Chemical equilibrium    ……………………. ………………..       Haider R. Saud
	
Chemical equilibrium    
When reactants of a given chemical reaction are mixed, they will proceed rapidly or slowly depending on the kinetics of the reaction, towards equilibrium. Therefore, at the beginning of the reaction, the reaction has a negative free energy (G < 0)
When the system is at equilibrium and G = 0, Q = K (the equilibrium constant for the reaction:
G - G = RT ln P
Where G and G are the molar free energies of the gas at P and P.  

For example: A + B C + D
then
GC – GC + GD -  GD  - GA +  GA -( - GA +  aGA) 
= RT(ln PC + ln PD – ln PA - ln PA)
rG - rG = RT ln(PC PD /PA PB)
rG - rG = RT ln Q
where Q is the reaction quotient.
At equilibrium rG = 0
rG  = - RT ln K
	      G =  Go + RTlnK = 0,    
  K=e-∆G°/RT
where  Go is calculated at temperature 298 K. 
When Go = 0, K = 1; 
when Go < 0,  K > 1;  the forward reaction is spontaneous.   
When Go > 0, K < 1;  the reverse reaction is spontaneous.
EX// For example, the reaction:  N2(g)  +  3H2(g)    2NH3(g)   has Go = -33 kJ  at 25oC. What is the value of the equilibrium constant K for this reaction at 25oC?
At equilibrium,  
G =  Go + RT lnK = 0
Go =- RT lnK
K=e-∆G°/RT

 
K=e13 = 4.4× 105
H.W// Consider the reaction: Cl2(g) + 3 F2(g)  2 ClF3(g)
For ClF3 the standard enthalpy of formation, Hf, is -163.2 kJ/mol and the standard entropy of formation, Sf, is -135 J/K.






















Statements of the third law
The third law of thermodynamics is concerned with the behavior of systems in equilibrium as temperature approaches absolute zero. The third law of thermodynamics is concerned with the limiting behavior of systems as the temperature approaches zero.
The Nernst formulation of the Third Law:
"Any entropy changes in an isothermal reversible process approach zero as the temperature approaches zero, or
[image: الوصف: http://casey.brown.edu/chemistry/misspelled-researh/crp/Edu/Documents/00_Chem201/4_third_law/Chem201_4_third_law_files/image007.gif]






Planck’s statement of the Third Law:
The entropy of a true equilibrium state of a system at absolute zero is zero.’
Another statement of the Third Law is:
‘It is impossible to reduce the temperature of a system to absolute zero using a finite number of processes.’
[bookmark: _GoBack]As investigators attempt to reach this lowest temperature, it becomes more difficult to get closer to it. Temperatures as low as 2.0 x 10-8 K have been achieved in the laboratory, but absolute zero will remain ever elusive – there is simply nowhere to “put” that last little bit of energy.
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