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Irritant

Corrosive

Toxic

flammable

Oxidizing Agent

Environmentally
damging

Health hazard



xli

-

-

-

-

-
 SO2  P4O10  Al2O3  MgO Na2O

2 PCl5 SiCl4 AlCl3 MgCl2  NaCl

-

-
P4O10 Al2O3 MgO Na2O

PCl5 SiCl4 AlCl3 MgCl2 NaCl SO3 SO2

-
SO3 SO2 P4O10 SiO2 Al2O3 MgO Na2O

pH

-
SO3 SO2 P4O10 Al2O3 MgO Na2O

Al(OH)3 Mg(OH)2 NaOH

-

-



xlii

-

-
P4O10 Al2O3 MgO Na2O

PCl5 SiCl4 AlCl3 MgCl2 NaCl SO3 SO2

-
pH PCl5 SiCl4 AlCl3 MgCl2 NaCl

-

-

-

-

-

( H -

-
H

H H

-
-

-298 K ⦵

.(100 kPa

-
HC Hf Hrxn

Hneut



xliii

-

-q = mc T

H mc T
n

-

-

-
-

-

-.

-
3D 2D

.

-
-.

-
(IUPAC)

-

-
sp3 sp2 sp



xliv

-

-

-

-

stereoisomerism

Z E trans cis

chiral enantiomers

-

-

-
-

-

-
(Br2) (Cl2)



xlv

-

-
Pt/Ni H2(g)

X2

HX(g)

.H3PO4 H2O(g)

-

-
KMnO4

.(OH

-

-

.Br2 Cl2

.HX X2

HX

H2SO4 KBr

SOCl2 PCl5

-

-NaOH(aq)

-
NaOH

-
NaOH

-





(John Dalton) 1810-1801  

 (Johann Döbereiner) 1829-1817  

(Stas) (Cannizzaro) 1860  

(de Chancourtois)

16

(Lothar Meyer)

(John Newlands) 1866-1863  

8

(Mendeleev) 1869   
 H 6

 Na F O N C B Be Li

In Mg

7 1872  

117  
17

ine
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x

C B A

-

-

A

B

C

(n
m

)





 NaCl  SO2  P4O10  Al2O3  MgO  Na2O - 
 2  PCl5  SiCl4  AlCl3  MgCl2

-
-

-

-

H3PO4 (V) H3PO3 (III)

hydroxy-acids



-

  



-

(VII)

  

 
  

  
   

Mg (+2) Na (+1)

  



   

14 pH   

11 10 pH

Be Al diagonal



SO3 SO2 P4O10 Al2O3 MgO Na2O -
PCl5 SiCl4 AlCl3 MgCl2 NaCl

SO3 SO2 P4O10 SiO2 Al2O3 MgO Na2O -
pH

NaOH SO3 SO2 P4O10 Al2O3 MgO Na2O -
Al(OH)3 Mg(OH)2

- - - -
-

-
 -

-

-MgO Na2O



Cl2O7 SO3 P4O10 SiO2 Al2O3 MgO Na2O

Cl2O SO2 P4O6

-
  

(pH meters) pH pH

(V)

  
  

(2 mol/L) Al2O3

  

 Al2O3(s)        +        3H2SO4(aq)                3H2O(l)          +        Al2(SO4)3(aq)

Al2O3(s)        +        6H+(aq)                      3H2 O(l)          +        2Al3+(aq)

Al2O3(s)        +        2NaOH(aq)         +         3H2O(l)                  2NaAl(OH)4(aq)

Al2O3(s)        +        2OH–(aq)            +          3H2O(l)                 2Al(OH)4
–(aq)



SiO2(s) + 2NaOH (aq)  Na2SiO3(aq) + H2 O(l)

 
  
  
  
  

-

- 3.44

(3.44 – 1.5 = 1.94)

SO3 SO2

O2    (s) + H2O(l)  2OH–(aq)

SO2

SO2(g) + H2O(l)  H+(aq) + HSO3      
–(aq)

- P4

P

P

P

P
-



P4O6 P4O10 P4O6

P4O10

-

P4O6

O
O

O P

P

O

P

O
PO

P4O10

O

O
O

O P

P

O

P

O
PO

O

O

O

-

 



SO3 SO2 P4O10 Al2O3 MgO Na2O -
PCl5 SiCl4 AlCl3 MgCl2 NaCl

pH PCl5 SiCl4 AlCl3 MgCl2 NaCl -

- - - -
-

-

 

-

-
AlCl3 MgCl2 NaCl



PCl5 SiCl4 (Al2Cl6) AlCl3 MgCl2 NaCl

 S2Cl2 SCl2 PCl3

  

pH pH

  
  

  
SiCl4 PCl5

  
  

  
  
  
  



   

CuSO4(s) + 5H2O (l)  CuSO4.5H2O (s)

- Cl¯(aq) Na+(aq) (NaCl)

–

+

δ+

δ–

δ–

δ–

δ–

δ+

δ+

δ+

δ+ δ+ 

δ+

δ+

HH
O

O

O

O

H

H

H H

H

H

Na+       Cl–

δ+

δ–

δ+
HH

O

δ–

δ+ δ+

O
H H

δ–

δ+

δ+

O

H

H

δ–

δ+

δ+

O

H

H

[Al(H2O)6]3+(aq) Al3+(aq)

- (dative)

H2O

OH2

OH2

H2O

H2O

H2O

Al3+

SiCl4(l) + 2H2O(l)   SiO2(s) + 4HCl(g)/(aq)

HCl SiCl4

-
.Cl– Na+

.Al3+ -



-    

 PCl3
P(OH)3 H3PO3 HCl

 PCl3(l) + 3H2O(l)  P(OH)3 (aq) + 3HCl(g)

-
Xδ+      Clδ–

HO
δ–

    H
δ+

X Cl

HO H

  

-

(> 2.0)

 

H3PO4 SiO2 Al(OH)3

BCl3 BeCl2

HCl SiO2 SiCl4 (CCl4)

d

SCl2



P(OH)5 P(OH)5 H3PO4

(HO)3P=O

14 - 13 pH

pH

11 - 9 pH

-

 



-

-

-

- 



 
Sir William Ramsay

   

II III VI VII VIII   

II VIIII IV V VII VIII II VIIII IV V VII VIII II VIIII IV V VII VIII

-



  

pH = 1

NaOH

17 13

X

14

C

(CO2)

pH

X



F O N

d



 .

(+9)

(+3)

Li+  
Li+

Li

Li

Li Li+

O2– O2–

O2–

O2–

O

N3–  
N3– F–

F– (+7)

(+9)

10

N3–

F–

  .
S8

S8  
Cl2

S8

Cl2

  

 

4Li(s) + O2(g)  2Li2O(s)    .
2Li(s) + Cl2(g)  2LiCl(s)    

  
  

Ca s) + 2H2O(l) Ca(OH)2(aq) + H2(g)



 

  .

    
   

  

K2O(s) + H2O(l)  2KOH(aq)   
    

  
 .

(V) 15   .
  

1  

 .
 

  

GeO2(s) + 2NaOH(aq) Na2GeO3(aq) + H2O(l)

K2O(s) + 2HNO3(aq)  2KNO3(aq) + H2O(l)

  .
  

 

13 1

  .
NaCl(s)  Na+(aq) + Cl–(aq)  

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

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

  
 PCl5(l) + 4H2O(l)  H3PO4(aq) + 5HCl(g)   
Mg(s) + 2H2O(l)  Mg(OH)2(s) + H2(g)    

 11-10    

   
 PCl3(l) + 3H2O(l)  H3PO3(aq) + 3HCl(g)  

2-1    
HCl   



.

 

 .

Si  .

 

Al +3

 

 

 Na  :Ne  

18

5–100  K  
25 K

 Ar K    

Na

250 - 400 K

336 K

 K Ca    



900 - 1300 K

1112 K

 

 

 

1

2

 3

4

5

6

 .

 .
14

15

  PCl5 NCl3 SiCl4 CCl4   
 P = +5 S = +4   

  .
2.0

1.0

PCl5

 

Cl PCl5
P

Pδ+ - Clδ–   
P (δ+) (O δ–)

PCl5 + 4H2O  H3PO4 + 5HCl   .
SO3 + H2O  H2SO4  

Mg(OH)2 + 2HCl  MgCl2 + 2H2O   
SiO2 + 2NaOH  Na2SiO3 + H2O  

2Na + 2H2O  2NaOH + H2  
Al2O3 + 3H2SO4  Al2(SO4)3 + 3H2O   

SiCl4 + 2H2O  SiO2 + 4HCl   
2P + 5Cl2  2PCl5   

4Al + 3O2  2Al2O3   
pH 13–14  .

pH 11–10

 

OH–

OH–

MgO(s) + H2O(l)  Mg(OH)2(s)  
 .



pH 1–2   
pH 2 (V)

 
H+ H2SO3

 (V)

H3PO4

H+

SO2(g) + H2O(l)  H2SO3(aq)

P4O10(s) + 6H2O(l)  4H3PO4(aq)  

P2O5(s) + 3H2O(l)  2H3PO4(aq)   

 .
d

14

 

15  
15

 

18  

500  .

 

1.8  
 
 

 .

 

 

.
2 1

2 1

2  XCl2

4

Ca X



 

  

 
 

إ
6

1-2 mL

pH

0.1 mol/L

!



  

  
H–OH 

  

OH–   

 



-

Na2O

MgONa2O

Al2O3OH–

-

-

NaCl
NaCl

MgCl2

  

MgCl2  

MgCl2   
Mg2+

  
HCl

AlCl3
Al3+

-

Na2O(s) + H2O(l)  2NaOH(aq)  
O2–(s) + H2O(l)  2OH–(aq)

MgO(s) + 2H2O(l)  Mg(OH)2(s)  
 



NaCl

Mg2+

AlCl3 H+

Al3+

H+

NaCl(s)  Na+(aq) + Cl–(aq)  
  MgCl2(s)  Mg2+(aq) + 2Cl–(aq)  
 [Mg(H2O)6]2+(aq) ⇌ [Mg(H2O)5OH]+(aq) + H+(aq)

AlCl3(s) + 6H2O(l)  [Al(H2O)6]3+ (aq) + 3Cl–(aq)  
[Al(H2O)6]3+(aq)  [Al(H2O)5OH]2+(aq) + H+(aq)



.
  

 

  

Na2O(s) + H2O(l)  2NaOH(aq)   .
 

Al2O3 + 2NaOH + 3H2O  2NaAl(OH)4   
 .

15

1

17

N2O5  
SiO2

Cl2O7

 

 Al = +3 Al3+

S = +6 SO3

 

10–22 10–11  
10–17 S.m–1

2Mg + O2  2MgO   .
 Mg   

MgO O

 S  
SO2 O



 
 Mg(OH)2 MgO

O2– O2–

H+

H2SO4 SO3

SO3

S

δ+

SO3

.SO3 Sδ+ Oδ–

 
 As2O5 As4O10   

 

 

 

  

 .

SiCl4(l) + 2H2O(l)  SiO2(s) + 4HCl(g)   
2Al + 3Cl2  Al2Cl6   

 
 

 

  

 

 

 

 
pH

pH

pH H+



  
100%

 



 

q = m × c × T

- --
H

-

- ---



---

-

-

--

 

-
-

--

 

-

H

H H -
H

-



H -

-

H

   
  
  



 
H

-     
H

H

H



- -
(k

J/
m

ol
) H

(k
J/

m
ol

) H

2NaHCO3(s)  Na2CO3(s) + H2O(l) + CO2(g)

    



H Ea

(Na2CO3(s) + CO2(g) + H2O(I)) (2NaHCO3(s))

 .+92  kJ 2NH3(g) ⇌ N2(g) + 3H2(g)

+335 kJ/mol



100  kPa 298  K ⦵ -
Hneut HC Hf Hrxn  -

-

-

 C(graphite) + 2H2(g)  CH4(g)

2C(graphite) + 2H2(g)  C2H4(g)

–75 kJ/mol

+52.3 kJ/mol

-



– 75

+ 52.3

0 C(graphite)    H2(g) 
kJ

/m
ol

-

 

 (1 atm) 100 kPa

 

100 kPa 298 K

298 K

298 K



100 kPa

100 kPa

   

H2(g) + 1
2
 O2(g)  H2O(l)

H⦵    
rxn = – 286 kJ/mol

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

3H2(g) + 
3
2 O2(g)  3H2O(l)

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

100 kPa 298 K

H⦵    
rxn = –242 kJ/mol

H2O(l) (H2O (g)

H2O(g)  H2O(l)

–286
–242

–44 kJ/mol

H2(g) + O2(g)

H2O(g)

1
2

H2O(l)

kJ
/m

ol



-  H⦵
neut   H⦵

c H⦵
f  H⦵    

rxn

1 mol

1 mol  

100 kPa 298 K

  H⦵
f = 0 kJ/mol

2C(graphite) + 3H2(g) + 1
2 O2(g)  C2H5OH(l)

1 mol H⦵
c

C2H6(g) + 7
2O2(g)  2CO2(g) + 3H2O(l)

   
NH3(g) CS2(l) C6H6(l)

1 mol

1
2 

N2(g) + 3
2 2(g)  NH3(g)

1 mol C2H6(g) (Na (s) Mg (s)

H2SO4(aq) HNO3(aq) NaOH(aq)

1 mol H3PO4(aq)

1 mol H+(aq) + OH-(aq)  H2O(l)



   
H2(g) + 1

2 O2(g)  H2O(l)

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

H2(g)

C(graphite)

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

C(graphite) + O2(g)  CO2(g) H⦵   = – 394 kJ/mol

C(diamond) + O2(g)  CO2(g) H⦵   = – 396 kJ/mol

C(graphite)  C(diamond)

CO2(g)



–396–394

+2 

CO2(g)

C(diamond)+ O2(g)

 C(graphite)+ O2(g)

kJ
/m

ol

1 mol



-
q = mc T

 H  = - mc T
n

-

-

-

-

10–3 1000 kJ J

  

  

  

C4H10   



(CH4 C2H6 C3H8

HCl(aq) + NaOH(aq)  NaCl(aq) + H2O(l)

 50 mL  1.00 mol/L  50 mL  
2 mol/L

   

    

   

-

-
   

   

  

  

   
q = – [(m  × c  × T) + (m  × c  × T)]



J q    

g m    

g m    

4.18 C    

0.840 0.385 C     

T    

H⦵
c 1 mol

 :(n)

g

(g/mol)
n (mol) =

H⦵
c = –      × 10–3 kJ/mol 

q
n

-

-



   

- H⦵
neut

-
   

A4

˚C

-
-

22
0.5 0.10 0.15 0.20 0.250.0

23

24

25

26

27

28

(mL)



-    

q = m × c × T

H q    

m    

(1 g/mL)

c    

4.18 

T    

H⦵   
neut

0.05 mol q



 

   
(II)

    

100 ˚C

1 mol/L 25 mL (II)     

2 g    

    

    

kJ/mol     

T c = 4.18 m H = - q = - mc T
n

kJ/mol J/mol n

 

-    

-

1



C5H11OH 3 2  
1

50 mL -  
2 mol/L 1.00 mol/L

(mL)0.05.010.015.020.025.030.035.040.045.050.0

22.023.625.326.928.229.729.629.028.528.027.5

–57.1 kJ/mol  

  

H+

NaOH HCl

 0.05 mol

q J 0.05 mol

:0.05
0.05
0.05

= 1 mol 
q

0.05  J/mol = 
q

0.05  × 10–3 kJ/mol



q = (m × c × T)

n =

n –q

kJ/mol J/mol 1000

10x PXE

-



-

  

-
-

KHCO3 -
H K2CO3

H xkJ/mol +4 °C



C(graphite) + 2H2(g)  CH4(g)

CaCO3

CaCO3(s) ⇌ CaO(s) + CO2(g)

CaCO3

   

Ca(s) + S(s) + 2O2(g)  CaSO4(s)                                  H

6C(graphite) + 7H2(g) +    O2(g)  C6H13OH(l)                H

C6H6(l)  3C2H2(g)                                                            H = +631.4 kJ

1
2

-

± 0.005 g 0.01 g

100  0.005 × 2 = 

 × 



.   

.   

-

 H⦵     
rxn

 Hf

H⦵
1 ) 

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

Ca(s) + C(s) +    O2
3
2 (g) 

 Hf

H⦵
2 ) 

 H2 H1    
Hrxn

Hrxn = Hf  Hf

 .[ ]   

(kJ/mol) Hf

(–394) CO2 (–636) CaO (–1207) CaCO3   

+177 kJ/mol = 
-

-



   
f

-

(C2H2) (C6H6) The pyrolysis)

C6H6(l)  3C2H2(g)

H⦵
f  

- -

C6H6(l)
Hrxn 

3 Hf[C2H2(g)]Hf

3C2H2(g)

6C(graphite) + 3H2(g)
[C6H6(l)]

Hrxn 

6CO2(g) + 3H2O(l)

C6H6(l)(+ 7  O2(g))

Hc [C6H6(l)] 3 Hc[C2H2(g)]

1
2 3C2H2(g)(+ 7   O2(g))1

2



3Mg(s) + Fe2O3 (s)  2Fe(s) + 3MgO(s)

-

MgO 3 mol

Mg Fe

3 H⦵
f  H⦵

f  [Fe2O3(s)]
 MgO 3 mol –

  

  

 × 
-

(2HCl(aq)) + CaCO3(s)

H2H1 

CaO(s) + CO2(g) + (2HCl)(aq)

CaCl2(aq) + CO2(g) + H2O(l)

Hrxn

CaCO3(s)  CaO(s) + CO(s)   H⦵
rxn  



2HCl(aq) + CaCO3(s)  CaCl2(aq) + CO2(g) + H2 H1

2HCl(aq) + CaO(s)  CaCl2(aq) + H2 H2

CO2 HCl

CaO HCl

H⦵
rxn   = H1 H2 H1 = H⦵

rxn   + H2

2KHCO3(s)  K2CO3(s) + CO2(g) + H2O(l)              H⦵
rxn   = + xkJ/mol

-

   

   
H⦵

f NaHCO3

-

-    

1      HCl(aq) + KHCO3(s)  KCl(aq) + CO2 (g) + H2O(l)               H1

2      2HCl(aq) + K2CO3(s)  2KCl(aq) + CO2 (g) + H2O(l)            H2



-

(2HCl)(aq) + 2KHCO3(s)

H2H1 

K2CO3(s) + H2O(l) + CO2(g) + (2HCl)(aq)

2KCl(aq) + 2H2O(l) + 2CO2(l)

Hrxn 

    2 H1

H1 = 2 H1 - H2 Hrxn H2 = H12

± 0.001 g ± 0.01 g

  H⦵ 
rxn

100 % ×



kJ J  n q = m Tm
M

 
q

-

-

-



 2H(g)  H2(g)  2H(g)    
1
2

X2(g)  X(g)

H2 2



-

(kJ/ mol)
C–C347

C=C612

C–O360

C=O805

H–Cl431

H–Br366

H–I299

7   

C–C C=C   

CH4(g)  CH3(g) + H(g) +435 kJ/mol

CH3(g)  CH2(g) + H(g) +444 kJ/mol

CH2(g)  CH(g) + H(g) +440 kJ/mol

CH(g)  C(g) + H(g) +343 kJ/mol

CH4(g)  C(g) + 4H(g) +416 kJ/mol

1
2

 
1
2 H2 1 mol

-

Hf



   

  
  (218 × 4) + 716.7 = 1588.7 kJ/mol

 –74.8 kJ/mol  = Hf[CH4]

Hf[CH4] + (CH4)

Hf [CH4] (CH4)

 = 1588 .7 – (–74.8) = 1663.5 kJ/mol    
 1663.5

4  = 415.9 kJ/mol C-H

-    

338 kJ/mol = CCl4(g) C–Cl

716 kJ/mol = C
Hf [CCl4] = –107 kJ/mol :CCl4(g)

-   

CCl4(g)

CCl4(g)H
⦵

⦵

4 E(C–Cl)  

Hat atC(graphite) + 4 H⦵ 1
2

Cl2(g)

f

C(g) + 4Cl(g)C(graphite) + 2Cl2(g)

CCl4(g)  C(g) + 4Cl(g)

4E(C–Cl) = (4 × 338) = 1352 kJ/mol   

H⦵   
at [ 1

2
Cl2(g)] H⦵   

f  + 4E H⦵   
at [C(graphite)]

H⦵   
at [ 1

2
Cl2(g)] = 528.3

4
 = 132.1 kJ/mol



121.7 kJ/mol

CCl4

-   

H H

Hrxn

H

H

Hrxn H H

- -
   

-
CH4

4C   H 2O   O 4O   H

H

C

H

H O O O H2     H O C O2H

2O2 CO22H2O+ +

2C   O

-

CO2



(kJ/ mol)
C–H413

O=O496

C=O805

O–H463

Ea    

   

-

Hf[ ]

Hf[ ]

Hc[ ]

Hc[ ]

Hrxn

Hf[ ]



-

( Hf

( Hrxn)

( Hrxn)

( Hf)

Hc Hc

HfHf



( H)

CaCO3(s) HCl(aq) CaCl2 (aq) H2O(l) CaO(s) CO2(g)

C(graphite) H2(g) C3H8(g) CO2(g) H2O(l) O2(g)

Li2CO3(s) LiCl(aq) CO2(g) Li2O(s) HCl(aq) H2O(l)

HNO3(g) H2(g) N2(g) O2(g) H(g) N(g) O(g)

2HCl(aq) + CaCO3(s) H

2HCl(aq) + Li2CO3(s)

3C(graphite) + 4H2(g) + 5O2(g)

H2(g) +    N2(g) +    O2(g)1
2

H(g) + N(g) + 3O(g)

3
2

1
2

H

H

H

CaO(s) + CO2(g) + 2HCl(aq)

C3H8(g) + 5O2(g)

CaCl2(aq) + H2O(l) + CO2(g)

2LiCl(aq) + CO2(g) + H2O(l)

HNO3(l)

Li2O(s) + CO2(g) + 2HCl(aq)

3CO2(g) + 4H2O(l)



+717 kJ/mol  kJ/mol

 2C(g)+6H(g); C2H6(g); 2C(graphite) + 3H2(g) 413  +218

C2H6(g) 

3 H  [C2H6(g)]

2C(graphite) + 3H2(g) 

2 H   [C(graphite)]atf

2C(g) + 6H(g)

1
2+ 6 H[   H2(g)]

Hrxn

Hrxn Hf [C2H6 Hat Hat [ 1
2

H2(g)] = –(–84) + (2 × 717) + (6 × 218) = 2826 kJ

Hrxn = E(C-C) + 6E(C-H)

Hrxn – 6E(C-H) = 2826 – (6 × 413) = 348 kJ kJ/mol

multiples



H2 2 + O2  N2 + 2H2O

kJ/mol

(kJ/ mol)
N–N163

944

N–H388

O=O496

O–H463

Hrxn

Hrxn = 163 + (4 × 388) + 496 – [(4 × 463) + 944] = –585 kJ/mol

ΔHrxn
H H

H H

+ O ONN
O

H H2 + N N

2N + 2O + 4H 

E(N     N)
+ 4E(N     H)
+ E(O     O)      

4E(O     H) 
+ E(N     N)



endothermic endo

H



 .
 
 
 
 

  .

H

(k
J/

m
ol

)

ΔH

EaS(s) + O2(g)

SO2(g)

ΔHEa

H2(g) + CO(g

H2O(g) + C(s)

H

(k
J/

m
ol

)

  

  Hrxn      
⦵   .

Hf
⦵ [CO2 Hc

⦵ [C(graphite)]   

 Hrxn      
⦵   

Hf
⦵ [H2 Hc

⦵ [H2(g)]   

H⦵
neut  

  q = m T   .
q = 75 × 4.18 × (54 – 23)   

 q = 75 × 4.18 × 31 = 9718.5 J   
3 9720 J   

48 g  
  q = 48 × 4.18 × –1.5 = –300.96 J   

3 301 J   

 

H = +300.96

  q = 100 × 4.18 × 15 =  6270 J   
 .

  .

.

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

ΔH1 ΔH2

2Al(s) + 2Fe(s) + 3 O2(g)
2

ΔH f [Fe2O3(s)] ΔH f [Al2O3(s)]

  .

                  Hrxn      
⦵ H1    

⦵ H2   
⦵   

 Hrxn      
⦵   

Hrxn      
⦵   

 .
C2H5OH(l) + 3O2(g)

ΔHf

ΔH1 ΔH2

2C(graphite) + 3H2(g) + 7 O2(g) 2

2CO2(g) + 3H2O(l)

2ΔHc [C(graphite)]
+ 3ΔHc [H2(g)]

ΔHc [C2H5OH(l)] 

Hf
⦵ H2   

⦵ H1    
⦵   

Hf
⦵   

Hf
⦵   



Hrxn      
⦵  = 3 Hf

⦵ Hf
⦵ [Fe2O3(s)]  .

Hrxn      
⦵  = +1663.5 kJ  .

C–H 4

C–H

1663.5
4

 = +415.9 kJ/mol   

 .
(C—C) + 5(C—H) + (C—O) + (O—H)

+ 3(O O) H⦵
c  4(C O) + 6(O—H)   

347 + 5(413) + (336) + (463) +    

3(496)  4(805) + 6(463)    

4699 kJ    

H⦵
c   

 .

  .

2CuO(s) + 4N O2(g) + O2(g)

2Cu(NO 3)2(s)

ΔH

Ea

(k
J/

m
ol

)H

H
H

H
C

H

H
C O 2 O   C O3 O   OH ++ 3 H O H

 
2Cu(NO3)2(s) 2CuO(s) + 4NO2(g) +O2(g)

2Cu(s) + 2N2(g) + 6O2(g)

2 ×  Δ 2 × Δ Hf [Cu(NO3)2] Hf [CuO] +
4 × ΔHf [NO2]

ΔHrxn

ΔH1 ΔH2

   Hrxn H1 H2   
Hrxn   

 Hrxn   

Hrxn = +424 kJ   

.

 q = )     

=    

125 g    

 25 g   J    

1 mol (II)

Hrxn = –(–1515.25) × 249.6
25.0    

 = 15128.256 J/mol  15.1 kJ/mol    

 3 
    .   

    

     

    

     



 CH3COCH3(l) + 4O2(g)  3CO2 + 3H2O   .

 2(347) + 6(413) + (805) + 4(496)   

 6(805) + 6(463)   
–7608  kJ 5961 kJ   

 –1647 kJ

 

    

   
C=O

 .   

3C(graphite) + 3H2(g) + 1
2O2(g)     

CH3COCH3(l) +248 kJ/mol

  

240
24 000

 = 0.01 mol  
  q = 100 × 4.18 × 33.5   
    = 14 003 J = 14.0 kJ   

3

Hc = –14.0
0.01

  
  

C2H6(g) + 72 O2 2(g) + 3H2O(l)   
Hc

⦵[C2H6(g)]

 Hrxn ⦵ = n ○∆Hf [ ]
 – n ○∆Hf [ ]

 Hc
⦵ [C2H6(g)] =

2 H⦵    
f [CO2(g)] + 3 H⦵    

f [H2O(l)] – H⦵    
f [C2H6(g)]

Hc
⦵ = 2(–394) + 3(–286)   
 

   
    

1 mol    

    

5O2(g) + P4(white) 5O2(g) + P4(red)

–2984 –2967

P4O10(s)

ΔH rxn   .   

 H  
⦵

rxn - 2967 = –2984   

      H  
⦵

rxn = – 2984 + 2967 = – 17 kJ/mol   

 .   

P4( )

–17

P4( )

P4O10(s)

–2984 –2967 

+ 5O2(g)

+ 5O2(g)

(k
J/

m
ol

)

   

 



 
Hf

⦵[CH4(g)] = 

Hc
⦵

 [ ]
Hc

⦵

[ ]

Hc
⦵ Hc

⦵[H2 Hc
⦵[CH4(g)] 

Hf
⦵[CH4(g)] = 

   

      

     

 CH4(g) +  2O2(g)      CO2(g)  +   2H2O(l)  
4(C—H)    2(O=O)      2(C=O)   4(O—H)   

4 × 413     2 × 496        2 × 805    4 × 463   

 Hc
⦵   

  

H2 + I2  
= 436 + 151   

 = +587 KJ/mol   

2HI

           

  

Hrxn   

 

∆Hrxn= –11 kJ

2Hl(g)

H2(g) + l2(g)

(k
J/

m
ol

)H

 

 q = m T   
q = 250 × 4.18 × 23.0   

3  q = 24000 J = 24.0 kJ   

2.9 g Mr = 32.0   
  2.9

32.0
 = 0.0906 mol   

 24.0
0.0906  =    

 

MgCO3(s) + 2HCl(aq) MgO(s) + CO2(g) +2HCl(aq)

MgCl2(aq)  + CO2 (g)+ H2O (l)

ΔH1 ΔH2

ΔH rxn



.
 

 H

 

100

 298

  .
Ea

Hrxn

Mg(s) CuSO4(aq)  

MgSO4(aq)  Cu(s)
–531 kJ

 H
(k

J/
m

ol
)

   

 .
Ea

Hrxn= 218 kJ

2NaNO3(s)

2NaNO2(s) + O2(g)

 H
(k

J/
m

ol
)

  .

 

 

  

 .

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

c  [(C3H8(g)]

OH (aq) + H+(aq)  H2O(l) H⦵
neut [OH–(aq)]   

MgCO3(s)  MgO(s) + CO2(g)   
  H⦵   

rxn [MgCO3(s)]

2Na(s) + 1
2 O2(g)  Na2O(s) H⦵

f  [Na2O(s )]   
 .



 .
NaOH

H2SO4

   .
( T) 

 

  q1 = m × c × T = 70 × 4.18 × 14.7 = 4301 J   

q2 T = 200 × 0.385 × 14.7 = 1132 J   

4301 + 1132 = 5433 J   
92.33 – 92.19 = 0.14 g  
C6H13OH = (6 × 12) + (14 × 1) + 16 = 102 g/mol   

–5433 × 
102
0.14

 = –3958328.6 J   
 –3958 kJ/mol   

  .

C6H13OH(l) + 9O2(g)  6CO2(g) + 7H2O(l)  .
  H⦵

c  [C6H13  

  .
Mg(NO3)2(aq) + Na2CO3(aq)  MgCO3(s) + 2NaNO3(aq)

   

20 mL + 20 mL = 40 mL    
  

q = 40 × 4.18 × 4.3 = 718.96 J   
 

 
n = M.V   

1.0 × 20.0

1000
 = 0.02 mol   

  
H = –q 718.96

0.02
   

  

  .
Fe2O3(s) + 3CO(g)

2Fe(s) + 3C(graphite) + 3O2(g)

H1 H2

2Fe(s)  3CO2(g)
Hrxn

 H⦵
1 = H⦵

f  [Fe2O3(s)] + 3 × H⦵
f

H⦵
2 = 3 × H⦵

f    [CO2

H⦵
1 + H⦵

rxn  = H⦵
2

       H⦵
rxn  = H⦵

2   H⦵
1

 .

3C(graphite) + 4H2(g) + 5O2(g)

H1 H2

C3H8(g) + 5O2(g) 3CO2(g) + 4H2O(I)
Hrxn



H⦵
1 = H⦵

f  [C3H2

H⦵
2 = 3 × H⦵

f    [CO2(g)] + 4 × H⦵
f  [H2O2(l)]

H⦵
1 + H⦵

rxn  = H⦵
2

       H⦵
rxn  = H⦵

2   H⦵
1

  .

4C(graphite) + 5H2(g) + O2

4CO2(g) + 5H2O(I) 

Hc
H2H14 × Hc [C(graphite)]

Hf

5 × Hc [H2(g)]
[C4H10(g)]

C4H10(g) +13
2 (g) O2

13
2 (g)

H1 = 4 × H⦵
c [C(graphite)] + 5 × H⦵

c  [H2(g)]

H2 = H⦵
c [C4H10

H1 = H⦵
f   [C4H10(g)] + H2

H⦵
f   [C4H10(g)] = H1 H2

  

  .

H2 H1

C-H H4 H3

C-H
H1 + H2 +  H3 + H4

4
  .

  
 

 
 kJ/mol  

  
 

 kJ/mol  

(kJ) (kJ)
2 × (C=O) = 2 × 805 = 

1610 kJ
4 × (O–H) = 4 × 463 = 

1852 kJ

4 × (C–H) = 4 × 413 = 
1652 kJ

2 × (O=O) = 2 × 496 = 
992 kJ

–3462 kJ 2644 kJ 

4 × (C=O) = 4 × 805 = 
3220 kJ

4 × (O–H) = 4 × 463 = 
1852 kJ

1 × (C=C) = 1 × 612  
= 612 kJ

4 × (C–H) = 4 × 413 = 
1652 kJ

3 × (O=O) = 2 × 496 
= 1488 kJ

–5072 kJ 3752 kJ 



 

-
-
-

 

kJ/mol

J kJ J   
 

NaOH(aq) + HCl(aq)  NaCl(aq) + H2O(l) 

OH– (aq) + H+(aq)  H2O(l) 

  
  



إ

2

250 mL

  

25 mL 50 mL

 50 mL

 2 mol/L

1.00 mol/L

  !
  

 
 

  

2 mol/L 1.00 mol/L   
25.0 m/L

2.00 mol/L

 

  

  



2 mol/L  
1 mol/L

 
OH–(aq) + H+(aq)  H2O(l)

Hneut = –57.1 kJ/mol

kJ J

-
(mL)0.05.010.015.020.025.030.035.040.045.050.0

 22.424.426.628.630.331.330.630.129.429.028.4



- .

.

22.4 -
31.6

: T .
31.6 – 22.4 = 9.2 °C

50.0 mL .
-

22.5 mL

m = 50.0 + 22.5 = 72.5 g

q = mc T = 72.5 × 4.18 × 9.2 = 2788 J

.
(n) = ×  = 1.00 (mol/L) × 0.05 (L) = 0.05 mol

H = – q
n

= – 
   2788.0

0.05
 = –55760 J/mol = –55.8 kJ/mol .

  2.28% = 100% ×
|-55.8 + -57.1|

-57.1 = 100% × 
| | = .

 100% × .

0.0
22

23

24

25

26

27

28

29

30

31

32

33

34

35

5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0

(mL)



-

2.17%

±0.05 mL

0.1 mL22.5 mL0.44%

±0.05 mL × 2 = ±0.1 mL

 50.0 mL

±0.1 mL

0.1 mL50.0 mL0.20%

±0.1 mL

2.81%

2.81% 2.28%

 



 

 

إ

-1 -1 -1 10 g

3

100 mL

  !
 
 
 

 

  

20 °C   

  



  

  

  

  

–CH2–

C–H

 0.840 J/g.K 0.385 J/g.K J/g.°C

J/g.°C

CH2

654kJ/mol

  H⦵
c   [C2H5OH(l)] – (–654) = –1367 – (–654) = –713 kJ/mol :(CH3OH(l))

  H⦵
c  [C5H11OH(l)] + (–654) = –3330 + (–654) = –3984 kJ/mol :(C6H13OH(l)) –1

  H⦵
c  [C5H11OH(l)] + (5 × –654) = –3330 + (5 × –654) = –6600 kJ/mol :C10H21OH(l)) –1

.
198.00 g

 q = (19800 × 0.385 × 20) + ( 100 × 4.18 × 20)  
= 1524.6 + 8360 = 9884.6 J  



-

-

 

(J)(kJ/mol)

6.055.570.48460.0104359884.6-947.3

-16.205.790.41600.0068339884.6-1446.5

-16.275.870.40740.0054059884.6-1828.7

-16.906.520.38880.0043189884.6-2289.1

-

(kJ/mol)(kJ/mol)

–947–136730.7

-1–1447–202128.4

-1–1829–267631.7

-1–2289–333031.3

-

 0.5
1.020.05.0

1.0 ˚C ±

 2 mL
11001.0

±1 mL

 %
6.0



 .
0.01

0.48
= 100% ×2.08%

0.01

0.41
= 100% ×2.44% –1  

0.01

0.40
= 100% ×2.50% –1  

0.01

0.38
= 100% ×2.63% –1  

 .
–1  

8.63%  
–1  .

 22.67% = 31.3  – 8.63.  
  

2KHCO3(s)  K2CO3(s) + CO2(g) + H2O(l)

  

 
 

  

  



إ

  0.2 °C 50 °C –10 °C

50 mL

 2 mol/L

  !
 
 

  

H1   

  

(2HCl)(aq) + 2KHCO3(s)

H2H1 

K2CO3(s) + H2O(l) + CO2(g) + (2HCl)(aq)

2KCl(aq) + 2H2O(l) + 2CO2(l)

Hrxn 



  

HCl K2CO3 KHCO3

-
 2.55 g = KHCO3

 3.46 g = K2CO3

 q (J)
(g) 

(g/mol)(mol)
(kJ/mol)

 31814.4–3.6–752.42.55100.10.02547+29.5

  K2 3
17.922.2+4.3+898.73.46138.2 0.02504-35.9

 .
Hrxn + H2 = 2 H1  

Hrxn = 2 H1 H2 = 2 ×  

Hrxn = – 2 Hf (KHCO3 Hf (K2CO3 Hf (H2 Hf (CO2 (g)) =  .
–(2 × –959.4) + (–1146) + (–285.8) + (–393.5)  

 = +93.5 kJ  

93.5
 1.5% = 100% × [ ]  .

±0.1 °C 0.2°C  
0.2°C

 0.2

3.6 5.56% = 100% × (      )



±0.005 g

  0.39% = 100% ×  2 × 0.005 

2.55
± 0.5 mL 1 mL

 0.5

50 1% = 100% × (      )
=

 5.56 + 0.39 + 1 = 6.95%

0.2

4.3 4.65% = 100% × (      )
  0.29% = 100% ×  2 × 0.005 

3.46
1%

= 4.65 + 0.29 + 1.0 = 5.94%

= 4.65 + 0.29 + 1.0 = 5.94%

= 5.94 + 6.95 = 12.89%

1.5%



 .   

 

 .  

 .  

Br2(g)  2Br(g)  .  

 = +435.9 + 243.4 = 679.3 kJ   

 = 2 × 431.0 = – 862.0 kJ   

 = +679.3 + (–   

2H(g) + 2Cl(g)

2HCl(g)

H2(g) + Cl2(g)

ΔHrxn   

H

(k
J/

m
ol

)

 H
(k

J/
m

ol
)

Ea

ΔHrxn

3Ca(s)+ Fe2O3(s)

2Fe(s) + 3CaO(s)

.
 .  

 

  Hf
⦵ Hf

⦵ [H2 Hrxn      
⦵  

Hf
⦵ [Ca(OH)2(s)]  

 Hrxn      
⦵   = Hf

⦵ Hf
⦵ [Ca(OH)2 Hf

⦵  

[H2O(l)]

  

 Hrxn
⦵ = –986.1 – [(-635.1)+ (-285.8)]  

= –65.2kJ/mol

 

 
   .

3Ca(s) + Fe2O3(s) 2Fe(s) + 3CaO(s)

3∆H  [Ca(s)]

+     O2(g) 3
2 +     O2(g) 3

2

3CaO(s) + 

2∆H   [Fe(s)]cc

 Fe2O3(s)

∆H  rxn

  Hc
⦵ Hc

⦵ [Fe(s)] + Hrxn      
⦵   

Hrxn      
⦵  Hc

⦵ Hc
⦵   

 [Fe(s)] = (3× – 635.1) – (2× – 824.2)   

= –256.9 kJ   



 

H1 + Hrxn = H2   

 H1
⦵ Hrxn

⦵ Hat
⦵ [C(graphite)] +    

Hat
⦵ [

1
2 Cl2(g)]

Hrxn   
⦵ Hat

⦵[C(graphite)] +

Hat
⦵ [1

2
 Cl2 H1

⦵

Hrxn   
⦵  

C–Cl  1333.1 ÷ 4 = 333.3 kJ/mol 

 

 75 mL

 q = m × c T = 75 × 4.18 × 8.9 = 2790.15 J  

 50
1000  × 1.0 = NaOH

   =  0.05 mol

H = –q
n

–2790.15 × 1.5
0.05   = –55.8 kJ/mol  

.  

.  
 (II)

 Cu(s) + 
1
2 O2(g)  CuO(s)





p s



3D 2D



.3D

Cl Cl

Star Trek



CH4

H3CCH3 CH3CH3

C6H14 C5H12



– 2

(CH3)3CCl – 2 – – 2 CH3CH(OH)CH2CH3 – 2 CH3CH(CH3)CH2CH3

C6H14C3H7
CH3CH(CH3)CH(CH3)CH3

H
H

H H
C C

H
CCH

C
H

H

H
H H

H HC

H

C6H13OClC6H13OClCH3CH(OH)CCl(CH3)CH2CH3

H

H H
C C

H
CCH

Cl H

H
C
H

H

H HC

H

H
OOH

Cl

C6H12OCl2C6H12OCl2CH3CCl(CH3)CH2CH2CH(OH)Cl
H C

H
H

H

H Cl

C C

HH

CCH
H H

O

C
H

Cl

H

OH

Cl

Cl



–OH)

(IUPAC)



IUPAC

– 2 –  – 6 CH3CH(CH3)CH2CH2CH2CH2Cl

– 5 – 1



10 9 8 7

C6H6 C5H8 C9H18 C7H16

B A

 – 3 2 A   

– 2 2 –  – 3 B   

A

B

C
C

C

C

OH

H
H

H

H H

H

H

H

H

P

W

CH3CH2CH=CH2

C

C

C

C

O

H

H
H

H

H

H

H

H

H

H

Q

U

CH3CH=CHCH3

C C

C

C

O

H

H

H
H

H

H

H

H

H

H

R

V

CH3CH(CH3)=CH2

C
C

C

C
BrH

H
H

H

H

H

H

H

H

S

T

CH3CHBrCH2CH3



   – 2 = P

         – 2 – – 1 = S

                          – 2 = V

– 1 = Q = R– 2 – 2

 – 2 = T – 2 = U

– 1 = W

ChemDraw



sp3 sp2 sp



sp3 sp2 sp

p

C C

p

sp

2p2

2s2

1s2



(
p s

 z

 y
 x

 s
 p

VSEPR

VSEPR

p s

2s22p2

p s 2p 2s

 .4

2s2

2p2

2s1

sp3

sp2

2p1

2p2

2p3

sp

π 
 

.3 .2 .1



sp sp2 sp3

p s

p 8

s sp2 sp s

sp3

sp3

sp2

s

p sp2 p

p sp

p

C C C C

C CC C

 p

C2H4 C2H6

C2H2

p s



C2H4

sp2

sp3

p sp2

sp3

sp3 sp2 C3H6

sp C2H2

sp2 C2H4

sp3 C2H6

3D

p s

3D



C C

H

H

H

H

H

H

109.5 120

C C

H

H

H

H

C CH H

180o

spsp2sp3

p

– 2 1

– 2 1

– 2 1



sp2 sp2

H

H

H

H
a

C C

C C N

H
f

H

b e

C C

O

c

d H

O

g

H

H

H
h

C

H i

jH

C

H

N C

I

k

O

C H

H

H

A 

B 

sp2 C=C

sp2 C=O

sp C N

4  C H

sp3

 C H

sp2



sp3 O H

sp3 N H

– 1  3D

– 3 – 2

C–Cl C–C

Cl CH3 -1

C

CI CH3

C

HH

C

H CH3

C

HCI

CI

C

H CH3

C

CIH

C

H

H

CH3

C

– 1

C C

– 2



–

sp2 p s

3D



CI C

CI

H

H

C H

H

C

C H

H H

H

C

H

H

H C H

H

C

C

HH H

CI

CI

C

H

H

H

H

H C HC

C

HH CI

CI



2D

C2H5Cl

3D

C2H4Cl2

3D

C2H3Cl3

C2H3Cl3 C2H4Cl2 C2H5Cl

C2H5Cl

C2H4Cl2

C2H3Cl3

-2 1

-2 1 1

-1 1

-1 1 1



C3H8O

2D

 ( C3H8O

C3 H8O

– 2

– 1



C3H8O

3D

C3H8O

C2H2Br2Cl2

2D

 – 2 2 – – 2 1– 2 1 –  – 1 1– 2 2 –  – 1 1– 2 1 –  – 2 1

C2H6O



C2H6O

C2H6O

OH O

C4H10

C4H10

C6H14



C5H12

2D

C5H12

C5H12

11

C5H11Cl

 – 3  – 2  – 1

 – 2 –  – 2  – 3 –  – 1  – 2 –  – 1

 – 2 2 –  – 1

C5H11Cl



Cl

Cl

Cl

Cl

Cl

Cl

Cl

 – 2 2 –  – 1  – 2 –  – 1 – 3 –  – 1 – 2 –  – 2

 – 1 – 2 – 3

ChemDraw    
( -

.C5H11Cl

-1

-2



Z E trans

trans

 /

3D

/trans C═C

C═C



2D

H



cis/trans

/trans

/trans

C2H2Cl2

2D

C2H2Cl2

– 2 1 –– 2 1 –– 1 1



– 2 1

– 2 1

/trans

p

– 1 1

C4H8

H
H

H

HH

H

H H

C C

CC

HH

H
C H

H
H

H

H
C

C

C

H
H

H
C

H H
H H

H

H

C C

H H

CC

H
H

H

H

H

C

C

C

 – 2 –  – 2 – 

 – 1

 – 1  – 2



 – 2  – 1

 – 2  – 1

C5H10

 – 2 – 

 – 2 –  – 2

 – 1 1 – 2 1

– 1 –  – 3– 1 –  – 2

 – 2 –  – 1

Enantiomers



3D

1

  2

2 

1

2 
(1

1

3D

 3

 3

  4

4 
(3

4

3 



CH3CH(OH)COOH

 – 2
3D

CO2H
CO2H HO2C

C

H

OH

CH3
CH3 CH3

C

H

OH

C

H

HO

3D – 2

-l -d l d

CH3C

OH

Cl

CHBrClF CH3CH(OH)CH2CH3 CH3CH2CHClCH2CH(OH)CH3

H

Cl

OH

Cl

Cl

Cl

OH

Cl

*
3D



H2 3

(CH3)2 3)

(CH3)3CBr

CH3CH2CH2CHCl2

–CH=C(CH3)2 H CH3 Cl

 C3H7

-

ChemDraw

E/Z



C C

CH3

Cl I

Br

C C

CH3

Cl Br

I

 

C C

CH3

Br I

Cl

 

C C

CH3

Br Cl

I

 

C C

CH3

I Br

Cl

 

C C

CH3

I Cl

Br

 

 – 1 –  – 2 –  – 1 – 

 – 1 –  – 1 –  – 2 – 

 – 2 –  – 1 –  – 1 – 

 – 1 –  – 2 –  – 1 – 

 – 1 –  – 1 –  – 2 – 

 – 2 –  – 1 –  – 1 – 

3D C3H3IBrCl

CH=CH2

C

Cl

Br
I

H2C=HC

C

Cl

Br
I

CH=CHI

C

H

Cl
Br

IHC=HC

C

H

Cl
Br

CC

C

H

Br Cl

H

HI

C C

C

H

BrCl

H

H I

CC

C

H

I H

H

BrCl

C C

C

H

IH

H

Br Cl



3D

-

3D







HCl H2O

R R + X Y R R

X Y

 

R R + X YR R

X Y

R X Y Y+ R Y X Y+

R X + R OH H X+
O

HH

+ R R

H H

H2R R

R R +
R R

OH OH
H2O[O] +



C C HH

H

H

H

H

C C

H

H H

H

C C BrH

H

H

H

H

[O] H2 H2O HBr Br2

+ H BrC C

H

H H

H

C C HH

H

H

H

Br

 

+ H BrCC

H

HH

H

C C HH

H

H

H

Br

+ H BrC C HH

H

H

H

H

C C BrH

H

H

H

H

+ Br Br

+ H BrC C BrH

H

H

H

H

C C OH

H

H

H

H

O
HH+

H

+ H HC C

H

H H

H

C C HH

H

H

H

H

+C C

H

H H

H

C C HH

H

O

H

O
HH

O
HH

[O] +



X Y

X Y

X Y

X Y

Cl Cl Cl Cl+

H Cl H+ Cl–+

H Cl H+ Cl–+

Cl+ H–

C-H

2.20 2.55



Cl Cl Cl Cl+

C

H

H

H H Cl+ CH

H

H

ClH+

CH

H

H

+ Cl Cl C Cl

H

H

H Cl+

CH

H

H

C Cl

H

H

HCl+

+)
H+

CC

H

HH

H
d-

H+

- d+ d-

OH

CH

H

H

Br

-



+BrBr2+BrBr2 Br

CH3Cl +CH3CH3Cl +CH3 Cl

C2H62 +C2H62 CH3

ClCH3CHCH3 +ClCH3CHCH3 + CH3CHClCH3

Cl CH3CH2+ +Cl CH3CH2+ +CH3CH3 HCl

+Br Br Br ++ Br –Br Br Br +

I + I –HH l +H + I –

(CH3)3C ___Br + Br –Br (CH3 )3C
___Br +

–(CH3)3C +

CH3O ___H +
CH3O___H +CH3O

– H+

ICl +
ICl +Cl – I +



I+ Br–

H+ Cl•

ClO• H–

H2O OH–

CN– NO2
+

CH3
+ CH3•

C2H5• HBr

•O• NH3

C

H

Br

C C C

H

H

H

H

H

CCl

H

H

C CC

H H

C C H

H

H

H

H

OH

H

H

                   

H2

HBr

HCl H2O

Na+

AlCl3



Na+

6 AlCl3

Na

1s22s22p6

Cl

+

+ +Al

Cl

Cl +

+ +

+ +

+ +

+ +

+ +

+

+
+

+
+

+
+

A3

Homo

hetero



. .
C     : H

0.72
12  : 0.18

1.0  

= 0.06 : 0.18
0.06
0.06  :

0.18
0.06

1 : 3

CH3   

C2H6 .
.

CC

H

H

H

H

.

CH C

H H

C H

H

H H H

C3H8 CH2

.

C5H12 .

. .

CH

H

CH H

H

H H

CC C

H

H

H

H

H

.
CH

H

H

H C HH

H

C H

H

C HH

H

C H

H

C C

H

H

H

CC C

HH

H

H

C

H

H

H

.
CH C

H

H

CH H

H

CH H

H

H C H

H

H

C C

H

H

HH

CC C

HH

H

H

C

H

H

H

– 3 – – 3 .
.

CH C

H

H H

C C

H

H HCl

ClBr

CC

H

H

H

H

– 2 – 6 3

 2 1  4 4 3

CH3CH(CH3)CH2CH(CH3)CH(OH)CH3

. .

H

H H

H H

C

C

H

C

H H



.

H

C

H H

CC

H

H

H

.
 sp3 sp2 sp3 sp2 sp

sp3 sp2

.

C C C HH

H

Br

H

Br H

H

C C C HH

H

Br

H

H Br

H

C C C HH

Br

Br

H

H H

H

C C C HH

H

H

Br

Br H

H

CH C

Cl H

H H

C H

H

H

CH C

H Cl

H H

C H

H

H

 – 2

.

 – 1

H

H

HHH

H

C

H

HC C C

HC C C CH

H

H H H

H H

HC C C CH

H H H

H H

H

 – 2

.

C

C

C

C

H H

H H

HH

HH

C

C

C

C
H

H

H

H

H

H

H

H

 – 3 1 – 2 1

 – 1 1  – 2 2



CH C

H H

H H H

C

O

H

H CH C

H H

H H H

C

H

O H

 – 2  – 1

CH O

H H

H H

C

H

H

C H

CH C

H

CH H

H

H H

C C

H

H

C

H

H

H

HH

H

CH C

H

H

C

H C

H

H

C

H

H

H

HH

H

CH C

H

H

C

H C

H

H

H

H

H

 – 2

. .

CC

H H

CH

H

H

C

H

H

C

H

H

H C

H

H

C

H

HCC

H

H

CH

H

H

H

 – 2 –  – 2 – .
( – 2 - Z)                    ( – 2 - E

Br

C C

ClH

H

 – 2 –  – 1 –
 – 2 – – 1 – E

Br Cl

CC

HH

 – 2 –  – 1 –
 – 2 – – 1 – Z

.

.H

F Cl
Br

C

H

FCl
Br

C

.

CCC

C

C

H

Cl

HC

H
H

H

H
H

H

H

H

H*

*

CH3CH2CH(OH)CH2CH3 .

H

F Cl
Br

C
CH3CH2

H

OH

CH3CH2



.

.Br2  Br  + Br 

Br2  2Br 

Cl Cl–+C

H

H

H C+

H

H

H
δ δ+ − ••

H+ H2 3 OH -

OH– H2 H+

– 2 – – 4 4 2

CH3CH(CH3)CH(OH)CH2CH2C(CH3)2CH(CH2CH3)CH2CH2CH3

H

H H

H

H

CC

H

C

C

O

H

H

CC

H

H

H

H

C C

H

C

H

H

C

C

H

H H

C C

H

H H H H

CH

H

H

H

H

C

H

H

H

H

– 4 2 – – 6 5



Cl

Cl

Cl

Cl

Cl
Cl

2   3 2 X .
2   3 2 

.

.

.CH3

C
OHCH 3CH 2CH 2

H

CH3

C
OH CH2CH2CH3

H

C C

C

Cl H

Cl

H
H

H
C C

C

Cl Cl

H

H
H

H
C C

C

H Cl

Cl

H
H

H

C C

C

H Cl

H

Cl
H

H
C C

C

H H

Cl

Cl
H

H

C C

C

H H

H

Cl
H

Cl

C C

C

Cl H

H

Cl
H

H



H

H H

H

O

C C C C

H

H

H

H

H

H

C C C C HH

H

H

H

H O

H

H

H

H

H

H

H

C C C H

H

C
H

H

HH

O
H

C C C HH

H

H

O

C
H

H

HH

H

H
 

C C C OH

H

H

H

H H

H

C H

H

H

H C C O

H

H H

H

C C

H

H

H

H

H

C

C

H

H

C

H HH

H

H O C

H

H

H

.  .
C2H5 .  

C4H10 .  
.  

CH C

H H

H H H

C

H C H

H

H

.  

.  
109.5 .

.  

.
sp3

p

.

.  
C

C

C

C

H H

H H

HH

HH

C
C
C

C
H

H

H

H

H

H

H

H



C

C C

C

H

H
H

H H

H
H

H

H

C C

C

C HH

HH

H
H

H

 

C
C

C
H

H

H

C

H

HH

H

H

  

CH2 .  
85.7 g  :(Ar = 12.0) .  .

100 g

85.7
12.0    = 7.14 mol

g 100   
 14.3 g : (Ar = 1.0)   

 100 g

  14.3
1.0    = 14.3 mol

g 100

C:H

C : H = 7.14 : 14.3 = 1 : 2    

CH2

.
CH2 = 12 + 2 = 14

    

56

56
14 4

(CH2) × 4 = C4H8

.  

 – 2 – – 2 – – 1

C
C

C
H

H

H

C

H

HH

H

H H

C C

C

C HH

HH

H
H

H

C

C C

C

H

H
H

H H

H
H

H

.

H

C

H

C

C
H

H

H

C
H

H

H

 – 2

.  .

.  

.  

.  

.  

.  

.  

.  

Br

Br–



.

CnH2n+2 .
CnH2n+2O  CnH2n+1OH

C6H14O .
.

0.66 0.61

272.6 K 290 K 250 K

411.1 K 420 K 400 K – 1

.

-1 -2 -2

C C C ClH

H

H

H

H H

H

C C C C HH

H

H

H

H O

H

H

H

H

C C C C HH

H

H

H

H H

H

H

H H

HH

H

H

H

H

CC C C H

CH3CH2CH2Cl CH3CH2CH(OH)CH3 CH3 3 CH3CH2CH2CH3

C3H7Cl C4H10O C4H8 C4H10

Cl

OH

C3H7Cl C4H10O C2H4 C2H5



.

CCl2 C2Cl4
Cl

C

Cl

C

Cl

Cl

CH3O C2H6O2
O C

H

H

C

H

H

O HH

C2H3Br2 C4H6Br4

Br C

H

H

C

Br

C

C

H

H

Br

Br

H H

C3H6O C9H18O3

O C

H

H

C

C

C

O HH

C

C
C

C

C

H

HH

OH H
H

H

H

H

H

H

H
H

H

.
Cl

Cl Cl

Cl

CC

Cl Cl

Cl Cl

Cl

OH

H

H H

HHH

O

C C

C

C C

H

Cl

H

H

H

H



.

.

C6H14

C3H7OH

 – 1 CH3CH2CH═CH2

 – 1 C4H9Cl

 – 1 C5H11Br

 – 2 CH3CHOHCH3

 – 2 CH3CH═CHCH3

C7H16

C8H17OH

-1 CH3CH2CH2CH═CH2

CH3OH

C9H19OH

C10H21OH



.

 – 2
H

H

C

C H

H

H H

C C C H

H

H

H H H

 – 2 H

H

C

O H

H

C C C H

H

H

H H H

 – 2 1 –

H H

Br Br

CC

 – 2 H

H H H H

C

H

C C C C C H

H H H H H

=

 – 3 –  – 3 H

H H H
H

C

H

C C C

C

C
C

C C H

H H H

H
H

H

H H H

H

HH H

 – 2 H

H Br

BrH

H

H

H

H

CC C C H



.

C C C C CH

H

H

H

Br H

H

Br

H

C H

H

H

H

H

– 4 2

C C C C CH

H

H

C

H

O

H

H

H

H

H
C HH

C

H

H H

HH

H

H

– 3 – – 2 – – 3

C C C C CH

H

H

H H

C C C C

H H

H

C H

H

H

H

H
C HH

H

C HH

H

C HH

C HH

H

  – 7 4 2   – –  6  – – 5 2 



.

H

C C C

H

H

H H
H

H

H

H

H

109.5 °

2p 2s .
sp2 3

s sp2

sp2

p

H C

.

2

.

sp3 4 .

109.5 °

.
C4H10

CH3CH(CH3)CH3

CH3CH2CH2CH3

.
C C CH

H

H

H

H H

Cl

C

H

H

H

H H

H

H

H

H

H

C CH O C

CH

H

C

C

CC

H

H

H

H

H

H

H

H

C H

H

H
H

H H

C C CH

C

H

H

H H

H

H

C

H

.
C

C C

C

BrBr

H

HH

H

H

H

HH

H

C

C C

Br

CBr

H
H

H

  3 2

 2

  3 2

 2



.

C

Br

ClH
CH3

* *C

C3H7

HC2H5 CH3

*

.

.

.

B .
D

R .

OH S  
Br

OH-



.

 – 1

CH

H

H

C

H

H

OC

H

H

H

 – 1

CH

H

H

OC

H

H

H OCH

H

H

H

 



.

CH H

Cl

Cl

C

H

H

C

H

H

CH H

Cl

H

C

Cl

H

C

H

H

CH H

H

H

C

Cl

Cl

C

H

H

CH H

Cl

H

C

H

H

C

Cl

H

C3H6Cl2

CH H

Cl H

C

HH

C

Cl

H

C

H

H

CH H

Cl

H H

C

ClH

C

H

C

H

H

CH H

Cl

Cl

C

H

H

C

H

H

C

H

H

CH H

H

H

C

Cl

Cl

C

H

H

C

H

H

CH H

Cl Cl

C

HH

C

H

H

C

H

H

CH H

H

H H

C

Cl Cl

C

H

C

H

H

C4H8Cl2

CH

H

C C C C H

H H H H

H H H

CH

H

C C C C H

H H H H

H

C5H10

CCH

H H

H H

O

H

OCH H

H

H

C

H

H
C2H6O

2 1

3 1

2 2

3 2

4 1

21

1 1

2 1

3 1

1 1

2 2



CCH H

H H

H H

C

H

H

C

H

H

C

H

H

C

C

CH H

H

H H

H

H H

C

H

H

C

C

CH H

H

H

H

H H

CH

H

H

C

H

H

C

H

H

C5H12

2 3

 3 2  2 2

CCH H

H CH3

CH3

CH3

H H

C

H

H

C

H

H

C

H

H

CCH H

H CH3

H H

C

H

H

C

H

H

C

H

H

CCH H

H H

H H

C

H

H

C

H

H

C

H

H

C

H

H

CCH

H

H H

C

H

C

H

H

H

CH3

CH3

CCH

H

H

C

H

H

C

H

H

H

C6H14

C C

HH

Br Br

C C

BrH

Br H

 2 1   2 1  
C2H2Br2

 2   2  

C C

HH

CH3 CH3 CH3

CH3

C C

H

H

C4H8



C
F F

Cl

H

Br Br
C

Cl

H

CHBrClF

C

H

OH OH
C

CH3 CH3

CH3CH2 CH2CH3

H

CH3CH(OH)CH2CH3

.

– 2 – 2 2

– 3 2 – 3

– 3 1 – 3 1



 – 3  – 4

 – 3 –  – 5    – 4 –  – 2 –  – 6

 – 3 –  – 1

OH

 – 2 –  – 2

 – 1

OH

 –3 –  – 5



CH3CH2CH2Cl

.

.
Cl• + CH3CH2CH3  CH3CH2CH2• + HCl .

.
Cl• + CH3CH2CH2•  CH3CH2CH2Cl .

.

CH3CH2CH2• + CH3CH2CH2•  CH3CH2CH2CH2CH2CH3   

.

.

.

 – 1

C2H4 C2H6 .
CH2 CH3 .

CnH2n .
2 :1

CnH2n+2

C:H 1: 3

.

47.4
12.0

3.95
2.63

10.5
1.00

10.5
2.63

42.1
16.0

2.63
2.63

C               H              O

1.50           3.99         1.00

3                   8              2  = C3H8O2

.
76 = (3 × 12) + (1 × 8) + (2 × 16)

   

C3H8O2

CH3CH2CH2CH2OH

CH3CH2CHOHCH3

(CH3)3COH

CH3CH(CH3)CH2OH

.

.

HO

C

C2H5

H

CH3

.
OH

OH .



.

.

C C HH

H

Cl

H

Cl

C C HH

H

H

Cl

Cl

.

.
 – 2 1 .

 – 1 1

.
Cl

Cl

sp3 C

sp2 C

1s

p

p

109

120

C C HH

Br

CH3

H

CH2Br

C C HH

H

CH3

Br

CH2Br

C C BrH

H

CH3

Br

CH3
.

C C HC

H

CH3

Br

H

H

Br

H

C C HCH3

Br

CH3

Br

H

C C HC

H

CH3

Br

Br

H

H

H .

.
C – Br

.



.
C C

Br

CH3

CH3

Br

.
– 2 – –  1 1

2 – –  3

– 2 – –  3 3

C C

Br

Br

CH3

CH3

C C

H

H

CH2Br

CH2Br

C C

H

H

CH3

CHBr2

G C=C .
F C–C

C

.

.

.CH3

C
H

Br

CH3

C
H

Br

CH3

C
H

Br

CH3

C
H

Br

CH3

C
Br

H

CH3

C
H

Br

CH3

C
H

Br

CH3

C
Br

H

3D



.

  

  

  

  

  

 
  

  

  

  

 
 
 



VII

I Br Cl

(HX)



 

١٢-
(Reflux heating)

 



  

NO2

O2 NO NO2

  

CnH2n+2

CH2



    
31 18   

C31H64 C18H38 
  

4

  

C5H12   

pentane

increasing boiling point

2,2-dimethylpropane 2-methylbutane
22 2

  

2 2

  

  

C–H C–C   



   
 C–H

CH4(g) + 2O2(g)  CO2(g) + 2H2O(l)

CH4(g) + 3
2

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

C8H18(l) + 25
2

O2(g)  8CO2(g) + 9H2O(l)

C8H18(l) + 17
2  O2(g)  8CO(g) + 9H2O(l)

1.0 × 10 298 K

N2(g) + O2(g) ⇌ 2NO(g)

  

  

  

298 K Kc

2NO(g) + O2(g) ⇌ 2NO2(g)



  

   

CO NO

  
2CO(g) + 2NO(g)  2CO2(g) + N2(g)

   

   

.C5H12  2 2  2

 .
 

200 g ( Hc
⦵)   .

 – 2 2 0.513 g  – 2
24000 mL 171 mL

 – 2 (kJ)  
 – 2  

 – 2  2  



 – 2 2  – 2 .

 – 2  – 2  2

 – 2 2  2 .
9.5 

 :  
  .

C5H12  – 2  2  2   

C C C C HH

H

H

H

C
H

H

H

H

HH

H

  

C C C HH

H

H

C

C
H

H

H H

H

H H

H  

 
2 22

     
 

2 22

 

q = mc T   .
 = 25080 J = 25.1 kJ   

 =C5H12  
 (12 × 5) + 12 = 72 g/mol   

 2

  0.513
72 = 7.125 × 10–3 mol   

 H⦵
c   = – q

n  = – 25.1
7.125 ×10–3

 = –3520 kJ/mol   
 – 2  2  

  209
24000 = 8.708 × 10–3 mol   

 H⦵
c   = – q

n  = – 25.1
8.708 × 10–3  = –2880 kJ/mol   



 

5CO2(g) + 6H2O(l) 

 

+ 8O2(g)

 

CH3

CH3

CH3

CH3C

  
CH3

CH3

CH3 CH3

CH2

+ 8O2(g)

  H⦵
r

 H⦵
r   = –3520 –(–2880)

= –640 kJ/mol

 –3520 kJ/mol  –2880 kJ/mol

  .

 2  – 2  2 .

 – 2  2

 2

H2O  CO2 O2   

.CO2

.H2O  
.O2 H2O  CO2  



Br2 Cl2

 
 CH4 + Cl2  CH2Cl2 + H2



https://www.youtube.com/watch?v=JGS0KYYn8ME

    

(109.5˚) 3D     
( ) (sp3)

 2  
 2 2  3 2  3

UV

https://www.youtube.com/watch?v=NN82GoBG98s

UV



  

Cl2  2Cl•

H2 + Cl•  HCl + H•

H• + Cl2  HCl + Cl•

Cl• + Cl•  Cl2

H• + H•  H2

H• + Cl•  HCl

(Cl2 H2)

(Cl•  H•)

   

  

  
  

Cl2  2Cl•

C2H6 + Cl•  HCl + C2H5• 

C2H5• + Cl2  C2H5Cl + Cl•

Cl• + Cl•  Cl2

C2H5• + C2H5•  C4H10

C2H5• + Cl•  C2H5Cl

UV

 

UV   



HCl   
  

CH3CH2CH2CH3 CH3CH2• CH3CH3

   

  
Cl2  2Cl•

CH3CH2Cl + Cl•  CH3CHCl + HCl

CH3CHCl + Cl2  CH3CHCl2 + Cl•

CH3CHCl2 + Cl•  CH3CCl2 + HCl

CH3CCl2 + Cl2  CH3CCl3 + Cl•

•

•

•

•

CH2ClCH2Cl CH3CHCl2    
.CH2ClCHCl2 CH3CCl3

   

CH3CH3 + 2Cl2  CH3CHCl2  + 2HCl

CH3CH3 + 3Cl2  CH3CCl3  + 3HCl 

-

UV



   

(VII)

CH3CH2CH3 + Br2  CH3CHBrCH3 + HBr

Br2  2Br•

CH3CH2CH3 + Br•  CH3CHCH3 + HBr 

CH3CHCH3 + Br2  CH3CHBrCH3 + Br•

Br• + Br•  Br2  

CH3CHCH3 + CH3CHCH3  (CH3)2CHCH(CH3)2 

CH3CHCH3 + Br•  CH3CHBrCH3

UV

•

•

• •

•

 – 2

CH3CH2CH2• 
 – 2  – 1

CH4 + Cl2  CH3Cl + HCl

HCl CH3Cl  

 CH4 + Cl•  CH3• + HCl

CH3• + Cl2  CH3Cl + Cl•



 CH4 + Cl•  CH3• + HCl

CH3• + Cl2  CH3Cl + Cl•

Cl• + Cl•  Cl2

Cl• + CH3•  CH3Cl

CH3• + CH3•  CH3CH3

UV

C

C

C

C

H

H

H

H

H

H

H

H

+ Cl Cl

C

C

C

C
Cl

H

H

H

H

H

H

H
+ Cl H

C

C

C

CH2

H

H

H

H

H



D A

CH

CH

H2C

A

CH2

H2C CH2

CH2

CH3

CH

CH

CH3

H2C CH CH

B

CH

H2C

H2C CH2

CH2

CH2

CH2 CH

C

CH

H2C

H2C CH2

CH2

CH2

CH

D

CH2 A

B

CH2 C

.CH2 CH2 D



Pt/Ni H2(g)

X2

HX(g)

.H3PO4 H2O(g)

KMnO4

OH



HX  

HX   

(VII)

OH– (KMnO4)  
[O]



sp    .
sp2    .
sp3    .

sp3 sp2    .

4

.sp3

3

.sp2 2p 2s

3

sp2

.sp3

 1

109.5  1 3D

sp2 sp3 120

 2  :



pent-1-ene trans-pent-2-ene 2-methylbut-2-ene 3-methylbut-1-e

cis-pent-2-ene 2-methylbut-1-ene

1 2 2  2 1  3

2 1  2

  

  

  

  

  

  

.H
H   



 
 

C C C C

H H

+ H 2
150

 
C C C C

Br Br

+ Br 2

 

 

C C C C

H Cl

+ HCl

 
C C C C

H OH

+ H2O(g)
330

VII

  
 

C C C C

OH OH

+ H2O
+ [O]

 KMnO4

H3PO4

 KMnO4

Pt/Ni



    

     
  

  

  

   

HCl HCl    

Cl H H    
Br2    

   
Br2 (δ+)

  

   

   



_________
_________

 . HCl _________
_________

_________ _________ HCl

_________ _________
_________ _________

_________ _________ H–Cl

_________ _________
_________

 _________ _________ _________
 ._________

  

Br2

( +)

 2  1 HBr

Br H    

Br2

Clδ−

Hδ+

C C

R2

R3

R1

R4

C+R4

R1

C

R2

H

Cl−

R3

CR4

R1

C

R2

HCl

R3



 2 1 Br    

(HOH) HX

HBr

C+ C C

H

H H

H H

H

H
C

C+

C

H

H

H

H

H

H

H

primary (1o) carbocation secondary (2o) carbocation

  

  

  

  

C+   

 2   

C+

< <

C

CH3

CH3 CH2CH3

+



HBr    

 2  1

 2
 1

   

CH3 2 + H2O  CH3CH(OH)CH3 
CH3CH2CH2OH

CH3 3 + HBr  CH3CHBrCH2CH3 
CH3CH2 2 + H2O  CH3CH2CH(OH)CH3 

CH3CH2CH2CH2OH

  (CH3)2 2 + HBr  (CH3)2CBrCH3 
          (CH3)2CHCH2Br) 

CH2 H3C H2C

+ H2O

OH
OH

+

+
+ HBr

Br

Br





KMnO4

C H (HOH) HX
H

> >

 

 

CO2

H2O CO

NOX VOCs 2CO + 2NO2 → 2CO2 + N2

CnH2n+2 CnH2n

CnH2n

(N2 + O2)

X-X               2X•

  
CH3CH3 +  X• → CH3CH2• + HX
CH3CH2• +  X2 → CH3CH2X + X•

2X• → X2

CH3CH2• + CH3CH2• → C4H6

CH3CH2• + X• → CH3CH2X

UV 

CH3CH3 + X2 →  CH3CH2X +  HX

CH2XCH2X

 
CH2XCHX

C=C

C-C

CHX2CHX2

C C

diol

 

rtp
Br2

HBr

H H

HH
H

Br

Br–

 

(CH3)3C > (CH3)2CH > + CH3CH2

 

C C
C

109.5º
120º

 

 

rtp

X2 = Br2 or Cl2

δ+

δ −

π

σ

BrBr

H

H H

HCC

BrH

H

H H

HCC

OHOH

H

H H

HCC

OHH

H

H H

HCC

H

H

H H

HC+C

HH

H

H H

HCC

+++

H C)

(C)

C=C

Br2 KMnO4

(X H)

UV + X2

UV

π

p
sp3

Ni/H2

H3PO4

60 atm

sp2



 1

 1 UV

 2 1  1

 1



 

 

AC C C CC

Cl

H

H

I H

F

H

H

H

H

H

Br

3 4 2 1 

Cl

B

4 3



CH3CH2CBr2CH2CHBrCH2CHBrCH3

 6 6 4 2

D
FCl

2 2 

2 2   

Br Br

Br

I

Cl

ClCl

2 26 5 3

4 3 1 3 4  3

 3  4  3

  

C



C XR1

H

H R2

C

H

R1 X

R2

C

R3

R1 X

C R1 – CH2 – X   

R1R2 – CH – X   

R1R2R3–C–X   

   

CH3CH2CH2CH2Cl CH3CH2CHClCH3 (CH3)2CHCH2Cl (CH3)3CCl 
CH3CH2CH2CH2Br CH3CH2CH2CH2I

   
.



CH3CH2CH2CH2Cl
Cl

 – 1

CH3CH2CHClCH3

Cl

 – 2

(CH3)2CHCH2ClCl – 2 –  – 1

(CH3)3CCl

Cl
 – 2 –  – 2

CH3CH2CH2CH2BrBr – 1

CH3CH2CH2CH2Il – 1

   

CHBr3 
CH3CH2CH2Br 

(CH3)2CHCHBrCH3 
(CH3)2CBrCH2CH3 



– 2

 – 1

 – 3

– 2 – – 2

– 3 – – 2

– 1



.Br2 Cl2

.HX(g) X2

HX

H2SO4 KBr

SOCl2 PCl5



SOCl2 PCl5

.UV   

C2H6 + Cl2  C2H5Cl + HCl

– –

  

UV .   
.

C2H6 + Br2  C2H5Br + HBr

UV



.   
H2 2 + HBr  C2H5Br

H2 2 + Br2  C2H4Br2

.   
   

CH3CH2OH + HCl  CH3CH2Cl + H2O

H2SO4    
H2SO4 + KBr  KHSO4 + HBr

CH3CH2OH + HBr  CH3CH2Br + H2O

SOCl2 PCl5    
CH3CH2OH + PCl5  CH3CH2Cl + POCl3 + HCl 

CH3CH2OH + SOCl2  CH3CH2Cl + HCl + SO2

   



+ Br2(l)

Br
Br

+ Br2(l)

Br

Br

orUVHBr

 

+ HBr(aq)

Br

+ HI(aq)

I

OH

+ HCl(g)

OH

 H2SO4

 HClH2O

OH

+ PCl5(s)

Cl
HCl POCl3

OH

OH

+ SOCl2(l)

Cl

Cl

HCl SO2

   
 1



H2SO4 KBr NaBr HBr HBr .   
CH3CH2CH2CH2OH + HBr  CH3CH2CH2CH2Br + H2O

NaBr KBr

PCl5 .   
 1 3 mL

PCl5

PCl5

 1

 1    



10

HCl

NaHCO3(aq) + HCl(aq)  NaCl(aq) + H2O(l) + CO2(g)

.80-78
79 °C  – 1

79±1 °C

CH3 3  CH3CH2CH(OH)CH3  CH3CHClCHClCH3

.OH



C C C HH

H

H

H

O H

H

H

Cl2

PCl5

KBr + H2 SO4  

CH3CH2CH3

CH3CH2CH2Cl

CH3CHClCH3  
+ HCl

CH3CH2CHCl2
CH3CHClCH2Cl

CH3CCl2CH3

+ HCl

Br

Br

Br

Br

 Cl2
Br2

HBr 

C C C HH

H

H

H

Cl H

H

C C C HH

H

H

H

Br H

H

HCl

SOCl2+ H2O
+ POCl3 
+ HCl

+ SO2 + HCl

HBr

+ H2O

or

UV

UV



NaOH(aq)

NaOH

 

(Reflux heating)



   CH3OH  NH3  H2O  Cl–  OH–  H+  Br–

(2.66) (2.96) (3.16) (2.5)

C – X

C C–X C



NaOH(aq) + CH3CH2CH2CH2Br(l)  CH3CH2CH2CH2OH(l) + NaBr(aq)

H2O(l) + CH3CH2CH2CH2Cl(l)  CH3CH2CH2CH2OH(l) + HCl(aq)

UV

  

  

   

CH3CHBrCH3 + NaOH(aq) – 2 CH3CH(OH)CH3 + NaBr

(CH3)3CCl + H2O
 – 2 –  – 2

(CH3)3COH + HCl

I

+ KOH

 – 1 –  – 3

OH

+ KI

 – 1 –  – 3

Br

+ H2O

 3 3

OH

+ HBr 

 3 3



 1  1  1    

2-3 mL

2-3 mL   

  

  

  

  

  

  

  
   

  

  



:OH–

X
δ–

OH   +   X–C
δ+

H

H

CH3 C

H

H

CH3

   

  

.X   

  

  

  

  

   

 1

2 mL  1 5   

(0.05 mol/L) 2 mL   

5   

  

 1
 1   



 1   

 1   

  

  

  

CH3CH2CH2CH2Br + H2O  CH3CH2CH2CH2OH + HBr    

 1   

.Br–   

Ag+ (aq) + Br–(aq)  AgBr(s)    

  

 1 
 1  1

 1 <  1 <  1   

 1 <  1 <  1

 1 <  1 <  1

C – I   



   

  

  

  

  

1 mL   

3   

1 mL    

0.1 mol/L

  

  

  

   

C–I < <

C4H9Cl

 1 <  2 <  2  2

C–Cl



1 2  2 2

 .(CH3)3C+ C–Cl  2  – 2

NaOH  



HBr

 HX HX

NaX NaOH

  

11

12

21

22

   



.HBr   

C C C HC

Br

Br

H

H H

H

Br

Br

Br

   1        2        3        4

HBr

2 1

3 1

4 1

3 2

Br H    
2 1 Br

HCl UV   
UV

UV   

 KMnO4   

.HBr HCl



CH3CH2Br  CH2 2   + HBr

   

   
CH3CH2Br + NaOH  CH2 2 + NaBr + H2O

HBr

 1 
 2

Br   

2  1

 2  1
3 1

3  2 1  1

  

 2

 2

1

2 

2  

CH3CH2CH2CH2Br + NaOH  CH3CH2 2 + NaBr + H2O

CH3CH2CHBrCH3 + NaOH  CH3 3 + NaBr + H2O



C C C CH

H

H H

H H

H

H

Br

H
C C C

C

H

H

H H

H H

H

H

C C C

C

H

H

H H

H H

H

H

C C C CH

H

H H

H H

Br

H

H

H
13 2

H3C

H3C

CH3

CH3

1

3

 2

 2

    
HX



CH3CHClCH3

 – 2 
 CH3CH CH2 NaCl + H2O

CH3CH2CHBrCH2CH3

 – 3
 CH3CH2 3

 – 2 –  – 2 – NaBr + H2O

CH3CHICH2CH2CH3

 – 2

 CH3CH2 3

CH2 2CH2CH3

 – 2 –  – 2 –
 – 1

 Nal + H2O

CH3CH2CH2Cl
 – 1

CH3 2 NaCl + H2O

Br

Br

– 4 1– 4 1
– 4 1

– 3 1
– 3 1

 2NaBr + 2H2O



HCC

H

H

C

H

H

C

H

H

H

CH HC

H H
HO–

H Cl

C C

H

H

H

H

CH HC

H H
HO–

ANSWER

H Cl

C C

H

H

H

H

 

.HX

CC

H

H

Br

H

H

Br

C CH H

H

H H

H

C CH H

H

H Br

H

CC

H

H

OH

H

H

OH

C CH H

H

H OH

H

C C

H

H H

H

 Br2

Br2 H2

NaOH(aq)
HBr

(KBr + H2SO4,)

HBr

NaOH 
HBr

(KBr + H2SO4)
KMnO4(aq) H2O(g)

~300°C,
~60 atm,

NaOH(aq)

Br2

 H3PO4

UV

UV



 



C10H22  .   .
 .   

C C

CC

C H

H H

H

H

H

H H

H

H

  

    

  
(–CH2–)

.(–CH3)

 .  
 

C7H16 + 11O2  7CO2 + 8H2O  .   
CH4 + 3 

2 O2  CO + 2H2O  .   

            

2CH4 + 3O2  2CO + 4H2O         
C9H20 + 19

2  O2  9CO + 10H2O  .   

            

2C9H20 + 19O2  18CO + 20H2O         
  .   

 .   

  .   

 .
UV  

 C4H10 + Br2  C4H9Br + HBr   
  

.   
Br2  2Br•  .   

.   

C4H10 + Br•  C4H9• + HBr  .   
C4H9• + Br2  C4H9Br + Br•    

  .   

 Br• + Br•  Br2
 .   

C4H9• + Br•  C4H9Br
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 .
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H

H
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H
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H
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UV   .
  

 – 2  .   
SOCl2 PCl5 HCl  .   

 .   
CH3CH2CH2CH(OH)CH3 + HCl 

                              CH3CH2CH2CHClCH3 + H2O

CH3CH2CH2CH(OH)CH3 + PCl5 

                             CH3CH2CH2CHClCH3 + POCl3 + HCl

CH3CH2CH2CH(OH)CH3 + SOCl2 

CH3CH2CH2CHClCH3 + SO2 + HCl

  .
.

   

.
 .   

CH3CH2CH2Cl + OH–  CH3CH2CH2OH + Cl

C-Br  – 1  .   
C-Cl

  

:
Ag+(aq) + Cl (aq)  AgCl(s)

Ag+(aq) + Br (aq)  AgBr(s)

Ag+(aq) + I (aq)  AgI(s)
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H

H
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C

−
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H

H
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H
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H
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H

H

O
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H
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.H

CH3CHBrCH3 + NaOH  CH3CH=CH2 + H2O + NaBr   .
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H
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H
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H
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H
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H
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H
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H
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H C  .
.C H  

C4H10(g) + 9
2  O2(g)  4CO(g) + 5H2O(l)  .   

2C4H10(g) + 9O2(g)  8CO(g) + 10H2O(l)    
C7H16(l) + 15

2   O2(g)  7CO(g) + 8H2O(l)  .   

2C7H16(l) + 15O2(g)  7CO2(g) + 16H2O(l)    
C5H12(l) + 8O2(g)  5CO2(g) + 6H2O(l)  .   

C9H20(l) + 14O2(g)  9CO2(g) + 10H2O(l)  .   
  .   



  .   

2NO(g) + 2CO(g)  N2(g) + 2CO2(g)    
2NO2(g) + 4CO(g)  N2(g) + 4CO2(g)    

 .
CH4 + Br2    CH3Br + HBr   

 

UV  
.Br–Br

Br2  2Br •  .   
Br• + CH4  CH3• + HBr  .   

CH3• + Br2  CH3Br + Br•    
CH3• + Br•  CH3Br  .   

Br• + Br•   Br2    

CH3• + CH3•  C2H6    
 .

C2H4 + Br2  C2H4Br2   
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+C OH Br

H
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CH3CH2CH2

H

H

CH3CH2CH2
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UV

C6H14 + 19
2  O2  6CO2 + 7H2O   .

 
2C6H14 + 19O2  12CO2 + 14H2O

C3H8 + 5O2  3CO2 + 4H2O   
C10H22 + 31

2  O2  10CO2 + 11H2O   

2C10H22 + 31O2  20CO2 + 22H2O   

C4H10 + 9
2 O2  4CO + 5H2O   .

2C4H10 + 9O2  8CO + 10H2O   

C7H16 + 15
2  O2  7CO + 8H2O   

2C7H16 + 15O2  14CO + 16H2O   
C12H26 + 25

2  O2  12CO + 13H2O   

2C12H26 + 25O2  24CO + 26H2O       

.

Cl2  2Cl•

  

C2H6 + Cl•  C2H5• + HCl

  

C2H5•

C2H5• + Cl2  C2H5Cl + Cl•

C2H5• + Cl•  C2H5Cl

C2H5• + C2H5•  C4H10

.

UV  

 C–C  
H–C

 H–C C–C



6 5 4 3 2 1  .
 – 2   .

 
 – 2   

CH3 2H5 + Cl2   .
CH3CHClCHClC2H5          

  CH2 2 2 + 2H2 

       CH3CH2CH2CH2CH3

Ni

 CH2 2 + H2O  CH3CH2OH
H3PO4 

 
   CH3 3 + H2O + [O] 

                                 CH3CH(OH)CH(OH)CH3

OnMK4

CH3CH2 2 + HBr                       
CH3CH2CHBrCH3

        CH3CH2CH2CH2Br 

.
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 .
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C
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+
CH3CH2 CH3
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C
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.

.

C5H12 + 8O2  5CO2 + 6H2O  .
.

2NO + 2CO  N2 + 2CO2  .
.

 .
 

  .

I
H

H
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C
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C I

H H H
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H
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H
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H
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C
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C H
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CH3CH2CHBrCH2CH3  – 3

CF3

C
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H

CH3CH3

C
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H
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 .

U T S R  .



 CH3CH2CH2OH + SOCl2   .
CH3CH2CH2Cl + SO2 + HCl

CH3CH(OH)CH3 + HBr CH3CHBrCH3 + H2O   
CH3CH2CH2OH + PCl5  

CH3CH2CH2Cl + POCl3 + HCl

 CH3CH2CH3 + Cl2 
UV

 CH3CH2CH2Cl + HCl  
CH2 2 + HCl  CH3CH2Cl  

  .

 
  .

.  .
.  

 .
CH3CH2Br + NaOH  CH3CH2OH + NaBr  .

 CH3CH2I + H2O  CH3CH2OH + HI  
CH3CH2Cl + NaOH  

CH2 2 + NaCl + H2O   

CH3CHClCH3 + H2O  CH3CH(OH)CH3 + HCl  
 CH3CH2CH2Br + NaOH  
  CH2 3 + NaBr + H2O

 .
 

.

CH3CH2CH2CH2Br + NaOH  .
CH3CH2 2 + NaBr + H2O                

CH3CH2CH2CH2Br + H2O  
CH3CH2CH2CH2OH + HBr

CH3CHClCH3 + NaOH  
CH3CH(OH)CH3 + NaCl

  CH3CHClCH3 + NaOH  
CH3 2 + NaCl + H2O

  .
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CH3COONa(s) + NaOH(s)  CH4(g) + Na2CO3(s)

CH3CH2OH(g)  CH2= CH2(g) + H2O(g)

VII

 

 

  

  



إ

2

6

6

2 mL   
2 g CH3CO2Na

6 g NaOH/CaO

0.02 mol/L 2-3 mL  
0.1 mol/L 0.1 mol/L VII 2-3 mL   

  !

 
 
 
 
 
 



  

  

  

  

2CH4(g) + 3O2(g)  2CO(g) + 4H2O(l)

C2H4(g) + 2O2(g)  2CO(g) + 2H2O(l)

  

  
UV

CH4 + Br2  CH3Br + HBr CH4 + Br2  CH3Br + HBr

CH4 + 2Br2  CH2Br2 + 2HBr CH3Br + Br2  CH2Br2 + HBr

CH4 + 3Br2  CHBr3 + 3HBr CH2Br2 + Br2  CHBr3 + HBr

CH4 + 4Br2  CBr4 + 4HBr CHBr3 + Br2  CBr4 + HBr



UV

VII VII

-

VII  .

 

CH4(g) + 2O2(g)  CO2(g) + 2H2O(l )  .
C2H4(g) + 3O2(g)  2CO2(g) + 2H2O(l)  
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2NO2 + 4CO  N2 + 4CO2  .   
C6H14 + 19

2  O2  6CO2 + 7H2O  .  

 2C6H14 + 19O2   12CO2 + 14H2O

 .   
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C5H12 + Cl2  C5H11Cl + HCl  .  
 .   

 – 2

 – 3

Cl

Cl

Cl

 – 1

.   

.   

.  
Cl2  2Cl •  .   

Cl• + C5H12  HCl + C5H11•  .   
C5H11• + Cl2  C5H11Cl + Cl•   

.   

Cl• + Cl•  Cl2
C5H11• + C5H11•  C10H22

C5H11• + Cl•  C5H11Cl

C10H22(l) + 21
2  O2(g)  10CO(g) + 11H2O(l)  

2C10H22(l) + 21O2(g)  20CO(g) + 22H2O(l)
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 .  
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.
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