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 1.
1.

17 (VII A)  ( ) – ns2np5. .
,  – 

.  d- , 
 3 . 

: I. ,
, , 

, . 
– : 0 1.

2. ) ,  F0  = F+ + I1(F). 
,  I1(F) .

HF = H  + F+ + 22,26  (1)
HF = H0 + F0 + 5,6 (2)
H0 +  = H  0,77 (3)

 I1(F) ,  (2)  (3)
,  (1).

+
HF = H0 + F0 + 5,6 (2)
H0 +  = H  0,77 (3)
HF +  = H  + F0 + 4,83 

)  E(F) –  F0 +  = F  + A(F). 
(F) , :

HF = H+ + F  + 15,75 ,
HF = H0 + F0 + 5,6 ,

:
H0  = H+ + 13,6 .

), : (F) = 15,75  (5,6 + 13,6) = 3,45 .

3. )
r :

3I2 + 3H2O = HIO3 + 5HI, r  =  (IO3  / I2) +  (I2 / I ).
 (I2 / I ) = 0,54 .

 (IO3  / I2) ,  (IO3  / HIO)  (HIO / I2).
IO3  + 5H+ + 4  HIO + 2H2O  2  (IO3  / HIO) = 1,13
2HIO + 2H+ + 2  I2 + 2H2O  1  (HIO / I2) = 1,44
2IO3  + 12H+ + 10  I2 + 6H2O

 (IO3  / I2) = (2  4  (IO3  / HIO) + 2  (HIO / I2)) : 10 = 1,19 .
r :

I2 + 2  2I 1 =  (I2 / I ) = 0,54
I2 + 6H2O  10  2IO3  + 12H+

2 =  (IO3  / I2) = 1,19
3I2 + 3H2O = HIO3 + 5HI

, r  = 1 + 2 = 0,54  1,19 = 0,65  <  0,  . rG = nF r  > 0. 
 (  = 0) .

HF = H  + F+ + 22,26 (1)
HF +  = H  + F0 + 4,83 
F0  = F+ + 17,43 
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) :
I2 + 2KMnO4 + 2H2SO4  2KIO3 + 2MnSO4 + 2H2O.

:
2IO3  + 12H+ + 10  I2 + 6H2O  (IO3  / I2) = 1,19
MnO4  + 8H+ + 5  Mn2+ + 4H2O  (MnO4  / Mn2+) = 1,51
I2 + 2MnO4  + 4H+  2IO3  + 2Mn2+ + 2H2O

 = 5 :
 (IO3  / I2) =  (IO3  / I2) + (0,059 : 10) lg(a(H+))12 = 1,19 + 0,0059  12 lg(a(H+)) =

= 1,19  0,0059  12  5 = 0,84 .
 (MnO4  / Mn2+) =  (MnO4  / Mn2+) + (0,059 : 5) lg(a(H+))8 = 1,51 + 0,012  8 lg(a(H+)) =

= 1,51  0,012  8  5 = 1,03 .
, r  = 1,03  0,84 = 0,19  > 0, . rG = nF r  < 0.  (  = 5)

.

 2.

1. )    NO,   NO+,   NO    .
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2p

2p

2p
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2p
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) , 

:
2

).().( eNeN .

 NO: 5,2
2

38 ;      NO+: 3
2

28 ;      NO : 2
2

48 .

) , 
, , . , 

: E (NO+) > E (NO) > E (NO ).
) , , . NO  NO .

2. ) 2NH3 + NaClO 0,  N2H4 + NaCl + H2O;
) N2H4 + O2

t  N2 + 2H2O;
) Cu + 4HNO3 .  Cu(NO3)2 + 2NO2  + 2H2O;
) 4NO2 + 4KOH + O2  4KNO3 + 2H2O;
) 2Ca3(PO4)2 + 6SiO2 + 10C t  P4  + 6CaSiO3 + 10CO ;
) 2P4 + 3Ba(OH)2 + 6H2O  3Ba(H2PO2)2 + 2PH3 .

3. (III) 
:

Sb2S3 + Na2S .  2NaSbS2

 Sb2S3 + 3Na2S .  2Na3SbS3).
, Sb2S3 ,  Bi2S3 . 

Bi2S3 .  Sb2S3 :
2NaSbS2 + 2HCl  Sb2S3  + 2NaCl + H2S
 2Na3SbS3 + 6HCl  Sb2S3  + 6NaCl + 3H2S ).
 Sb2S3 .
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 3.
1. )  ( )  – , 

.
 –  ( ), 

, 
,

.
 – , 

.
 – , ,

.

) , :
, , , , .

:
[Pt(NH3)2(NO2)2] – 4  ( ):

Pt
H3N NH3

NO2O2N

-

Pt
O2N NH3

NO2H3N

-

Pt
H3N NH3

ONOONO

-

Pt
ONO NH3

ONOH3N

-

[Pd(NH3)4][PtCl4] – 4  ( ):

Pd
H3N NH3

NH3H3N

(II) (II)

Pt
Cl Cl

ClCl

2+ 2-

Pt
H3N NH3

NH3H3N

(II) (II)

Pd
Cl Cl

ClCl

2+ 2-

Pd
H3N Cl

NH3H3N

(II) (II)

Pt
Cl NH3

ClCl

+ _

Pt
H3N Cl

NH3H3N

(II) (II)

Pd
Cl NH3

ClCl

+ _

[Ru(NH3)6]Cl3 – 2  ( ):

Ru
H3N Cl

ClH3N

NH3

Cl

-

Ru
H3N Cl

NH3Cl

NH3

Cl

-

2.  – ; 
 ( ).  ( ) – 
; . 

, , , (III) , 
, . .

3.
(II) . , 

- :  Pt(II) 
, - .

)
 [Pt(NH3)4]2+.

[Pt(NH3)4]Cl2 + HCl  [Pt(NH3)3Cl]Cl + NH4Cl



4

- , 
 NH3  H3N Pt Cl. 

- .
[Pt(NH3)3Cl]Cl + HCl -[Pt(NH3)2Cl2] + NH4Cl

) 3Pt + 4HNO3 . + 18HCl .  3H2[PtCl6] + 4NO  + 8H2O;
2H2[PtCl6] + N2H4 . + 8KOH  2K2[PtCl4] + 4KCl + N2  + 8H2O;

K2[PtCl4] + C2H4  K[Pt(C2H4)Cl3] + KCl;
K[Pt(C2H4)Cl3] + KNO2 -K[Pt(C2H4)(NO2)Cl2] + KCl.

 4.
1. )  0, +3  +6; 

 +2 ( , CrCl2), +4 (CrO2)  +5 (Na3CrO4).
 (  0) 

+6.  +2  +5, 
, , .

)  Cr-Mo-W .
 Cr(VI) ,  Mo(VI)

 W(VI), , . , , 
K2CrO4 :

2K2CrO4 + 7H2S  2Cr(OH)3  + 4KHS + 3S  + 2H2O.
:

K2MO4 + 4H2S  K2MS4 + 4H2O (  NH3 ., M = Mo  W).
 +2 , 

.  MCl2
 [M6Cl8]Cl4.  (

, ):
2CrCl2 + 2H2O t  2Cr(OH)Cl2 + H2 ;

MCl2 + 4H2O  H2MO4 + 2H2  + 2HCl (M = Mo, W).
)  Cr, Mo, W , 

, , . .
, , 

:

Cr + 2HCl
Ar.

 CrCl2 + H2 ;
4Cr + 12HCl + 3O2  4CrCl3 + 6H2O.

. ,  Mo  W
:

M + 8HF + 2HNO3  H2[MF8] + 2NO  + 4H2O (M = Mo  W).

2. 1) K2CrO4 + H2SO4 . + H2O2  K2SO4 + CrO5 + H2O
(K2CrO4 + H2SO4 . + H2O2 + (C2H5)2O  K2SO4 + [Cr((C2H5)2O)(O2)2O] + H2O);

2) K2CrO4 + 2H2SO4 .  2KHSO4 + H2O + CrO3 ;
3) 2K2CrO4 + H2SO4 .  K2SO4 + H2O + K2Cr2O7;
4) 2K2CrO4 + 16HCl .

t  2CrCl3 + 3Cl2  + 8H2O + 4KCl;
5) CrCl3 + 6NaOH .  Na3[Cr(OH)6] + 3NaCl;
6) 2CrCl3 + 3Na2S + 6H2O  2Cr(OH)3  + 3H2S  + 6NaCl;

7) 2CrCl3 + Zn
Ar.

 2CrCl2 + ZnCl2 (  HCl);
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8) 2CrCl2 + 4CH3COONa + 2H2O
Ar.

 [Cr2(H2O)2(CH3COO)4]  + 4NaCl;

9) CrCl2 + 2NaOH
Ar.

 Cr(OH)2  + 2NaCl;

10) Cr + 2HCl
Ar.

 CrCl2 + H2 .

3. ) 1) 2MoS2 + 6Na2CO3 + 9O2  2Na2MoO4 + 4Na2SO4 + 6CO2 (t ~ 700 );
2) 3Na2MoO4 + 2FeCl3  Fe2(MoO4)3 + 6NaCl;
3) Fe2(MoO4)3 + 6NH3 + 6H2O  3(NH4)2MoO4 + 2Fe(OH)3 ;
4) 7(NH4)2MoO4 ( )  (NH4)6Mo7O24·4H2O ( )  + 8NH3.

) (NH4)6Mo7O24·4H2O  6NH3 + 7MoO3 + 3H2O (t ~ 400 ).

 5.
1.  18 . 

 [Fe(CO)x]2  [Fe2(CO)x].
2.  ( ) 

[Fe3W(CO)14]2– (1),     [Fe3(CO)11]2– (2),     [Fe4(CO)12C]2– (3).
3. : ) Fe(CO)5 +  C2H4; )

Re2(CO)10 + Na/Hg; ) Na[Mn(CO5)] + NOCl; ) Na[Mn(CO5)] + H3PO4; ) Ni(CO)4 + PPh3.

1.  18 :  18. 
. 

, .
, .

[Fe(CO)x]2 :

8 (Fe) + 2x (CO) +2 ( ) = 18
2x = 18  8  2 = 8
x = 8 / 2 = 4

: x = 4, [Fe(CO)4]2 .

[Fe2(CO)x]:

 M–M,  2  (
). 

2 × 18  2 = 34.

2 × 8 (Fe) + 2x (CO) = 34
2x = 34  16 = 18
x = 18 / 2 = 9

: x = 9, [Fe2(CO)9].

2.
) [Fe3W(CO)14]2–

3 × 8 (Fe) + 6 (W) + 14 × 2 (CO) + 2 ( ) = 60 ( ) = 4 × 15

) [Fe3(CO)11]2–
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3 × 8 (Fe) + 11 × 2 (CO) + 2 ( ) = 48 ( ) = 3 × 16

) [Fe4(CO)12 4-C)]2–

4 × 8 (Fe) + 12 × 2 (CO) + 4 (C) + 2 ( ) = 62 (« ») = 60 + 2 ( )

3. : ) Fe(CO)5 +  C2H4;
) Re2(CO)10 + Na/Hg; ) Na[Mn(CO5)] + NOCl; ) Na[Mn(CO5)] + H3PO4; ) Ni(CO)4 + PPh3.

) Fe(CO)5 + C2H4 = CO + Fe(CO)4
2-C2H4) ( )

) Re2(CO)10 + 2Na = 2Na[Re(CO)5] ( )

) Na[Mn(CO5)] + NOCl = NaCl + CO + Mn(NO)(CO)4 ( )

) Na[Mn(CO5)] + H3PO4 = NaH2PO4 + HMn(CO)5 ( )

) Ni(CO)4 + 2PPh3 = 2CO + Ni(CO)2(PPh3)2 ( )

 6.

1.  — , CCl4, , , , , ,
 — ?

2. , 
(I) CuI2

– KI?
3. (II)  phen (  = 12060

1,  = 5360 c 1,  = 20800 1)  (  = 10530 c 1,  = 4680 c 1,  = 20800
1) ?

3. (II) -
 (phen) (  = 12 060 c 1,   = 5 360 c 1,  = 20 800 1)  (  =

10 530 c 1,  = 4 680 c 1,  = 20 800 1) ?

Co(II): d7

[Co(phen)3]2+

: t2g
5eg

2

E = 0,4 × 5 ×  + 0,6 × 2 ×  =  1,2 × 

E =  14 472 1

: t2g
6eg

1

E = 0,4 × 6 ×  + 0,6 ×  +P = 1,8 ×  + P

[Co(phen)2]2+

e4tg
3

E = 0,6 × 4 ×  + 0,4 × 3 ×  =  1,2 × 

E =  6 432 1
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E =  908 1

[Co(CH3NH2)6]2+

: t2g
5eg

2

E = 0,4 × 5 ×  + 0,6 × 2 ×  =  1,2 × 

E =  12 636 1

: t2g
6eg

1

E = 0,4 × 6 ×  + 0,6 ×  +P = 1,8 ×  + P

E = +1 846 1

[Co(CH3NH2)4]2+

e4tg
3

E = 0,6 × 4 ×  + 0,4 × 3 ×  =  1,2 × 

E =  5 616 1

: 
.


