 ) O3 + 2   + H2O = O2 + 2OH – 1,24
Pb2+ / PbO2 ) Pb2+ + 2 + 2H2O = PbO2 + 4H + 1,12
PbO2 ( ) /PbSO4 ( ) PbO2  +2  + 4H + +2SO4

2– = PbSO4 + 2H2O 1,685
PbO2 ) / Pb2+ PbO2 +2  + 4H + = Pb2+ + 2H2O 1,455
S ) / H2S ) S + 2  + 2H +  = H2S 0,14
S ) / S2– S + 2   = S2– –0,45
S2O8

2– / 2SO4
2– S2O8

2–   + 2  = 2SO4
2– 2,01

SO3
2– / S SO3

2– + 4  + 6H + = S + 3H2O 0,50
SO4

2– / S2– SO4
2– + 8  + 8H + = S2– + 4H2O 0,15

SO4
2– / SO3

2– SO4
2– + 2  + 2H + = SO3

2– + H2O 0,20
SO4

2– / SO3
2– SO4

2– + 2  + H2O = SO3
2– + 2OH – –0,93

Tl3+/ Tl+ Tl 3+ + 2  = Tl + 1,25
Sn4+ / Sn2+ Sn 4+ +2  = Sn2+ 0,15

3
– / 3+

3
–  + 2   + 6 +   = 3+ + 3 2 1,80
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