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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:
E;, = Const XT

o AE, < AT
Examples

* For monoatomic ideal gas: E;,;; = %nRT

* For diatomic ideal gas: E;,; = %nRT
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MOLAR SPECIFIC HEAT OF AN IDEAL GAS

Translational motion of Rotational motion about
the center of mass the various axes Vibrational motion along
” the molecular axis
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MOLAR SPECIFIC HEAT OF AN IDEAL GAS

Same AE;,, = Q — W for each P PV = nRT

process from T; to Ty.
Each process has unigue W

+~. Each process has a unique 0

We need a flexible definition of Isotherms

specific heat: Q = m(c)AT T+ AT
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MOLAR SPECIFIC HEAT OF AN IDEAL GAS

oressure
Q = nCy AT Q = nCpAT
Cy, Molar specific heat at const V' Cp, Molar specific heat at const P
n . number of moles n . number of moles
AE; . =Q —W, W=20 AE;,. =Q —W, W = PAV
Q =|AE;,; = nCy AT Q = nCpAT = AE;,; + PAV

nCpAT = nCy AT + nRAT
Cp — CV + R
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MOLAR SPECIFIC HEAT OF AN IDEAL GAS

Monoatomic _____ Diatomic_____

Degrees of freedom f = 3 Degrees of freedom f =5
3 5
Eine = EnRT = nCyT Ei; = EnRT = nCyT
3 5
Cy =R =125 ]/mol-K Cy =R =208 ]/mol-K

3 5 5 7
Cp=5R+R=-R=208]/mol-K Cp=-R+R=5R=29.1]/mol K

y =Cp/Cy =5/3 =1.67 y=Cp/Cy =7/5 =14
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MOLAR SPECIFIC HEAT OF AN IDEAL GAS

Molar Specific Heat (J/mol - K)*

Gas Cp C, Cp—C, y = Cp/Cy
Monatomic gases

He 20.8 12.5 8.33 1.67
Ar 20.8 12.5 8.33 1.67
Ne 20.8 12.7 3.12 1.64
Kr 20.8 12.3 8.49 1.69
Diatomic gases

H, 28.8 20.4 8.33 1.41
N, 29.1 20.8 8.33 1.40
O, 294 21.1 8.33 1.40
CO 29.3 21.0 8.33 1.40
Cl, 34.7 25.7 8.96 1.35
Polyatomic gases

CO, 37.0 28.5 8.50 1.30
SO, 40.4 31.4 9.00 1.29
H,O 35.4 27.0 8.37 1.30
CH, 35.5 27.1 8.41 1.31
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ADIABATIC PROCESSES FOR AN IDEAL GAS

No heat exchange: dE;,; = —dW The temperature of a
. _ gas decreases in an
~nlydl = —PdV P adiabatic expansion.

But PV = nRT [sotherms

s PAV 4+ VdP = nRdT o

PAV + VdP
s ndT =
R
Cy(PAV + VdP
TlCVdT = V( R ) = —PdV pL \Tz
/ | /| ;i v

5. C,(PAV + VdP) = —P(Cp — Cy)dV ‘c- 7
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ADIABATIC PROCESSES FOR AN IDEAL GAS

« CyPAV + C,VdP = —CpPdV + CyPﬁV The temperature of
“ C, VAP = —CpPdV P adubatic expansion
apr — Cp dV dv [sotherms
PTLV ST |
»InP =—yInV + const
~InP+yInV = const
- In PVY = const Pl f\%
.. PVY = Const {/ | xlff — 7

© Dr. Tamer A. Al PHYNOOL1 | Unit 08



THE KINETIC THEORY OF GASES

Contents

v Molar specific heat of an ideal gas
v Adiabatic processes for an ideal gas
1 Work Done by an Ideal Gas

© Dr. Tamer A. Ali PHYNOO1 | Unit 08

13



WORK DONE BY AN IDEAL GAS

1. Constant P Process (Isobaric)

w="pPlV,—V)

2. Constant V Process (Isochoric)

W=20
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WORK DONE BY AN IDEAL GAS

3. Constant T process (Isothermal)

PV = nRT Vi gy
Vs W = TlRTf 7
W = PdV Vi
Vi
Vv ~|W = nRT lnE
FnRT V:
- f — V l
Vi V
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WORK DONE BY AN IDEAL GAS

4. Adiabatic process (Q = 0)

PiViy = Pfoy = Const

vy Vf—y+1
V=YdV = Const

Y+l
Vi

W = ConstJ
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WORK DONE BY AN IDEAL GAS

4. Adiabatic process (Q = 0)
-y+1 -y+1
Pfony y+1 PiViyVi Y+

W =
-y +1
PV, — P;V;
.‘.W:ff Lt
-y +1
T, —T;
.WM=an l
-y +1
[ nRAT }
S W =
11—y
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THE KINETIC THEORY OF GASES

Process Isobaric | Isovolumetric | Isothermal Adiabatic
Relation P=Const | V=Const | T = Const Q=0
PVY = Const

PV /4 P
— = Const — =Const | — = Const |PV = Const TVY~1 = Const
r r r P1=YTY = Const
AEint — Q — W nCVAT TlCVAT nCVAT TlCVAT

Vy
14 P(V; —V;) 0 nRT 1n7 —AFE;,

l

0, nCpAT AE ;¢ AE; .+ + W 0
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