Lec. Free energy      ……………… ……………………. ………………..       Haider R. Saud
	
Free energy
ΔG at constant temperature and pressure equals the ability of system to perform useful work other than the simple PV work. Gibbs energy is useful because it incorporates both enthalpy and entropy. In some reactions, the enthalpy and entropy contributions reinforce each other. 

 
The sign of ΔG is determined by the magnitudes of ΔH and (-TΔS). If               ΔH > (-TΔS), then the reaction is said to be enthalpy driven because the sign of ΔG is predominantly determined by ΔH. Conversely, if (-TΔS)> ΔH, then the process is an entropy-driven one.
Gibb’s criterion for Spontaneous Process.
The change in the Gibbs free energy is a reliable indicator of spontaneity of a physical process or chemical reaction.


[image: صورة ذات صلة]
In particular, notice that in the above equation the sign of the entropy change determines whether the reaction becomes more or less spontaneous as the temperature is raised. For any given reaction, the sign of ΔH can also be positive or negative. This means that there are four possibilities for the influence that temperature can have on the spontaneity of a process:
Case 1: ΔH (-) and ΔS (+)
Under these conditions, both the ΔH and TΔS terms will be negative, so ΔG will be negative regardless of the temperature. An exothermic reaction whose entropy increases will be spontaneous at all temperatures.
[image: ]
Case 2: ΔH (-) 0 and ΔS (+)
If the reaction is sufficiently exothermic it can force ΔG negative only at temperatures below which |TΔS| < |ΔH|. This means that there is a temperature T = ΔH / ΔS at which the reaction is at equilibrium; the reaction will only proceed spontaneously below this temperature.
[image: ]
 The freezing of a liquid or the condensation of a gas are the most common examples of this condition.
Case 3: ΔH (+) and ΔS (+)
This is the reverse of the previous case; the entropy increase must overcome the handicap of an endothermic process so that TΔS > ΔH. Since the effect of the temperature is to "magnify" the influence of a positive ΔS, the process will be spontaneous at temperatures above T = ΔH / ΔS.
[image: ]
 (Think of melting and boiling.)
Case 4: ΔH (+) and ΔS (-)
With both ΔH and ΔS working against it, this kind of process will not proceed spontaneously at any temperature. Substance A always has a greater number of accessible energy states, and is therefore always the preferred form.
[image: ]

Does the following processes are spontaneous or not? Explain.
1- Exothermic expansion (V2>V1) of ideal gas.








2-The gas is heated at constant pressure.







3- The freezing of a liquid




4-
2 Fe2O3(s)  +  3 C(s)   4 Fe(s)  +  3 CO2(g)      ∆rH = 468kJ




5-
2 H2(g) + O2(g)  2 H2O(liq)                 ∆rH = -571.7 kJ





6-H.W
[image: ]


EX//Calculate the standard free energy change, ΔG, for the following at 25 C. Is this reaction spontaneous at 25 C?  If not, at what temperature can we make this reaction spontaneous?
			MgO(s)   +  C(graphite)   Mg(s)  +  CO(g)

			ΔH = 491.18 kJ		ΔS = 197.67 J/K

G = H - TS


G = 491.18 kJ - (298 K) =  + 432.27 kJ
No, it is not spontaneous at 25 C (G is a large positive value)
Set G = 0:  		0 = H - TS		

   This is T at equilibrium, 
spontaneous at T > 2484.8 K
Methods of calculating G
There are two methods of calculating ∆Go for chemical reaction
a) Determine ∆Horxn and ∆Sorxn and use Gibbs equation.

 




Where np and nr are stoichiometric numbers 
b) Use tabulated values of free energies of formation, ∆fGo.


EX:  The thermite reaction is used to weld railway tracks:

Fe2O3 (s)  +  2 Al (s)    2 Fe (s)   +  Al2O3 (s)

Based on the below data, determine if this reaction is spontaneous at 25oC and quote the value of ΔG in kJ/mol

Given:
  
	ΔHf Fe2O3 (s)  = - 822.16 kJ/mol
	S Fe2O3 (s) = +89.96 J/molK

	ΔHf Al2O3 (s) = - 1669.9 kJ/mol
	S Al2O3 (s)  =+51.00 J/molK

	
	S Fe (s) = +27.15 J/molK

	
	S Al (s) = +25.32 J/molK



Sol/





T = 25+273 = 298K


	Substance
	C3H8(g)
	O2(g)
	CO2(g)
	H2O(l)

	 fGo, kJ/mol
	-23.0
	0
	-394.6
	-237.2


H.W) Use the following data to calculate ΔGo at 298 K for the combustion of propane:    C3H8(g) + 5 O2(g)  →  3 CO2(g) + 4 H2O(l) 
Sol/ -2109.6 kJ/mol
H.W) Consider the reaction:


Given the following table of thermodynamic data,
	Substance 
	 fHo, kJ/mol
	So, J/mol.K

	Ag+ (aq)
	 105.90
	73.33

	Cl- (aq)
	-167.20
	56.50

	AgCl (S)
	-127.00
	96.11


Determine the temperature (in °C) above which the reaction is nonspontaneous under standard conditions.





















The Variation of the Gibbs Energy with Pressure and temperature 
In previous lectures, we focused on Partial Differential Equations of free energy and show that dG = VdP - SdT.  This differential can be used to determine both the pressure and temperature dependence of the free energy
1- The Variation of free energy with pressure at constant temperature  
2- The Variation of free energy with temperature at constant pressure  



The Variation of free energy with pressure at constant temperature  
At constant temperature, Partial Differential Equations that can used to calculate the free energy is: 

 

 

Note//  
We can use the above expression to indicate the free energy at some pressure P relative to the pressure of the standard state P = 1 bar. 



Where is the standard molar Gibb’s free energy for a gas 
   The Gibb’s free energy increases logarithmically with pressure. This is entirely an entropic effect. T = G Note that the 1 bar can be omitted since we can write:




EX// Find the value of ∆G for 1.000 mol of an ideal gas if it is isothermally pressurized from 1.000 atm to 3.000 atm at 298.15 K.


EX// 2.000 mol of helium gas (assume ideal) expands isothermally and irreversibly at a constant temperature of 298.15 K from a volume of 10.00 L to a volume of 40.00 L.

P1= 


The Variation of free energy with temperature at constant pressure  
The following expression is called the Gibbs–Helmholtz equation

 
The Gibbs–Helmholtz equation is most useful when it is applied to changes, including changes of physical state and chemical reactions at constant pressure. Then, because ΔG = Gf- Gi for the change of Gibbs energy between the final and initial states and because the equation applies to both Gi and Gf. we can write:




Justification 







Ex// Calculate ∆rG at 400 K for the following reaction 
2H2 + O2  2H2O  ∆rHo = -572 kJ
if ∆fGo (H2O) = -237.13 kJ/mol, and ∆fG0 (H2) = ∆fGo (O2) = 0 ? 




EX// At 373.15 K and 1.000 atm, the Gibbs energy change of vaporization of water is equal to zero, and the entropy change is equal to 109 J K−1 mol−1. Find the Gibbs energy change of vaporization of superheated water at 378.15 K. What does the sign of your answer mean?







H.W// The Haber process for the production of ammonia is one of the most important industrial processes:      N2(g) + 3H2(g)  2NH3(g)
ΔG°(298K) =–33.3 kJ, ΔH°(298K) = –92.4kJ, Calculate ΔG° at 500K.
[bookmark: _GoBack]EX// given the thermodynamic data in the table below, calculate the equilibrium constant (at 298 K) for the reaction:   
2 SO2 (g) + O2 (g) 2 SO3 (g)
[image: ]
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