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Atomic Structure
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d p s

    .d p s

-

4s 4p

p s -
 -

-

-

 Fe: 1s22s22p63s23p64s23d6  

 Fe:  [Ar] 4s23d6 

-
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 Fe: [Ar]   
-

-

 (IE1)  IE -

-

-

-

-

-

•  
•  
•  

 (spin-pair •  
repulsion

-
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.–2 +1   

  
 

  Democritus

370-460

1766-1844 John Dalton

 
( 1856-1937) J J Thomson

 Ernest Rutherford

- ( 1871-1937)

 .0.0005 mm

 

20000

90°



1911

 James 1932

( 1891-1974)  Chadwick

 ( 1885-1962)  Niels Bohr

 Erwin Schrodinger 1926

-

1803
 

John Dalton

1904
 
 J J Thomson

1911
Ernest Rutherford

1913
Niels Bohr

1926
Erwin Schrodinger



Atom 

10–10 m

1.67 × 10–27 kg

 
Neutrons Protons

Electrons 

 
(Quantum Shells) Energy level

ً n = 3 n = 2 n = 1

2, 4 -
(n = 1)

 .(n = 2)

  :Atom
    

    
.  

 :Proton

:Neutron

 

:Electron

 :Energy level

n = 2

n = 1 



-

-

 

+
–

+

–

(Z)

n = 1n = 2n = 3

H111

He222

Li3212, 1

Be4222, 2

B5232, 3

C6242, 4

N7252, 5

O8262, 6

F9272, 7

Ne10282, 8

Na112812, 8, 1

11

11 -



 Anode

+
+

+

–

-

2000

 

   



(Z) Atomic number

(Na) 11

11

 (A) Mass number

(A    ZY)

(A) (Z)

Ions 

Cl            +            e                         Cl–

.(–) 18 (+) 17

Mg                        Mg2+            +            2e

+2 (Mg2+)

.(–) 10 (+) 12

 17
 18

 
 17
 17

 12
12

 12
10

 :Atomic number

 :Mass numbers

 :Ions 

 

23 51 (V)

38 88 (Sr)

15 31 (P)

(V)   
(Sr)   

(P)   



(Sr)

40       
19

K+

15
       

7
N3–

18
       

8
O2–

71       
31

Ga3+

81          
35

Br –

138       
58

Ce3+

82
      

38
Sr2+

88
     

38
Sr2+

90
     

38
Sr2+

.52      24Cr2+

. 24

24

Cr2+

24

.33    
16

S2– 33 –

16 + 2 = 18 18 17 16



2s

2p

2 
 .2p 2s 

Sub-shells 

.d p s

57 f

-
.s < p < d

n = 1   
.s

n = 2   
8

p 6 s

n = 3  
18

p 6 s 
.d 10

-

(Ar)

d p s

(K)

3d 4s

21 3d

.(Sc)
2p

2s

3p

4p

3d

4s

4d

4f

3s

n = 2 8

n = 3 18

n = 4 32

1s2n = 1



K

Rb

Cs

TI

In

Na

Li

Ca

Sr

Ba

1

2

3

4

5

6

7

8

9

10

11

-
d p s 

  p   sharp  s
diffuse d  principal

Atomic orbital 

– s
– p
– d

Louis de Broglie 1925

.p s -

 .p  s

y
y

Px

x

z

z

s

y y

x
x

x

zz

yP zP



2p

- z y x

2p 2pz 2py 2px 2p

3p

2p

- d

p d dz2

1s

 s -
- (Ar) d p

.n = 4

2s s

- 1s  2s

s

3s

 Sub-shells
 (subsidiary

 :(quantum shells
   
   
   

   
.   

 :Atomic orbitals
    
    
   

.  

n = 44f 4d 4p 4s

n = 33d 3p 3s

n = 22p 2s

n = 11s

2s
1s

.dz2



1s (H)

.1s1

1s (He)

.1s2

1s (Li)

2s ( n = 2)

1s22s1

-

   

H11s1

He21s2

Be 41s22s2

B51s22s22p1

Ne101s22s22p6

Na111s22s22p63s1

Mg121s22s22p63s2

Al131s22s22p63s23p1

Cl171s22s22p63s23p5

Ar181s22s22p63s23p6

(Ar) -
[Ar] [Ar]

1s22s22p63s23p6



1s22s22p63s23p64s1 (K)

.3d 3d 4s 3d 4s

3d

 3d (Ca)

[Ar] 4s23d1 (Sc) 4p

4s 3d

[Ar] 4s23d10 (Zn) 3d

 [Ar] 4s13d5 (Cr)

[Ar] 4s13d10 (Cu) [Ar] 4s23d4  
[Ar] 4s23d9

.4s13d10 4s13d5

(Kr) (Ga)

4p

.3d

K 19[Ar]4s1

 Sc 21[Ar]4s2 3d1

Cr 24[Ar]4s1 3d5

Cu 29[Ar]4s1 3d10

Kr36[Ar]4s23d104p6

16   
9   

20   



.s 

:

 

 

:

1s1

3s2  3p32s2   2p61s2

3p 3s

V

(P)

(3)

4s1  3d53s2  3p62s2   2p61s2

3d 4s

3d 4s

(Cr) 6

(4)

Z = 23  (V)    
Z = 29  (Cu)    

Z = 34  (Se)    



 
1s22s22p63s23p6 4s23d104p6 5s24d105p5

   
   
   

 
1s22s22p63s23p64s13d5

-

.(B)

- (blocks)

s (II) (I)

.(s block) s
He VIII III 18 13  

.(p block) p p

(d block) d d

2p

2s

1s

ps

d

1 2

3 4 5 6 7 8 9 10 11 12

13 14 15 16 17

18



Spin-pair repulsion

d p

-

 
:Spin-pair repulsion 

  
  

   
   
   
  

 .   

2p

2s

1s

1s2 2s2 2p2 1s2 2s2 2p3 1s2 2s2 2p4

 (O)(N)(C)

Free radical 
أ (Cl)

 3p 1s22s22p63s23p5

 .(Cl )

(H3C )

1s2 2s2 2p6 (Na+)

.(Ne)

 
  :Free radical
   

    
   

.



4s 3d

3s

2s

3p

1s2 2s2 2p6 3s2 3p6 4s2 3d2

1s

2p

Ti

2 + 2 + 6 + 2 + 6 +2 + 2

 22 = 

(S2–)

.(Ar) 1s22s22p63s23p6

d

 .3d 4s (Zn) (K)

4s d

1s2 2s2 2p6 3s2 3p6 3d3 4s1 3d2

4s 3d

3s

2s

3p

1s

2p

 

Cr3+

2 + 2 + 6 + 2 + 6 + 3

 21 = 

1s2 2s2 2p6 3s2 3p6 4s2 3d2

4s 3d

3s

2s

3p

1s

2p

Ti2+

2 + 2 + 6 + 2 + 6 + 2

 20 = 

Cr

2 + 2 + 6 + 2 + 6 + 1 + 5

 24 = 

4s 3d

3s

2s

3p

1s2 2s2 2p6 3s2 3p6 4s1 3d5

1s

2p



.(Fe3+)

26

.3d 4s

1s22s22p63s23p64s23d6 

+3

4s

  1s22s22p63s23p64s23d6  1s22s22p63s23p63d6

:3d

 1s22s22p63s23p63d6  1s22s22p63s23p63d5

ز
 .Fe3+

1s22s22p63s23p63d5

Z = 13  (Al3+)   
Z = 8  (O2–)   

Z = 26 (Fe2+)   
Z = 29 (Cu2+)   
Z = 29 (Cu+)  

Atomic radius   
 .1 pm = 1 × 10–12

 Nuclear charge 
 Shielding

-



 :Atomic radius 
    
   

 .   

:Nuclear charge

 :Shielding
 

   
   

 
.

Ionic radius 

(VII) 17 +2 (II)

–1



7A6A5A4A3A2A1A

 

   

K+

133

Na+

95

Li+ 

60
Be2+ 

31
B3+ 

20
C4+ 

15
N3– 

171
O2– 

140
F– 

136

Cl– 

181

Br– 

195

I– 

216

S2– 

184

Se2– 

198

Te2– 

221

P3– 

212

As3– 

222

Si4+ 

41

Ge4+ 

53

Sn4+ 

71

Al3+ 

50

Ga3+ 

62

In3+ 

81

Mg2+ 

65

Ca2+ 

99

Sr2+ 

113

Ba2+ 

135

Rb+

148

Cs+

169  .(pm)

:Ionic radius

.(IV) 14 (I)

(VII) 17 (V) 15

(VII) 17 (V) 15

  

IE

Ionisation energy

.kJ/mol

.First ionisation energy (IE1) +1



   •

 •
 

             :Ionisation energy
.            

           :First ionisation energy (IE1)   
.                  

        :Successive ionisation energies
.             

Ca(g)  Ca+(g) + e–            IE1 = 590 kJ/mol

(IE2) +1

 Ca+(g)  Ca2+(g) + e–          IE2 = 1150 kJ/mol

(IE3) 2+

Ca2+(g)  Ca3+(g) + e–          IE3 = 4940 kJ/mol

.Successive ionisation energies 

 

 

 



 

-

IE 1IE 2IE 3IE 4IE 5IE 6IE 7IE 8 IE 9IE 10IE 11

H1310

He23705250

Li519730011800

Be90017601485021000

B799242036602500032800

C10902350462062203780047300

N140028604580748094505330064400

O131033905320745011000133007130084100

F168033706040841011000152001790092000106000

Ne208039506150929012200152002000023000117000131400

Na4944560694095401340016600201002550028900141000158700

kJ/mol 11

(N)



4

5

6

3

2

1

0
10 2 3 4 5 6 7 8 9 10 11 12

lo
g 10

 

-
(log10)

 
(Ca) 
(K)

(Li)

(S)

 .4580 kJ/mol 2860 kJ/mol (N)

-

(Na)



11+

(IE1)

    (IE2-IE9)

(IE10-IE11)

X (IE)

  

7 6

X

.6

  (VI) 16 X

10 9 8 7 6 5 4 3 2 1

43140 36580 31670 27100 8500 7010 4540 3390 2260 1000
 

(kJ/mol)

 

-



   
.(B)

32800 25000 3660 2420 799
(kJ/

mol)

 

     
.  3)

   
(Al)  (Z = 13)

log10

   
47300 37800 6220 4610 2350 1090 

.kJ/mol

.(II) log10      

log10 (kJ/mol)

2.76 578

3.26 1817

3.44 2745

4.06 11578

4.17 14831

4.26 18378

4.37 23296

4.44 27460

4.50 31862

4.58 38458

4.63 42655

5.30 201276

5.35 222313

(IE1) -
(IE1) .

.   



.
(IE1) (Li) (IE1)

(He)

.(Li) 2s

0 2

He

Be

Li
B

C
N

Ne

Na

Mg

Al
Si

S

P
Cl

Ar

K
Ca

O

F

H

4 6 8 10 12 14 16 18 20
Z

(k
J 

m
ol

) 



1s
1s22s2

Be

1s22s22p1

B

2s 2p

1s 2s 2p

1s22s22p3

1s22s22p4

N

O

1s 2s 2p

1s 2s 2p

(B) (Be) (IE1) .
1s22s22p1 1s22s2

- 2p

2s

2s 1s

.2p

(IE1) .
 .2p

2p

-
2p

LiNaKRb

(kJ/mol)519494418403

.(I)

-



 

 

 
(Si) (Na)

(Al)

.(Mg)

(F)  
(F) (I)

.(1010 kJ/mol) (1680 kJ/mol (F)

(V) 15

 
 
 

(P) (S)

(P) (S)

Ne F O N C B Be Li

2081 1681 1314 1402 1086 801 900 520 (kJ/mol)

70 72 73 75 77 85 112 152 (pm)

(kJ/mol) 
(Na)494

(Mg)736

(Al)577

(Si)786



d p s
10 6

+1

(III) 13 (B)

 .11      
5
B

(Hf) (Zr)

 91 40 (Zr)  

 
180      

72
Hf 2+  

   
.  

 



 

  

 

.(Al) 13  

 

.(Al)  

.(Al)  

    .(Al3+)  

kJ/mol (IE1)

(IE1)  

+

–

1
100

1000

10000

100000

1000000

2 3 4 5 6 7 8 9 10 11 12 13

(k
J/

m
ol

)

NaMgAlSiPSClAr

IE14947365777861060100012601520

 

   
  /  

   
 /    / 

    
.   



.(Z = 18) (Ar)  

15  

(P)

  

  

1s

.(Ar) (K)  

 

p s   

.1s22s22p63s23p64s23d8 X  

X   

.d   

.X2+ X  

  

  

4s 3d

 
 

I A    

 (I) 
I A  

.1s2 2s2 2p6 3s2

.G E  

.J  

 

2000

1600

1200

1800

400

0
A B C D E F G H I J

(k
J/

m
ol

)/



.X  

 

.X
E A   

.E  

10 2 3 4 5 6 7 8 9 10 11

lo
g 10

 X

(kJ/mol)

A786.51577.13231.64355.516091

B598.81145.4491264918153

C49645626910954313354

D108723534621622337831

E578181727441157714842



-

-

.(Z)
-

.
-

-

(n = 1)

-

d p s
10

-

 p s 
5 3 d

-

p s-

-

-



-

-

+1

-

-

-

-

-

-



LEARNING OBJECTIVES

 Two line
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•   
•   

Stoichiometric Calculations



e
g

L mL mL L

significant figures standard form

polypropenee polyethenee

-
•
•

-
-

•
•
•

-
-

- - - - -



Empirical formula

Molecular formula

-

 :Empirical formula

:Molecular formula

(N2H4)

(C8H18)

(C6H6)

(NH3)

H2OH2O

HOH2O2

SO2SO2

C2H5C4H10

CH2C6H12



14.3% (H) 85.7% (C)

C H

85.7 14.3

85.7 = 7.142
12.0

14.3 = 14.3
1.0

Ar

7.142 = 1
7.142

14.3 = 2
7.142

(CH2)

1.55 g
3.55 g

0.486 g

0.806 g

(0.806 – 0.486) = 0.320 g

(m)

(Ar)
(n)

Mg =
0.486 g

 = 0.0200 mol
24.3 g/mol

O =
0.320 g

 = 0.0200 mol
16.0 g/mol

1:1

(MgO)

P O

1.55 g
= 2.00 g

1.55 g
31.0 g/mol

= 0.05 mol

2.00 g
16.0 g/mol

= 0.125 mol

0.05
0.05

= 1

0.125
0.05

= 2.5

PO2.5

P2O5



90% (H) 10%

(CH3) (C2H6)

187.8 g/mol (CH2Br)

12 + (2 × 1.0) + 79.9 = 93.9 g/mol

187.8
 = 2

93.9

2 × CH2Br

C2H4Br2

C B A
 (g/mol)

82 C3H5
A

237 CCl3 B

112 CH2 C

Stoichiometry

Fe2O3(s) + 3CO(g)  2Fe(s) + 3CO2(g)

 :Stoichiometry



g

(Cl2) (Na)
(NaCl)

2Na(s) + Cl2(g)  2NaCl(s)

(1 mol)

2Na(s) + Cl2(g)  2NaCl(s)

2 × 23.0      1 × (2 × 35.5)     2 × (23.0 + 35.5)  

46.0 g                   71.0 g                   117.0 g

46.0 g 71.0 g

35.5 g

1 mol 23.0 g

1 mol •  

117.0
 = 58.5 g

2

1 mol 1 mol

0.5 mol

0.5 mol

(2 mol) (CO) (3 mol) (Fe2O3) (III) (1 mol)

(CO2) (3 mol) (Fe)

CO2FeCOFe2O3

3231

(Fe)

.(FeS) (S)



(CuCO3) (II)
(CuCl2) (II) (HCl)

CuCO3(s) + 2HCl(aq)  CuCl2(aq) + H2O(l) + CO2(g)

(II)
(II) 24.7 g

CuCO3(s) + 2HCl(aq)  CuCl2(aq) + H2O(l) + CO2(g)

(II)

(II) (1 mol) (II) (1 mol)

63.5 + 12.0 + (3 × 16.0)  63.5 + (2 × 35.5)

123.5 g CuCO3  134.5 g CuCl2

(II)

 (II) 24.7 g

  24.7 g CuCO3  
134.5

 
123.5

 × 24.7 g CuCl2

= 26.9 g

(Fe2O3) (III)
9.36 g (C) 79.8 g

 2Fe2O3(s) + 3C(s)  4Fe(s) + 3CO2(g)

(III)

(Fe2O3) =
79.8

   
(2 × 55.8) + (3 × 16.0)

= 0.50 mol

(C) 9.36
 

12
= 0.78 mol

(3 mol) (Fe2O3) (2 mol)

(C)

(Fe2O3) 0.5 mol

 0.5 × 3
 

2
 = 0.75 mol (C)

 ،
Fe2O3 :  C

2    :  3

 0.5 mol : mol 

(0.5 × 3)
   2
 =  0.75 mol (C)

(C)  0.75 mol

(C) 0.78 mol

(C)

0.78 – 0.75 = 0.03 mol

(III)



36.0 g 32.0 g 4.0 g

   

 2H2(g) + O2(g)  2H2O(l)

(O2)

1 : 1 (H2)

(H2O)

2 : 1

 

526.84

526.8 4

527 3

36.0
(2 × 1.0) + 16.0

= 2 mol

32.0
(2 × 16.0)
= 1 mol

4.0
(2 × 1.0)
= 2 mol

(H2O)(O2) +(H2)

(Na)

(O2)

(Na2O2)

 2Na(s) + O2(g)  Na2O2(s)

4.60  g

(SnO2) (IV)

(C) (Sn)

(CO)

 SnO2(s) + 2C(s)  Sn(s) + 2CO(g)

14.0 g

(IV)

0.004

0.0040

0.00400



 Percentage composition

by mass

100 ×
×

 (%)

(C2H5OH)

(SiCl4) (IV) 340.2 g (Cl2) 284.0 g (Si) 56.2 g

       

(CaO)
2.9 g

56.1 g/mol
56.1 2.9

0.051693

2

2.9 g

0.052 mol

       

.(Fe2O3) (III)

(Fe2O3)

(Fe2O3) 2 mol

100(%) × ×
 

(%)

100 ×
55.8 × 2

 
(2 × 55.8) + (3 × 16.0)

 69.9 % 

 Fe2O3

69.9%



(AlCl3)
(Al) 18 g

(Cl2)
71.0 g

 2Al(s) + 3Cl2(g)  2AlCl3(s)

(AlCl3) ((3 × 35.5) + 27) × 2 (Al) 2 × 27 g

(AlCl3) 267 g (Al) 54 g

18 g

(Al) 18 g

267 × 
18

 
54

 = 89.0 g (AlCl3)

71.0
 

89.0
 × 100 = 79.8 %

Actual yield

Theoritical yield

Yield

100(%) ×  (%)

 :Actual yield

 :Predicted yield

70%

90%



(1 atm)

24.0 L 24.0 L 24.0 L ( r.t.p )

10 mL 20 mL

1 : 2

(H2)             (O2)          (H2O)

20 mL       10 mL

2        :       1

 2H2 (g)    +   O2(g)   2H2O(l)

(HCl) 7.30 g
(Na2CO3)

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

8.19 g

Mr(HCl) = 1.0 + 35.5 = 36.5

7.30 g (HCl)

 7.30
 

36.5
 mol = 0.2 mol

Mr(NaCl) = 23.0 + 35.5 = 58.5

8.19 g (NaCl)

8.19
 

58.5
  = 0.14 mol

(NaCl)

(HCI) 2 mol

(NaCl) 2 mol

(NaCl) 0.2 mol (HCI) 0.2 mol

100 × 0.14
 

0.20
 = 70.0 %



(C3H8) 20 mL

60 mL ،(O2) 100 mL

(H2O) 80 mL (CO2)

100 mL

200 mL (CxHy)

(CO2) 100 mL (O2) 

(H2O) 200 mL

(PHn) 50 mL

(Cl2) 150 mL

150 mL

(HCl)

14 g

(C2H4) 

C2H4(g) + 3O2(g)  2CO2(g) + 2H2O(l)

24.0 L 96.0 L

12.0 L 0.0467 L

50 mL
(O2) 250 mL

(CO2) 150 mL

 (CxHy)             (O2)                     (CO2)             (H2O)

50 mL       250 mL                150 mL

(CxHy)            (O2)                   (CO2)         (H2O)

1 5 3

3 mol 1 mol

3 mol

1 mol

x = 3

 C3Hy(g) + 5O2(g)  3CO2(g) + H2O(l)

5 mol  

3 mol

(5 – 3 = 2 mol)

4 mol

2 mol

4 mol

C3Hy(g) + 5O2(g)  3CO2(g) + 4H2O(l)

8

(C3H8)

C3H8(g) + 5O2(g)  3CO2(g) + 4H2O(l)



-
-

-
12 mL

25 mL



100% × |
 

24.3 g/mol

26.6 g/mol

|24.3 - 26.6| 100% ×  = 
24.3

2.3 
100% ×  = 9.47%

24.3

  ±1 °C (uncertainty)

42 °C 21 °C

21 °C

20 °C (21±  1)  °C

22 °C

43  °C 41  °C

19 °C 23 °C

(21 ± 2) °C

100% ×  

2 
 × 100 % = 9.52 %

21

± 1 mL 

50.0 mL

100 mL

100% ×  

1
100% ×  = 2%

50



±0.05 mL

±0.05 mL

0.10 mL

22 mL

100% ×  

0.10 100% ×  = 0.45 %
22

±0.005 g

±0.01 g

10.34 g

 0.005 g

 10.00 g

0.34 g

100% ×  

0.010
100% ×  = 2.94%

0.34

Standard solution

250 mL (0.25 L)

0.100 mol/L

(mol/L) M

(mol) n

(mL) V

(g) m

(g/mol) Mr

 : Standard solution

1.00 mol/L



Solute

n = 
m
Mr

M = 
n
V

-
 250 (Mr = 106)

0.100 mol/L mL

250 mL

250 mL

250 mL

.
250 mL (2.65 g)

.
100 mL

.
250 mL

.

.
2–3 mL

-

 :Solute

n = m
Mr

m = (2.50 × 10−2 ) × 106 = 2.65 g

M = n
V

n = M × V n = 0.100 × 0.250
 = 2.50 × 10−2 

m = n × Mr



.

-

Titrations

 :Titration

(mol)
(mol/L)

(L)

  M(mol/L) = 
n(mol)
V(L)

 

mol/L M



25.0 mL
15.10 mL (NaOH)

0.200 mol/L (H2SO4)

 2NaOH(aq) + H2SO4(aq)  Na2SO4(aq) + 2H2O(l)

.(mol/L)

(L) (mol/L)
15.10

 
1000

        ×       0.200

  = 0.00302 mol

2

(NaOH) (2 mol)

(H2SO4) (1 mol)

(NaOH)

(NaOH)

2

 0.00604 mol

0.0250

L mL

(NaOH)

(mol)
 

(L)
(mol/L)

 
 0.00604

 
0.0250

 = 0.242 mol/L

3

(HCl) (Sr(OH)2)

Sr(OH)2(aq) + 2HCl(aq)  SrCl2(aq) + 2H2O(l)

15.00 mL 25.0 mL

mol/L 0.100 mol/L

25.25 mL 0.400 mol/L 20.0 mL

mol/L

H2SO4(aq) + 2NaOH(aq)  Na2SO4(aq) + 2H2O(l)



0.0600  mol/L 20.0  mL

24.00 mL 0.100 mol/L

X

25.0 mL
0.0500 mol/L (M(OH)n)
 0.200 (HCl)

12.50 mL mol/L

(L) (mol/L)
25.0

 
1000

       ×       0.0500  1.25 × 10–3 mol

(L) (mol/L)
12.50

 
1000

       ×       0.200  2.50 × 10–3 mol

1.25  10–3 mol

2.50  10–3 mol

2 1

(1 mol)  (1 mol)

(2 mol) (1 mol)

.(n = 2)

M(OH)n + nHCl  MCln + nH2O

 M(OH)2(aq) + 2HCl(aq)  MCl2(aq) + 2H2O(l)



58.30 g

ZrCl4 + 2Mg  Zr + 2MgCl2

20.52 g

20% 80% Z

Z

30.0 g/mol Z

 200 300 mL Y 50 mL

mL

600 mL (C3H8)

24.0 L



(NaCl) (TiCl4) (IV)

(Ti)

(IV) 380 g

46.0 g

4.80 L

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

(Cl2)

(NaOCl)

2.00 mol/L (NaOH)

-

-

-

- -
-

- -
-



 Chemical Bonding



-

-

-

-
8

SO2

SF6 PCl5

-

  

 NH4   
+

 Al2Cl6   

   [Cu(H2O)6]
2+ [CuCl4]

2–   

-

VSEPR

120° BF3   

180° CO2   

109.5° CH4   

107° NH3   

104.5° H2O   

90° SF6   

90° 120° PF5   

-
. -

-
  (π) ( )

 

π  

p

π -
H2, C2H6, C2H4, HCN  N2

 sp2 sp -
sp3

-
 

 

-

-

-

-

 (Pauling) -

-

-



  
  
  
  

VIII III 18 13 (II) (I)

H—O—H 109.5° H—C—H

104.5°

Van der Waals   -
 

(id-id)

.(London)

   
(pd-pd)

-

-

-
 N—H

F—H O—H

-
H2O

 

 

   

-

-

-



The Buckminsterfullerene

1986

(C60)

(C60)

60

Buckminster Fuller

(C60)

-

(C60)

(C60)

 (C60)

(C60)

(C60)



Cations 
- Lattice Anions 

NaCl

-

.[2,8,8]+ (Ar)

.[2,8]2– (Ne)

K

2,8,8,1

K

O
2,8,8,1 2,6

K

K2O

2,8,8 2,8
O

2 =

+

+ 2–

2–



 Dot-and-cross diagram .

 :Cation 
 :Anion

 :Lattice

 :Ionic bonding

 :Dot-and-cross diagram.

        (CaF2)    
     (MgBr2)   

                (K3N)  

.Ionic bond

.Single covalent bond



.1s22s22p63s23p6

.

Cl ClCl + Cl ClCl

2,8,8 2,8,7

 :Single covalent bond

 :lone pairs of electrons 

- lone pairs



-

 

H

H

H C

H

H

HC
C

H

H

C

H

H

H H

H Cl H Cl

H

H N H
N

HH H

H

H O OH

H

H

H

HH C
H HC

H

H

6 +H 2 C

+H Cl

+3 H N

+2 H O

+H4 C

 CH4

 H2O (1)  (2,6)

 (2,5) NH3
 (1) 

(1) (2,8,7)  HCl

 (2,4)  C2H6 (1)

 (2,4) (1)



-

(BF3)

 (2,7)  (2,3) 
 BF3

 (2,7) (2,8,6)  SF6

+H H

H2

(2)(1) 

 (2,8,7)  (2,8,5) PCl5

H H
H H

5 + PCl

6 + SF

F B+3

Cl

Cl

ClCl

Cl
P

FF

FF

F FS

F

F

B F

PCl

Cl

Cl
Cl

Cl

S

F F

FF

FF

B
F F

F



 

 
 .O O Double covalent bond

-

(SO2)

 :Double covalent bond

8 (VII) 17 (VI) 16 (V) 15

p

d

(SF6)

 (PCl5)  

  

 (CCl4)   
 (PCl3)   

 (Br2)   
 (BeCl2)   

 (SbF5)   



 

- Triple covalent bond 

N2

 
 :Triple covalent bond

O+O

+ CO2

+H4 C2

OO

H

H H

H

C C

OO C

C C
HH

H H

CO O

OO

 
 (2,6)  CO2

 C2H4 (2,4)  (1) 

 (2,6)  O2

 (2,4)

 (2,6)  (2,8,6) SO2

2 +O
S S

O O
S

O O

N+N NN

(N2)

 (2,8)(2,5)

NN



Co-ordinate bond 

.Electron deficient

(NH3) (NH4   
+)

(H+)

-

.(NH4   
+) 

H

H

HH+

H

H

H N H
+

+

H

N

H

H H

+

N

2Cl6)

 (AlCl3)

(AlCl3)

(AlCl3) (Al2Cl6)

-

 :Co-ordinate bond

 

  
 .(O 2)   
.(CS2)   



(Metal complexes)

.[Cu(H2O)6]
2+ [CuCl4]

2–

(Cu2+) (Cl–) [CuCl4]
2–

(Cu2+)

-2

.[CuCl4]
2– -

[Cu(H2O)6]
2+

+2 +2

 .[Cu(H2O)6]
2+ -

- -

  
.(F3BNH3) (NH3) (BF3)

.(PH4    
+) (H+) (PH3)

    

Al2Cl6

Cl Cl

Cl

Al

Cl Cl Cl

ClClCl

Al Al Al

Cl Cl

Cl Cl

Al

Cl

Cl

[CuCl4]2– 

2–

Cu

Cl

Cl
Cl

Cl

[Cu(H2O)6]2+ 

2+

OH2

Cu

OH2H2O

H2O

H2O

OH2



:Delocalized electrons

 :Metallic bonding Delocalized 
electrons

Metallic bonding 

- -

+ + + + +

+ + + +

+ + + +

+

+ + + + +

+

–
–

––

–
–––

– – –
––

+ + +

+ + + +

+

 



O

HH
H—O—H

(VSEPR)

(Valence Shell Electron Pair Repulsion)  
 (VSEPR)

 
 
 

 

 

< <

-



 (CH4)

 . H—C—H

.tetrahedral 

(NH3)

.pyramidal H—N—H

(H2O)

. H—O—H nonlinear shape V shape V

H

H

HH C

H

C
H

H

H109.5º

H

H HN

H

HH
N

107º

O

H

H
104.5º

H

HO



 VSEPR  
 (CCl4)

 (BeCl2)

 (PCl3)

    
 (H2S)

 (PH3)

(SbH3) stibine

(V) (Sb)

.(I) (H)

 (H = 1) (Sb = 5)

3

VSEPR

 
109.5° H–Sb–H

107 °

91.7° (H–Sb–H)

.(Sb)

H

H HSb
Sb

H

HH 91.7º



 (BF3)

.trigonal planar 120° F—B—F

F

F

F

B120°

F

F

FB

(CO2)

(C)

.Linear 180° O C O

(PF5)

P

trigonal bipyramidal 
F—P—F

.90° 120°

O C OO OC
180°

FF

F

F F

P120°
90°F
P

F

F

F

F



(SF6)

S

90° F—S—F

.octahedral  

  
 .(SeF6)

   
.  

.[Cu(H2O)6]
2+ [CuCl4]

2–

((CH3)3N)

 .C–N (CH3)

(CH3)

H

C–N–C

109.5°   90°  
120°  .  107°  .   

(π) ( )

-
1s

  1s

+

1s

S
F F

F F

F

F

F

S

F

F

F

F

F

90°

90°



p

- (Br2) (Cl2)

 (axial

(bond ) overlap)

(p) (s) sp3 sp2 sp

-
( )

(π bond) p (sideways)

- (π)
p (π)

(π)
(π) p

  

  

 p+
 p

(Cl)

 p

(Cl)

+

(C)

 s
(H)

 ( )

(C) (H)

(C) (C)

 ( )

(C) (C)

+

(π)

 (π)
pp

 (π)



(C2H4)

(p s
(BeH2)) (BH3)) (CH4))

.Hybridisation sp33 sp22 sp

sp3

1s22s22p2

(n = 2)

.2p22 2s22

.2p 2s

sp33 44 pp ss

109.5

.p 3
4

s 1
4

sp3

 :Hybridisation

sp22 sp
sp33

sp3 

C C
109.5º

C

2p

2s

px py pz px py pz

1s

2(sp3)
2p

2s

1s1s
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C C

H

H
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H

H

(π)
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.( ) 1s

( ) -
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C HH C C

H H

H H

( )
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H

H H

H
H

C
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sp22 33 pp ss

s 1
3

sp2 120°

.p 2
3
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    sp2 
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C CC

2p
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px py pz px py pz pz

1s

2p2p

2s

1s1s
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(π) p

(π)
120° H–C–H

117° ،(π) ( )
(π) ( ) -

C

H

H

C

H

H

 sp2

( ) ( )
p p

-  (π)

 (π)

 ( )

C C

H

H

H

H

117°

 p
(π)

C C

H

H

H

H

C C

H

H

H

H
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.H—C≡C—H H—C≡N N≡N

(π) ( ) (π)

s ( ) -
sp ( ) sp

p sp

(π) p

→

H
CCCCCCCCCCC

N NNNNNNN

1

1 2

2

(π) 1

(π) 2

(π) 1

(π) 2

( )
( )
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sp p s
1
2 sp 180 °

.p 1
2 s
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C
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C

2p

2s
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1s
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2s
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2(sp)

(sp)



 :Bond length
.m  nm 

 :Bond energy
kJ/mol

(kJ/mol)(nm)

C—C3500.154

C C6100.134

C—O3600.143

7400.116

sp ( )
sp (N)

(π) p p

m nm Bond length  

Bond energy 
 .kJ/mol

-

N≡N

994 kJ/mol

469 kJ/mol

O═O



  

 
(kJ/mol) (nm)

431 0.127 HCl

366 0.141 HBr

299 0.161 HI

  .   

  .   
.(HCl) > (HBr) > (HI) 

  .   
.(HF)

Electronegativity 

-
 (I)

.(VII) 

Br < N < O < F

 :Electronegativity

54

1
 H

2.20

3
 Li

0.98

4
 Be

 1.57
12

 Mg
1.31
20
Ca

 1.00

21
 Sc
1.36

22
 Ti
1.54

23
 V

 1.63

24
 Cr
1.66

24
 Cr
1.66

25
 Mn
1.55

26
 Fe
1.83

27
 Co
1.88

28
 Ni
1.91

29
 Cu
1.90

30
 Zn
1.65

31
 Ga
1.81

5
 B

2.04

6
 C

 2.55

7
 N

 3.04

8
 O

 3.44

9
 F

3.98

10
Ne

2
He

32
 Ge
2.01

33
 As
2.18

34
 Se
2.55

35
 Br

 2.96

36
Kr

3.00
38
 Sr
0.95

39
 Y

1.22

40
 Zr
1.33

41
 Nb
1.6

42
 Mo
2.16

43
 Tc
1.9

44
 Ru
2.2

45
 Rh
2.28

46
 Pd
2.20

47
 Ag
1.93

48
 Cd
1.69

49
 In
1.78

13
 Al
1.61

14
Si
1.9

15
 P
2.19

16
 S

2.58

17
 Cl
3.16

18
Ar

50
 Sn
1.96

51
 Sb
2.05

52
 Te
2.1

53
 I

2.66

54
 Xe
2.60

11
 Na
0.93
19
 K

0.82
37

 Rb
0.82
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الكيمياء - الصف الحادي عشر - الفصل الدراسي الأول: كتاب الطالب

سؤال
وطاقاتها  الروابط  أطوال  قيم  الآتي  الجدول  10  يتضمّن 

لبعض هاليدات الهيدروجين.

طاقة الرابطة 
(kJ/mol)

طول الرابطة 
(nm)

هاليد 
الهيدروجين

431 0.127 HCl

366 0.141 HBr

299 0.161 HI

أ.  صف العلاقة بين طول الرابطة وطاقة الرابطة    
لهاليدات الهيدروجين هذه.

وفقًا  الرابطة  قيم طاقات  تناقص  ب.  فسر سبب    
.(HCl) > (HBr) > (HI)  :للترتيب الآتي

في  الرابطة وطاقتها  لكل من طول  قيمة  ج.  تنبأ    
.(HF) فلوريد الهيدروجين

3-٥ السالبية الكهربائية والقطبية
السالبية الكهربائية Electronegativity قدرة ذرة معينة مرتبطة تساهميًّا بذرة أخرى على 
جذب إلكترونات الرابطة نحوها. فكلما كانت قيمة السالبية الكهربائية أكبر، تكون قدرة 
الذرّة على جذب إلكترونات الرابطة التساهمية نحوها أكبر. تتدرّج السالبية الكهربائية 

في الجدول الدوري )الشكل 3-18( على النحو الآتي:
�  تزداد السالبية الكهربائية عبر الدورة من اليسار إلى اليمين أي من المجموعة (I) إلى 

.(VII) المجموعة
�  تزداد السالبية الكهربائية في المجموعة كلما اتجهنا من أسفل إلى أعلى الشكل.

يكون ترتيب العناصر الأكثر كهروسالبية في الجدول الدوري كما يلي:

ازدياد السالبية الكهربائية
Br < N < O < F

الأمر الذي يعني أن الفلور هو العنصر الأكثر كهروسالبية في الجدول الدوري.

مصطلحات علمية

السالبية الكهربائية 
 :Electronegativity

قدرة ذرة مرتبطة 
تساهميًّا بذرة أخرى 

على جذب إلكترونات 
الرابطة نحوها.

الشكل ٣-18 السالبية 
الكهربائية للعناصر 

54 الأولى في الجدول 

الدوري.
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الأدنىالأعلى

قيمة السالبيّة الكهربائيّة

èæ«dhÉH

èæ«dhÉH

èæ«dhÉH

èæ«dhÉH

èæ«dhÉH



(Cl2) (H2) non polar bond

 .Non-polar molecules (Br2)

polar bond

 .Bond polarity 
(HCl)

(δ–) (δ+)

 Polar molecule  -
Dipole moment 

.(δ–)

Polar bonds  
Dipole  

Dipole moments  

δ+ δ–
ClH

H F

δ–δ+



èæ«dhÉH



.Van der Waals’ forces Intermolecular forces

(id-id) 

 .(London dispersion forces)

(pd-pd)

(kJ/mol)

760

O—H464

50–20

4–0.4

4–0.4

 
 :Intermolecular forces

 :Van der Waals’ forces

 (id-id)

(pd-pd)



Electron charge cloud

 -
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-
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(LDPE)

id-id

.(LDPE) (HDPE)

 

–188

 –35

+59

+184

 Permanent
 dipole-permanent

 dipole forces
 :(pd–pd forces)



-

 .(CH3CH2CH2CH3 r = 58) (CH3COCH3 r = 58)

. -

CH2
CH3

CH3
CH2

CH3

CH3

C O
δ–

δ+

((

(ICl) (Br2)   
40



(N) (O) (F)

(N) (O) (F)

(δ+)

- (N) (O) (F) 

 :Hydrogen bond

.(pd-pd forces)

1
10

. Hydrogen bond 

(N) (O) (F)

.(N) (O) (F)

-

H
H

H
N H

H

H
N

δ– δ–

δ+ δ+

O O

H H H

δ– δ–

δ–δ+

δ+

δ+
O

HH



-
(HI)) (HBr)) (HCl)) (HF))

(HI) (HCl)

–

.(HF)

-

-

 
 .

.

HH H H H
F

FF

F

F

–

––

–

–
+

+

+

+

+

HF

–100

–50

0

+50

HCl HBr HI



  

 (NH3)   .   
.(AsH3)

(NH3)   
.(PH3)

AsH3 PH3 NH3

–62.5 –87.7 –33.3

 
–33.3  (NH3)

–87.7  (PH3)

–62.5  (AsH3)

–17.0  (SbH3)

   
.(V)

  .   

    

VI

150

100

2

50

0

–200
3 4 5

–50

–100

–150

H2O

H2S
H2Se

H2Te

-
(VI)

 (H2Te) (H2S)

 (VI)

 –

(VI)



-

-

 
H3C—CO—CH2—CH3 H3C—CO—CH3  .   

H3C—O—H H3C—CH2—Cl    
 H3C—CH2—CH2—CH2—CH2—CH2—CH3    

H3C—CH2—CH2—CH2—CH2—CH3

H3C—CH2—CH2—NH2 H3C—O—H    



(I)

1
100

1
10



.(C2H5OH)

H3O
+

.Hydrolysis 

 
 :Hydrolysis



  

  .   
2980

.178

  

    
(II)

  

(CH3CH2CH2OH)   
(CH3CH2CH3)

  

 
NH4    

+

NaCl

HClH2

Fe

Cl–Cl



 (VSEPR)

(π) ( )

p (π) ( )

.p s

.kJ/mol



 
(F) (Xe)  

 .(XeF4)

(XeF4)

(XeO3)  
Xe

O
OO

(NH3) (AlCl3)

 
N

HH H

 
 

° . (H3NAlCl3)

(Al2Cl6) (AlCl3)  
(Al2Cl6)

210183654

(°C)–269–246–186–153–107



 

(H = 2.20, C = 2.55, F = 3.98, Cl = 3.16, I = 2.66)

(δ–) (δ+)

C–Cl F–I H–I

:(ICl3)

I
Cl Cl

Cl

(CCl4)

(CH4)

(HCH)

(CH3COCH3)  



èæ«dhÉH



-

-

-

(NH4   
+)

.(Al2Cl6)

 -

 -

(VSEPR)

NH3   CH4   CO2   BF3  
 PF5   SF6   H2O  

-

-

.(π) ( )
-

( )
(π)

C2H4   C2H6   H2  
N2   HCN  

-

sp3 sp2 sp
-



èæ«dhÉH



Redox Reactions



-
-
-
-
-

-
-

(IV)) (II))



(I)

(I)

(I)

Ag+ + Cu+  Ag + Cu2+

(II)

5



Oxidation

Reduction

.Redox reaction

 Oxidized substance

(Fe) Reduced substance

(Cu) (Fe2+) (II) (Cu2+) (II)

Fe + Cu2+  Fe2+ + Cu

(Fe2+)

Half-equation

Fe  Fe2+ + 2e–

(II)

Cu2+ + 2e–  Cu

 :Oxidation

. :Reduction

:Redox reaction

.  :Oxidized substance

. :Reduced substance

:Half-equation

Fe  Fe2+ + 2e–

Fe – 2e–  Fe2+



Oxidation number

0 = (Zn) (Cl2) (S8)

+1 (I)
+2 (II)

+3 (III)
–1 (F)

+1 (H)
(NaH)

–1
–2 (O)

–1
+2 (F2O)

+1 (Na)
+2 (Ca)
+3 (Al)

 (F)
–1 (NaF)

+1 (H2O) (H)
–2 (H2O) (O)

–1 (Cl–)
+3 (Al3+)

:(H2O)
 (–2) + (2 × (+1)) = 0

–2 (SO4    
2–)

(N) (NH3)

 :Oxidation number 



(S)
(SO2)

 
3.5 (O)

2.5 (S)

(O)

(S)

(O)

.(SO2)

 –2 (O)

(O)

–4 (SO2)

(S)

(SO2)

(SO2) 0

(S)

+4 (SO2)

  X + 2 × (–2) = 0

X = +4

X

(I)
(ICl3)

 
2.7 (I)

3.0 (Cl)

(I) (Cl)

.O = –2 Na = +1 (Na2O)

(S)
(Na2S)

 
(Na)

(I) I

.+1

(Na)

+1 (Na2S)

Na2

2 × (+1) = +2

.(S)

(Na2S)

0

–2 (S)

S + 2 × (+1) = 0

S = –2



(Cl)

.(ICl3)

–1 (Cl)

(Cl)

–3 (ICl3)

 
.(ICl3) (I)

(ICl3)

0

  X + 3 × (–1) = 0

X = +3

X

(N)
(N2H4)

 
3.0 (N)

2.2 (H)

(N)

(H)

 
(H)

.(N2H4)

+1 (H)

(H)

+4 (N2H4)

(N)

.(N2H4)

0 (N2H4)

(N)

–4 (N2H4)

(N2H4)

(N)

(N)

–2 (N2H4)

  2X + 4 × (+1) = 0

X = –2

X

.(NO3      
–) (SO4         

2–)

(N)
(NO3     

–)

 
.(O)

–2 (O)

(O)

–6

(NO3     
–)

(NO3     
–)

–1

.–1



NH3 P2O5

     ClO2   
– . SO4    

2–

CaCO3 H2S

Al2Cl6

(N)

.(NO3     
–)

(N)

–1 (O)

(N)

+5 (NO3     
–)

  X + 3 × (–2) = –1

X = +5

X

(Fe)
 .(Fe2O3)

(Fe)  
(Fe2O3)

–2 (O)

(O)

(Fe2O3)

3 × ( –2) = –6

(Fe2O3) (Fe)

+6

(Fe)

+3



(III)

 

(V)

NNa+

O

O
–

NNa+

O

OO
–

(IUPAC)

(III) (II)

(Fe2+) +2 (II)

.(FeCl2)

(Fe3+) +3 (III)

.(FeCl3)

(NO2) (NO) (N2O)

–2

N2O+1(I)

NO+2(II)

NO2+4(IV)

(NaNO3) (NaNO2)

–2 +1

NaNO2+3(III)

NaNO3+5(V)



(IUPAC)

FeSO4  Na2SO3 

Cu2O  Na2SO4

H2SO3  Fe(NO3)2

Mn2O7  Fe(NO3)3

(V) (V)

+1

–2

+5

+1 –1 (V)

(V)

n

–1 (O) × (Cl) ×

 n ×  + (+5) = 

n = 3

.(NaClO3) (V) (ClO3 ¯ ) :(V)

(OH–)

(H3PO3)

(VII) (HClO4) +3 (III)

+7

(Mg(NO3)2)

(VI) (K2SO4)  (V)



(III) (I)

(III) (III)



Cu(s) + 2AgNO3(aq) Cu(NO3)2(aq) + 2Ag(s)
0 +1 +2 0

-4         -3         -2        -1         0       +1        +2       +3        +4       +5       +6       +7

. +2 0 (Cu)

0 +1 (Ag)

.(II) 



Oxidizing agent

(VII)

Reducing agent

Sn + 4HNO3  SnO2 + 4NO2 + 2H2O
0  +5 +4 +4

(4 – 0 = 4) +4

(4 – 5 = –1) –1

+1 –2

MnO4     
– + 5Fe2+ + 8H+  Mn2+ + 5Fe3+ + 4H2O

+7 +2 +2 +3

 :Oxidizing agent

:Reducing agent



Disproportionation  

(I) (Cl–)

(ClO–)

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

2I– + Br2  I2 + 2Br–

(NH4)2Cr2O7  N2 + 4H2O + Cr2O3

As2O3 + 2I2 + 2H2O  As2O5 + 4H+ + 4I–

.

 :Disproportionation

(3 – 2 = +1 ) +1

(2 – 7 = –5) –5

(VII)

(II)

2Fe2+ + H2O2 + 2H+  2Fe3+ + 2H2O

+2           –1                   +3            –2

2Fe3+ + H2O2 + 2OH–  2Fe2+ + 2H2O + O2

+3          –1                       +2                    0



 (NH3) (CuO) (II)
 .(H2O) (N2) (Cu)

Cu NH3 Cu 2 2O

 

.
–2

+3

 1
2

Cl2 + e–  Cl

0                –1

.–1

 1
2

Cl2 + 2OH–  ClO– + H2O + e–

0                     +1

+1

(ClO–) (Cl–)

(VII) (V)

CuO + NH3  Cu + N2 + H2O

        +2       –3          0       0

0 – (+2) –2

  0 – (–3) +3



3

2

+6 –6

3CuO + 2NH3  3Cu + N2 + 3H2O

3 × (+2)     2×(–3)         0      0

 3 × (–2) = –6

 2 × (+3) = +6

2 (N2)

(2NH3)

(3H2O)

3CuO + 2NH3  3Cu + N2 + 3H2O

(Fe2+) (MnO4     
¯)

 (Fe3+) (Mn2+) (H+)
.(H2O)

MnO4       
¯ + Fe2+ + H+  Mn2+ + Fe3+ + H2O

.

MnO4       
¯  + Fe2+ + H+  Mn2+ + Fe3+ + H2O

+7         +2                  +2        +3

3 – 2 = +1

2 – 7 = –5

MnO4       
¯  + Fe2+ + H+  Mn2+ + Fe3+ + H2O

+7         +2                +2        +3

 5 × (+1) = +5

 1 × (–5) = –5

MnO4       
¯  + 5Fe2+ + H+  Mn2+ + 5Fe3+ + H2O

(–1) (MnO4       
¯ ) + (5 × (+2)) ( 5Fe2+ ) = +9

(+2) (Mn2+ ) + (5 × (+3)) (5Fe3+ ) = +17

(H+) 8

MnO4       
¯  + 5Fe2+ + 8H+  Mn2+ + 5Fe3+ + H2O

MnO4       
¯  + 5Fe2+ + 8H+  Mn2+ + 5Fe3+ + 4H2O

 H2O H+

H2O

.H+



Cr2O7        + 2H+ + 3SO2  2Cr3+ + H2O + 3SO4         

.+3 +12 (Cr)

.+6 +4 (S)

.0 +1 (H)

.+3 +7 (Cr)

(ClO3 
–) (V) (Cl–)

Cl2 + OH–  Cl– + ClO3       
–
 + H2O

 Cl2  Cl    (–1) – 0 = –1

      Cl2  ClO3      
–     (+5)   5 – 0 = +5

5 (ClO3    
–)

(Cl–)

3Cl2 + OH   5Cl– + ClO3       
–

3Cl2 + 6OH–  5Cl– + ClO3     
– + H2O

 
   3Cl2 + 6OH–  5Cl– + ClO3     

– + 3H2O

(Cl–)

(ClO3 
–) (V)

H2SO4 + HI  S + I2 + H2O

HBr + H2SO4  Br2 + SO2 + H2O

V3+ + I2 + H2O  VO2+ + I  + H+ .



N2  NH3  NO  NO2  HNO3

 

(N)

.(IUPAC) (NO2)

(HNO3)

P + 5HNO3  H3PO4 + 5NO2 + H2O

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

 

SO2

SO4    
2–

Br2

Br –

1 2 3 4



(S)

(Br)

(I–) (S2O3        
2–) (I2)

(S4O6        
2–) 

I2 + 2S2O3        
2–  2I– + S4O6        

2–

.(S2O3        
2–)   

  

(MnO2)

 2I– + MnO2  + 6H+ + 2SO4    
2–  I2 + Mn2+ + 2HSO4     

–  + 2H2O

.(IUPAC) (MnO2)

.(SO4      
2–) (S)

(KBrO3)

 2KBrO3  2KBr + 3O2

  

KBrO3

KBr

  

.(IUPAC) (KBrO3)

(N2H4) (KBrO3)

KBrO3 + N2H4  KBr + N2 + H2O





Chemical Equilibrium



-
-

-

-

-

Kc -
Kc -

-

-

-

-
Kp

Kp -

-



  
 
 

(r.t.p.)  
 
 
 



 
-

3000°C

 .5 × 1011 J

1000 °C

(Os)

9×1010 J

1960

 .( -

4 × 1010 J

(Ru)

NH3



(II) ( )

(II)

-
CuSO4·5H2O(s)                   CuSO4(s)     +     5H2O(g)
 (II)

      
 (II)

(II)

CuSO4(s) + 5H2O(l)  CuSO4·5H2O(s)

⇌

 CuSO4 2O(s) ⇌ CuSO4(s) + 5H2O(g) 

 
.Reversible reaction

:Reversible reaction

 

(II)

(II)  



(CO2)

 CO2(g) + H2O(l) ⇌ H2CO3(aq)

.

.
.  .

:Equilibrium reaction

 :

 .Equilibrium reaction 

400°C

H2(g) + I2(g) ⇌ 2HI(g) 

.( -



 

(NO2) (N2O4)

:

 H2(g) + I2(g) ⇌ 2HI(g)

5.00 × 10–3 mol 5.00 × 10–3 mol -

0.68 × 10–3

8.64 × 10–3

7.0
8.0

6.0
5.0
4.0
3.0
2.0
1.0
0.0

0

9.0
10.0

(min) 

(1
0–3

m
ol

/L
)

N2O4(g) → 2NO2(g)

2NO2(g) → N2O4(g)

 (s)

 N2O4(g) ⇌ NO2(g)



1 L

0.68 × 10–3 mol 
8.64 × 10–3 mol 0.68 × 10–3 mol

10.00 × 10–3 mol -

  
 

 8.64 × 10–3 mol    
. 0.68 × 10–3 mol

  
  
  

0.68 × 10–3

8.64 × 10–3

7.0
8.0

6.0
5.0
4.0
3.0
2.0
1.0
0.0

0

9.0
10.0

(min) 

(1
0–3

m
ol

/L
)



-
-

-

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

 
.  

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



  
 

  

  

  

 :Le Chatelier’s principle

1936-1850

Le Chatelier’s principle

. Hr)



CH3COOH(l)   +   C2H5OH(l)   ⇌   CH3COOC2H5(l)   +   H2O(l)

 

-

 CaCO3(s) + H2O(l) + CO2(g) ⇌ Ca(HCO3)2(aq)



CH3COOH(l) + C2H5OH(l) ⇌ CH3COOC2H5(l) + H2O(l)

CH3COOC2H5(l)   
C2H5OH(l)

 
 Ce4+(aq) + Fe2+(aq) ⇌ Ce3+(aq) + Fe3+(aq)

.Fe2+(aq)  

.( -

(CaCO3)



-
X(g)   +   Y(g)   ⇌   Z(g) 

1 mol      1 mol        1 mol

 
 

(Z)

(Y) (X) (Z)   

 2SO2(g) + O2(g) ⇌ 2SO3(g)

.(SO3) (O2) (SO2)

 .(O2) (SO2) (SO3)

(Z)

11 13

13

X Y Z



 
PCl5(g)⇌ PCl3(g) +Cl2(g)

CaCO3(s) ⇌ CaO(s) + CO2(g)

2NO2(g) ⇌ 2NO(g) + O2(g)

(CH3OH)

CO(g) + 2H2(g)  CH3OH(g) + 129 kJ/mol

129 kJ/mol + CH3OH(g)  CO(g) + 2H2(g)

 

       

Hr)

2HI(g) ⇌ H2(g) + I2 Hr = +9.6 kJ/mol

-

-

N2(g) + 3H2(g) ⇌ 2NH3(g)N2O4(g) ⇌ 2NO2(g)

  (NH3) (N2O4)

 (H2) (N2)
 

 (NO2)



-

(I2) (H2)   

.(HI)

-
 

2HI(g) ⇌  H2(g) + I2(g)    r= +9.6 kJ/mol2SO2(g) + O2(g) ⇌ 2SO3(g)    r= –202.0 kJ/mol

.(I2) (H2).(O2) (SO2)

.(HI).(SO3)

H2(g) + CO2(g) ⇌ H2O(g) + CO(g)    Hr = +41.2 kJ/mol  

 Ag2CO3(s) ⇌ Ag2O(s) + CO2(g)

(°C)(mol/L) HI(mol/L) I2 H2

250.9340.033

2300.8640.068

4300.7860.107

4900.7730.114



Kc

227

 H2(g) + I2(g) ⇌ 2HI(g)

HI I2 H2 -
mol/L

.227

H2 
(mol/L)

I2 
(mol/L)

HI 
(mol/L)

HI
H I

2

2 2

0.68 × 100.68 × 108.64 × 10161

0.50 × 100.50 × 106.30 × 10159

1.10 × 102.00 × 1018.8 × 10161

2.50 × 100.65 × 1016.1 × 10160

.H2 + I2 ⇌ 2HI HI I2 H2

[Cl2]  

.[X] × [Y] [X][Y]   
[Cl2]eqm (equilibrium  eqm   



-
(HI) (I2) (H2)

 [HI ]
[H ] [I ]

8.64 10
0.68 10 0.68 10

2

2 2

–3 2

–3 –3

)
) )

(
( (=

x
x x

 = 161

160

HI I2 H2

Equilibrium constant (Kc)  
"c"

(Kc)

.Equilibrium expression 

mA + nB ⇌ pC + qD

q p n m

K C D
A Bc

p q

m n= [ ] [ ]
[ ] [ ]

Kc = 
[C]p [D]q

[A]m [B]n

D

D

B

B

(Kc)

Ag+(aq) + Fe2+(aq) ⇌ Ag(s) + Fe3+(aq)

K [Fe ]
[Ag ][Fe ]c

3

2=
+

+             +

:Equilibrium constant, Kc

:Equilibrium expression

(Kc)

  

(numerator)

.(denominator)

 

  



(Kc)

N2(g) + 3H2(g) ⇌ 2NH3(g)  

K =
N H

N Hc
3

2

2 2
3

[ ]
[ ][ ]

(Kc)

2SO2(g) + O2(g) ⇌ 2SO3(g)  

K SO
SO Oc

3
2

2
2

2

= [         ]
[         ]

[      ]

(Kc)  
H2(g) + I2(g) ⇌ 2HI(g)

H I
H I

2

2 2[ ] [ ]
[ ]

) )
) )

( (
( (

mol/L mol/L
mol/L mol/L

×

×
 = (Kc)

(mol/L)

(Kc)

(Kc)  
2SO2(g) + O2(g) ⇌ 2SO3(g)

(Kc)

1

=

= =

) )
) ) )

)

( (
( ( (

(

mol/L mol/L
mol/L

mol/L
L/mol

mol/L mol/L
×

× ×

(Kc

mol/L

(Kc)

(Kc)

CO(g) + 2H2(g) ⇌ CH3OH(g)  .   
4HCl(g) + O2(g) ⇌ 2H2O(g) + 2Cl2(g)  .   

(exponent) 

.(Kc)



  

 
CH3COCH3(aq)          +          HCN(aq)          ⇌          CH3C(OH)(CN)CH3(aq)

CH3COOH(l)   +   C2H5OH(l)   ⇌   CH3COOC2H5(l)   +   H2O(l) 

 0.0350 mol 0.235 mol 500 mL
(Kc) 0.182 mol 0.182 mol

(Kc)

 Kc = CHCOOC H H O
H CCC OOH H OH

2

2

25

5

[ ]
[ ][ ]

[ ]3

3

 
Kc= (0.470)

(0.364) (0.364)
(0.070)

×
×  = 4.03 

 
(Kc) (mol/L)

Kc = 4.03

(mol/L) (mol)

CH3COOH(l) + C2H5OH(l) ⇌ CH3COOC2H5(l) + H2O(l)

0.182 1000
500
×

0.364 mol/L

0.182 1000
500
×

0.364 mol/L

0.0350 1000
500
×

0.070 mol/L

0.235 1000
500
×

0.470 mol/L



 
CH3COOC2H5(l)          +          H2O(l)          ⇌          CH3COOH (l)          +          C2H5OH(l)

0.1000 mol 0.1000 mol
1 L 

 (Kc) 0.0654 mol

CH3COOC2H5 (H2O)

C2H5OH CH3COOH

0.0654 mol

.0.0346 mol

0.0500 mol/L 0.0500 mol/L
(Kc) 0.0233 mol/L

CH3C(OH)(CN)CH3

.HCN CH3COCH3

CH3COCH3 (aq) + HCN(aq)  ⇌ CH3C(OH)(CN)CH3(aq)

(mol/L)00.05000.0500

(mol/L)0.02330.0500 – 0.0233 =0.02670.0500 – 0.0233 =0.0267

(Kc)  
K

c
= [ ]
[ ][ ]
CH3C(OH)(CN)CH3

CH3COCH3 HCN

 
K

c=  = 32.7
×(0.0267) (0.0267)

(0.0233)  

 

 
(mol/L)

(mol/L) (mol/L) (mol/L)
(L/mol)1

Kc = 32.7 L/mol



(Kc)

 H2(g) + CO2(g) ⇌ H2O(g) + CO(g)  
.10.00 mol/L (H2(g))

.10.00 mol/L (CO2(g))

.9.47 mol/L (CO(g))

 N2(g) + 3H2(g) ⇌ 2NH3(g)   

.1 L 0.1 mol 0.1 mol

n mol

 (0.1 – n)   
(0.1 – 0.667n)   

(0.1 – 1.5n)   
(0.1 – 0.5n)    

CH3COOC2H5 (l) + H2O(l)  ⇌ CH3COOH(l) + C2H5OH(l)

(mol/L)000.10000.1000

(mol/L)0.1000 – 0.0654 = 0.03460.1000 – 0.0654 = 0.03460.06540.0654

Kc = CH COOH C H OH
CH COOC H H O

3 2 5

3 2 5 2

[ ][ ]
[ ][ ]

Kc = 0.2880.0346 0.0346
0.0654 0.0654

=( ) ( )
( ) ( )

×
×

) )
) )

( (
( (
mol/L
mol/L mol/L

mol/L×
×

(Kc) mol/L

Kc = 0.288



 (Kc)

(Kc)

2HI(g) ⇌ H2(g) + I2(g)

Kc = 
H I

H I
2 2

2
[ ][ ]
[ ]  = 6.25 × 10–3

.[HI] [I2] [H2]

(Kc)

 (Kc)

(Kc)

 (Kc)

 2HI(g) ⇌ H2 (g) + I2(g)

.HI  I2 H2

Kc =
H I

H I
2 2

2
[ ][ ]
[ ]

[HI] [I2] [H2]

(Kc) -
( ) (Kc) 

271.26 × 10–3

2276.25 × 10–3

72718.5 × 10–3

(Kc)



2SO2(g) + O2(g) ⇌ 2SO3(g)

.SO3 O2 SO2

Kc = 
SO

SO O
3

2

2
2

2

[ ]
[ ] [ ]

[SO3] [O2] [SO2]

(Kc)

.(Kc)

-

 (Kc)  

(Kc)

2NO2(g) + O2(g) ⇌ Hr

.(Kc)    



Kp

-
Partial pressure 

Ptotal = PA + PB + PC … 
C B A PC PB PA

 :Partial pressure

P

.P
.P

 .( )
(Kp) Equilibrium constant  

:Equilibrium constant, Kp

 8 Pa 3 Pa 11 Pa

+= A 
B 



 (Kp)  
N2O4(g) ⇌ 2NO2(g) 

(Kp)

Kp = 
(PNO2)

2

(PN2O4)

PaPa Pa
Pa

=×

(Kp)

2SO2(g) + O2(g) ⇌ 2SO3(g)

(Kp)

Kp = (PSO3)
2

×(PSO2)
2 (PO2)

Pa Pa
Pa Pa Pa

1
Pa

= =×
× ×

 Pa

 N2(g) + 3H2(g) ⇌ 2NH3(g)

 Kp = (PNH3)
2

(PH2)
3(PN2) ×
 

(Kp)

(Kp) (Pa) pascal

(Pa)

atm 1.01 × 105 Pa = 1 atm (atm)

10.00 × 104 Pa

 N2(g) + O2(g) ⇌ 2NO(g)

.4.85 × 104 Pa

 (II)  
NO(g)

(Kp)

 PCl5(g) ⇌ PCl3(g) + Cl2(g)  .   
 N2(g) + 3H2(g) ⇌ 2NH3(g)  .   

3Fe(s) + 4H2O(g) ⇌ Fe3O4(s) + 4H2(g)  



(Kp)

2SO2(g) + O2(g) ⇌ 2SO3(g) 

O2 = 7.0 × 106 Pa SO2 = 1.0 × 106 Pa  
(Kp)  .SO3 = 8.0 × 106 Pa  

Kp = 
×

(PSO3)
2

(PSO2)
2 (PO2)

Kp = 
8.0 10

1.0 10 7.0 10

6 2

6 2 6

)
)

(
(

×

× × ×
 = 9.1 × 10

 Pa Pa
Pa Pa Pa

1
Pa

= =
×

× × Pa  
Kp = 9.1 × 10  Pa

(Kp)

N2(g) + 3H2(g) ⇌ 2NH3(g)  

 
9.75 × 105 Pa

3.5 × 104 Pa
1.1 × 105 Pa

(Kp)

PT= (PN2) + (PH2) + (PNH3)
 9.75 × 105 = (3.5 104) + (1.1 × 105) + (PNH3)

  8.3 × 105 Pa = PNH3

Kp = 
×

(PNH3)
2

(PN2) (PH2)
3

 

 Kp = (8.3 × 105)2

(3.5 × 104) × (1.1 × 105)3

Kp = 1.48 × 10

 
Pa Pa

Pa Pa Pa Pa
1

Pa2= =×
× × ×  Pa

Kp = 1.48 × 10  Pa



500°C

  H2(g) + I2(g) ⇌ 2HI(g)

.  
 (Kp)   .   

(I) (II)

Hg(l) + Hg2+(aq) ⇌ +H g2
2 (aq)
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2
2 2
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+
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 .  [Hg ]
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+
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H g
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2
2
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+

+
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[Hg ][Hg]

2
2

2

+

+  .   

(Pa)

0 4.22 x 106 7.27 x 106

7.72 x 106 Y 3.41 x 106

(Kc)

(Kp)

Mole fraction 
 

(nT)
 =

 nR

nR + nS + nB

 R B S R

 0.6 mol 0.9 mol 0.5 mol

0.5
0.5 + 0.9 + 0.6

 = 0.25 



1.00

 :Molar fraction

P n
n PX

X X

T
T

:
H2(g) + I2(g) ⇌ 2HI(g) 

H2 = 1.71 × 10 mol,  

  I2 = 2.91 × 10 mol,  

 HI = 1.65 × 10  mol  

 (Kp) 100 kPa

(1.71 × 10 ) + (2.91 × 10 ) + (1.65 × 10 )

= 2.112 × 10  mol

H 0.08101.71 10
2.112 102

–3

–2= =
×
×

I 0.13782.91 10
2.112 102

–3

–2= =×
×

H I 0.78131.65 10
2.112 10

–2

–2= =×
×

H2 = 0.0810 × 100 = 8.10 kPa

I2 = 0.1378 × 100 = 13.78 kPa

HI = 0.7813 × 100 = 78.13 kPa

Kp = 
×

(PHI)2

(PH2) (PI2)

Kp = 78.13 78.13
8.10 13.78×

×  = 54.7
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H2(g) + Br2(g) ⇌ 2HBr(g) 
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 1.00 mol  
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CH3COOH(l) + C2H5OH(l) ⇌ CH3COOC2H5(l) + H2O(l)

12.00 g 9.20 g

 70% 250 mL
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 :Dynamic equilibrium 

 :Random errors

 :Reduction  

 :Systematic errors

 
 :lone pairs of electrons

 :Atomic orbitals 

 :Oxidation 

 
 :Disproportionation

 :Electron  

 :Delocalized electrons  

 :Anode  
 .

 :Anion 
 :Ions 

 :Compound ion
 .PO4    

3– OH–

 :Complex ion

 
 :Proton 

 Giant
 :molecular structure / giant covalent structure

 :Buckminsterfullerene
C60

20
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 :Catalysis

 :Hydrolysis  

 1.00 L  :Concentration  

.(g/L) (mol/L)

 :

 
 :Equilibrium reaction

 :Reduction reaction 

 :Redox reaction

 :Exothermic reaction

 :Reaction  endothermic

 :Reversible reaction  

 :Stoichiometry 

 :Spin-pair repulsion

 :Hybridisation 

sp3 sp2 sp

 :Electronic configuration  

 .1s2 2s2 2p3

 :Equilibrium constant, Kc

 :Equilibrium constant, Kp

 :Avogadro constant, L 

 6.02 × 1023 :
 :Dipole

 :Free radical 

 :Polar molecule

 :Non-polar molecules

 :State ground

 :Shielding

 :Molar gas volume



24.0  L (r.t.p.)

(r.t.p.)

 Period (of the Periodic
 :Table)

 :Periodicity 

 :Atom

 :Ion–dipole bond

 :Ionic bonding

 :
p -p

 :Single covalent bond

 :Triple covalent bond

 :Double covalent bond

 :

 :

 :Metallic bonding

 :Hydrogen bond

 :State symbol  

 (s)

(aq) (g) (l)

 :  

 :Polar bonds

 :Electronegativity

 :Electron charge cloud

 :Lattice

 :Nuclear charge

 :Molecular shape

 :Empirical formula



 :Formula displayed

 
 :Molecular formula

 :Partial pressure

 Successive ionisation  
 :energies

 :Ionisation energy

 :First ionisation energy  (IE1)

 :Bond energy

kJ/mol

 :Bond length

m nm 
 :Catalyst

 :Oxidizing agent

 :Reducing agent

 :Oxidation number

 :Atomic number

 :Mass numbers

 :Primary quantum number (n)

n = 1

n = 2

 :Dipole moment

 :Element

 Block (of the Periodic
 :(Table

s

s

 :Bond polarity  

 :Electrode

 :Intermolecular forces

 
 

 :(forces



 
 Permanent dipole-permanent dipole forces (pd–pd

 :(forces

 Instantaneous dipole-induced dipole forces (id-id
 :forces)

 :Van der Waals’ forces

(pd-pd) (id-id)

 :Cation

 :Cathode

 :Relative molecular mass Mr

.12– 1/12

 :Relative atomic mass Ar  

.12– 1/12

 :Relative formula mass Mr  
 1/12

.12–
 .g  :Mass molar

 :Molar fraction

 :Anhydrous 
 :Water of crystallisation  

 :Oxidized substance

 :Reagent  excess  

 :Reactant  limiting

 
 :Reduced substance

 :Le Chatelier’s principle

 :Allotrope

 :Amphoteric

 :Control variables

 :Variable  dependent

 :Variable independent

 Group (of the Periodic
 :Table)

 :Solution 
 :Standard solution

1.00 mol/L



 :Dot-and-cross diagram

 

 Shells (primary 
 :quantum shell)

1

2

 :Solute

 :solvent

 :Actual yield

 :Predicted yield

 :Energy level

 Sub-shells (subsidiary
 :quantum shells)

 :Equilibrium expression
(Kc)

 
 :Equation ionic

 
 :Titration

 :Salt

6.02 × 1023  :Mole

 Percentage
 :composition by mass

×
100% × 

 :Percentage error

100% × | |

100% × 

 :Percentage yield

100% ×   

 :Half-equation

 :Ionic radius



 :Atomic radius

 :Closed system

 :VSEPR theory  

>

>

 :Isotope

 
 :Electron deficient

 
 :Neutron
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