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MOLAR SPECIFIC HEAT OF AN IDEAL GAS

Due to Kinetic Theory of Gases analysis, the internal energy of 

an ideal gas:

𝐸𝑖𝑛𝑡 = 𝐶𝑜𝑛𝑠𝑡 × 𝑇

∴ Δ𝐸𝑖𝑛𝑡 ∝ Δ𝑇

Examples

• For monoatomic ideal gas: 𝐸𝑖𝑛𝑡 =
3

2
𝑛𝑅𝑇

• For diatomic ideal gas: 𝐸𝑖𝑛𝑡 =
5

2
𝑛𝑅𝑇
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MOLAR SPECIFIC HEAT OF AN IDEAL GAS

Same Δ𝐸𝑖𝑛𝑡 = 𝑄 −𝑊 for each 

process from 𝑇𝑖 to 𝑇𝑓.

Each process has unique 𝑊

∴ Each process has a unique 𝑄

We need a flexible definition of 

specific heat: 𝑄 = 𝑚 𝑐 Δ𝑇

𝑷𝑽 = 𝒏𝑹𝑻

𝑃𝑖 , 𝑉𝑖
𝑇𝑖

𝑃𝑓1 , 𝑉𝑓1
𝑇𝑓

𝑃𝑓2 , 𝑉𝑓2
𝑇𝑓
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𝑄 = 𝑛𝐶𝑉Δ𝑇

𝐶𝑉, Molar specific heat at const 𝑉

𝑛 : number of moles

Δ𝐸𝑖𝑛𝑡 = 𝑄 −𝑊, 𝑊 = 0

𝑄 = Δ𝐸𝑖𝑛𝑡 = 𝑛𝐶𝑉Δ𝑇

𝑄 = 𝑛𝐶𝑃Δ𝑇

𝐶𝑃, Molar specific heat at const 𝑃

𝑛 : number of moles

Δ𝐸𝑖𝑛𝑡 = 𝑄 −𝑊, 𝑊 = 𝑃Δ𝑉

𝑄 = 𝑛𝐶𝑃Δ𝑇 = Δ𝐸𝑖𝑛𝑡 + 𝑃Δ𝑉

𝑛𝐶𝑃Δ𝑇 = 𝑛𝐶𝑉Δ𝑇 + 𝑛𝑅Δ𝑇

𝐶𝑃 = 𝐶𝑉 + 𝑅
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Degrees of freedom 𝑓 = 3

𝐸𝑖𝑛𝑡 =
3

2
𝑛𝑅𝑇 = 𝑛𝐶𝑉𝑇

𝐶𝑉 =
3

2
𝑅 = 12.5 J / mol ⋅ K

𝐶𝑃 =
3

2
𝑅 + 𝑅 =

5

2
𝑅 = 20.8 J / mol ⋅ K

𝛾 =  𝐶𝑃 𝐶𝑉 = 5/3 = 1.67

Degrees of freedom 𝑓 = 5

𝐸𝑖𝑛𝑡 =
5

2
𝑛𝑅𝑇 = 𝑛𝐶𝑉𝑇

𝐶𝑉 =
5

2
𝑅 = 20.8 J / mol ⋅ K

𝐶𝑃 =
5

2
𝑅 + 𝑅 =

7

2
𝑅 = 29.1 J/ mol ⋅ K

𝛾 =  𝐶𝑃 𝐶𝑉 =  7 5 = 1.4
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ADIABATIC PROCESSES FOR AN IDEAL GAS

No heat exchange: 𝑑𝐸𝑖𝑛𝑡 = −𝑑𝑊

∴ 𝑛𝐶𝑉𝑑𝑇 = −𝑃𝑑𝑉

But 𝑃𝑉 = 𝑛𝑅𝑇

∴ 𝑃𝑑𝑉 + 𝑉𝑑𝑃 = 𝑛𝑅𝑑𝑇

∴ 𝑛𝑑𝑇 =
𝑃𝑑𝑉 + 𝑉𝑑𝑃

𝑅

∴ 𝑛𝐶𝑉𝑑𝑇 =
𝐶𝑉 𝑃𝑑𝑉 + 𝑉𝑑𝑃

𝑅
= −𝑃𝑑𝑉

∴ 𝐶𝑉 𝑃𝑑𝑉 + 𝑉𝑑𝑃 = −𝑃 𝐶𝑃 − 𝐶𝑉 𝑑𝑉
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ADIABATIC PROCESSES FOR AN IDEAL GAS

∴ 𝐶𝑉𝑃𝑑𝑉 + 𝐶𝑉𝑉𝑑𝑃 = −𝐶𝑃𝑃𝑑𝑉 + 𝐶𝑉𝑃𝑑𝑉

∴ 𝐶𝑉𝑉𝑑𝑃 = −𝐶𝑃𝑃𝑑𝑉

𝑑𝑃

𝑃
= −

𝐶𝑃
𝐶𝑉

𝑑𝑉

𝑉
= −𝛾

𝑑𝑉

𝑉

∴ ln 𝑃 = −𝛾 ln 𝑉 + const

∴ ln 𝑃 + 𝛾 ln 𝑉 = const

∴ ln 𝑃𝑉𝛾 = const

∴ 𝑃𝑉𝛾 = Const

= −𝛾
𝑑𝑉

𝑉
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WORK DONE BY AN IDEAL GAS

1. Constant 𝑷 Process (Isobaric)

𝑊 = 𝑃 𝑉2 − 𝑉1

2. Constant 𝑽 Process (Isochoric)

𝑊 = 0
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WORK DONE BY AN IDEAL GAS

3. Constant 𝑻 process (Isothermal)

𝑃𝑉 = 𝑛𝑅𝑇

𝑊 =  
𝑉𝑖

𝑉𝑓

𝑃𝑑𝑉

𝑊 =  
𝑉𝑖

𝑉𝑓 𝑛𝑅𝑇

𝑉
𝑑𝑉

𝑊 = 𝑛𝑅𝑇 
𝑉𝑖

𝑉𝑓 𝑑𝑉

𝑉

∴ 𝑊 = 𝑛𝑅𝑇 ln
𝑉𝑓

𝑉𝑖
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WORK DONE BY AN IDEAL GAS

4. Adiabatic process (𝐐 = 𝟎)

𝑃𝑖𝑉𝑖
𝛾
= 𝑃𝑓𝑉𝑓

𝛾
= 𝐶𝑜𝑛𝑠𝑡

𝑊 =  
𝑉𝑖

𝑉𝑓

𝑃𝑑𝑉

𝑊 = 𝐶𝑜𝑛𝑠𝑡 
𝑉𝑖

𝑉𝑓

𝑉−𝛾𝑑𝑉 = 𝐶𝑜𝑛𝑠𝑡
𝑉𝑓
−𝛾+1

− 𝑉𝑖
−𝛾+1

−𝛾 + 1

R
  

 E
  

 A
 

D
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4. Adiabatic process (𝐐 = 𝟎)

𝑊 =
𝑃𝑓𝑉𝑓

𝛾
𝑉𝑓
−𝛾+1

− 𝑃𝑖𝑉𝑖
𝛾
𝑉𝑖
−𝛾+1

−𝛾 + 1

∴ 𝑊 =
𝑃𝑓𝑉𝑓 − 𝑃𝑖𝑉𝑖

−𝛾 + 1

∴ 𝑊 = 𝑛𝑅
𝑇𝑓 − 𝑇𝑖

−𝛾 + 1

∴ 𝑊 =
𝑛𝑅Δ𝑇

1 − 𝛾

R
  

 E
  

 A
 

D
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Process Isobaric Isovolumetric Isothermal Adiabatic

Relation 𝑃 = 𝐶𝑜𝑛𝑠𝑡 𝑉 = 𝐶𝑜𝑛𝑠𝑡 𝑇 = 𝐶𝑜𝑛𝑠𝑡 𝑄 = 0

𝑷𝑽

𝑻
= 𝑪𝒐𝒏𝒔𝒕

𝑉

𝑇
= 𝐶𝑜𝑛𝑠𝑡

𝑃

𝑇
= 𝐶𝑜𝑛𝑠𝑡 𝑃𝑉 = 𝐶𝑜𝑛𝑠𝑡

𝑃𝑉𝛾 = 𝐶𝑜𝑛𝑠𝑡
𝑇𝑉𝛾−1 = 𝐶𝑜𝑛𝑠𝑡
𝑃1−𝛾𝑇𝛾 = 𝐶𝑜𝑛𝑠𝑡

𝚫𝑬𝒊𝒏𝒕 = 𝑸−𝑾 𝑛𝐶𝑉Δ𝑇 𝑛𝐶𝑉Δ𝑇 𝑛𝐶𝑉Δ𝑇 𝑛𝐶𝑉Δ𝑇

𝑾 𝑃 𝑉𝑓 − 𝑉𝑖 0 𝑛𝑅𝑇 ln
𝑉𝑓

𝑉𝑖
−Δ𝐸𝑖𝑛𝑡

𝑸 𝑛𝐶𝑃Δ𝑇 Δ𝐸𝑖𝑛𝑡 𝛥𝐸𝑖𝑛𝑡 +𝑊 0

THE KINETIC THEORY OF GASES
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