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Spontaneous Reactions

1.  Considering enthalpy ONLY, which reactions are likely to be spontaneous?
a)  CaO(s)  +  CO2(g)    CaCO3(s)

ΔHo = ΣnΔHf Products -  ΣnΔHf Reactants
       = [1(-1206.90 – [1(-634.9) + 1(-393.5)] 
        = -178 kJ  
Since the reaction is exothermic it is likely to occur and therefore is likely to be  
spontaneous




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

ΔHo = ΣnΔHf Products -  ΣnΔHf Reactants
                            = [1(-826) + 3(0)] – [3(-635) + 2(0)] 
                  = 1079 kJ  
Since the reaction is endothermic it is not likely to occur because most spontaneous reactions are exothermic.∴ based on enthalpy alone it is not likely to be spontaneous. 

2.  Will the change in entropy for the following be positive or negative?
a)  Gasoline vaporizes in the carburetor of an automobile engine. positive
b)  Frost forms on the windshield of a car. negative
c)  Sugar dissolves in coffee. positive
d)  PCl3(g)  + Cl2(g)    PCl5(g)    negative
a)  CO2(g)  +  H2O(l)    H2CO3(aq)   negative
b)  Ni(s)  +  2HCl(aq)    H2(g)  +  NiCl2(aq)  positive




3.    Calculate ΔSo for the following. Considering entropy ONLY, which reactions are likely to be spontaneous?
a)  N2(g)  + 3H2(g)    2NH3(g)

ΔS = Σn S Products - Σn S Reactants
     = [2(193)]  -   [ 1(192)  +  3(131) ] * don’t forget the second set of brackets!
     = -199 J  * don’t forget that the units for entropy are J NOT kJ

*negative change in entropy implies the system is getting less disorganized (more organized)

Based on entropy alone, the reaction is NOT likely to occur since most reactions have an increase in entropy therefore this reaction is not likely to be spontaneous

b)  2C2H6(g)  +  7O2(g)    4CO2(g)  +  6H2O(g)

ΔS = Σn S Products - Σn S Reactants
     = [4(214)  + 6(189) ]  -   [ 2(229.5)  +  7(205) ] 
     = +96 J  

Based on entropy alone, the reaction is likely to occur since most reactions have an increase in entropy therefore this reaction is likely to be spontaneous


c)  the formation of C2H4(g).

2C(s)  +  2H2(g)    C2H4(g)
ΔS = Σn S Products - Σn S Reactants
     = [1(219) ]  -   [ 2(6)  +  2(131) ] 
     = -55 J  
Based on entropy alone, the reaction is NOT likely to occur since most reactions have an increase in entropy therefore this reaction is not likely to be spontaneous


4. Calculate  ΔG at 25oC for the following reaction:   2HCl(g)  + CaO(s)    CaCl2(s)  + H2O(g)
        (ΔH for CaCl2 = -795 kJ/mol; S for CaCl2 = 105 J/mol K)

ΔHo = ΣnΔHf Products -  ΣnΔHf Reactants
     = [1(-795) + 1(-242)] – [2(-92) + 1(-635)]
     = -218 kJ

ΔSo = ΣnS Products -  ΣnS Reactants
     = [1(105) + 1(189)] – [2(187) + 1(40)]
     = -120 J
     = -0.120 kJ

ΔG = ΔH – TΔS
    = -218 – (298)(-0.120)
    = -182 kJ

(Since there is a loss in free energy (i.e. ΔG is negative) the reaction is  spontaneous)



5. Consider the following reaction: Al2O3(s)  +  2Fe(s)    Fe2O3(s)  +  2Al(s)
a) determine ΔG for the reaction at 30oC.


Since the temperature is NOT at 250C, the following equation must be used:
ΔG = ΔH – TΔS

This means that we first must determine ΔH and ΔS and convert T to Kelvin.

        ΔHo = [1(-826) + 2(0) – [1(-1676) + 2(0)] 
               = +850 kJ

        ΔSo = [1(90)+ 2(28)] – [1(51) + 2(27) 
               = +41 J/K 
               = 0.041 kJ/K
 
ΔG = ΔH – TΔS
 
       ΔGo = 850 – (273+ 30)(0.041) 
              = 838 kJ

    	ΔG is positive   ∴  not spontaneous

b) determine the temperature range over which the reaction will be spontaneous.
To be spontaneous, ΔG< 0
You will need to solve the inequality:  ΔH – TΔS <0

+850 – T(0.041) < 0
-0.041T < -850
-0.041     -0.041
T > 20 700 K

NOTE: when you divide by a negative, the direction of the inequality changes



6. Consider the following reaction:     2CH4(g)   C2H6(g)  +  H2(g)
    Determine the temperature range over which the reaction will be spontaneous.
ΔHo = [1(-84.7) + 1(0)] – [2(-75)] 
            = +63.5 kJ

        ΔSo = [1(229.5)+ 1(131)] – [2(186)] 
               =-11.5 J/K 
               =-0.0115  kJ/K
 
To be spontaneous, ΔG< 0
You will need to solve the inequality:  ΔH – TΔS <0

+63.5 – T(-0.0115) < 0
0.0115T < -63.5
0.0115     0.0115
T < -5520 K

NOTE: since zero Kelvin is the lowest theoretical temperature, -5520 K is impossible. We can therefore conclude that there is no temperature that will make this reaction spontaneous therefore it is NEVER spontaneous – i.e. it is temperature independent (it is an impossible reaction)

7. Consider the reaction:    2C2H6(g)  +  7O2(g)    4CO2(g)  +  6H2O(g)
    Determine the temperature range over which the reaction will be spontaneous.


ΔHo = [4(-393.5) + 6(-242)] – [2(-84.7) + 7(0)] 
               =-2856.6  kJ

ΔSo = [4(214) + 6(189)] – [2(229.5) + 7(205)] 
               =+96  J/K 
               =+0.096  kJ/K
 
To be spontaneous, ΔG< 0
You will need to solve the inequality:  ΔH – TΔS <0

-2856.6 – T(0.096) < 0
-0.096T < +2856.6
-0.096     -0.096
T > -29 756 K

Since all temperatures are greater than 0 K, this means that this reaction will ALWAYS be spontaneous. i.e. it is temperature independent.
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