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Mixtures of ideal gases 
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   ⱱ ~ T/P  …………………….. (1.3) 

*Introducing the proportionality constant R equation (1.3) 

can be written as: 

   ⱱ = RT/P …………..…………(1.4) 

 The constant of proportionality R is called the characteristic gas constant 

or simply the gas constant 

   Equation 1.4 can be written as: 

       Pⱱ = RT ……………..……..(1.5) 

  Where  - P is the absolute pressure of gas in N/m2 

      - T is the absolute temperature of gas in K 

         - ⱱ is the specific volume in m3/kg 

*Note that: Equation (1.5) is called the characteristics gas equation or the 

ideal gas equation of state or simply the ideal gas relation and a gas that 

obeys this relation is called an ideal gas.  
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*
*For a given mass m of a particular gas equation (1.5) can 

also be written as: 

   PV = mRT ……………………………..(1.6) 

     How? 

1.2 The universal gas constant, Ru 

* The product of the gas constant R and the molecular weight M (also called the 

molar mass) of the gas is constant known as the universal gas constant. i.e 

   Ru = MR ………….…………………..(1.7) 

  Thus, Ru is the same for all substances & its value is 8.314kJ/kmol*K 

* Thus, the gas constant R for any gas can therefore be determined from 

equation (1.7) 

    R = Ru/M……………………….…….(1.8) 

*Note that: The gas constant is d/t for each gas 
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*
*Avogadro’s law states that equal volume of all gases contain the 

same number of moles at the same pressure and temperature. 

From this it follows that proportions by number of moles are also proportional by 

volume. How? 

* Consider two gases A and B with Pa = Pb = P and Ta = Tb = T from the characteristic 

gas equation (1.6)  

  PVa = maRaT and PVb = mbRbT 

  If Va =Vb = V, then  

  PV = maRaT    &  PV = mbRbT , combining them 

   maRa = mbRb ………………………………………………….……..(a) 

 But from the number of moles relation, i.e.  

   na = ma/Ma 

   ma = naMa,  similarly mb = nbMb ……………………..(b) 
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*
*Thus, substituting equation (b) in to (a), we obtain 

   naMaRa = nbMbRb …………………..(c) 

But   MaRa = MbRb = Ru 

Thus equation (c) becomes  

   naRu = nbRu 

       na = nb 

Hence, na/nb = va/vb   How?     Assignment 

*Therefore, we can say that, if there are twice the number of 

moles present for gas A as there are for gas B, then gas A will 

have twice the volume of gas B at the same pressure and 

temperature 
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*
1.4.1 Composition of a gas mixture: Mass & mole 
fraction 
*To determine the properties of a mixture, we need to know 

*The composition of a mixture as well as 

*The properties of the individual components 

*There are two ways to describe the composition of a mixture: 

*Either by specifying the number of moles of each component, called 
molar analysis or 

*By specifying the mass of each component, called gravimetric analysis or 
mass analysis 

*Gravimetric analysis ξ (epsilon) of a mixture of gas gives the percentage or fraction 
by mass of each constituent in the mixture.  

*The gravimetric or mass analysis of a mixture of gases A, B & C, with masses ma, mb 
& mc, respectively are given by:  

    ξa = ma/(ma + mb + mc) = ma/mm 

    ξb = mb/(ma + mb + mc) = mb/mm 

     ξc = mc/(ma + mb + mc) = mc/mm   …………………(1.9) 

Where mm is the mass of the mixture = ma + mb + mc 
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*
* In a more general form, Consider a gas mixture composed of k components. The 

mass of the mixture  mm is the sum of the masses of the individual components, and 

the mole number of the mixture Nm is the sum of the mole numbers of the individual 

components (Figs. 1 and 2). That is, 

 

 

 

 

 

 

 

  

 

 

 

 

……………. (1.10a and b) 

FIGURE 1: The mass of a mixture is equal to the sum of the masses of its 

components. 

FIGURE 2: The number of moles of a non reacting mixture is equal to the sum 

of the number of moles of its components. 

Where the subscript  m denotes the gas mixture and the subscript i denotes 

any single component of the mixture. 
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*
*The ratio of the mass of a component to the mass of the mixture is 

called  

* the mass fraction mf, and  

*The ratio of the mole number of a component to the mole number of 

the mixture is called  

* The mole fraction y 

 

 

 

*Thus, we can say that the sum of the mass fractions or mole fractions 

for a mixture is equal to 1, i.e. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

……………………………….(1.11a, 

b) 

 How? 

- Just dividing equation (1.10a) by mm or equation (1.10b) by Nm would give us 

unity 
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**The mass of a substance can be expressed in terms of  
* The mole number N and  

* The molar mass M of the substance as:   

   m = NM   …………………………………………………………………………..(1.12) 

*Then the  apparent (or average) molar mass and the gas constant of a mixture can be 
expressed as 

 

 

 

 

 

 

 

*The molar mass of a mixture can also be expressed as 

 

 

 

*Mass and mole fractions of a mixture are related by 

 

 

 

 

 

 

 

 

………………(1.13a, b) 

………… ……(1.14) 

……………………………...….……(1.15) 
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*
*The prediction of the P-v-T behavior of gas mixtures is usually based on two models:  

*Dalton’s law of additive pressures, and  

*Amagat’s law of additive volumes.  

*Amagat’s leduc law states that: 

*The volume of a gas mixture is equal to the sum of the volumes each gas would 

occupy if it existed alone at the mixture temperature and pressure (as shown in 

figure 3). 

 

 

 

 

*Dalton’s law of additive pressures: states that 

*  The pressure of a gas mixture is equal to the sum of the pressures each gas would 

exert if it existed alone at the mixture temperature and volume (Fig. 4). 

 

 

 

 

 

FIGURE 3: Amagat’s law of additive volumes for a mixture of two ideal 

gases 
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*Dalton’s and Amagat’s laws hold exactly for ideal-gas mixtures, but only 

approximately for real-gas mixtures.  

*This is due to intermolecular forces that may be significant for real gases at high 

densities.  

*Dalton’s and Amagat’s laws can be expressed as follows: 

 

 

 

 

FIGURE 4: Dalton’s law of additive pressures for a mixture of two 

ideal gases 

………………..1.16a, 

b 

In these relations: 

  Pi is called the component pressure and  

 Vi is called the component volume (see figure 5 below). 
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* In addition,  the ratio  Pi/Pm is called the  pressure fraction and  

   the ratio  Vi/Vm is called the volume fraction of component i. 

*For ideal gases Pi & Vi can be related to yi by using the ideal-gas relation for both the 

components and the gas mixture: 

 

 

 

 

*Therefore 

 

FIGURE 5: The volume a component would occupy if it existed alone at the mixture T 

and P is called the component volume (for ideal gases, it is equal to the partial volume yi Vm). 

…………………..(1.17) 
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*
*Equation 1.17 is strictly valid for ideal-gas mixtures since it is derived by assuming 

ideal-gas behavior for the gas mixture and each of its components. 

*The quantity yi*Pm is called the partial pressure (identical to the component 

pressure for ideal gases), and  

* the quantity yi*Vm is called the partial volume (identical to the component volume 

for ideal gases).  

 Note that for an ideal-gas mixture, the mole fraction, the pressure fraction, and the 

volume fraction of  a component are identical. 
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*
Examples 

1. Somebody claims that the mass and mole fractions for a mixture of CO2 and N2O 

gases are identical. Is this true? Why? 

Solution 

*Yes, because both CO2 and N2O has the same molar mass, M = 44 kg/kmol. 

2. Consider a mixture of two gases A and B. Show that when the mass fractions mfA and 

mfB are known, the mole fractions can be determined from 

 

 

 

Solutions  
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*
*   

 

 

 

Where m is mass, M is the molar mass, N is the number of moles, and y is the 
mole fraction. The apparent molar mass of the mixture is 

 

 

 

 

Combining the two equation above and noting that y A + yB =1 gives the 
following  convenient relations for converting mass fractions to mole fractions, 

 

 

 

 

     which are the desired relations. 
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*
3. A gas mixture consists of 5 kg of O2, 8 kg of N2, and 10 kg of CO2. Determine (a) the 

mass fraction of each component, (b) the mole fraction of each component, and (c) 

the average molar mass and gas constant of the mixture.  

Solution  

*The molar masses of O2, N2, and CO2 are 32.0, 28.0 and 44.0 kg/kmol, 

respectively (Table A-1) 

(a) The total mass of the mixture is 
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*
(b) To find the mole fractions, we need to determine the mole numbers of 

each component first, 

 

 

 

 

 

 

Thus  
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*
(c) The average molar mass and gas constant of the mixture are determined 

from their definitions:  

 

 

 

 

 

4. Determine the mole fractions of a gas mixture that consists of 75 percent CH4 and 25 

percent CO2 by mass. Also, determine the gas constant of the mixture. 

Solutions 

*The molar masses of CH4, and CO2 are 16.0 and 44.0 kg/kmol, respectively 

(Table A-1) 

*Analysis For convenience, consider 100 kg of the mixture. Then the number 

of moles of each component and the total number of moles are 
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*The molar mass and the gas constant of the mixture are determined from 

their definitions,  
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*
5. A gas mixture consists of 8 kmol of H2 and 2 kmol of N2. Determine the 

mass of each gas and the apparent gas constant of the mixture.  

Solutions  
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*
Example 2 .A gas mixture at 300 K and 200 kPa consists of 1 kg of 

CO2 and 3 kg of CH4 Determine the partial pressure of each gas 

and the apparent molar mass of the gas mixture. 

*Assumptions Under specified conditions both CO2 and CH4  

can be treated as ideal gases, and the mixture as an ideal gas 

mixture. 

*Properties The molar masses of CO2 and CH4 

 are 44.0 and 16.0 kg/kmol, respectively (Table A-1) 

*Analysis The mole numbers of the constituents are  
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