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Mixing of an I.G. at constant T and p 

 

 

 

𝑛𝐴𝐴(𝑔, 𝑉, 𝑇) + 𝑛𝐵𝐵(𝑔, 𝑉, 𝑇) → 𝑛𝐴+𝐵(𝐴 + 𝐵)(𝑔, 𝑉, 𝑇) 

To find Δ𝑆𝑚𝑖𝑥𝑖𝑛𝑔  find a reversible path 

Demixing?  

 

 

 

 

 

Δ𝑆𝑑𝑒𝑚𝑖𝑥𝑖𝑛𝑔 = −Δ𝑆𝑚𝑖𝑥𝑖𝑛𝑔 

For the reverse process, Δ𝑈 = 0     ⇒     𝑞𝑟𝑒𝑣 = −𝑤𝑟𝑒𝑣 = 𝑝𝐴𝑑𝑉𝐴 + 𝑝𝐵𝑑𝑉𝐵   (compression of each) 

Δ𝑆𝑑𝑒𝑚𝑖𝑥𝑖𝑛𝑔 = ∫
𝑑𝑞𝑟𝑒𝑣

𝑇
= ∫

𝑝𝐴𝑑𝑉𝐴

𝑇

𝑉𝐴

𝑉

+ ∫
𝑝𝐵𝑑𝑉𝐵

𝑇

𝑉𝐵

𝑉

= 𝑛𝐴𝑅 ln
𝑉𝐴

𝑉
+ 𝑛𝐵𝑅 ln

𝑉𝐵

𝑉
 

In terms of mole fractions, 𝑋𝑖 =
𝑛𝑖

𝑛
   and  𝑋𝑖 =

𝑉𝑖

𝑉
 

Δ𝑆𝑑𝑒𝑚𝑖𝑥𝑖𝑛𝑔 = 𝑛𝑅[𝑋𝐴 ln 𝑋𝐴 + 𝑋𝐵 ln 𝑋𝐵] 

Since 𝑋𝑖 < 1, Δ𝑆𝑑𝑒𝑚𝑖𝑥𝑖𝑛𝑔 < 0,   Δ𝑆𝑚𝑖𝑥𝑖𝑛𝑔 > 0 (mixed state is more disordered) 

 

Irreversible phase change at constant 𝑻 and 𝒑 

e.g. H2O (𝑙, −10 ∘C, 1 bar) → H2O (𝑠, −10 ∘C, 1 bar) --- spontaneous and irreversible 

Find a reversible path. 

Take water to H2O (𝑙, 0 ∘C, 1 bar) by heating reversibly, 𝑑𝑞𝑟𝑒𝑣 = 𝐶𝑝,𝑙𝑑𝑇 

Convert to H2O (𝑠, 0 ∘C, 1 bar)   reversible phase transformation 𝑞𝑟𝑒𝑣 = −Δ𝐻𝑓𝑢𝑠 

Cool down to H2O (𝑠, −10 ∘C, 1 bar) reversible cooling, 𝑑𝑞𝑟𝑒𝑣 = 𝐶𝑝,𝑠𝑑𝑇 

 

𝑛𝐴, 𝑉𝐴 𝑛𝐵, 𝑉𝐵 𝑛 = 𝑛𝐴 + 𝑛𝐵  

𝑉 = 𝑉𝐴 + 𝑉𝐵 
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Measurement of Entropy 

𝑆(𝑇) = 𝑆(0) + ∫
𝐶𝑝,𝑠𝑑𝑇
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𝐶𝑝,𝑙𝑑𝑇

𝑇

𝑇𝑏

𝑇𝑓

+
Δ𝑣𝑎𝑝𝐻

𝑇𝑏
+ ∫

𝐶𝑝,𝑔𝑑𝑇

𝑇

𝑇

𝑇𝑏

 

The Third Law 

Nernst Heat Theorem: The entropy changes accompanying any physical or chemical transformation 

approaches zero as the temperature approaches zero: Δ𝑆 → 0 as 𝑇 → 0 provided all the substances 

involved are perfectly crystalline.  

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

 


