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Problem 1.14

Calculate the mass of a mole of dry air, which is a mixture of No (78% by volume), O (21%), and
argon (1%).

[TYPO: Replace “volume” with “pressure.” The gaseous components all occupy the same volume.]

Solution

The Hard Way

The mass of a mole of dry air is the sum of the masses of dry air’s components, assumed to be
nitrogen (N2), oxygen (O2), argon (Ar), and carbon dioxide (CO2).

mzzmi = MN, + MO, + MAr + MCOo,
i

Mass is obtained by multiplying the number of moles by the molar mass.
m = MNNNy + M0N0y + MArNAr + AMCO,NCO, (1)

Assume that the dry air is an ideal gas mixture so that Dalton’s law of partial pressures applies:
The total pressure of a mixture of gases is the sum of the pressures that each gas would exert if it
were present alone.

P = Pn, + Po, + Par + Pco,

As a result, the ideal gas law applied to the mixture

PV

PV = niota RT — Niotal = ﬁ

becomes

(PN2 —+ P02 + Par + PCO2)V = (nN2 + no, + nar + TLCOQ)RT

PN,V + Po,V + PaV + Peo,V = nn, RT + 1o, RT + nac RT + nco, RT,

which implies

( PNQV
N2 = TpT
PN2V = NN, RT
_ Po,V
Po,V =no,RT 02 = Tpp
_>
PnrV =naRT n PaV
Ar =
RT
( Pco,V = nco, RT
o PCOQV

Plug these results into equation (1).

_ PN,V Po,V PaV Pco,V
m = Ay, ( RT > + Mo, < BT ) +%Ar< RT > + Mo, (
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Divide both sides by notal. Since there’s just a mole of dry air, niota; = 1 mol.

m__ 1 PN2V POQV PArV M
Motal  Total [’///NQ < RT > o < RT > +//1Ar< RT ) o, < RT

m__ BT PV Po,V PpV Peo,V
Lmol PV VNQ( RT )Jr’///OQ( RT >+//[Ar< RT >+’///COQ< RT

P P, Py, P 2
— (T2 ) ot (T2 ) ot (i) bt (T2 ®)

Suppose that nitrogen, oxygen, argon, and carbon dioxide contribute 78%, 21%, 0.95%, and
0.05% of the total pressure at sea level, respectively.

=0.78
P
Py, = 0.78P
Po; _ 91
Po, = 0.21P p
_>
=0. P,
Py = 0.0095P ; — 0.0095
Pco, = 0.0005P
Pco,
——= = 0.0005
P

Equation (3) then becomes

m

T = N (0.78) + M0,(0.21) + M3:(0.0095) + A0, (0.0005)

_ (2 x 14.00674 il) (0.78) + (2 x 15.9994 il) (0.21)

mo mo

+ (39.948 i) (0.0095) + [(12.0107 12 x 15.9994) i] (0.0005)
mol mol

~ 28.97 -8

mol’

Therefore, multiplying both sides by 1 mole, the mass of a mole of dry air is

m ~ 2897 g.
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The Easy Way

The mass of a mole of dry air is the sum of the masses of dry air’s components, assumed to be
nitrogen (N3), oxygen (Oz2), argon (Ar), and carbon dioxide (COs).

mzzml :mN2 +m02 +mAr+mCOQ
A

Mass is obtained by multiplying the number of moles by the molar mass.
m = MNNN, + M0,N0, + MArNAr + A CO,NCO,

Divide both sides by notal. Since there’s just a mole of dry air, niota = 1 mol.

m 1
= ——(MN,nN, + Moyn0, + My + Mco,nCOs)
Ntotal Ntotal

m nN no N Ar nco
:///N2< 2>+//102< 2>+//Ar< )—I—///CQQ< 2>
1 mol TNtotal Ntotal TNtotal Ntotal

= MN, TNy + MO0, + MArTAr + MO, TCO,

Suppose the mole fractions of the components of dry air at sea level are xn, = 0.78, zg, = 0.21,
zar = 0.0095, and zco, = 0.0005.

m

T = N (0.78) + M0, (0.21) + M3:(0.0095) + 4o, (0.0005)

_ & 8
- (2 x 14.00674 m01> (0.78) + (2 % 15.9994 mol) (0.21)

+ (39.948 i) (0.0095) + [(12.0107 +2 x 15.9994) i] (0.0005)
mol mol

~ 28.97 &
mol

Therefore, multiplying both sides by 1 mole, the mass of a mole of dry air is

m ~ 2897 g.
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