CH1011

Tutorial 9 Answers

5.  The first step in the reduction of a nickel sulphide ore (Ni3S2) to form nickel metal is roasting in air. 
Balance the following equation and determine how many kg of nickel oxide (NiO) can be formed from 
20.0 kg of Ni3S2 and 10 m3 of compressed air (which contains 5.0 kg of oxygen) upon roasting.

Ni3S2(s)   +  O2(g) ( NiO  +  SO2(g)

Balanced


2Ni3S2     +  7O2(g) ( 6NiO  +  4SO2(g)

MNi3S2
 = (3 x 59) + (2 x 32) 
= 241 g mol-1  

MO2  = (2 x 16) 


= 32 g mol-1
               
MNiO = 59 + 16 


= 75 g mol-1
Actual number of moles

nNi3S2 
= 20 000g / 241 g mol-1 
= 82.99 mol

nO2 
= 5 000 g / 32 g mol-1 
= 156.25 mol

Ideal number of moles

Ni3S2     +  7/2O2(g) ( 6/2NiO  +  4/2SO2(g)

nO2 
= 7/2 x  82.99 mol

= 290.46 mol

Limiting reagent is oxygen as 156.25 mol  is less than 290.46 mol

2/7Ni3S2     +  O2(g) ( 6/7NiO  +  4/7SO2(g)

nNiO  = 6/7 x 156.25 mol

= 133.93 mol

mNiO = 133.93 mol x 75 g mol-1 
= 10044 g




= 10 kg            (rounded to 2 sig figs based on 5.0kg O2)

5.  How does a network solid such as diamond differ from a regular covalent solid such as sugar (sucrose)?

A network solid has either a 2-D or a 3-D arrangement of covalent bonds which extends throughout the solid.  In the case of diamond this means that each carbon has 4 bonds to adjacent carbon atoms in the structure.  Each covalent bond is strong as every atom is maximally connected to other atoms in a giant "supermolecule" type structure.   This makes it very hard to detach parts of the structure and diamond as a result is the hardest of all natural materials and has a very high melting point.  

In contrast a regular covalent solid consists of discrete molecules which have a small size (at the largest they may be macromolecules).  These molecules are held together in the solid by weak Van der Waal's forces and packing constraints. As a result it is easy to break individual molecules away from the solid and so we can crush sugar and melt it quite easily.

1.  Explain the term standard enthalpy of formation. Illustrate your answer using Hof( CH4(g) ) as an    
      example (ie write the balanced equation).

Hof  is the enthalpy change accompanying the formation reaction of 1 mole of compound from its elements with all the substances in their standard states at p = 1 atm.

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

Hof( CH4(g) )  -75 kJ

2.  Calculate the heat of combustion Hoc( CH4(g) ) when methane is combusted to form CO2(g) and H2O(l).

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

Hoc( CH4(g) )  
=   (mHof (products) - (nHof (reactants)



=   (-394 + 2 x -286)  -  (-75) kJ



=    -891 kJ

3. 0.045 mol of COCl2 gas (phosgene) is placed in a reaction vessel at 500oC.  The total pressure in the 
    vessel is   0.60 atm. and the partial pressures of CO and Cl2 are 0.10 atm.  and 0.20 atm., respectively  
    Write down the expression for Kp and determine the value of Kp in the above system.  


COCl2(g) (  CO(g)   +   Cl2(g)


p(COCl2) 
= p(Total) - [p(CO) + p(Cl2)]




= 0.60 - [0.10 + 0.20]




= 0.30


Kp 
=  p(CO)p(Cl2) / p(COCl2)



=  0.10 x 0.20 / 0.30



=  0.067

4.  
N2(g)  +  3H2(g) 

      2NH3(g)

Ho = -91 kJ mol-1


     In an equilibrium reaction mixture of the above reaction how would p(H2) and
     Kp change if the temperature of the reaction  vessel were raised?  Explain your answer.


 p(H2) would increase.  Kp would decrease.


Le Chatalier’s principle states that for an exothermic reaction external heating will result in an 
 
increase in the reverse (endothermic) reaction to reduce the effect of the change.  This will result in 
 
an increase in p(H2) and p(N2) and a decrease in pNH3 hence Kp will decrease.

Additional information:





Hof( CH4(g) ) -75 kJ/mol

Hof( CO2(g) )  -394 kJ/mol
      Hof( H2O(l) )  -286 kJ/mol

5.
What is the difference between an intensive and an extensive state property. 
 
Give an example of each property.
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