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Gibbs Free Energy 4swlill 5 al) 43Ul
At constant temperature (T) and pressure(P) the change in Gibbs free energy is :-
AG= AH-TAS
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At constant temperature ,negative values of AG indicate that the reaction

should proceed spontaneously. Positive values indicate that the reaction
cannot occur.

Or for spontaneous chemical and physical change, the Gibbs free energy
change must be negative(AG<0)

For nonspontaneous reaction Gibbs free energy must be positive (AG=>0)



or the reaction A(reactant) > B(product)

AG=G products — G reactants (at constant T and )
oA xeAG=0  at equilibrium
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Example 1

C&COg(S) > CaO(s) + COz(g)
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AG= AH-TAS

298 x 160.4
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= 178.3K joule.mole™ -

=+108.0244 K joule i 2 J=ldll nonspontaneous

At 1000 °C equal to 1273.15 kelvin
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Note 4daadle
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aA+bB - cC+dD
G’= (G’ + dG°) — (aG° + bG®%)
AG"= YAG% products - YAGt reactants
AH’= Y AH products - > AH ¥ reactants

ASro= ZASOf products ~ ZASOf reactants
. (Lindsay,1979) i s sbui pualiall 3 jall 28l b Lalle BLaY) 5 S



Example 2

Calculate the standard free energy AGo for the reaction:-

H>O > H2O(q)
Data: Substance AH°( kJ.mole™)
H>O() 273
H.O 228
Solution :-

AG r0= ZAGOf products ~ ZAGOf reactants
= AG® 2o -AG° 200
= -228-(-237)

=9 kj.mole™ (3Ll pala) ABL & Jeldil



28 EQUILIBRIUM CONSTANTS FROM THERMODYNAMI(_Z DATA

If chemical reactions proceed until the free energy () of a systermn reaches
a minimum, then the system is at equilibrium. At equilibrium a system can
do no more work on its environment without the input of additional energy.
Since the absolute free energy of a substance is not measurable, reference
states are selected for each substance and changes in free energy are then
measured. The standard free energy change accompanying a chemical
reaction (AGY) is the sum of the free energies of formation (AGT) of the
products in their standard state minus the free energies of formation of the
reactants in their standard states. That is,

AGY = ZAGT products — ZAGT reactanis T (2.29)

The standard free encergy change of a reaction is related to the equilibrium
constant of that reaction by the relationship:

AGS = —RTIn K° : (2.30)

where K° is the activity equilibrinum constant for the reaction, R is the uni-
versal gas constant, and T is the absolute temnperature. At 25°C, Eq. 2.30
gives

AGHkeal) = —0.0019837 kcal deg™ ! mole™! x 298.15 deg x 2.303 log K°
AG? = —1.364 log K° '
. o AG?
log K° = 136a _ ) ) (2.31)

This equation is extremely useful because it permits the calculation of equi-
Lbrium constants from thermodynamic data for reactions which are often
difficult to measure by conventional methods. Except when noted otherwise,
the equilibrium constants used throughout this text were calculated from
Eqgq. 2.29 and 2.31 using the AG% values documented in the Appendix.

_ Thestandard free energy of a reaction {AG}) can be calculated from changes
in the standard enthalpies of reaction (AH?) and changes in the standard
entropies of reaction (AS?) by the relationship:

: AGS = AH® — TAS® (2.32)



z2 CH. 2 METHODS OF HANDLING CHEMICAL EQUILIBRLA
where
AP = ZART products — ZAMS reactants (2.33)

and

AST = ZS5° products — ES° reactants {Z2.34)

Once AGT is known, the standard free energy of any reactant or product
can be determined from Eq. 2,29 providing A9G 7 values of the other reactants
and products are knowrn.

EXAMPLE CALCULATEOMN

Calculate the eqguilibrium constant for the reaction

At - C1 (2.35)

AeCl{c)

using the AT and S5° values given below from Sadigq and Lindsay (I'_E)?Q):

AFT s°
Species (kcal mole— 2 tcal deg~ ' mole 12
A eI — 30370 23.00
<1 — 39.933 13.56
Agt 25275 17.54
Ao c) O 10.1°7F
e ’ O 15603
AFID — 25275 4+ {(— 39933y — {(—30.370) = 15.712 kcal mdle—
AST = 1754 + 13.56 — (23.00) — R.10 cal dvl:g__t mole
MG — AT — TAST
— 15712 — 298_1S(0.00810)
= 13.297 kcal mole— 31
and from Eg. 2.31 -
log &° — 13297 4 75

I.Z2o4



Sample 3

From the following thermodynamic data (Lindsay,1979,pp:32)
Species AG° ¢( Kcal.)
= (@)
H™ [e)
OHI- -37.594
Fe®" -21.80
Fe " —4.02
H-Owy -56.687
Fe(OH)s soil -170.40
I:e3o4(maqnetite) -243.37

Calculate the following:-
a): T he dissociation constant of water

b): log K® for the reaction:-

Fe(OH)s soil Fe3" + 3 OH-

Solution:-

a)): HO H+ + OH- ( from Lindsay,1979 pp: 399)
AGs = > AGt products — > AGF reactants
=[O + (-37.594)] — [ -56.687)1
= 19.093 k cal.

AG = -2.303 RT log Kg4
19.093 = -2.303 x 1.987x 103 kcal. .deg'*.mole™ x 298.16 °K x log Kq
19.093 = -1.3645 log K4
—19.093
Log Ka= 5 36as

<= 10—13.9927



b)):  Fe(OH)ssoi < > Fe®* + 30H
AG%% = -170.40 -4.02 3(-37.594)
AG®°=-2.303 RT log K° =-RT In K°
AG’= Y AG products - 2 AGf reactants
= [(-4.02)+ (-12.782)-(-170.40)]
= 53.598 kcal.

AG® =-2.303 RT log K°

53.598 kcal.= -2.303 x 1.98717 x 10 kcal.deg™*.mole™

X 298.16 °K x log K°
Log K° =-53.598/ 1.3645
Ko — 10-39.28
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