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Thomson (1897) :  
.

Rutherford (1911):

Bohr (1913):
.

Sommerfield (1916):
( ).

:
.

.

Dalton
19 20

.

protons, p+)           neutrons, n0)           electrons, e )

(nucleus).

: 1,60218 10 19 C
e).

Coulomb.



Coulomb
SI).        

                      + (e )

: 

: 

: 10 27 kg

1836 .

(atomic mass unit, amu u): 1 amu = 1,660539 10 27 kg

C) e) amu) kg)

p +1,60218 10 19 +1 1,00728 1,67262 10 27

n 0 0 1,00866 1,67493 10 27

e -1,60218 10 19 -1 5,486 10 4 9,10939 10 31

:  100-500 pm    1 10 10 m 5 10 10 m

Angstrom : 1 = 10 10 m

1 5

10-4
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C
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C
12

6
:  -12

:
- 12 (amu u) 

1 amu

1 amu = 1,66054 10-27 kg

A : 

O 

o
o

: 0,9893 12 + 0,0107 13,00335 = 12,0107 amu
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John Newlands
1863-1866

   

(56
8

.

Dmitri 
Mendeleev Lothar Meyer

1913
Henry Moseley

.

12



:
.

O :
.

.

  
.

1 : 2 (1H) (2He).

2 : 8 (3Li) (10Ne).

3 : 8 (11Na) (18Ar).

4 : 18 (19K) (36Kr).

5 : 18 (37Rb) (54Xe).

6 : 32 (55Cs) (86Rn).

7 : 32 (87Fr) Ununoctium (118Uuo).
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8 :
VIII A ( . . VA...) 2 6

10 ( ) :
VIII B . . VB...) 10

. VIIIB 3 .

: (Li, Na, K, Rb, Cs, Fr)

: (Be, Mg, Ca, Sr, Ba, Ra)

: VIIA (F, Cl, Br, I)

: VIIIA (He, Ne, Ar, Kr, Xe, Rn)

: 80% .
.
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. .
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. . (Si)

(Ge) ,
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H3PO4
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+ NaOH -> NaCl + H2O

4

(s) + 2HCl (aq ZnCl2 (aq) + H2 (g)
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pH =7 . .
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              .

N2(g) + 3H2 3(g)

H2(g) + Cl2 2HCl(g)

2K(s) + Cl2

C(s) + O2 2(g)

                
    .

2(g)

CaCO3 2(g)

2KCIO3 2(g)



               
     .            , 

    :

 

               
       .

         .

H2                                2Al(s) + 6HCl(aq 3(aq) + 3H2(g)

Cu2+.

Fe(s) + 2HBr(aq 2(aq) + H2(g)

Zn(s) + CuSO4 4(aq) + Cu(s)

2Na(s) + FeCl2

              
      .       

     



2

Ba, Ca, Na 

2.

2 aq) + H2(g)

Mg(s) + H2 MgO(s) + H2(g)

          
            :

+ - + - + - + -

             
    

AgNO3(aq) + NaCl(aq 3(aq) + AgCl

Na2CO3(aq) + Ca(OH)2(aq aq) + CaCO3

BaCl2(aq) + 2HNO3(aq Ba(NO3)2(aq



:

1.

2.

3.

HF, HCl, HBr, HI, H2S, HCN, SO2, CO2, NH3 AgCl, AgBr, Agl, BaSO4, CaSO4, PbSO4
K2CO3, Na2CO3, 

(NH4)2CO3.
K2S, Na2S, (NH4)2S.

KOH, NaOH, 
Ca(OH)2, Ba(OH)2

: 

: (H2CO3) (H2SO3)

4 . :

CO2 2 2CO3

SO2 2 2SO3

NH3 2 4OH



.
+) -)

:

+ -
2

+)
-). .

2O(l)

H2SO4 2SO4(aq) + 2H2O(l)

3Ca(OH)2(aq) + 2H3PO4 3(PO4)2 2O(l)

,
.

,
. . KHSO4 Ca(OH)Cl)

.



              
     .       

    :

N2O5(aq)+ 2NaOH(aq 3(aq)+ H2O(l)

CaO(aq)+ 2HCl(aq 2(aq)+ H2O(l)

2NH3(aq) + H2SO4(aq 4)2SO4(aq)

3SO3 + Fe2O3 2(SO4)3(aq)

3 
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(molecular weight, MW)

H2O

: 15,999 u
: 1,008 u 2 ,008 + 15,999 = 18,015 u

CO2

: 15,999 u
C : 12,011 u

CO2 = 12,011 + 2*15,999 = 44,01 u

(Formula weight, FW)

NaCl

Na : 22,989769 u
Cl : 35,453 u

NaCl = 22,989769 + 35,453= 58,44 u

KBr

K : 39,0983 u
Br : 79,904 u KBr = 39,0983 + 79,904 = 119,0 u



:
.

H2 2,02 u

H2O 18,02 u

.

Mole(mol)

Mole(mol):

12 g 12C

12 g 12C 6,02214179 1023

Avogadro
mol .

= 6,02214179 1023 mol 1

1 mol
1023

).



1 mol 1023

1 mol 2 1023 
2 6,022 1023

:

1 mol Na2 3 6,022 1023 Na2 3,
2 6,022 1023 Na+ 6,022 1023 CO3

2 .

1 mol FeCl3 6,022 1023 FeCl3,
6,022 1023 Fe3+ 3x 6,022 1023 Cl .

Mole(mol)

mol

12C 12g/mol

(g/mol)

g/mol)

1 mol

g.

NH3 NH3 g/mol



Mole 

moles 

  moles :

n , moles mol)

m, g)

g/ mol)

moles

n , moles mol)

N, 

N , Avogadro 6,022 1023 mol

Mole 

A Cl;
NaCl;



2

g mol Na2SO3  

Na2SO3  

A Na= 22,99 u
A S =32,07 u
A O=16,00 u

M = 2 * 22,99 + 32,07 + 3*16 =126,05 u 

Na2SO3  = 126,05 g/mol

Mole 

mol Na2SO3 :

m = 2,78 mol * 126,05 g/mol = 4,8 *103 g Na2SO3

moles 2,3 g Na  

a = 22,99 u 

Na  = 22,99 g/mol

moles Na :

Mole 



4

HCl

HCl 35,45 = 36,458 amu amu
mol.

moles HCl:

Mole 

2O

2

6,022 1023
2

2 6,022 1023 6,022 1023

1 mol 2

               2 mol 1 mol 

              18,015 g H2O

           2 1,008 = 2,016 g 15,999 g

Mole 



Mole 

g 

1,5 g H2O x  
2,016 g 

18,015 g 2

=  0,168  g 

1,5 g H2O x  
15,999 g 

18,015 g 2

=  1,332  g 

moles

H2(g)  +  Cl2

H2 + 1 Cl2   HCl

23 H2 
23 Cl2 2 x 23 HCl

1 mol H2 + 1mol Cl2 mol HCl

2,016 g H2 + 70,91 g Cl2 x 36,46 g HCl



molesmoles

2 kg kg NH3, 
Haber:        2(g) + 3H2 3(g)

m

M
n = n =

907 x 103 g

17,03 g/mol
n = 5,33 *104 mol NH3

moles 2 3:

5,33 104 mol NH3  x  
3 mol H2

2 mol NH3
=  8,00 * 104 mol H2

2 : 
m

M
n = m = n * M m = 8 104 mol * 2,016 g/mol

m = 1,62 * 105 g H2  2



Moles +  

1 1

-1             -0,5

+1

0               0,5                   1

2 + 2 2

1mol 1mol

 !! 
 moles   

    
 moles  

 

g 2 g H2  
g 3 ; 

m

M
n = n =

7g

28,01 g/mol 

m

M
n = n =

3g

2,016 g/mol

N2 :

H2 :

n = 0,25 mol N2

n = 1,5 mol H2

Moles N2 + 3H2  2NH3 

0,25           1,5

-0,25         -0,75

+0,5

0            0,75                 0,5

0,5mol * 17,03g/mol 3 

0,75mol * 2,02g/mol = 1,5 g H2

 



: 

: 

 
 
 

: 

= X  100

3

     CH3OH,    CO,    
CH3COOH :CH3OH(l) + CO(g) CH3COOH(l) .    15,0 g   10,0 g  

      .          ;   
    19,1 g,     ;

m

M
n = n =

15 g

32,04 g/mol 
CH3OH : n = 0,47 mol

m

M
n = n =

10 g

28,01 g/mol 

CO : n = 0,36 mol

Moles CH3OH     + CO    CH3COOH

0,47 0,36

-0,36 -0,36

+0,36

0,11 0 0,36

0,36 mol * 60,05g/mol = 21,4 g 
CH3COOH 

0,11 mol * 32,04 g/mol = 3,56 g CO

=
19,1

21,4
X  100 = 89,3 %
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     ( . . CO2 .

. . .

.

.

. . .

.

.

.

.

.
, .



                
 .

 :            
.     .

  (   ):           
       .

2, N2, CO2...
CH3CH2OH)
C6H12O6

 :           
           .

                 
       .

         100 mL     
.

2 C 

        .      . 
       .



  :     
      

        
    

  :      
       

        
   

 :              
  .            

   

 

 
 

 



                
           
             

          .       
     

     
     

   
     

  

 



        
  (hydration)

     
:

      
      

    

     
      

     
 .

- .

       
, . . Na+, K+, NH4

+,    

      
 , . . PO4

3-, .  

 
.

 

3), 

(NaCl
[Ce2 (SeO4)3]



 

: 

     
       

  .

      
   .      

        
    .

Henry: S = kHP 

,
kH 

Molarity mol/L M) : 
.

 c: 
 n: mol
 V: 

C
n

v



n1 = C1 * V1

2

n2 = C2 * V2

H2O

n1= n2

C1 * V1 =  C2 * V2

: gr 100 gr 

(% w/w)= 
x 100 %

(g)

g)

v) : gr 100 mL  

(% w/v)= x 100 %
(g)

mL)

(% v/v)= x 100 %
(mL)

mL)

: mL  100 mL 



moles 
moles 

  
moles  moles 

moles (A)

moles 

n 
:
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pH
.

pH .
/ -1) / +1).

:
) HF NaF
) 3 4Cl

:

Henderson Hasselbalch

: pKa = - logKa



Henderson Hasselbalch .

/ -1 :

c = .

c = -1] .

.
: c > 10-3 M.

HCOONa
Ka = 2 x 10-4.

-

p



        / -1, . . HF / NaF,   
    : 

1)         . 

. .   HF   NaF. 

2)        . 

. .  x mol NaOH     y mol HF,  x < y. 

        / +1, . . 3 / NH4Cl,   
      : 

1)         . 

. .   3   NH4Cl. 

2)        . 

. .  y mol HCl     x mol NH3,  

   NaOH 0,4 M     2 L  HF 0,2 M    
  pH = 4.          .  Ka HF = 10-4.

         NaF  HF  .   NaOH  
.   x L     NaOH 0,4 M   :0,4 x mol NaOH  2  0,2 mol = 0,4 mol HF

0,5 NaOH .



    : 

  pH   ,        
    .

  pH          .                
         pH  . 

 

3 3COONa. 

HCl.

 CH3COONa 3COOH + NaCl 

, NaOH. 

CH3COOH 3COONa + H2O 

  HCl  NaOH  
    

    
  CH3COONa  

CH3COOH,    
   

    
    

    
. 

, HCl. 

NH3 + HCl 4Cl 

, NaOH.

 NH4Cl + NaOH 3 + NaCl + H2O 



   :         1   NaA c2 

  3 +1] = 1/c2. 

    10   ,        : 

0,1c1 NaA 0,1c2 M

 3O+1]=  0,1c1)/(0,1c2) = 1/c2. 

       pH     . 

               
: 

 [ +1] =  / c

,                
         . 

1.  100 ml H2O  0,001 mol HCl.      3
+  2         

  .

2.  100 ml     HF 1 M  NaF 0,5   0,001 mol HCl    .    
 3

+          .  Ka HF = 10-4.

1.   2    25oC   3
+] = 10-7M .   HCl :

HCl 3
+] = 10-2

3
+ HCl 2

2.

HCl To    NaCl,     pH  
  HF 0,101 mol  NaF 0,049 mol.  

T
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- ( ),
pH .

...
.

-

2
-

3
3

Le
Chatelier)

1,
.

-

3

2,

-.



:

  - .

-  - .

pH
K .

.

:
pH < pKa 1 , 

pH > pKa   +1 -

pKa = - log Ka

Ka :

.



.

( ) .

..

.

:   

:



         pH     
             

 . 

..

      
    pH  

     
     

    
    

   

       
       

 

     

  HCl   NaOH. 

          .   , 
      pH = 7   NaCl   . 

pH = 7

       ,       
    pH         

.



     

O   CH3COOH   NaOH. 

          .    
     pH >7   CH3COONa       

CH3COO-). 

        ,    pH  
      . ,       

    pH           
      .

pH > 7

     

  NH3    HCl. 

          .    
    pH <7   NH4Cl       NH4

+). 

             pH   
    .         pH 

               
 .

pH < 7



:   
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/



pH 



XHMEIA 

-

1



2 CO2 2+Br2 2HBr

2  

 

 

3  

 

 

 - 

 

  

 - 



  

        ,     
              

(      . 

              
.

1.     . .     . . Na, Cl2 )

2. O   ( . .)         .

3. To  (F)     . . -1.

4. To  (O)     . . -2,    OF2,   +2   
 . . H2O2,   -1.

5.   (H)  . .)  +1,     ( . . HCI)  -1,  
   ( . . NaH).

6.        . .   . . K, Na)  . . = +1   
  . . Ca, Mg) . . = +2.

7. To   . .         ,     
. .           .

        
       

     .



1) KMnO4:

2) K2Cr2O7:

3) CrO4:

4) SO4:

Av , ,
.

.

,
.

.

. 

. .



- 

         ;    
       .

1. C + O2 CO2

2. 2Na + Cl2 2NaCl

3. Zn + 2HCl ZnCl2 + H2

4. HCl + NaOH NaCl + H2O

5. CaCO3 CaO + CO2

1.   C+O2 CO2   ,     0  +4    
  0  -2.

2.   2Na+Cl2 2NaCl       0  +1    
  0  -1

3.   Zn+2HCl ZnCl2+H2       0  +2  
    +1  0.

4.   HCl+NaOH NaCl+H2O  .

5.   CaCO3 CaO+CO2      .
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Arrhenius 1889.

.
.

.

H
.

. 1/108

.

NO +Cl2 NOCl +Cl

,
.

.

.

.

..

Ea).



= c2 c1

= t2 t1

: mol/

+ + :

c
t

t
-

t
= -

t
=

t
=

[A]
,   

[A]

. = - /

  
. = /

  
.

+ + 

:

d
t

-
d

t
= -

d
t

= d
t

=

:

dc c, dt
t



.

t1,

t1 .

.

t1 t1
:

c

t
t1 = 

3
-1 h-1

2

2(g) + 3H2(g) 3(g)

2 3

3
2

3
2

2]

t
- 3]

t
= H2 = NH3 H2 = 2,5 mol L-1 h-1 H2 = 3,75 mol L-1 h-1

3]

t
2,5 mol L-1 h-1 1,25 mol L-1 h-1

3

NH3

2

1

2

1



.
.

.
,

.

(

mol .

.
.

,

.

,

.



.

  
.

: :

.
,

.



:

1.

, :

AB :

+ AK             
+ +     

. .

2.  

,

. ,
.

  

,
, .

.

:    

:

.

k: 

1 mol L-1.

-1.

[B]



H A B.

H + .

, = = ,
.

, ,
  , .

:    

1

2 2

3 2 3

0

:

,

. C(s)+O2(g) CO2(g)
= k[O2].

(k) .
1 k s-1.

: 0, 1, 2, 3.
,

.

H :

1.
2. , .
3. ,

.

, .



:

2O4(g) 2NO2(g) 2O4]

(g) + 2H2(g) N2(g) + 2H2O(g) 
2[H2]

;

1

3 :

2NO(g) + H2(g) N2(g) + H2O2(g) ( )

H2O2(g) + H2(g) 2H2O(g)              ( )
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-

2 2     3

.

.

.

3 3 2



- 

 

                
     : 

(g) (g) (g) (g)

                
               

      . 

              
               

      

u1

u2

           

         , u1 = u2 

        

 ,       t         



              

 

2(g) + 3H2(g)           2NH3(g)

CaCO3(s)           CaO(s) + CO2(g)

  ,            
            

   .

:  

.

x 100



              
        .

- 

               
      .

x 100

x 100

 

         :        
            

           
            .

             
           :

p =
[ P  ] [ P  ]

[ P  ] [ P  ]

C =
[ ]

[ ]



.

:

Le Chatelier
.

,

.

..!

.



Br2(g) + Cl2(g) 2BrCl(g)

: Br2

Cl2 BrCl ;

Br2 ,
  

Cl2 ,

BrCl ,

  
moles

moles.

..!!   
.

.



2(g) 2(g) 3(g)

;

mol
  

,
mol

C(g) + O2(g) CO2(g)

H
( > 0 ).

.

< 0 ).
.

  
.

.

.



SO2(g) + O2(g) 2SO3(g) , - 198 KJ

2(g) + I2(g) I(g) , + 25,9 KJ

;

            

         

2 2 3 : 

3

3

2 3

2(g) 2(g) 3(g),  - 22 cal

: 

3

 :

: 2 3.
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