C. Y. Yeung (AL Chemistry)

F7 AL Chemistry (Tutorial 24)

~ Suggested Solution ~
1.

Economic Importance of Fractional Distillation of Crude Oil:

	fraction
	no. of C atoms in the hydro-

carbons

	approx . b.p. (0C)
	major uses
	approx. % by mass in crude oil
	approx. % by mass demanded

	refinery gas
(Fuel Gas)
	1 – 4
	< 40
	(1)
used directly as  LPG 
(2)
source of  ethene  and 
  propene  (obtained 
from cracking).
	2
	2

	petrol

(Gasoline)
	5 – 10
	40 – 150
	(1)
  motor car  fuel

(2)
linear hydrocarbons are 
used for  reforming  

(production of  high   
grade petrol).
	10
	25

	naphtha
	
	
	production of  Town gas  
	14
	9

	kerosene

(Paraffin Oil)
	10 – 14
	150 – 220
	(1)
fuel for   aircraft    
(2)
  domestic fuel      

(less common in HK)
	12
	10

	diesel oil

(Gas Oil)
	14 – 25
	220 – 350
	(1)
fuel for  diesel engine   
(2)
raw material for cracking
	19
	25

	fuel oil
	> 25
	>350
	(1)
fuel for  power station,  

  factories and ships  
(2)
raw material for cracking 
	43
	29

	lubricating oil ( Wax )
	
	
	(1)
lubricating oil for moving 
part of machinery  
(2)
synthetic detergent
(3)
raw material for cracking 
	
	

	Bitumen
	
	
	for  surfacing  roads
	
	


2.

In the fractional distillation of crude oil:

(a)
“fraction” =
a mixture of hydrocarbons collected in a certain temperature range.                                                         

(b)
“lighter fractions” =
 hydrocarbons  with  lower  relative  molecular  masses.                                                




(collected at the  upper  part of the fractionating tower)


(c)
“heavier fractions” =
 hydrocarbons  with  higher  relative  molecular  masses.                                                




(collected at the  lower  part of the fractionating tower)

3.

Definition of 



(a)
Cracking:



It is the process in which a large alkane molecule is broken down into small molecules under the action of heat and / or catalyst.




__________________________________________________________________



(b)
Reforming:



It is the process in which straight-chain alkane molecules are heated under pressure in the presence of platinium catalyst, to give branched-chain hydrocarbon molecules as products.




__________________________________________________________________

4.

Physical Properties of Alkanes:


(a)
solubility:
alkanes are     non - polar    compounds. They are   insoluble   

in water (which is a   polar  solvent  ) but soluble in   non-polar    

organic solvents.


(b)
boiling points:
increases regularly with  increasing number of carbon atoms    


of the alkanes. This can be explained in terms of   the strength of 





   van  der  Waal’s  force    among    alkane molecules  .





(
alkane molecules are non-polar or   weakly  polar   , they 



are   held  together   by London force.


** 
Explain why boiling point of straight-chain alkane increases as molecular mass increases.




As the molecular mass of straight-chain alkane increases, the size of electron cloud also increases.  Because of the larger size of e- cloud, molecules can be polarized more easily, and stronger London force could be formed between molecules.  Besides, due to the increasing surface area of molecules, the area of contact with neighbour molecules also increases.  Therefore, the boiling point would become higher as molecular mass increases, because more and more energy is required to separate the molecules apart.

** 
Draw the structure of pentane, methylbutane and dimethylpropane.  Compare their melting points and boiling points.




      pentane




   methylbutane

    dimethylpropane



Dimethylpropane molecule is spherical in shape.  It is very symmetrical and has a very packing efficiency in the lattice structure, and this results in a high melting point.  Methylbutane is the most unsymmetrical one, its packing efficiency is the lowest and thus it has the lowest melting point.  Therefore, their melting points are in the order: dimethylpropane > pentane > methylbutane



As all of them are non-polar molecules, their molecules are held together by weak London force which increases with the surface area of molecule. Pentane is a straight-chain molecule and has the largest surface area among them, thus its London force is the strongest and highest boiling point is resulted.  Then, boiling point of dimethylpropane is the lowest since it is spherical and has the smallest surface area. Therefore, their boiling points are in the order: pentane > methylbutane > dimethylpropane.
5.

Chemical Properties of Alkanes:



(
alkane molecules are generally unreactive ( low      reactivity      ) because



C–C  and  C–H  bonds  are  very  strong ,  they  could  not  be  broken  easily  unless  the  molecules  are  heated  at  a  very  high  temperature.   On  the  other  hand ,  these  bonds  are  nearly  non – polar  since  carbon  and  hydrogen  atoms  have  similar  electronegativities.  As  a  result,  alkanes  are  generally  chemical – inert.




__________________________________________________________________




__________________________________________________________________


(
heterolysis is very unlikely to occur in alkane molecule. It is because


C–C  and  C–H  bonds  are  nearly  non – polar,  since  carbon  and  hydrogen  atoms  have  similar  electronegativities.


(
alkanes only react with
(1)
  Oxygen    (at high    temperature   ),










[   Combustion    ]










(2)
 Halogen  (in the presence of   UV light  ),










[  Halogenation   ] (more important in AL!)
6.

Halogenation (    Free  radical  substitution    )


(
this reaction includes   chlorination   (react with Cl2) and          bromination    (react with Br2).


(
it is a type of  photochemical  reaction.  Once the reaction has been started, it 

proceeds rapidly because the reaction is a   chain  reaction  .


(
this reaction usually gives a      mixture  of  products    .  For example, the reaction between methane and chlorine gives   CH3Cl  ,   CH2Cl2  ,   CHCl3 ,   CCl4   and   HCl  .


(
only “monohalogenated” product may be obtained as the major product under the 

condition of   excess  alkane   with limiting amount of halogen.


(
mechanism of reaction (very important!!)




e.g.
bromination of methane





[ chain initiation  (  chain propagation  (  chain termination ]
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