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Thermochemistry is the study of the heat changes that take place during reactions.  The enthalpy (H) of a reaction can tell us much about the reaction.  The change in Enthalpy ((H) is a measure of the heat flow during a reaction (see Equation 1).  (H is usually given in kJ.

(1) (H = Hproducts - Hreactants
In an experiment: Reactants and products are the system; everything else is the surroundings. If energy flows from the system to the surroundings (H has a negative sign (loss of energy).
  If 
energy flows from the surroundings to the system (H has a positive sign (gain of energy). Look at Figure I:  -(H, The products are lower in energy than the reactants.  That energy had to go somewhere, it was given off as heat.  When the system releases heat into the surroundings, it is an exothermic reaction and has a -(H.  The Ea is the activation energy, the minimum energy required for the reactants to reach the transition state.  The transition state (‡) occurs at the highest point on the energy diagram and is the point at which you have a chemical that is in between (transitioning) reactant and product structure.   





Example 1:  An exothermic reaction

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

(H = -24.8 kJ


So what happens when heat is absorbed by the system from the surroundings?  There is a positive heat flow from the surroundings into the system.  The value of the change in enthalpy will be positive (+(H).  We call this an endothermic reaction and a potential energy diagram can be seen in Figure II.  See example 2.







Example 2:  An endothermic reaction

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

(H = 24.8 kJ


The amount of molecular randomness/disorder in a system is called the system’s entropy (S).  Let’s think of 1 g H2O(s), 1 g of  H2O(l), and 1 g H2O(g).  Which one do you think has the most disorder?  A solid has a fixed shape and a fixed volume, a liquid has a fixed volume but doesn’t have a fixed shape, and a gas doesn’t have a fixed volume or a fixed shape.  The gas has the most disorder, then liquid, and lastly the solid.  If we want to talk about the change in disorder,  (S, will have to use Equation 2.  (S is usually given in J/K.

(2) (S = Sfinal - Sinitial

If we look at the following chemcial reaction, does the entropy increase or decrease as you go from reactants to products?

C2H4 (g)  +  Br2(g)  (  CH2BrCH2Br(l)
On the reactant side we have 2 moles of gas and on the product side we have 1 mole of liquid.  Since gases have more disorder, we have decreased the disorder by going from a disordered state to a more ordered state (see Equation 3).

(3) (S = Sfinal - Sinitial = small number – big number = - number = -(S

If you increase disorder (S > 0, and if you decrease disorder (S < 0.  


A spontaneous reaction is a reaction that can proceed on its own without any continuous external influence.  Lets try to think of why a reaction may be spontaneous.  If you think about a spontaneous reaction with respect to heat flow, a spontaneous reaction would probably be an exothermic reaction, -(H.  Remember that an exothermic reaction gives off heat and an endothermic reaction absorbs heat.  An endothermic reaction is probably a non-spontaneous reaction.


If you think about a spontaneous reaction with respect to entropy, a spontaneous reaction will favor an increase in entopy, +(S.  The 2nd Law of Thermodynamics states that in any spontaneous process, the total entropy of a system and its surroundings always increases.  
A non-sponaneous reaction will probably have a -(S.  Notice that when I talk about enthalpy and entropy I am saying PROBABLY spontaneous or non-spontaneous.  Enthalpy and entropy alone do not decide if a reaction is spontaneous.


The values of (S and  (H can’t always correctly predict if a reaction is spontaneous therefore we will use the Gibb’s Free Energy Change, (G.  The Gibb’s Free Energy Change equation can be seen in Equation 4.

(4) (G = (H -T(S

The Gibb’s Free Energy Change takes enthalpy and the temperature (in Kelvins) dependent entropy into consideration.  Remember that the units for (H  is going to be in kJ and, the units for (S is going to be in J/K and the temperature will be in Kelvins.  You will have to convert the units for entropy into kJ/K before you can multiply by kevins and then subtract from (H .  Once this is done and you have a value for (G  follow the relationships given below.

(G < 0  the reaction is spontaneous

(G > 0  the reaction is non-spontaneous

(G = 0  the reaction is at equilibrium  


(equilibrium can be at a phase change, melting point and boiling point)


If you have to estimate the temperature at which a reaction does become spontaneous, set (G = 0 and solve for T using Equation 5.  This gives us a rough estimate at what temperature the reaction will become spontaneous.

(5)
T = (H / (S

1. Predict if the following reactions are exothermic or endothermic and if they are favorable or unfavorable processes.


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

(H = -484 kJ


b)
2 Al(s)  +  Fe2O3(s)  (  2 Fe(s)  +  Al2O3(s)
(H = -852 kJ


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

(H = 484 kJ


d)
2 NH3(g)  (  N2(g)  +  3 H2(g)


(H = 92.2 kJ


e)
H2O(g)  (  H2O(l)



(H = -44 kJ

2. Predict the sign of (S in the system for each of the following and state if they are favorable or unfavorable processes.

a) H2O(g)  (  H2O(l) 

b) I2(g) (  2 I-(g)
c)
  CaCO3(s)   (   CaO(s)  +  CO2(g)

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

3. Which of the following reactions are spontaneous?


a)
AgNO3(aq)   +   NaCl(aq) (   AgCl(s)   +   NaNO3(aq) 



(G = –55.7 kJ



b)
2 C(s)   +   2 H2(g)   (   C2H4(g)



(G = 68.1 kJ



c)
N2(g) + 3 H2(g) (   2 NH3(g) 



(H = –92 kJ; (S = –199 J/K
4.

Consider the decomposition of gaseous 
N2O4
  @ 25(C

N2O4(g)  (  2 NO2(g)     


(H = +57.1 kJ









(S = +175.8 J/K



a)

a) Is this reaction spontaneous? 



b)
  
Estimate the temperature at which the reaction becomes 




spontaneous?

5. Consider the thermal decomposition of calcium carbonate @ 25(C
CaCO3(s)  (  CaO(s)  +  CO2(g)

(H = 178.3 kJ









(S = 160.4 J/K

a) Calculate the free energy change, (G, for this reaction 

b) Will a mixture of solid CaCO3, CaO, and gaseous CO2 at 1 atm pressure react spontaneously?


c) 
Assuming that (H and (S are independent of temperature, estimate 


the temperature at which the reaction becomes spontaneous 
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Figure II:  Endothermic Reaction
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Figure I:  Exothermic Reaction
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