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Figure 1.

Let’s look at the Dalton’s law of partial pressures.

Consider a mixture of gases A, B and C occupying a volume V. at temperature Tp.
According to Dalton’s law of partial pressures, the pressure exerted by this mixture equals the
sum of partial pressures of the gases A, B and C. Partial pressure of the gas A is the pressure
exerted by A when it occupies volume V., individually at the mixture temperature Tp,. In the
similar way, partial pressures of B and C are calculated. Hence, according to Dalton’s law,
the pressure exerted by mixture of A, B and C when it occupies volume Vpisp = p4 + pg +

pc Where, p,, g, pc represent partial pressures of A, B and C.
Similarly, we have Amagat’s law of partial volumes.

According to this law, the total volume of the mixture of gases at constant temperature and
pressure is equal to the sum of individual partial volumes of constituent gases. At the mixture
pressure and temperature, the constituent gases occupy different volumes individually.

Hence, for a mixture of gases A, B and C at constant temperature Ty, and pressure pn, the



total volume V =V, + Vg + V., where V,, V5, V. are the volumes these gases occupy

individually at the mixture temperature T, and pressure pm.
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Consider a mixture of N ideal gases which is at temperature T, and occupies volume Vp,.
ny, Ny, ... Ny represent the number of moles of those gases and the total number of moles of
the mixture n =n; +n, +---+ ny. Since these are ideal gases, they satisfy ideal gas
equation pV = nRT. So, we can write, for individual gases, p;V,, = n{RT,,, poV,, =
NyRTy, v ... piVin = N;RT,,. According to Dalton’s law of partial pressures, the pressure of
the mixture p,, =p; +p,+ -+ p; +--py. The mixture also satisfies the ideal gas

equation. Hence, for the mixture, p,,V,, = nR,,T,,. If we take the ratio of the pressure of the

niTQTm

i™ gas to the pressure of the mixture, :—i = —tm_ _ T — y.=mole fraction of the i gas.

nRT;m n
Vm

Consider again a mixture of N ideal gases which is at pressure py, and temperature Tp,. So, we
can write, p,,V; = n;RT,,, pmVa = NaRT,...... pmVi = n;RT,,. For the mixture, p,,V =

nRT,,, where V. =V, + V, + --- + Vyy (according to Amagat’s law). If we take the ratio of the
Tli}T\’Tm

volume of the i gas to the volume of the mixture, % = -Im_ — —L = x.= mole fraction of the

i gas.
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We need to find the properties of a mixture of ideal gases such as energy, enthalpy, etc.

Consider a mixture of N ideal gases. Let nq,n,,....ny and my, m,,....my represent the
number of moles and the masses of individual gases. The mass of the mixture m = m, +
m, + ---+ my and total number of moles of the mixture n = n; + n, + --- + ny. Similarly,
us, Uy, ... Uy represent specific internal energy of individual gases. Now, the internal energy
of the mixture U =mu=mqu; + myu, + -+ myu; + - myuy = Y=g ymiu;. The

_ Zi=1, N

specific internal energy of the mixture u =% -

= XYi=1nYilU;, Where y; is the
mass fraction of the i™ gas. We can write similar expressions for the enthalpy (H) and the
specific enthalpy (h) of the mixture. So, H =mh = myh; + myh, + -+ m;h; +

_ Xi=i,nmih;

H
myhy = Y=y ymih;and h = i~ m

= Di=1nYili-

The internal energy of the mixture can also be written as U = nU = n,U; + n,U, + -+ +
nU; + -+ nyUy = Y;=1nn;U;, where U represents the molar specific internal energy (its
unit is J/kmol) of the mixture and U,, U,, ..., Uy represent molar specific internal energy of

o — U =1 v iU — . :
individual gases. Now, U = —= % = Yi=1n XU, where x; is the mole fraction of

the i gas. Similarly, molar specific enthalpy of the mixture H = Yi—in X H;.



In the similar fashion, for the mixture, C, = ;-1 ¥:Cp, (the unit of C, is J/kg-K) and

Cp = Yi=1,n X;Cp, (the unit of C, is J/kmol-K). Similarly, we can write the expressions for C,

and C,. The ratio of specific heats for a mixture y = z—” = %



