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Ar                                                1.34                                            0.0322            
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3232, 18, 8, 2
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K1s2s
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 2s
1

1s
2

 3Li:

2s 4Be انذي تحوي ذرته عهى أربعة إنكتزونات وٌكتب
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1
                              



:; 

 

3s3p

75

75M

18

3d4s

4s19K20Ca
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 +
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 +
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Na
 +
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Na
 +2

(g)               Na
 +3
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Re 
760 

W 
770 

Ta 
760 

Hf 
676 

La 
541 

Ba 
503 

Cs 
376 

          
 

        

8-3

2A3A

 

I1     801 kJ /mol       899 kJ /mol                        طاقة انتشزد الأول 

  

 

 

I1       8 kJ /mol               738 kJ /mol                      طاقة انتشزد الأول 

 
2S

2
1S

2 4Be 3S
2

2P
6

2S
2

1S
2

12Mg

2P
1

2S
2

1S
2

5B3P
1

3S
2

2P
6

2S
2

1S
2

13 Al

 5 B                     4 Be 

12 Mg                       13 Al 

 

 



322 

 

2S3S

2P
1

3P
1

PS

P

S

5A6A

I = 1402 kj/mol 2P
3

2S
2

1S
2

7N

I = 1312 kj/mol 2P
4

2S
2

1S
2

8O

I = 1012 kj/mol 3P
3

3S
2

2P
6

2S
2

1S
2

15P

I = 1000 kj/mol 3P
4

3S
2

2P
6

2S
2

1S
2

16S

P

P

6A

5A

5EAElectron affinity

A(g)  + e               A-
(g) + 

EA   
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KJ / molSiK.cal /molev/mol

9-3KJ/mol

9-3

NeFONCBBeLi

KJ/mol+29-333-1420-123-23+241-58

7A

(Ne) 1S
2
 1S

2
 2P

6
 1S

2
 2S

2
 2P

5+1
     9F

-
 =

8A                 1A 

He 
(21) 

 
7A 

 
6A 

 
5A 

 
4A 

 
3A 

           
2A 

H 
-77 

Ne 
(29) 

F 
-333 

O 
-142 

N 
0 

C 
-123 

B 
-23 

          Be 
(241) 

Li 
-58 

Ar 
(35) 

Cl 
-348 

S 
-200 

P 
-74 

Si 
-120 

Al 
-44 

 
2B 

 
1B 

 
8B 

 
7B 

 
6B 

 
5B 

 
4B 

 
3B 

Mg 
(230) 

Na 
-53 

Kr 
(39) 

Br 
-324 

Se 
-195 

As 
-77 

Ge 
-118 

Ga 
(-35) 

          Ca 
(154) 

K 
-48 

Xe 
(40) 

I 
-295 

Te 
-190 

Sb 
-101 

Sn 
-121 

In 
-34 

          Sr 
(120) 

Rb 
-47 

Rn 
? 

At 
? 

Po 
? 

Bi 
-100 

Pb 
-101 

TI 
-48 

          Ba 
(52) 

Cs 
-45 
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2p

6

L.Pauling

1932

ABDABA2

B2DAADBBXAXB

4

10-3

4

0.7

XA  - XB   = 0.20  DAB  - (DAA . DBB)
½ 


½
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10-3


 

0

 

7

 

6

 

5

 

4

 

3

 

2

 

1
 

He 
 

H 

 

2.1 

               

 

 

H 

 

2.1 

1

NeF 

 

 

4.0 

O 

 

 

3.5 

N 

 

 

3.0 

C 

       

 

3.5 

B 

     

 

2.0 

          Be 

 
1.5 

Li 

 
1.0 

2 

ArCl 

 

3.0

S 

 

 

2.5 

P 

 

 

2.1

Si 

  
1.8

Al 

 
1.5

Mg 

 
1.2

Na 

 
0.9

3 

KrBr 

         

 

2.8 

Se 

     

 

2.4 

As 

 
2.0 

Ge 

 
1.8 

Ga 

 
1.6 

Zn 

 
1.6 

Cu 

 
1.9 

Ni 

 
1.8 

Co 

 
1.8 

Fe 

 
1.8 

Mn 

 
1.5 

Cr 

 
1.6 

V 

 
1.6 

Ti 

 
1.5 

Sc 

 
1.3 

Ca 

 
1.0 

K 

 
0.8 

4 

XeI

 

2.5

Te

          

 

2.1

Sb 

 
1.9

Sn 

 
1.8

In 

 
1.7

Cd 

 
1.7

Ag 

 
1.9

Pd 

 

 

2.2 

Rh

 

2.2

Ru

         

2.2

Tc 

 
1.9

Mo 

 
 1.8

Nb 

 
1.6

Zr 

 
1.4

Y

 
1.2

Sr

 
1.0

Rb 

 

0.8

5 

RnAt

         

  

2.2

Po

       

2.0

Bi 

 
1.9

Pb 

 
1.8

TI

 
1.8

Hg

 
1.9

Au

         

2.4

Pt

 

2.2

Ir

 

2.2

Os

 

2.2

Re

 
1.9

W

 
1.7

Ta

 
1.5

Hf

 
1.3

La

 
1.1

Ba

 

0.9

Cs 

 
0.7

6 

U

 
1.7

Pa

 
1.5

Th

 
1.3

Ac

 
1.1

Ra

 

0.9

Fr 

 
0.7
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XA  - XB  1.6 

XA  - XB  1.6 

7

■

I, Br, Cl, F

O

11-3

0, 1, 2, 3, 4, 3, 2, 1

0, 7, 6, 5, 4, 3, 2, 1

0, IV, III, II, I

VII, VI, V8

11-3

                                 I       II      III      IV     V     VI     VII     0         

   Na    Mg    Al      Si       P       S      Cl     Ar 

  NaH   MgH2  AlH3   SiH4     PH3   H2S     HCl 

    1        2        3      4         3       2       1      0 

 Na2O  MgO  Al2O3 SiO2  P2O5 SO3 Cl2O7     

   1         2         3       4       5      6     7          0                                        
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37

ns,np

(n-1)d

IAIIA7A

3A6A
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1A

IIA

11S
1

1S
1

H
+
 

Na
+

(aq)H
-

F
-
 , Cl

-
 , Br

-
 , I

-

 

 

 

 

2IAns
1
 , n ≥ 2

8-3

(ns
1
) 

(M
+
)

2H2(g)  + O 2(g) 
 انمىش انكهربائي

2H2O(ℓ) 
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Super Oxides, KO2 CsO2 , RbO2

32Ans
2
 , n ≥ 2

M
++

8-3

BaSrCaMgBe

KJ/mol 503549590738899

K(S)  + O2(g)                          KO2 

2MOH(aq)  + H2(g) 
↑
 2M(S)  + 2H2O(ℓ) 

2Li2O 
 أوكسيد انهيثيىو

4Li + O2 

Na2O2(S) 
 فىق أكسيد انصىديىو

2Na(S)  + O2(g) 
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MCa, Sr, Ba

Be

Ba

BeO, MgOCaO

SrOBaO

43Ans
2
 ,np

1
, n ≥ 2

3A

(Al
+3

, Ga
+3

, In
+3

, TI
+3

) 

 

 

 

 

M(S)  + 2H2O(ℓ)               2M(OH)2(aq)+ H2(g)  

M(S)  + 2H
+
 (aq)              M 

++
 (aq)+ H2(g)  

4Al(S)  + 3O 2(g)              2Al2O3(S) 

2Al(S)  + 6HCl (aq)              2ALCl3(aq)  + 3 H2(g) 
↑
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Al2Cl6, AlCl3, Al2O3, AlF3  

IAIIIA

54Ans
2
 ,np

2
, n ≥ 2

CO CO2

SnPb

PbO2, PbO, SnO2, SnO

 

65Ans
2
 ,np

3
, n ≥ 2

N2

(N2O, NO, N2O3, NO2, N2O4, N2O5) N2O5

N
-3

(10Ne: 1S
2
 1S

2
 2P

6
) Li3N, Mg3 N2

Sn(S)  + 2H
+
 (aq)              Sn

+2
(aq)  +  H2(g) 

↑
 

Pb(S)  + 2H
+
 (aq)              Pb

+2
(aq)  +  H2(g) 

↑
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 P4

P4O6 P4O10

PO2

76Ans
2
 ,np

4
, n ≥ 2

O2

Se8 , S8

O
-2

1S
2
 1S

2
 2P

6
)

Te
-2

, Se
-2

, S
-2

87Ans
2
 ,np

5
, n ≥ 2

I2, Br2,,Cl2 F2

(I
-
 , Br

 -
 , Cl

 -
 , F

 -
) X

 –

2F2(g)  + 2H 2O(ℓ )                                     4HF(aq) + O2(g)   
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IClBrF3

 PCl5NF3

HF

(HCl, HI, HBr)

98Ans
2
 ,np

6
, n ≥ 2

np, ns

8-3

9-3

1962

■

H2(g)  + X 2(g)                            2HX(g)  
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Na2OMgO

 MgCl2 H2O

Na2O(S) + H2O(ℓ)                     2NaOH(aq) 

Mg O(S) + 2HCl(aq)                 MgCl2(aq) + H2O(ℓ) 

Al2O3(S) + 6HCl(aq)                      2AlCl3(aq)  + 3H2O(ℓ) 

Al2O3(S)  + 2NaOH(aq)  +3H2O(ℓ)            2NaAlOH4(aq)  

SiO2(S) + 2NaOH(aq)                Na2SiO3(aq) + H2O(ℓ) 
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P4O10(S)  + 6H2O(ℓ)                  4 H3PO4(aq) 

 

SO3(S)     +   H2O(ℓ)                   H2SO4(aq) 

 

Cl2O7      +  H2O(ℓ)                           2HClO4(aq) 
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41

  

  

  

42The Ionic Bond
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IA

2A

   3Li           +         9F                              Li 
+
       +             F 

-

1s
2
 2s

1
            1s

2
 2s

2
 2p

5
                       1s

2
               1s

2 
2s

2 
2p 

5+1
 

                                                             (2He)                   (10 Ne)      

   Ca         +          O                         
                 

Ca
++

       +        O
- 2

 

(Ar )4s
2
          1s

2
2s

2
2p

4
                            (Ar)                    (Ne)

C551
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1 

 Li (s)                                    Li (g)           ∆H°1 = 155.2      KJ / mol 

5 

1/2  F2 (g)                                                      F (g)           ∆H°2 = 75.3      kJ/mol 

3  

Li (g)                              Li 
+

(g)   +   e
-
           ∆H°3= 520 KJ/mol

4 1

 

F(g)      +    e 
-
                            F

 -
  (g)          ∆H°4 = -328 kJ/mol  

5 Li
+

F
-

Li
+

(g)      +    F 
–
 (g)                         Li F (s)    ∆H°5 = ?     kJ/mol
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+       Li F  (s)                      Li 
+
 (g)      +     F –

 (g)  

∆H
°
5

Li (s )                                      Li (g)               ∆H°1 = 155.2   KJ/mol 

1/2  F2 (g)                                            F (g)              ∆H°2 = 75.3     KJ/mol

Li (g)                                    Li 
+

(g)  +  e
-
  ∆H°3= 520      KJ/mol

F(g)   +  e 
-
                           F

 -
  (g)            ∆H°4 = -328   KJ/mol

Li
+

(g)   +  F 
–

(g)                    Li F (s)          ∆H°5 =  ?        KJ/mol 

Li (s) + 1/2  F2                     Li F  (s )      ∆H° = -594.1    KJ/mol 

-594.4 = 155.2 + 75.3 + 520 – 328 + ∆H°5 

∆H°5-1016.6  KJ/ mol

-1016.6  KJ / mol) 

41

41

LiF LiCℓ NaCℓ NaBr MgCℓ2 MgO CaO 

  

   
  

1117858788736555738913414

C°84561181175171458115581
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43 

1 

 

5 

3 

 

4 

 

44

1916
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(H2

1S 

 s

41

411SH2

H2

3Pz

3Pz

3Pz45
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42

H : H 

: N : : : N : : O : : O : 
.. .. 

: I : I : 
.. .. 

.. .. 

: F : F : .. .. 

.. .. 
: B r : B r : 

.. .. 

.. .. 

H - H 

: N   =    N : : O =  O : 
.. .. 

: I - I : 
.. .. 

.. .. 

: F - F : .. .. 

.. .. 
: B r - B r : 

.. .. 

.. .. 
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45

I 2      ,     F2     ,      Cℓ2    ,       N2       ,    O2      ,       H 2

H-F4

5.1



43 

q . ℓ

 ⃗D

qesu

ℓ

O 

H H 
 

H            Cl  H : Cℓ : 
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110
 -18 

esu

 H – F1.98

A°1.95

1.98 = 1.98 × 10 
-18

                esu × cm 

0.92 A° = 0.92 × 10 
-8

                      cm  

q . ℓq = ) 

 =   / ℓ   =   1.98 × 10 
-18

  /  0.92 ×  10 
-8

  = 2.15 × 10
-10

    esu 

B% = /e  = 2.15 × 10
-10

 / 4.8 × 10
-10

 = 44. 8 %                         

 (4.8 × 10
-10

  esu)

CO2 , H2OCO2

CO2

C – O 

 = 0               

  = 1.86  



O     =       C     =       O 

O 

H H 
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1.7

51

1.751

51

1.7

46

 :      [     ]:  

H
+

NH4

H
+

 

H 

H 

H 

H 

: 

+ 

 :         N            ← N  𝐻  

.. .. 

H H 

: : 
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 NH3BF3

BF3 

BF3NH3 

F B 
.. 

: .. 

F 

F 

+ : N : 
.. 

.. 
H 

H 
H 

F 

F 

F B N 

H 

H 

H 

        

B
*
   : 2S

2
 2𝑃𝑥

1  2𝑃𝑦
1  2𝑃𝑧

0  N  : 2S
2

 2𝑃𝑥
1  2𝑃𝑦

1  2𝑃𝑧
1  

: NH3 BF3 

H F F F H H 
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47

1 

45

 

42

145163     154347   74435   

153418   134611   111414   

119946   151837   111389   

136531   147315   97464   

115591   158615   135368   

145145   116891   111569   

151498   143361   136431    

158159   153758   151368    

199543     177356    171597   

558195     

566151   

 

5 

114.5CO2 

181119.5117 

3 

45

43
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43

   347   615   851

     593   615   891 

    351   715   1175 

   559   477

   159   418   941

   555   617

   138   498

   347   498

48

4Be5B6C 

1s
2
  2s

2
 2p

0
4Be

1
1s

2
  2s

2
 2px

1
 2py

0
 2pz5B

6C             1s
2
 2s

2
 2px

1
 2py

1
 2pz

0
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BeF2BF3

CH4

 SP

1s
2
  2s

2
 2px

0
  2py

0   
2pz

o  
4Be

1s
2
  2s

1
 2px

1
  2py

0   
2pz

o   
4Be

2S 

2Pz2Px

2Pz

SP

SP

1s
2
          2s

1
 2px

1
     

                                                           
4Be

 

 

SP

𝟐𝒑𝒙
𝟏

2S1
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σ

    4-4a4-4b

4-4asp2s2p

4-4bBeCl2sp

sp3p

     

(  3)

  22  

    ; 2  5-4a5-4b

 𝑝𝑥
1 2𝑝𝑦

0 2𝑝𝑧
0

 𝑝𝑥
1 2𝑝𝑦

1 2𝑝𝑧
0
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5-4asp22s2p

sp
2

5-4bsp
2

2pBF3

FBF121

     

(  4)

 

2𝑝𝑥
1 2𝑝𝑦

1 2𝑝𝑧
0

2𝑝𝑥
1 2𝑝𝑦

1 2𝑝𝑧
1



131 

 

   3

      

6-4a6-4b

6-4b2s2p

sp
3

1s

     ;   6-4c

6-4cCH4

1s

 

47

CCℓ4

6-4a
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47

   3NH3 

    

  31s    ;1 

8-4a

8-4a

2𝑝𝑥
1 2𝑝𝑦

1 2𝑝𝑧
1
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   3(H2O) 

  3

1S    ;1 

      

O-H   ;1 8-4b

8-4b

49

2𝑝𝑥
2 2𝑝𝑦

1 2𝑝𝑧
1
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        ⁄(O-H)

         ⁄

AB

A

BAB
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49

49

  

411
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411  :

  :2(       )

(       )

(       )

  

411

411

a

b
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44

44

CH4 185.5

CF4 151.1

CCl4 53.1

CBr4 91.1

Cℓ4 171.1

(     ) 0     3  (    ) 0     4

     3  (1.8)D

     4

     4     3  
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     4

   3  

  

45H2OH2SH2Se

H2Te

(     ) 0(   ) 0 

(N-H , O-H , F-H)

45

(g/mol) (C°)(C°) J/g(caℓ/g) 

 

J/g(caℓ/g) 

H2O 18.151.11111.181.13355411135.56

H2S 34.1985.561.316.769.9131548

H2Se 81.9865.741.37.43157.1538

H2Te159.649545.8179

(N,O,F)
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415

412

H2SH2S

H2F2

(HF)2

H2F2

F 

H 
H 

F 

رابطة 

 هيدروجينية
رابطة 

 مشتركة
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(     )    ⁄

  

H2   ,   O2   ,   Cℓ2   ,   N2   ,   CH4   ,   CCℓ4   ,   CO2

Vander waals

411

O2

O3

 2     3  

O-O

128pmO-O-O    

18



141 

 

O-OO=O 

128pm

45

O-O145pmO=O121pm

O-O

(  3
;2)
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C6H6

C-CC=C

C-C

(140pm)C-C

(154pm)C=C(134pm)
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.. 

.. O : 
.. 

.. 

O : 
.. - 

N O : 
.. 

.. O : 
.. 

O : 
.. - 

N O : 
.. 

.. O : 
.. 

.. 

O : 
.. - 

: : 
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CO2CS2N2O

: O O S O O S 

O O O 

O S O 
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: .. 

.. 
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.. .. 

.. 

.. 

.. 

.. 

.. 

.. 
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.. 

.. 
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  4( )  2 2( )     2( )  2 2 ( )

2N2 2( )  N2 4( )    N2( )    2 ( )

2 2 ( )    2  2( )   2( ) 

 

  4( )  2 2( )    2  2 2 ( )                      (   )



146 

 

2     

 

 2 ( )      2 ( )

2  
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25C°0C°

  

   [∑ 
  

 ∑ 
  

]                            
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H

CH45O2

  4( )  2 2( )    2  2 2 ( )                             

   [∑ 
 

 ∑ 
  

]                            

 2 ( )       2 ( )                                                   (2   )

  

    3 
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ℓ
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    2  

1 10 
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     2       2

(     )(     )
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  (      )
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 2 ( )       2 ( )                                       ⁄

(    )      ⁄

 2 ( )       2 ( )                                       ⁄

  

  

A B 

∆H8 ∆H7 

∆H6 

∆H5 

∆H2 ∆H4 

∆H3 

∆H1 
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   1

 

   4   3   2
 

  8   7   6   5

  1    2    3    4    5    6    7    8

 

     2 2       4                             2          

( 2          )

 

                                  1   22        
   2 2       4                           2            

  1    2   22   (    )   2       

 

                  
 

2
 2                              3    2         

2                     
 

2
 2     3                       4              

            3       4                          5    2         

  3    4    5    2         2    2           
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( 2          )

Heats of Formation

   

  

2  

  ( )  
1

2
  2( )      ( )              2                (   )

1

2
N2( )   2( )    2( )                                   (   )

         ( )    2          ⁄

       2( )               ⁄

C°55
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25C°

KJ/mol 

 المركب حرارة التشكل المركب حرارة التشكل
حرارة 

 التشكل
 المركب حرارة التشكل المركب

315.47- NH4Cl(S) 285.8- H2O(l) 226.7+ C2H2(g) 99.5- AgBr(s) 

365.1- NH4NO3(S) 187.6- H2O2(l) 52.3+ C2H4(g) 127.1- AgCl(s) 

91.4+ NO(g) 21.1- H2S(g) 84.7- C2H6(g) 62.4- Agl(s) 

33.9+ NO2(g) 811.3- H2SO4(l) 113.8- C3H8(g) 31.6- Ag2O(s) 

244.3- NiO(S) 91.7- HgO(S) 124.7- n-C4H10(g) 31.8- Ag2S(s) 

277.1- PbBr2(S) 58.2- HgS(S) 173.1- n-C5H12(l) 1669.8- Al2O3(s) 

359.2- Pbcℓ2(S) 392.2- KBr(S) 277.6- C2H5OH(l) 861.1- BaCl2(s) 

217.9- PbO(S) 435.9- KCl(S) 239.3- CoO(s) 1218.8- BaCO3(s) 

276.6- PbO2(S) 391.4- KClO3(S) 1128.4- Cr2O3(s) 558.1- BaO(s) 

734.7- Pb3O4(S) 562.6- KF(S) 155.2- CuO(s) 1465.2- BaSO4(s) 

316.4- PCl3(g) 641.8- MgCl2(S) 166.7- Cu2O(s) 795.1- CaCl2(s) 

398.9- PCl5(g) 1113- MgCO3(S) 48.5- CuS(s) 1217.1- CaCO3(s) 

859.4- SiO2(S) 611.8- MgO(S) 769.9- CuSO4(s) 635.5- CaO(s) 

349.8- SnCl2(S) 924.7- Mg(OH)2(S) 822.2- Fe2O3(s) 986.6- Ca(OH)2(s) 

545.2- SnCl4(l) 1278.2- MgSO4(S) 1121.9- Fe3O4(s) 1432.7- CaSO4(s) 

286.2- SnO(S) 384.9- MnO(S) 36.2- HBr(g) 139.5- CCl4(l) 

581.7- SnO2(S) 519.7- MnO2(S) 92.3- HCl(g) 74.8- CH4(g) 

296.1- SO2(g) 411.1- MaCl(S) 268.6- HF(g) 131.8- CHCl3(l) 

395.2- SO3(g) 569.1- NaF(S) 25.9+ HI(g) 238.6- CH3OH(l) 

348.1- ZnO(S) 426.7- NaOH(S) 173.2- HNO3(l) 111.5- CO(g) 

212.9- ZnS(S) 46.2- NH3(g) 241.8- H2O(g) 393.5- CO2(g) 
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 ∑    
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298K°

   
  (  

     
Substance 

   
  (  

     
Substance 

571- 
Formaldehyde, 

Ch2O(g) 
394- Carbon, C(graphite) 

 
Formic acid, 

HCOOH 
586- Hydrogen, H2(g) 

*4811- n-Heptane, C7H16() 875- 
Acetone acid, 

CH3COOH 
4163- n-Hexane, C6H14() 1791- Acetone, CH3COCH3() 
891- Methane, CH4(g) 1311- Acetylene, C2H2(g) 

757- 
Methyl alcohol, 

CH3OH() 
3568- Benzenem C6H6() 

5154- 
Naphthalene, 

C10H8(s) 
3557- 

Benzoic acid, 

C6H5COOH(s) 

*5974- Nicotine, C10H14() 5751- 
Diethyl ether 

(CH3CH2)2O() 
*5451- n-Octane, C8H18()   

3536- n-Pentane, C5H12(g) *1454- 
Dimethyl ether, 

(CH3)2O(g) 
3519- n-Pentane, C5H12() 1561- Ethane, C2H6(g) 

5551- Propane, C3H8(g) 1367- 
Ethyl alcohol, 

CH3OH2OH() 
5641- Sucrose, C12H22O11(s) 1411- Ethylene, C2H4(g) 

*3919- Toluene, C6H5CH3()   

298k°

 2 5  

   
0          2      
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1-8

Mol/L 

0.1-0.01 0.1  

0.1-10-4 1-0.1 

0.1-10-6 2

10-3-10-6 2

10-3-10-9 25
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831(w/v)
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20

10020
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1Y
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6

Y 
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837Molatity

M

g 

Mwg/mol 

(mol/l)
(L) 

1050

1Mw (KOH) = 39 + 16 + 1 = 56 g/mol

0.178 mol
10

nKOH 
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2

0.05L
50

V 
1000
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= 0.3 mol                            
30W 

nH₂O = 
100Mw 

=170mol 
70W 

NCH₃OH =
100Mw 

=0.3 
0.3

=
0.3nH₂O

XH₂O = 
10.70.3nH₂O + NCH₃OH

=0.7 
0.7

=
07NCH₃OH

XCH₃OH = 
10.70.3nH₂O + NCH₃OH

84Dilution of Solutios
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230 

 

112

Kcal/mol 

KCl 4.25

KI 4.86

LiCl 8.85

AlCl376.8

102

1-10

1021

-101 
-101

 



231 

 

1022

S8

CS2

NaCls →Na
+

aq + Cl
-
aq

(dimers)

102



232 

 

-102

103

100

10025(3-10

3-10

111

NaCl 36.1

NaBr 48.6

Na2CO3 22.5

Hg2Cl2  10
-4

2.0

CaCO3  10
-3

1.53

Saturated solution

Unsaturated solution



233 

 

Supers Saturated

-103

(C°) 

-103

114

1141Solubility product

Homogeneous systems
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MW(PbCl2) = 461 g/mol

5-10

20

11521

Fe(OH)2 1.10
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-22

CaF3 4.10
-11

 

BaCo3 5.10
-9

 

Ag2S 1.10
-15

 

PbS 1.10
-28

 

AnBm

AnBm  nA
+
 +mB

-



236 

 

[A]
n
[B]

m
Q

Ksp>[A]
n
[B]

m

Ksp > Q

Ksp=[A]
n
[B]

m
=Q

Ksp<[A]
n
[B]

m

Ksp< Q

3

Ksp=2.2 10
-20

Cu(oH2)5    Cu
+2

aq + 2OH
-
aq 

  S            S           2S   

Ksp=[Cu
+2

] [OH
-
]

2

=S(2S)
2
 = 4S

3 

MSS 7-21
20

3 10  7,177    510.5
4

210.2
 



lgMMlg
M

lg
M w

W

/107,17257.9710 8.1/
/ 77  

4

2000.0040600

0.0080

0
-10

11.1Ksp=

200 + 600 = 800 mlV = 

1

MV = M' V'

0.0040  200 = M'  800   M'= 1.10
-3

m

2

0.0080  600 = M"  800  M"= 6.10
-3

M



237 

 

BaSO4    Ba
+2

 + So4
-2 

    S                S        S   

Q=[Ba
+2

] [So4
-2

] = 1.10
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+
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+
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+
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+
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+
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+
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+
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+
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-
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+
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+
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+
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+
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pH

pH7.4pH1.5

OH
-

H
+

1pH

2pH

141

pH

1

2
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142

1421

 

CH3COONa               CH3COO
- 
+ Na

+
 

CH3COOH  CH3COO
- 
+ H

+

H
+

Na
+
 CH3COO

-

A

HCl

HCl →Cl
-
 + H

+

H
+

CH3COO
-
aq + H

+
aq → CH3COOHaq 

B

KOH

KOH →K
+
 + OH

-

OH
-

OH
-
aq + CH3COOHaq → CH3COO

-
aq + H2Ol        

pH

1422

AHCl

H
+

         

HCl             H
+
 + Cl

-
 

H
+
 + NH4OH → NH

+
3 + H2O

pH

H₂O 

H₂O 
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B

NH
+

4 + OH
-
 → NH4OH

pH

143pH

1431

CH3COOH  CH3COO
- 
+ H

+

   
 COOHCH

COOCHH
K a

3

3  



[CH3COOH]=Ca

CH3COONa → CH3COO
-
 + Na

+

[CH3COO
- 
] = Cs

ka

 

 
s

a
a

s
a

C

C
KH

Ca

C H
K









logPk
C

C
logPkpH a

a

s
a 

pH

1432

NH4OH  NH
+

4 + OH
-



272 

 

   
 OHNH

OHNH
Kb

4

4





CbCs

[NH4OH]=Cb[
+
NH4]= Cs

 
b

s
b

C

OHC
K





Kw

   

 
 

 

 
bb

sw

b

ws
b

w

14

w

CK

CK
H

HC

KC
K

H

K
OH

10OHHK



















][ 
 logPk14

C

C
logPk14pH b

b

s
b 

][ 

pH

1pH1

1pH

0.1Ka=1.8 10
-5

1      CH3COO
-
aq  H

+
aq + CH3COO

-
 aq     

   
1                     0             1.0                                               

    1 - X                 +X         1.0+X                                        

   
 

 
 x1.0

x1.0x
101.8

COOHCH

COOCHH 5

3

3




 



aK
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X1.0

    M810.1HXX
1

0.1x
810.1 55  

pH = -log [H
+
] = 4.74

2

HClaq → H
+

aq + Cl
-
aq 

0.1             0              0                                       

0             0.1          1.0                                     

CH3COO
-

CH3COO
-
aq + H

+
aq → CH3COOHaq 

0.1                  0.1                1.0

CH3CooH = 1 + 0.1 = 1.1 mol

CH3Coo
-
 = 1.0 - 0.1 = 0.90 mol

1

   

 
M210.2

90.0

1.1810.1

COOCH

COOHCHk
H 5

5

3

3a 




 




pH= -log[H
+
] = 4.66 

pH

2pH

0.10CH3COOH0.10CH3COONa

Ka=1.7610
-5 
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HC2H2O2 + H2O  H
+

3O + C2H2O
-
2

  
 222

2223
a

OHHC

OHC OH
K





[HC2H2O2] = 0.1 M

[C2H2O
-
2] = 0.1 M

Ka

    M7610.1OH
1

1OH
7610.1K 5

3
35

a




 




pH= -log [H3
+
O] = 4.75
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AB

AB

151Equivalence Point

(End point)

1

2

3

End Point

1

2

3

pH

152

1521Direct Titration

1

2
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  N1V1 = N2V2

1522Back Titration

1

23

N1V1 = N2V2 + N3V3

A

B

C

1523Indirect Titration

12

3

1

N1V1 = N2V2 = N3V3

NaOCl
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153

1

2

3

N1V1 = N2V2

N1V1(titrant added)

N2V2(analyte titrated)

NV(eqs)

(meq)

M

154

(Neutralization) Acid–Base Titration

pH

(Titrant)

(Neutralization)

H3O
+
 + OH

-
  H2O

1

2

3

4

5

6

1541
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(secondary staudrad)

1-15

KHP  Na2CO3 

H2NSO3H CaCO3 

KH(IO3)2 Na2B4O7.10H2O 

C6H6COOH NaHCO3 

KHP

HSO4
-

H2NSO3 H + H2O →NH
+

4 + HSO4
-

THAM

pH

1542Indicators

pH
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HIn

In
-

1 152

2-15

pH 

2

(3-15

3-15

pH 

4.8 
0.010.05

100

6.1 
0.060.05

100

7.3
0.050.05

100

7.5
0.05

0.05100

9.0
0.0250.075

10050

9.9
0.050.05

100

3

PH

4-15
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4-15

pH 

2.54.5

4.06.0

4.06.5

5.26.6

8.59.5

4

5

6

pH

5-15
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5-15

pH 

4.26.3

0.1

0.05

1000

56.6

0.05

0.05100

6.88.5

0.05

0.05100

89.8

0.033

0.066

100

1543

pH

A

HIn                 H
+
 + In

-

HIn
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InOH   OH
-
 + In

+

B

pH

151

151

C

1
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2-15

2

3-15

1544

pH

1

HIn                 H
+
 + In

-
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 HIn

In H
Ka





 

 


In

HIn
logPKpH a

 

  1

10

In

HIn




   
 HIn

InH
Ka





    aa K10H
10

1H
K 


 



pH = PKa + 1      (1)

 

  10

1

In

HIn




   





 H 10K
1

10H
K aa

pH = PKa + 1     (2)

12pH = PKa ± 1

pH

PKa
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2

InOH             OH
-
 + In

+

      

   
 InoH

oH  In
Kb





 

  1

10

In

InoH




 
 

  10KoH
InoH

oH1
K bb 


 



PoH = PKb - 1     (1)

 

  10

1

In

InoH




 
1

oH10
Kb




 
10

K
oH b

POH = PKb + 1     (2)

12POH = PKb ± 1

pOHPkb

pH

pOH + pH = Kw

pH = PKw – pH

pOH

pH = Pkw – Pkb ± 1
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Pkw – Pkb  = Pk

pH = PK ± 1

pH

Ka=10
-9

pH = PKa ± 1

pH = -log 10
-9

 ± 1    pH = 9 ± 1 

pH=(8-10)

PT

PT=9

pT = pK

1545

1

pH

pTpH

pH

pH

Thymol blue

2
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3

20

4

1546

pH

pHpH=f(V)

S

pH

154

154
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pH

0.1N0.1N

(3.3-10.7)pH

0.001N(4.3-9.7)pH

1

pH(3.3-10.7)pT=4

pT=9

5-15

HCl + NaOH → NaCl + H2O 

5-150.1N 
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2

(PKa=4.73)

0.16-15

CH3COOH + NaOH →CH3COONa + H2O

6-150.1M 

3

pH(4-6.2)

NH4OH + HCl →H2O + NH4Cl

7-150.1N 
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4

0.1(Pka=4.1)

0.1(Pkb=4.75)

(PT=7)pH(5-8)

CH3COOH + NH4OH →CH3COONH4 + H2O

7-150.1M

1547

K1=7.95 ×10
-3 

H3Po4  H2Po4
-
 + H

+

K2=6.17 ×10
-3 

H2Po4
-
  HPo4

-2
 + H

+

K3=10
-12 

HPo4
-2

  H
+
 + Po4

-3
 

∆Pk = Pk2 – Pk1 = 7.21 – 2.12 = 5.09 > 4

4
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H3PO4 + NaoH → NaH2PO4 + H2O

NaH2PO4 + NaOH → Na2HPO4 + H2O

Na2HPO4 + NaOH → Na3PO4 + H2O

pH(4.12-5.21)

pT=4.6

pH(9.21-10)

pT=9.9

(8-150.1N
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11100

(0.1N)100

O=16, C=12, Na=23

32CONaE

X

1000

NV


g53.0X

2

106

X

1000

1001.0




10.53

100 Y

%53
1

53.0100
Y 




 

N1V1=N2V2

0.1×100=N2×100

N2=0.1N (eq.g/l) 
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Precipitation titrations

1

2occlurion

3

argentometric

Cl
-
 + AgNO3  AgCls + NO3

-

Ag + KSCN  AgSCNs + K
+
 

 

SO4
-2

 + BaCl2  BaSO4 + K
+
Cl

-
 

C2O4
-2

 + (CH3COO)2 Pb  PbC2O4 + 2CH3COO
-

Pb
+2

 + (NH4)2MoO4  PbMoSO4 + 2
+
NH4 

1
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2

3

4

161

Mohr

VolhardFajan

1611

Ksp=1.8 ×10
-10 Ag + Cl

-
  AgCl  

Ksp=1.1 ×10
-12 2Ag

+
 + CrO4

-2
  Ag2CrO2  

1

2

2CrO4
-2

 + 2H
+
 →Cr2O7

-2
 + H2O

3Ag2O

Ag
+
+ OH

-
 → AgOH 

2AgOH   Ag2O + H2O
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4

5

Ba
+2 

+ CrO4
-2

 → BaCrO4  

Pb
+2

 + CrO4
-2

 → PbCrO4   

1612

Fe2(SO4)3,(NH4)2SO4.24H2O

(SCN
-
)

Ksp=1.8 ×10
-10 Ag

+
 + Cl

-
  AgCl  

Ksp=1.08 ×10
-12 

Ag
+
 + SCN

-
 → AgSCN 

 
SCN

-
 + Fe

+3
 →[Fe(SCN)]

+2 

1

2

3

N1V1 = N2V2 + N3V3

Ag⁺           Clˉ      CNˉ
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Ksp=1.8 ×10
-10  

Ksp=1.08 ×10
-12

5.2 ×10
-13

8.3×10
-17

1×10
-12

  Ksp

1

2

3(0.7M)

CN
-

C2O4
-2

S
-2

CrO4
-2

CO3
-2 

1613

HIN  H
+
 + IN

-
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IN
-

AgCl + Cl
-
 →(AgCl) Cl

-
, H

+
, IN

-

IN
-

HIN

(AgCl
-
) Ag

+
, IN, HIN

1-16

1-16

162

pCl =F(VAg⁺)

100.1M

0.1M 
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0.1M

NaCl →Na
+
 + Cl

-

[Cl
-
] = [NaCl] = [Na

+
] = 0.1M

PCl = -log [Cl
-
] = -log 0.1 = 1

110

NaCl + Ag NO3 →AgCl + NaNO3

1

119

M1V1 = M2V2

M10  18.8
11

91.0
M11M91.0 12

22 


 

PClˉ = log [Cl] = -log 8.18 10
-2

 = 1.09

AgCl  Ag
+
 + Cl

-

Ksp=[Ag
+
] [Cl

-
] = 1.6  10

-10 

10610.1 spK

71.809.18.9

8.9610.1log 10










PAg

PP
ClAgspPK
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2550

515

5

2211 VMVM 

MM

M

2

2

2

3310.3
15

151.0

551.0








M48.13310.3log][Cl log  pCl 2--  

32.848.18.98.9   PClpAg

3

10

]][[

][][













ClAgK

PClPAg

ClAg

SP

9.4KPP SPAgCl
 

4101

0.1

20.1

2211 VMVM 

M9810.4
1.20

1.01.0
M]Ag[

1.20M1.01.0

4

2

1
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30.39810.4log]log[ 4   AgPAg

50.63.38.9  



Ag
PPKPCl

SP

PClˉ 

PAg⁺161

9.4PP
AgCl

 

2-16110.1M

0.1M

PClˉ PAg⁺ 

0101  

19 1.0g 8.71 

55 1.38 8.32

1004.904.90

10.106.503.30
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1-16110.1M

0.1 M(b)(a)
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Complex metric titrations

Chelating agents

Cd(CN
-2

)4Pt(NH3)2Cl2ClO4
-

CH2COOH
H-N〈

CH2COOH 

(NTA)IH3Y 

CH2COOH

N〈- CH2COOH 

CH2COOH 

II  (EDTA)

H4Y

CH2COOH
›N-CH2-CH2-N‹

CH2COOH 

CH2COOH CH2COOH

1-17
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1-17

BIII

IIIM
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1-17III

171EDTA

1 EDTA1:1

2 pH

 

710pH=8-11

2222 Ba  ,Sr  ,Ca  ,Mg 

12-18pH=4-7

222

32222

 , ,

 , , , ,





CoNiPb

AlZuCuFeMn

20 (pH=1-4)

33333 Bi  ,Fe  ,Cr  ,Co ,Sc 

2-17pH

3 

4  

5  
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6 EDTApH=4-5

 

2-17pH 

1 

2 pH 

3  

172

EDTA

1721

IIIB

pH

   HMYYHM
محلول
موفي

2 22

2

2
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1722Back

pH=5

Ca
+2

CaC2O4

1723

EDTAB

EDTA

EDTA

B

B 

2

22

2 ][][   MgCaYNaMgYNaCa

1724

B

OHOHH

HMYYHM

2

2

2

2

222

2][][









173
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1731

1732 

EDTA

  H2MInd      HInd M 2

2

EDTA

EDTA

HIndMYYHMInd 222

22  

174

1741 Eriochrome blackT

pH=6.3

pH=11.5
311.5pH23.6pH

2 In  HIn InH    

M
+2

   ↕M
+2

↕

MIn-                                                MIn-

T

T1200.
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3-17T

Ca, Cd, BaMn, Sc, Sr, Zn, Pb

1742Murexide

T

100:1

Ni, Cu, Co, Ca

4-17

1743Xylenol Orange

Zn, Th, Sc, Pb, Cd, Bi

5-17
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1744Pyrocatechol Violet

Pb, Fe, Ca, Cu, Co, Cd, 

Bi, Al, Mg, Ti, Zn

6-18

1745Pyridyl aZonaPhtlol (PAN)

Zn, Sc. Cu, Cd

7-17

175

1 

2 EDTA 

3  

4 

 

5  
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176

(Hardness of water)

Hard water

OHCOCaCOHCOCa 22323 )( 

3

pH=10

.T
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Redox reactions

redox reactions

1

422222 SnClclHgSnclHgcl 

e2SnSn 42  

2

2

2 Hge2Hg2  

2

OH7)SO(CrSOK)SO(Fe3SOH7OCrKFeSO6 234242342427224 

e6Fe6Fe6 32  

OH7Cr2e6H14OCr 2

3
7

2

2  

21122112 OXndRendRenOXn 

enOXdRe 222 

111 dReenOX 

181

1811oxidants
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12,2,,22,2 OIBr,CLF

21

222 OHF4H2F2 

SHI2SHI 22 

OH6NO4O5NH4 223 

2

+7+2

OHMnSOSOKSOHKMnOSOK 244242432 326325 

5

M
E w

MnO4



+4

3

M
E w

MnO4



KOH2MnO2SOK3OHKMnO2SOK3 2422432 

+6

1

M
E w

MnO4



OHKMO2SOKKOH2KMnO2SOK 2442432 
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OHOCrHCrO 2

2

72

2

4 22  

3Cr

OH7SOKS3)SO(CrSOH4SH3OCrK 242342422722 

6

M
E w

OCr 2
72



+5

4 222 ,N ,N , , NHONONO

1 

2NO

OHNO5POHHNO5P 22433 

2 NO

OH4NO2)NO(Cu3HNO8Cu3 2233 

3 ON2

OH5ON)NO(Zn4HNO10Zn4 22233 

4 

OH3NONH)NO(Mg4lOHNOMg4 234233 

HOCl,HClO,HBrO,HIO 333

-1
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OH3I3HI5HIO

OH3)SO(Fe3KClSOHFeSO6KClO

223

23424243




 

H2O2

)( 2Mno

OH4e2OH2OH 2322  

2

M
E w

OH 22


2222 OOH2OH2 

1812Reductants

 

COCO2 

 HClH2S

 

2222 H2)OH(CaOH2CaH 

 

2

64

OS
  e2OSOS2 2

64

2

32
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1

M
E w

OS 2
32



  e2CO2OC 2

2

42

2

M
E w

OC 2
42



1813

HCl10HIO2OH6Cl5I 3222 

OH2O3KOH2MnO2KMnO2OH3 222422 

182

H2O-2

H2O2-1NaO20.5

FeCl3-11+33

1 
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2 -2

H2O2Na2O2-1 

3 +1

(-1 

4 +1

+2 

5 -1 

6 

 

7  

1KMnO4

0)240(O)X(Mn)1(K 

7Mn08)x(Mn1 

2
2

4

MnO

-2

6Mn28)x(Mn

2)2.4(O)x(Mn





3SO2

4S04)X(S

0)202(O)X(S




 

4H2S

202)(

0)()201(





SXS

XSH
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183

1831

1

2

3

4

5

6

7

8

9

10

11
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CdS + HNO3  Cd(NO3)2 + NO + S + H2O 

12

2

252

3

3S3NO22

CdS + HNO3  Cd(NO3)2 + 2NO + 3S + H2O 

4NO

CdS3

3Cd(NO3)23

CdS + HNO3  3Cd(NO3)2 + 2NO +3S + H2O3 

58

HNO38

H2O4

CdS + 8HNO3  3Cd(NO3)2 + 2NO + 3S + 4H2O3

1832
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1

2

3

AlCuCl2

1

Al + CuCl2  AlCl3 + Cu 

2

Al
0
 + Cu

+2
Cl2  Al

+3
Cl3 + Cu

0 

3

2

Cu
+2

3

Al
0
 – 3e

-
  Al

+3

Cu
+2

 + 2e
-
  Cu

0
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4

Al
0
 – 3e

-
  Al

+3
2

Cu
+2

 + 2e
-
  Cu

0 
3

32

Cu
+2

Al
+3

2Al + 3CuCl2  2AlCl3 + 3Cu 

2Al
0
 + 3Cu

+2
  2Al

+3
 + 3Cu

0 

1833

A

FeSO4 + KMnO4 + H2SO4  Fe2(SO4)3 + K2SO4 + MnSO4 + H2O
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1

72

Fe
+2 
Fe

+3                  
(1)

MnO4
-
  Mn

+2          
 (2) 

31

Fe
+2 
Fe

+3
 + e

-
 

42

H
+

H
+
 + MnO4

-
  Mn

+2
 + 4H2O + 5e

-
8

H
+
 + MnO4

-
  Mn

+2
 + 4H2O85e +

5

5

Fe
+2 
 5Fe

+3
 + 5 e

-
5

H
+
 + MnO4

-
  Mn

+2
 + 4H2O               85e +

6

5Fe
+2

 + 8H
+
+ MnO4

-
  5Fe

+3
 + Mn

+2
 + 4H2O

7
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5FeSO4+4H2SO4+KMnO4 
2

5
Fe2(SO4)3+MnSO4+8H2O +

2

1
 K2SO4 

10FeSO4+8H2SO4+2KMnO45Fe2(SO4)3+2MnSO4+8H2O+K2SO4  

B

Br2 + NaCrO2 + NaOH  Na2 Cr O4 + Na Br + H2O 

1

Br2
 
 2Br

                       
(1)

Cr O2
-
  Cr O4

--             
 (2)

21

Br2
 
+ 2e  2Br

-

32

2OH
- 
 H2O + O

2

Cr O2 + 4OH
- 
 Cr O4

--
 + 2H2O

42

5

2

Cr O2
-
 + 4OH

- 
 Cr O4

--
 + 2H2O + 3e
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5

132

Br2
 
+ 6e  6Br

- 
3

2Cr O2
-
 + 8OH

-
  2Cr O4

-- 
+ 4H2O + 6e

6

3Br2
 
+ 2Cr O2

-
 +  8OH

-
  6Br

- 
+ 2Cr O4

-- 
+ 4H2O

7

3Br2
 
+ 2Na Cr O2 +  8Na OH  6Na Br

 
+ 2Na Cr O4

 
+ 4H2O

8

1212

184

Nernst

]d[Re

]OX[
log

n

059.0
EE

dReneOX

O 



EOX/Red

E
O

n

[OX]

[Red]

E
O

1-18
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1-18

185

1851-



327 

 

1852

1853

dox IndneInd Re 

 d

oxO

Ind

Ind

n
EE

Re

][
log

059.0


1(Diphenylamine)
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1-18

2 110

 

2-19111

pH=025
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2-18

 
  1

10

Re


d

ox

Ind

Ind

n
EE

n
EE

o

o

059.0

1

10
log

059.0
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  10

1

Re


d

ox

Ind

Ind

n

059.0
EE

10

1
log

n

059.0
EE

o

o





1
n

059.0
EE o 

10

E
o
=1.11Vn=11

059.011.1
n

059.0
11.1E  

E=(1.169-1.051)V1.051V

1.169V

186

1861

MnO2

9060
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OH8SOKMnSO2CO10SOH3KMno2OCH5 24242424422 


N1V1=N2V2

1862

FeSO4(NH4)2SO4.6H2O

OH4Fe5MnH8MnOFe5 2

32

4

2  

1863

(3-19

Na2S2O3
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Fluorescence Spectroscopy Analysis 
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3 Atomic Absorption Spectroscopy
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4 Emission Spectroscopy Analysis
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5 Nuclear Magnetic Resonance
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6 Mass Spectrometric Analysis 

Wien 1898

Thomson

Aston

0202222

2.1

1.  

0.  

3.  

4.  

5.  

6.  

1. 

12
4

12
12

Fragmentm 

A
+

  + e
-
   A 

E = 2000   Volt  mV
2

01

√2      V =

V

E



419 
 

e

m

G

r

            
 

 
    

    

   
   = 

      

    
 m     

r

E

e

m

 G

0. 

1.  

0. 

 

3. 0222

  

 
  

4. 182˚

 



423 
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