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Entropy and Temperature 

𝑑𝑈 = 𝛿𝑞𝑟𝑒𝑣 + 𝛿𝑤𝑟𝑒𝑣 = 𝑇𝑑𝑆 − 𝑃𝑑𝑉 

We can get, 

(
𝜕𝑆

𝜕𝑇
)

𝑉
=

𝐶𝑉

𝑇
 and (

𝜕𝑆

𝜕𝑉
)

𝑇
=

1

𝑇
[𝑃 + (

𝜕𝑈

𝜕𝑉
)

𝑇
] 

Δ𝑆 = 𝑆(𝑇2) − 𝑆(𝑇1) = ∫
𝐶𝑉(𝑇)𝑑𝑇

𝑇

𝑇2

𝑇1

 

More often than not we deal with constant pressure processes. 

𝑑𝐻 = 𝑑(𝑈 + 𝑃𝑉) = 𝑑𝑈 + 𝑃𝑑𝑉 + 𝑉𝑑𝑃 = 𝑇𝑑𝑆 + 𝑉𝑑𝑃 

(
𝜕𝑆

𝜕𝑇
)

𝑃
=

𝐶𝑃

𝑇
 𝑎𝑛𝑑 (

𝜕𝑆

𝜕𝑃
)

𝑇
=

1

𝑇
[(

𝜕𝐻

𝜕𝑃
)

𝑇
− 𝑉] 

Δ𝑆 = 𝑆(𝑇2) − 𝑆(𝑇1) = ∫
𝐶𝑃(𝑇)𝑑𝑇

𝑇

𝑇2

𝑇1

 

If we let 𝑇1 = 0 

𝑆(𝑇) = 𝑆(0 K) + ∫
𝐶𝑃(𝑇′)𝑑𝑇′

𝑇′

𝑇

0

 

We can therefore calculate the entropy of a substance if we know 𝑆(0) and 𝐶𝑃(𝑇) 
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Third Law of Thermodynamics 

A perfectly crystalline substance has zero entropy at absolute zero 

𝑆 = 𝑘𝐵 ln 𝑊 = −𝑘𝐵 ∑ 𝑝𝑗 ln 𝑝𝑗

𝑗

 

Since at 0 K there is no thermal energy, only the G.S. is occupied, i.e. 𝑝𝑜 = 1 and all other states are 

vacant, or 𝑝𝑗 = 0 when 𝑗 > 0. ∴ 𝑆 = 0.  

In case there is degeneracy of the G.S. i.e. 𝑛 available states of energy 𝐸0 then each of them has a 

probability 
1

𝑛
 to be filled. 

𝑆(0 𝐾) =  −𝑘𝐵 ∑
1

𝑛

𝑛

𝑗=1

ln
1

𝑛
= 𝑘𝐵 ln 𝑛  … a very small number even for large value of 𝑛 

Now we can write, 

𝑆(𝑇) = ∫
𝐶𝑃(𝑇′)𝑑𝑇′

𝑇′

𝑇

0

 

For calculating we need to take care of phase transitions 

Δ𝑡𝑟𝑠𝑆 =
𝑞𝑟𝑒𝑣

𝑇
=

Δ𝑡𝑟𝑠𝐻

𝑇𝑡𝑟𝑠
 

𝑆(𝑇) = ∫
𝐶𝑃

𝑠(𝑇′)𝑑𝑇′

𝑇′

𝑇𝑓𝑢𝑠

0

+
Δ𝑓𝑢𝑠𝐻

𝑇𝑓𝑢𝑠
+ ∫

𝐶𝑃
𝑙 (𝑇′)𝑑𝑇′

𝑇′

𝑇𝑣𝑎𝑝

𝑇𝑓𝑢𝑠

+
Δ𝑣𝑎𝑝𝐻

𝑇𝑣𝑎𝑝
+ ∫

𝐶𝑃
𝑔(𝑇′)𝑑𝑇′

𝑇′

𝑇

𝑇𝑣𝑎𝑝

 

 

molar entropy of benzene 
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Contributions to the Absolute Entropy 

𝑆 = 𝑘𝐵 ln 𝑄 + 𝑘𝐵𝑇 (
𝜕 ln 𝑄

𝜕𝑇
)

𝑁,𝑉
= 𝑘𝐵 ln

𝑞𝑁

𝑁!
+ 𝑘𝐵𝑇 (

𝜕 ln(𝑞𝑁/𝑁!)

𝜕𝑇
)

𝑉

 

=  𝑁𝑘𝐵 ln 𝑞 − 𝑘𝐵 ln 𝑁! + 𝑁𝑘𝐵𝑇 (
𝜕 ln 𝑞

𝜕𝑇
)

𝑉
 

Using Stirling′sApproximation (ln 𝑁! = 𝑁 ln 𝑁 − 𝑁):   𝑆 = 𝑁𝑘𝐵 + 𝑁𝑘𝐵 ln
𝑞

𝑁
+ 𝑁𝑘𝐵𝑇 (

𝜕 ln 𝑞

𝜕𝑇
)

𝑉
 

As an example, take the diatomic ideal gas. N2(𝑔)  at  298.15 K 

𝑆̅

𝑅
= ln [(

2𝜋𝑀𝑘𝐵𝑇

ℎ2 )
3/2 �̅�𝑒5/2

𝑁𝐴
 ] + ln

𝑇

2Θ𝑟𝑜𝑡
− ln(1 − 𝑒−Θvib/𝑇) +

Θ𝑣𝑖𝑏/𝑇

𝑒−Θvib/𝑇 − 1
+ ln 𝑔𝑒1 

Using, Θ𝑟𝑜𝑡 = 2.88 𝐾, Θ𝑣𝑖𝑏 = 3374 𝐾, 𝑔𝑒1 = 1 

Standard entropy, 𝑆0(298.15 𝐾) = 𝑆𝑡𝑟𝑎𝑛𝑠
0 + 𝑆𝑟𝑜𝑡

0 + 𝑆𝑣𝑖𝑏
0 + 𝑆𝑒𝑙𝑒𝑐

0  

= 150.4 + 41.13 + 1.15 × 10−3 + 0 = 191.5 JK−1mol−1 

𝐹𝑟𝑜𝑚 ℎ𝑒𝑎𝑡 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦: 191.6 JK−1mol−1 

𝑆(𝑇′) = ∫
𝐶𝑝

𝑠(𝑇)𝑑𝑇

𝑇

𝑇𝑓𝑢𝑠

0

+
Δ𝑓𝑢𝑠𝐻

𝑇𝑓𝑢𝑠
+ ∫

𝐶𝑝
𝑙 (𝑇)𝑑𝑇

𝑇

𝑇𝑣𝑎𝑝

𝑇𝑓𝑢𝑠

+
Δ𝑣𝑎𝑝𝐻

𝑇𝑣𝑎𝑝
 + ∫

𝐶𝑝
𝑔(𝑇)𝑑𝑇

𝑇

𝑇′

𝑇𝑣𝑎𝑝

 

Molecular Partition Functions 

Monatomic ideal gas 

𝑞(𝑉, 𝑇) = (
2𝜋𝑚𝑘𝐵𝑇

ℎ2 )
3/2

 𝑉. 𝑔𝑒1 

Diatomic ideal gas 

𝑞(𝑉, 𝑇) = (
2𝜋𝑀𝑘𝐵𝑇

ℎ2 )
3/2

 𝑉.
𝑇

𝜎Θ𝑟𝑜𝑡
.

𝑒−Θ𝑣𝑖𝑏/2𝑇

1 − 𝑒−Θvib/𝑇  . 𝑔𝑒1𝑒𝐷𝑒/𝑘𝐵𝑇 

Linear polyatomic ideal gas 

𝑞(𝑉, 𝑇) = (
2𝜋𝑀𝑘𝐵𝑇

ℎ2 )
3/2

 𝑉.
𝑇

𝜎Θ𝑟𝑜𝑡
. [ ∏

𝑒−Θ𝑣𝑖𝑏,𝑗/2𝑇

1 − 𝑒−Θvib,j/𝑇

3𝑛−5

𝑗=1

] . 𝑔𝑒1𝑒𝐷𝑒/𝑘𝐵𝑇 

Non-linear polyatomic ideal gas 

𝑞(𝑉, 𝑇) = (
2𝜋𝑀𝑘𝐵𝑇

ℎ2 )
3/2

 𝑉.
𝜋1/2

𝜎
(

𝑇3

Θ𝐴Θ𝐵Θ𝐶
)

1/2

. [ ∏
𝑒−Θ𝑣𝑖𝑏,𝑗/2𝑇

1 − 𝑒−Θvib,j/𝑇

3𝑛−6

𝑗=1

] . 𝑔𝑒1𝑒𝐷𝑒/𝑘𝐵𝑇 
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Some useful relations 
𝑑𝑈 = 𝛿𝑞𝑟𝑒𝑣 + 𝛿𝑤𝑟𝑒𝑣  

𝑑𝑈 = 𝑇𝑑𝑆 − 𝑃𝑑𝑉  

(
𝜕𝑈

𝜕𝑇
)

𝑉
= 𝑇 (

𝜕𝑆

𝜕𝑇
)

𝑉
 

(
𝜕𝑆

𝜕𝑇
)

𝑉
=

𝐶𝑉(𝑇)

𝑇
 

𝑑𝐻 = 𝑑(𝑈 + 𝑃𝑉) = 𝑑𝑈 + 𝑃𝑑𝑉 + 𝑉𝑑𝑃 = 𝑇𝑑𝑆 + 𝑉𝑑𝑃  

(
𝜕𝑆

𝜕𝑇
)

𝑃
=

𝐶𝑃(𝑇)

𝑇
 


