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Entropy: Entropy is a measure of disorder for a system. Molecular randomness, or disorder is called entropy. Entropy is closely associated with probability or the number of arrangments that are available to a system existing in a given state. In the gaseous state there are empty spaces between molecules, so molecules have many position available, that’s why entropy of a gas is more than a liquid and entropy of a liquid is more than a solid. This is called positional Probability.  S solid < S liquid < S gas

Spontaneous process is a process that proceeds on its own without any external influence. Expansion of a gas into a vacuum is a spontaneous process.

Second Law of Termodynamic: In any spontaneous process there is always  an increase in the entropy of universe, this means the entropy of universe is increasing.

   (S univ = (Ssys + (Ssurr
If    (Suniv > 0    the entropy of universe( total entropy) is increasing and the process is spontaneous. 

If   (Suniv < 0  the entropy of universe is decreasing and the process is not spontaneous.

 if    (Suniv = 0    the system is at equilibrium.

Third law of Termodynamic: The entropy of a perfect crystal at 0 K  is zero. Since the entropy is zero for a perfect crystal at 0 k, the entropy value for a substance at a particular temperature can be calculated (S0). S0 is the standard entropy for any substance in 250C and 1atm pressure

 Entropy Changes in Chemical Reactions((Ssys): 

(S0reaction = (npS0products -(nrS0reactants        

( represents sum of the terms, np is the number of mol products, nr is the number of mol reactants.

The Effect of Temperature on Spontaneity: 

Entropy is also associated with molecular motion. As the temperature of substance increases, random molecular motion increases. An exothermic process in the system releases heat to the surroundings and causes increasing the random motions,so an exothermic process increases entropy of  surroundings ((Ssurr is positive). The opposite is true, an endothermic process decreases entropy of surroundings ((Ssurr is negative).

               -(H

(Ssurr =

                 T

Exothermic process: Sign of  (H is negative, sign of  (s will be positive ((Ssurr is increasing), process is spontaneous.

Endothermic process: the sign of (H is positive, The sign of  (Ssurr will be negative, the process is not spontaneous.
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Free Energy ((G)

A chemical system will seek the lowest possible free energy.

To predict the spontaneity of process without regard to surroundings we use free energy.

       (G = (H - T(S

(G < 0 the reaction is spontaneous

(G > 0 the reaction is nonspontaneous

(G = 0 the reaction mixture is at equilibrium          

If  the system is at equilibrium : 

                 (G = 0                             (H= T(S               (S = (H / T

Standard Free Energy ( (G0) of a reaction:  The standard free energies (at 1M and 298 K) of formation are useful in calculating the standard free-energy change for chemical processes:

 (G0= (n (Gf0 products -(nr(Gf0 reactants

Calculating  (G0 ​ of a reaction at a temperature other than 298:  
(G0 = (H0-T(S0
Calculating  (G  of a reaction  at a pressure other than 1 atm for gases: G0  is free energy of a gas at I atm pressure, G is free energy at a pressure other than 1 atm:
1.The system is not at equilibrium:   N2(g) + 3H2(g)                                   2 NH3(g)

                                                           (PNH3)2
(G = (G0 + RT LnQ    Q =

                                                          (PN2 )( PH2)3

2.The system is at equilibrium:  N2(g) + 3H2(g)                                   2NH3(g)

Q =K           (G = 0

        (G0 = -RT LnKp
R = 8.314J/.K   or 0.008314 kJ/K
Hess’s law: The overall enthalpy change for a reaction is equal to the sum of the enthalpy changes for the individual  steps in the reaction.

In order to use Hess’s law , it is important to understand:

· If a reaction reversed the sign of ΔH is also reversed.

· A reaction can be multiplied by a coefficient , ΔH for the reaction must be multiplied by that same coefficient.  

We can use same procedures to calculate (G0 or ΔS0.
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