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(C5H12) (C4H10) (C3H8) (C2H6) (CH4)

.     

    

.   
.n .   

100 g .   
n .   

.   

.   

.   
.

.    

0.057  g 0.34  g

0.46 g



.180 g/mol

.(C6H12O6) (CH2O)

 
  

 



 

 

  

.
    

.(MgSO4)



(%)   

100 × 1 × 24.3
120.4

 = 20.2

(%)   

100 × 1 × 32.1
120.4

 = 26.7

Zn(s)  +  CuSO4(aq)   Cu(s)  +  ZnSO4(aq)

1 mol   1 mol   1 mol   1 mol

(II)     
1 mol (CuSO4) 1 mol

(CuSO4) (CuSO4) 1 mol 1 mol

0.654 g

 0.03 mol 1 mol/L (II) 30 mL    
. (II)

(II)

0.01 mol = 0.03
3

0.654 g = 65.4 × 0.01

0.654 g

 (II)



 0.381 g     

100%     

(II)



 

.2 1 mol (Cl2)

1 L

VL
24

n × NA

V 24 L 1 mol

n mol V = n × 24000 mL V = n × 24 L

.L  mL

.r.t.p 1 atm 24 L 1 mol

mL L r.t.p n mol

.(L  mL) V n



Avogadro

200 mL 100 mL 200 mL 100 mL

__CH4 + __O2  __CO2 + ___H2O

100 mL  200 mL  100 mL  200 mL

n mol  2n mol  n mol  2n mol

 

1 mol  2 mol  1 mol  2 mol

CH4 + 2O2  CO2 + 2H2O

 n mol  100 mL )

n

    

 :CxHy

x moles x moles   

y
2

 moles y moles   

.x + y
4

CxHy + (x + y
4

)O2  xCO2 + y
2

 H2O   

    



.... (CxHy) __ mL

-

 2 mol/L

Ar

Ar

.
Mg(s) + 2HCl(aq)  MgCl2(aq) + H2(g)

(H2)

(H2) (H2) 1 mol Mg 1 mol

Ar = m
n

(Mg) (Mg) (H2)

(Mg)

(Mg) 10 cm (Mg)

10 cm 2.5 cm 1.50 cm 1.00 cm

. 1.5
10

 × 0.160 = 0.024 g (Mg) 1.5 cm 0.160 g 10 cm

6 Kg 6 Kg

 136.36 = 6000
44.0

 CO2 3 mol (C3H8) 1 mol

 CO2  409.09  mol (C3H8) 136.6 mol

409.09 × 24 = 9818 L



mol/L g/L

V n M  M = n
V

 ،
 NaCl NaHCO3



 
25

1000 L=  25 mL L mL  
25 L V = 0.025 L

 

  

1 mol 1 L  
0.25 mol 250 mL   
0.01 mol 100 mL  

. 1 mol/L

.L
 M = n

V (L) (mol/L)

  
  

  

    

  
25.55 mL 25.52 mL



24

25

26

27

25.55

±0.05 mL

-

0.100 mol/L

.±0.05 mL

 26.00 mol

25.00 mol

   



   
±0.05 mL 0.05 mL

.±0.05 mL 25 mL ±0.1 mL



NH2   .
C4H9   

CH   
NH3   

10  = 10
1.0

  90  = 7.5
12.0

10
2.5

7.5
2.5

2.5 

4 3

 .

4H 3C

C3H4

:A .
C3H5 = (3 × 12.0) + (5 × 1.0) = 41.0 g/mol  

82
41.0  = 2  

C6H10

:B
CCl3 = 12.0 + (3 × 35.5) = 118.5 g/mol  

 237
118.5 = 2  

C2Cl6

:C
CH2 = 12.0 + (2 × 1.0) = 14.0;  

 112
14.0  = 8  

C8H16

 2Na(s) + O2(g)  Na2O2(s)   .
     2 × 23.0 g Na  78.0 g Na2O2   

46.0 g Na  78.0 g Na2O2   

4.60 g Na  x g Na2O2   

x g = 78 × 4.60
46.0

 = 78.0 g   

 SnO2(s) + 2C(s)  Sn(s) + 2CO(g)   
150.7 g SnO2  2 × 12.0 g C   

150.7 g SnO2  24.0 g C   

14.0 g SnO2  x g C   

x g = 24.0 × 14.0
150.7

 = 2.23 g   

= Si .
 

56.2
28.1  = 2 mol  

= Cl2  

 284.0
71.0  = 4 mol  

= SiCl4  

 340.2
170.1 = 2 mol  

2

Si : Cl2 : SiCl4 = 1 : 2 : 1

Si + 2Cl2  SiCl4

100% ×  .

   24
46  × 100 = 52.2%  

 .
C3H8     +     O2                    CO2            +  H2O

20 mL      100 mL                 60 mL            80 mL

(20)

 1                5                        3                       4       



:

C3H8 + 5O2  3CO2 + 4H2O

CxHy .
CxHy O2                     CO2           +   H2O

100 mL    200 mL                 100 mL       200 mL

(100)  
1               2                             1                    2           
2  mol (CxHy)  1 mol  

(H2O) 2 mol (CO2) 1 mol (O2)

1  mol (CxHy)

(O2) 1 mol  
(H2O) (O2) (2 – 1) = 1 mol

 .(CxHy) 1 mol ( H) 4 mol

CxHy + 2O2  CO2 + 2H2O  

 .(CH4)

 3 mol   .
PH3   

PH3(g) + 3Cl2(g)  PCl3(l) + 3HCl(g)   
(24 L) .

= HCl  .
    0.100 × 15.00

1000  = 1.5 × 10–3 mol 

 = Sr OH)2

 1.5 × 10–3

2  = 7.50 × 10–4 mol 

= Sr OH)2

 7.50 × 10–4 ×  1000
25  = 3.00 × 10–2 mol/L

    = NaOH

 0.400 × 
20

1000  = 8.00 × 10–3 mol

= H2SO4

 8.00 × 10–3

2
 = 4.00 × 10–3 mol

  = H2SO4

 1000
25.25 × 4.00 × 10–3 = 1.58 × 10–1 mol/L

 .  
0.0600 × 

20
1000  = 1.20 × 10–3 mol   

 
0.100 × 24.00

1000
 = 2.40 × 10–3 mol   

2 mol 1 mol   

X(OH)2 + 2HCl  XCl2 + 2H2O   

 58.30
233.2

 = 0.250 mol :(ZrCl4)  .
 (Zr) (ZrCl4)

20.52
91.2  = 0.225 mol (Zr)

   0.225
0.250

 × 100 = 90.0%

 C = 
80
12 , H = 20

1.0   .
C= 6.67; H = 20   

C = 6.67
6.67  = 1; H = 

 20
 6.67  = 3   

 CH3

15  
n = 

 30
15  = 2   

C2H6

 .
50: 300: 200

1 : 6 : 4

 1 mol 4 mol   

4

4 mol 4 mol   

 2 mol

4 mol



4 mol

8

C4H8 + 6O2  4CO2 + 4H2O   

 600
24000

 
0.025 mol =

0.025 × 44.0 = 1.1 g

 4Na + TiCl4  4NaCl + Ti   .
 Ti 1 mol TiCl4 1 mol   

189.9 g TiCl4  47.9 g Ti   

1.0 g TiCl4  47.9
189.9

 g Ti   

380 g TiCl4  380 × 47.9
189.9

 g Ti   

= 95.9 g Ti   

Ti 1 mol Na 4 mol   
4 × 23.0 g Na 47.9

4 × 23.0
 g Ti   

46.0 g Na  46 × 47.9
4 × 23.0

 g Ti   

 = 24.0 g Ti   

  
4.80
24.0  = Cl2  .

0.200 mol =

0.200 mol = Cl2  NaOCl  
   74.5 × 0.200 = NaOCl

14.9 g =

2 × (Cl2 ) =   NaOH  
0.400 mol =

   
0.400
2.00  = NaOH

   0.200 L = 200 mL



.C3H5Cl   .
= PNCl2  

31 + 14 + 2 (35.5) = 116 g/mol   

 
348
116  = 3

= 3

P3N3Cl6   

 .
19.78 – 14.98 = 4.80 g 

  :As  
  

14.98
74.9  = 0.20 mol

 :O
 

4.80
16.0  = 0.30 mol

3 O 2 As  
As2O3

 
(2 × 74.9) +(3 × 16.0) = 197.8 g/mol   

2 = 395.6
197.8

 =   

As4O6

 2 × 74.9
(2 × 74.92) + (5 × 16.0)

 × 100% = 65.2%  

= (Pb3O4)  . 
 (3 × 207.2) + (4 × 16.0) = 685.6 g/mol   

= (Pb3O4)  
   41.12

685.6 = 0.0600 mol   
 

0.0600 × 3 = 0.180 mol   

×  
 0.180 × 207.2 = 37.3 g   

= Sn  .
 
35.61
118.7 = 0.300 mol

 = Cl2

  42.60
71  = 0.600 mol

 = SnCl4
78.21
260.7  = 0.300 mol

 
Sn = 1, Cl2 = 2, SnCl4 = 1   

Sn + 2Cl2  SnCl4   

20 mL  
 60 mL 40 mL  

20 mL

NO2  
2NO + O2  2NO2  



 .
Na2CO3(aq) + 2HCl(aq)  2NaCl(aq) + H2O(l) + CO2(g)

 .
  0.200 × 22.5

1000  = 4.5 × 10–3 mol

2 mol Na2CO3 1 mol  .

1 mol Na2CO3 0.5 mol

 mL .
25

  4.5 × 10–3

2
 = 2.25 × 10–3 mol

 = Na2CO3(aq) .
2.25 × 10–3 × 

1000
25  = 0.09 mol/L

.
  0.200 × 

25
1000 = 5 × 10–3 mol

.
   0.270 × 

18.5
1000 = 5 × 10–3 mol

1: 1 .
.

XOH(aq) + HNO3(aq)  XNO3(aq) + H2O(l) 



 

 
 

–

.2 mol/L 

 (m)

(n)  = Ar

(V) (mL)

24000
 = n

إ

 10 cm

2 mol/L  30 cm



  !
 
 
 
 

2 mol/L  
 

  

10 cm

10 cm
10

  

 
 1 cm

Microsoft Excel

 0.160 g = 10 cm



(cm)(g)
(mL)

1.000.016161716.5

1.500.024232524.0

2.50.040394039.5

0

5

10

15

20

25

30

35

40

45
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0.0245 g 24 mL

(H2) 0.001 mol = 24
24000

  = 1 mol

m
n

 = 0.0245
0.001  = 24.5 g/mol   

 = 100% ×

   24.5 – 24.3
24.3

× 100% = 0.823%

(g)

(m
L)



± 0.005 g 0.01  g

0.15 g 10 cm

2 × 0.005
0.15

 × 100 = 6.67%  
1 cm

 0.05
1.0

 × 100 = 5%  

 
± 0.5 mm

 
 50 mL 20 mL

± 1.0 mL 2.0 mL

 
.25 mL

1
20  × 100 = 5%   

 

17.00 mL

100 mL 85 mL



150 mL

250 mL

25 mL

250 mL

100 mL

50 mL

  (NaHCO3)

(NaCl)

0.100 mol/L (HCl(aq))

  !
 

(HCl(aq))  
 

 
17.20 mL .  

 25.00 mL .  
17.20 × 10–3 × 0.1 = 1.72 × 10–3 mol   

1.72 × 10–2 × 84.1 g = 1.445 g 1.72 × 10–2 mol 250 mL .  
 2.00 g .   

 2.00 – 1.45 = 0.55 g

(NaCl)  27.5% (NaHCO3)  72.5% .   
20 × 2.00 g

.  



± 0.05 mL .  
0.05 mL 17.05 mL 17.10 mL 17.00 mL

 
25.00 mL 

 

 

1
10 25 mL

(mL)(mL)(mL)(mL)

(mL)18.0035.2019.8037.00

(mL)0.0018.002.2019.80

(mL)18.0017.2017.6017.20

.17.20 mL 17.20 mL  17.20 mL  .
0.100 mol/L 17.20 mL  

25 mL

 17.20 × 10–3 × 0.100 = 1.72 × 10–3 mol  
25.00 mL =   

250 mL

1.72 × 10–3 × 10 = 1.72 × 10–2 mol   



= (m = n × Mr) 250.00 mL  
 1.72 × 10–2 × 84.1 = 1.45 g   

2.00 g  
 

  

 
1.45
2.00  × 100 = 72.5%   

NaCl 27.5% NaHCO3 72.5%   

  100% ×  

2.00 g 0.01 g  
2 × 0.01

2.00
 × 100 = 1%   

 
 17.00 ± 0.05 mL

0.05 mL 17.05 17.10 mL mL

 ± 0.05 mL

=

 2 × 0.05 = ±0.10 mL   

 0.1
17.20

 × 100 = 0.58%   



CxHy    +    O2        CO2    +    H2O            
14 mL       84 mL       56 mL                             

1 mol        6 mol        4 mol

 4 mol = CxHy

C4Hy

(O)

H

12 – 8 = 4 mol  
4 H2O

 C4H8

 = C
  37.25

12  = 3.1 mol

 = H
 

7.75
1.0  = 7.75 mol

 = Cl

 
55.0
35.5  = 1.55 mol   

(1.55)

2C 5H 1 Cl

C2H5Cl

55.8 g 1 mol

106.8 g/mol

  55.8
106.8

 × 100 = 52.25%

159.6 g/mol = (Fe2O3)  
=(Fe2O3)

 798
159.6 = 5 mol   

10 mol = Fe2O3 × 2   

 10 × 55.8 = 558 g   
 = CO2

15 mol = Fe2O3 × 3   
 15 × 24 = 360 L   

= FeS2

 
60

55.8 + 2(32.1)
 = 0.5 mol   

(Fe2O3)

 0.5
 2

 = 0.25 mol

(Fe2O3)

 
26.6

 2(55.8) + 3(16)
 = 0.1667 mol   

  0.1667
 0.25

 × 100 = 66.7%   
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(Na2SO3) (Na2SO4) (IV)

(Na2SO4)



 

 

(FeCl3) (FeCl2)

(FeCl3) (FeCl2)

(Fe3+) +2 :(Fe2+)

.–1 :(Cl–) +3

 H2(g) + ½ O2(g)  H2O(l)

Mg(s) + ½ O2(g)  MgO(s)

(1.5 V)



(IUPAC)

    

(FeCl3) (FeCl2)

(I) (NaCl) +1

Cu2O

CuO

NaNO2

NaNO3

NaClO

NaClO2

  

  
 (I) (V) (III) (II) (I)

(III)

   



(NO3     
–) (NH4 

+) (NH4NO3)

(NO3  
–) +5 (NH4 

+) –3

+2 (Na2SO3) (IV)

(SO3     
2–) –2 (IV)



  

 

 



 
(Fe2O3) (III) (Al) (Thermit)

   

 

(II) 
Fe2+

SO3     
2–

(IV)+7

IO4    
–

  

(II) (Fe2+)

(II)

(Fe2+) 

2Al(s) + Fe2O3(s)  Al2O3(s) + 2Fe(s)

  
  
  
  



  
  

2Al(s) + Fe2O3 2O3(s) + 2Fe(s)

     0        + 3 -2           + 3 -2            0

  
  
  
  
  

 (III)

    

 2CuCl(aq)  CuCl2(aq) + Cu(s)

    
Cl2(g) + 2NaOH(aq)  NaClO(aq) + NaCl(aq) + H2O(l)

(NaClO) +1 0 (NaCl) –1 0

  
2CuCl(aq) CuCl2(aq)    +    Cu(s)

+1 –1                     +2 –1                       0

Cl2(g) + 2NaOH(aq)  NaClO(aq) + NaCl(aq) + H2O(l)

0       +1 –2 +1           +1+1–2          +1–1         +2–2



    
   
   

  
   
   



 

 

 

Cl2(g) + SO2(g) + H2O(l)  H2SO4(aq) + HCl(aq)



 ،     

   

2Cu+ (aq)  Cu2+(aq) + Cu(s)

4H+ (aq) + 3MnO4    
2– (aq)  2MnO4    

– (aq) + MnO2(s) + 2H2O(l)

 H2O(l) + 2V3+ (aq)  V2+ (aq) + VO2+ (aq) + 2H+(aq)

 4ClO3      
– (aq)  3ClO4   

– (aq) + Cl–(aq)

 3ClO– (aq)  ClO3      
– (aq) + 2Cl–(aq)

2Cu+ (aq)  Cu2+(aq) + Cu(s)
Cu2+ +1 Cu+

0 Cu Cu+ +2 

4H+ (aq) + 3MnO4    
2– (aq)  2MnO4    

– (aq) + MnO2(s) + 2H2O(l)

+6 MnO4    
2– Mn

MnO2 +7 MnO4     
–

+4

 H2O(l) + 2V3+ (aq)  V2+ (aq) + VO2+ (aq) + 2H+(aq)
VO2+ +3 V3+

+2 V2+ V3+ +4

 4ClO3      
– (aq)  3ClO4   

– (aq) + Cl–(aq)

 ClO4      – +5  ClO3    
– Cl

Cl– +7

–1

 3ClO– (aq)  ClO3      
– (aq) + 2Cl–(aq)

 ClO3    
– +1 ClO– Cl

Cl– +5 
–1



(H2O) (H+)

SO3      + MnO2
2+ + SO4     

2H+ + SO3       + MnO2
2+ + SO4       + H2O

Cr2O7     
2+ + Zn2+

14H+ + Cr2O7        
2+ + 4Zn2+ + 7H2O

(H+)



+5 = P  .
+6 = S  
–2 = S  
+3 = Al  
–3 = N  
+3 = Cl  
+4 = C  

(IV)  .
(VI)  

(II) (II) (V)  
(III) (III) (V)  

(II) (VI)   
(II)

(I)  
(IV)  
(VII)  

 NaClO   .
 Fe2O3   
 KNO2   
 PCl3   

–1 = –1 0   .
+3 = 0 –3   

+2 = +5 +3   
Br2   

I–

Cr2O7   
NH4

2O3   
I2

 H2SO4 + 6HI  S + 3I2 + 4H2O   .
 2HBr + H2SO4  Br2 + SO2 + 2H2O   

 2V3+ + I2 + 2H2
2+ + 2I  + 4H+   

 .

 NO = +2  NH3 = –3  N2 = 0   .
HNO3 = +5  NO2 = +4   

 

(IV)  
 P 0 P  

+5 H3PO4

P

+4 HNO3 +5 N

NO2

N

 

+4  .
+6   

0   
–1   



SO2   

+2    
 –1   

SO2 + Br2 + 2H2O  SO4   
2– + 2Br– + 4H+   

 +2  .
 

 (IV)  
  +6   

 –1 I–   
0

I–  MnO2   

 .Mn

 +5   .
 –1   

–1 +5  
0 –2

(V)  
  

–1 +5 –6

 +2

0 –2 
  

+2

 +4

–6

–6

3 N2H4

 2 KBrO3

2KBrO3 + 3N2H4  2KBr + 3N2 + 6H2O



   .

   

   
–1

 –2    

–1

    
–2 (SO4    

2–)

 .
(Fe2O3)

–2 (O)   
 

–6 (O)

 (Fe)  
+6

 (Fe)  
+3 

 .
–1 (NO3     

–)

 –2 (O)   
 

 –6

 (N)  
+5 

+7   +3   .
+5   –1   
+4   +6   

+5   

(II)  .
(IV)  

(V)  
(V)  

(III)  
 (VI)  

 KClO4   .
AuCl3.2H2O   

NaIO3   
SnCl4   
KClO   

NH4VO3   

0 3+ إ  .
0 1– إ  

+5 3- إ  
+2 1+ إ  
+5 3+ إ  
–2 6+ إ  



 .
 
 

Ni  Ni2+   .
HNO2 + H2O  NO3     + 3H+   
Te + 2H2O  TeO2 + 4H+   

Cu2+ + 2e–  Cu   
MnO4    

– + 8H+  Mn2+ + 4H2O   

 .

0 –1  .
(II)

0 –3

 –1 (I)

0

 .
–2 –1

 0  
–1

 
–1 0

  .

MnO4     
– + Cr2+ + H+ Mn2+ + Cr3+ + H2O   .

+7  +2  +2  +3  

5 = +2 7+ إ Mn  
+1 = +3 +2 Cr   

MnO4    
– + 5Cr2+ + H+  Mn2+ + 5Cr3+ + H2O  

MnO4    
– + 5Cr2+ + 8H+  Mn2+ + 5Cr3+ + H2O  

MnO4    
–  + 5Cr2+ + 8H+  Mn2+ + 5Cr3+ + 4H2O  

2Cu+  Cu + Cu2+   .
2I  + 2Fe3+  I2 + 2Fe2+  

Fe2O3 + 3CO  2Fe + 3CO2  
2IO3   

– + 10Fe2+ + 12H+  I2 + 10Fe3+ + 6H2O  
3CuO + 2NH3  3Cu + N2 + 3H2O  

2Fe3+ + H2S  2Fe2+ + 2H+ + S  
2MnO4     

2– + Cl2  2MnO4    
– + 2Cl–  

3MnO4   
2– + 4H+  2MnO4    

– + MnO2 + 2H2O  
 .
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2.00 mol/L  6
 0.100 mol/L (II)

1.00 mol/L

20V“ 1.79 mol/L 0.500 mol/L (II)
(0.100 mol/L (IV)

0.1 mol/L  2.00 mol/L

(0.1 mol/L (VI)   
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Mg2+

Mg(s) + 2H+(aq)  Mg2+(aq) + H2(g)  

Mg2+(aq) + 2OH–(aq)  Mg(OH)2(s)  

+2 0

0 +1

Zn2+ (Zn)

(Zn(OH)2(s))

Cu2+(aq)



Zn(s) + Cu2+(aq)  Zn2+(aq) + Cu(s)  
Zn2+(aq) + 2OH–(aq)  Zn(OH)2(s)  

Zn(OH)2(s) + 2OH–(aq)  Zn(OH)4    
2–(aq)  

+2 0 0 +2 (II)

(VII)

+2 +7

 Fe2+  Fe3+ + e– :(Fe2+)

MnO4      
–(aq) + 8H+(aq) + 5Fe2+ 2+(aq) + 4H2O(aq) + 5Fe3+(aq)  

+2 +7

+3 +2

(III)

Fe3+(aq) + 3OH–(aq)  Fe(OH)3(s)  

Ba2+

H+ Ba2+

Ba2+(aq) + SO4    
2–(aq)  BaSO4(s)  

Ba2+(aq) + SO3    
2–(aq)  BaSO3(s)  

BaSO3(s) + 2H+(aq)  Ba2+(aq) + SO2(g) + H2O(l)  

H2O2(aq) + SO3    
2–(aq)  SO4    

2–(aq) + H2O(l)  

Ba2+(aq) + SO4    
2–(aq)  BaSO4(s)  

+6 (SO4    
2–) +4 (SO3   

2–)

–2 –1



0   
 +2   

Ba(s) + 2H2O(l)  Ba(OH)2(aq) + H2(g)  
Ba  Ba2+  .  .

2H2  2OH– + H2   

 .   
2H2  2OH– + H2   

 –1 Fe2+   
 Fe2+ Fe2+ –2

2H+ + H2O2  2H2O   
H2O2 + Mn2+ + 2OH–  MnO2 + 2H2O   

+2 = +4 +2  
   –1 = –2 –1  

 +5   
 +3   

NaNO3 N  
(NaNO2)

O2 NaNO3

(III)  

 +1 = 0 –1  
 –1 = +2 +3  

 
+1

–1

(NO2     
– )   

 -5 = +2 +7  
 +2 = +5 +3   

2MnO4    
– + 5NO2    

– + 6H+  2Mn2+ + 5NO3    
– + 3H2O   

 –2   
  0   

+5 × 2 (I)   
 –10

I2O5 + 5H2S  I2 + 5S + 5H2O  

  2I–  I2

(I–) –1  
I2 0

H2O2 + 2H+  2H2O

O

O –2 –1



Improving the efficiency

(NH3)

 (Zn)

(Cu)

 (Cu2+)

(Zn)



.(Kp) (Kc)

- -
-

--

- ---

-

- -
- -

-
(Kc)

-

(Kc) -

-
-

 -

-

(Kp) 

-

(Kp) -

--



-
-

-

-

-

-
(II)



CO2(aq) ⇌ CO2(g)

-

 

 
  

 
 

-     

-
- -

 
 

. - -    



 



-

-

-

-

-

[Cu(H2O)6]2+(aq) + 4Cl (aq) ⇌ [CuCl4]2– + 6H2O(l)

  

(CaCO3(s) ⇌ CaO(s) + CO2(g))



  

 

CO2(aq) ⇌ CO2(g)   

 

 

 

 
(phase equilibrium)

2X(g) + Y(g) ⇌   



.Z

-     

-

 [Cu(H2O)6]2+(aq) + 4Cl–(aq) ⇌ [CuCl4]2– (aq) + 6H2O(l)

[CuCl4]2– [Cu(H2O)6]2+

-



    

C2H4(g) + H2O(g) ⇌ C2H5

.



Kc

Kc -
Kc -

-
-

(Kc) -
(Kc)

(Kc)

-

-
(Kc)

X Y  
Y

2X  +  Y  ⇌  2Z      

   :



 

 

-

-
mA + nB ⇌ pC + qD

Kc
[C ] [D ]
[A ] [B ]

p           q

m           n

CaCO3(s) ⇌ CaO(s) + CO2(g)       Kc 2]                    .   

H2O(l) ⇌ H+(aq) + OH (aq)     Kc
+][OH ]                 .   

.(Kc)

.



2 ×
2 2     ×           

  

C2H4(g) + H2O(g) ⇌ C2H5OH(g)

Kc  
C H g H O g2 4 2[               ] [              ]

C H OH g  2 5[                      ]( )
( ) ( )

–1 1  ×

-     
(Kc)

) (Kc)

-
Kc)

2Z⇌Y+2X

Z

X (1 : 1 2X : 2Z) X Z

. Y Y Z

XYZ   

(Kc)  [ ]
[ ] [ ]

Z
X Y

2

2

  2
 

2

:(Kc)

(Kc)
[      ]0.5

[      ] [        ]0.751.5
2

2



    

B A 2A + 2B ⇌ C + D

A 25 %
.   

(Kc) .   
Q P P + Q ⇌ 2R + S

.P
.   

(Kc) .   
-

D+C⇌2B+2A

A  25% 
  25% 

Kc 

[C][D]

[A]2[B]2 2 2
  

S+2R⇌Q+P

  
  P 0.2 mol

 
Q

P  

Kc 

[R]2[S]

[P][Q]

2

   

 
2  

 2 2
 2 2

 



) (Kc)

(Kc)

.(Kc)

 N2O4(g) ⇌ 2NO2(g) (Kc)

Kc = [ N O ]
[N O ]

2

2

2     4

[NO2] (Kc) [N2O4]

(Kc) [N2O4]

   

. %

N2(g)  +  3H2(g)  ⇌  2NH3(g)  

     

[ × –2 2 2 ] (Kc)

.(Kc)



 2 : 3 
.  

-

Kp

-
Kp ، -

Kp -



-
(Kp)

 

(Kp)

-

(Kp) -

(Kp)

(Kp) (Kc)

-

 A 

 B 

 C 

  



3
10  :A

 2
10

 :B
B A C

 :C
1 × 5 Pa

  (1 × 5 × 4 + 2 × 4 × 4 Pa PC

 

) Kp

 - - (Kc) (Kp)

) Kp

.(Kp)

(Kp)

ABC
325

Pa
3  × 52  × 55  × 5

× 42 × 45 × 4



C2H4(g)  +  H2O(g)  ⇌  C2H5OH(g)

  

     5 × 6 Pa

% %

       

 

P × 6 × 6 Pa     0.6
2.6

 P × 6 × 6 Pa   1.6
2.6

 P × 6 × 5 Pa   0.4
2.6

(Kp)

Kp ×
P

P P ( )
×

× × ×
7.70   10

1.15  10 3.08 10

5

66

 Pa–1  

Pa
Pa2

(Kp)

(Kc)

 -    

(NO)

N2(g) + O2(g) ⇌



× –2 × –3

.4 × –31

(Kc)   
(NO)   

(Kc)

 Hg2   
2+

-

-



-

https://www.youtube.com/watch?v=o1_D4FscMnU

https://ak.picdn.net/shutterstock/videos/1045699444/preview/stock-footage-ascending-drone-shot-of-volcanic-sulfur-fields-of-

dallol-in-the-famous-danakil-depression-hot.webm

https://www.youtube.com/watch?v=BkdjR5DZBl0



A4

   

   

 (Kp)

N2(g) + 3H2(g) ⇌ 2NH3(g)

15% 2 ×  Pa 3 : 1

(Kp)

(Kp)

(Kp)

(Kp)

1 ×  Pa 2 ×  Pa

 
(Kp)  



Kp = P2(NH3)

P(N2) × P3(H2)
 

.Pa–2 

Kp = Pa2

Pa4

 

1:3

15%

   

Kp = × 6)2

× 6 × )3
× –16 Pa–2  

(Kp)

 

.(Kp)  
.(Kp)

N2(g)3H2(g)2NH3(g)
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 .N2 15%

(Pa) × 2 ×
× 6 

 × 2 ×
×

 × 2 ×
× 6



(Kc) (Kp)



(HI)  .

 

 
  ×  –3  

 ×  –3  

(1 × –2 × –3 × –3   
 .

(Cl–) (Na+)  

.

  .

  

  
3+) (Ce3+)

 (Ce4+) 2+)

. 2+)

–   
–

  .

  

 

.

.



=
[                 ]

[ ][      ]
K CH OH

CO Hc
3

2
2

  .
2 2

= [         ] [       ]K H O Cl
c

2   
2

2
2

[     ][        ]HCl O
4

2

  

 .CO(g)H2O(g)CO2(g)H2(g)

= =)
)

(
(

K  319.39.47
0.53c

2

2

  .
   .

(Kc)

   
 (NO)

(Kc) (NO2)

:NO  .
× 4 × 4 × 4)  

× 4 × 3 Pa  

Pa   .
Pa   

  
(I2)  .

X

  × 6   

 × 6   

P(I2) 6 6   

P(I2) 5 Pa   

  

 × 6 Pa   
=

(                       )
(                       ) (                       )

×

×××
K 7.72 10

3.41 10 0.36 10
p

6 2

6                              6
  

  
 .
 .

 

 

 .

 × 6 ×  Pa   
K p

p
H I
2

=p pH              I2                   2
× 

  

K 48.3p

2

=                                     =
(                            )10.200 × 106 

(                      )2.33 × 106 (                         )0.925 × 106  × 
  

  

  

(Kp)

.(Kp)
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 (HBr) (Br2)

(Br2) (Br2)

Kc
HBr

H2 Br2

2[        ]
[    ][     ]=  .   

K
0.25

c =                     =
(         )

36(1.50)2

0.25(         )×
 .   

  .
 

  
  

  

Kc [                       ] [                 ]CH3COOH
[                             ]CH3COOC2H5

C2H5OH
[         ]H2O

=  .   

K 0.56
0.24

5.44
0.24c= =

(        ) 0.56(        )
( ) ( )

×
×

 .   

  

 
  

Kp =
×

pC2H5OH
pC2H4 pH2O

  .

 Pa–1   
[ × 6  .   

 × 6 Pa    
Kp = 

6)
6 6)  .   

 (Pa )    

  

 

.(Kp)

 



  .
 .

 

 

 

 

 .

 

 

Cl2 + ICl ⇌ ICl3   .
 

 

.

.

 .



2[HBr]
[Br2] [H2]

Kc = Br2(g) + H2(g) ⇌ 2HBr(g)

2 2 [     ]H2[     ]N2

[       ]NH3
2

3
Kc = N2(g) + 3H2(g) ⇌ 2NH3(g)

[        ]CO2Kc = CaCO3(s) ⇌ CaO(s) + CO2(g)

[     ]NO [O ]
[NO ]

2
2

2
2

Kc = 2NO2(g) ⇌ 2NO(g) + O2(g)

[H ]2
4

[H O]2
4

Kc = 2O(g) ⇌ 3O4(s) + 4H2(g)

[      ]
[Cu  ]
A g    

  2+

  + 2
Kc = Cu(s) + 2Ag+(aq) ⇌ Cu2+(aq) + 2Ag(s)

3 3
−

−
Kc =

[Cr O ]
[CrO ]  [H ]

2      7
2

4
2     2 +  2

2CrO4    
2–(aq) + 2H+(aq) ⇌ Cr2O      2–(aq) + H2O(l)

 .

×p p2
ONO

2
2

pNO2

Kp = 2NO2(g) ⇌ 2NO(g) + O2(g)

 (Pa )

m )
p pSO

2
O

pSO
2

3

2 2×
Kp = 2SO2(g) + O2(g) ⇌ 2SO3(g)

×p p
p

I H

H I
2

2 2Kp = 2HI(g) ⇌ I2(g) + H2(g)

×p p
p

Cl C l

C l

23

5

Kp = PCl5(g) ⇌ PCl3(g) + Cl2(g)

p
p

H
4

H O
4

2

2

Kp = 2O(g) ⇌ 3O4(s) + 4H2(g)

 .



[ ][ ]
[ ]=K
H I

I Hc

2

2         2
  .

 × )2

   × –2) × × –2)
  

 

 .
× × –4)   

×   

 

 × ×   

×   

 
 × –3   

 
× –4   

Kc

[CH3CO2C5H11]

[C5H10][CH3CO2H]
  

 
× –4

   × –3) × × –4)
  

 .

(nX)

(nT)

  .
N2 =  ×  

H2 =  ×   
Ar =  ×   

 (He)  .
 (O2)  (CH4) 

.  

 

=(CH4)  
  ×   

 .
:NO2

 × 2 × 4 × 4 Pa   
:NO

 × 2 × 4 × 2 Pa   
:O2

 × 2 × 4 × 2 Pa   
  Kp

P2NO2

   P2N × PO2

  
× 4)2

   × 2)2 × × 2)
 Pa–1   



  

 
 

 
-

[Cu(H2O)6]2+(aq) + 4Cl–(aq) ⇌ [CuCl4]2–(aq) + 6H2O(l)

إ

3

 12

(II)

 



  !
 
 

(II)  

 
(II)

  

[Cu (H2O)6]2+(aq) Cl–(aq)

Cu2+ Cl–(aq)

Cl–

.

 
 

Cl–



 

Cl–

[CuCl4]2–

.[Cu(H2O)6]2+

 
 

[CuCl4]2–



 

 

Kp = 
PCH3OH

   P2H2 × PCO

  

 (9.92 × 101)/(6.67 × 104)2 × (3.33 × 104)    
= 6.7 × 10  Pa   

16.8
7.2 + 16.8

 × 5.00 × 104 = 3.50 × 104 Pa  

 

  
 

 

K = 
[H2S]2

   [H2]2[S2]
 

  L/mol  
      9.40 × 105 = 

(0.442)2

   (0.234)2 × [S2]
  

 [S2] = 
(0.442)2

   (0.234)2  × (9.40 × 105)   
  = 3.80 × 10  (mol/L)

Kp = 
P2SO3

P2SO2 × PO2

  

 Kp
 = 

(80100)2

  (10100)2 × (68800)
  

= 9.14 × 10  Pa

 

 

 

200 atm  
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