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Physical Chemistry
... iremos explorar, refletir, aprender ?..

Area of chemistry concerned with the application of the techniques and theories of physics to the study of chemical systems.

Lecture#11
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Entropy changes  >  specific processes

The measurement of entropy

Debye extrapolation
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Entropy changes  >  specific processes

The measurement of entropy

Debye extrapolation

Sm(4.2 K) = Sm(0K) + 1/3 . 0.43 = Sm(0K) + 0.14  J K-1 mol-1

a= Cp (T) /T 3

Cp (T) =a.T 3

a= 0.43/(4.2)3= 5.8x10-3 J K-4 mol-1

T = 4.2 K

Sm(4.2K)
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The measurement of entropy

35.61 K10 K 63.14 K 77.32 K 298.15 K
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The measurement of entropy

The Nernst heat theorem
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Debye extrapolation

Sulfur, S8
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Third-law of thermodynamics

Entropies reported on the basis that 

S(0) = 0 

Third-Law entropies

T =  0 K

The entropy of  all perfect crystalline substances is zero at T = 0.

A diatomic molecule AB  there may be almost no energy difference between the 

arrangements . . . 

AB AB AB . . . and . . . BA AB BA . . . ,

so W> 1 even at T = 0. 

If  S > 0 at T = 0 we say that the substance has a residual entropy.
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Third-law of thermodynamics
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Third-law of thermodynamics

Because the entropies of  ions in water are values relative to the hydrogen ion in water, 

they may be either positive or negative

e.g.  the standard molar entropy of  

Cl−(aq) is +57 J K−1 mol −1 

Mg2+(aq) is −128 J K −1 mol −1.



DQB. FCUP  Luís Belchior Santos  | 2024

Third-law of thermodynamics

e.g. Haber process for the production of  ammonia from nitrogen and hydrogen gas

So (NH3) = 192.5  J∙K−1 ∙mol −1 

So (H2) = 130.6  J∙K−1 ∙mol −1 

So (N2) = 191.5  J∙K−1 ∙mol −1 

ΔS0 = 2*S0(NH3) - [S0(N2) + (3*S0(H2))]

At 298.15 K :

ΔS0 = 2*192.5 - [191.5 + (3*130.6)]

ΔS0 = -198.3 J∙K−1∙mol −1 
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Third-law of thermodynamics


