5.9 Stoichiometry of Reacting Gases

» The volume ratios of gasesin reactions are
the same as their mole ratios (follows from
Avogadro’s principle)

3H,(9) + Ny(9) ® 2NH(g)
P 3 moal H, react with 1 mol N,
P 3L Hyreact with1L N,
Example: How many liters of N, are
needed to react completely with 5.0 L H,?
5.0L HX[1L No/SL H)] =1.7L N,

» The molar volumeis used as a conversion
factor between mols and volumes of gases
(V,,=RT/P)
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« Example: Calculate the volume of CO,
produced by the decomposition of 2.0 g CaCOgq
at 25°C and 1.0 atm.

CaCOg4(s) ® CaO(s) + CO,(q)

L xatm ,
y RT _ 0.08206———— ol XK 298K_2445 L
m=p lOaIm T mol

20 CacO," 2l mol CaCO, 0, @&1mol CO, 0,
-9 Slmlgc:aco 5 &1mol Caco, o

, @ 2445L O

81 mol CO, 5_049 L

» Example: Calculate the mass of NaN;
needed to produce 10 L of N, in an air bag at
25°C and 1.0 atm by the reaction:

6NaN;(s) + 2Fe,05(s) ® 3Na,O,(s) + 4Fe(s) +
+ 9N,(g)
V,,=24.45L/moal at 25°C and 1.0 aim
al mol N o a6 mol NaN , 0,
0L~ 8 g :
2445 & 9mol N, @

, a65.02 g NaN,
1 mol NaN, I’}

=18 g NaN,

5.10 Gas Density
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¢ Thedensity of agasis proportiona to its molar
mass and pressure and inversely proportiona to its
temperature
Example: Caculatethe density of O, at STP.

M =32.00 g/mol

P=1000atm T=0°C=27315K (STP)
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» Example: Calculate the molar mass of agas
if 2.50 L of it have mass of 0.955 g at 200°C
and 45.0 Torr.

d=m/V=0.955¢/2.50 L =0.382 g/L
T =200°C =473K
P=45.0Torr" [1atm/760 Torr] = 0.0592 atm

03229 a0eo06 =" 473K
M= _ L mo XK —oen 9
P 00592 am 2 g

5.11 Mixtures of Gasses

» Mixtures are treated just like pure gases —
same gas laws apply

* Partial pressure of agasin amixture—the
pressure the gas would exert if it occupied the
container alone

« Dalton'slaw of partial pressures- the total
pressure (P) of a gaseous mixtureis the sum of
the partial pressures (P;) of its components

P=P,+Pg+.. or P=SP

» Molefraction (c;) of agasin amixture—a
fraction of the total number of moles that
belongsto that gas

n_n .,

C =5 = an=n ac =1
an n

» The sum of al mol fractionsis equal to one

» Theideal gaslaw can be written for each
gasin amixturein terms of partial pressures

PV =nRT PV =nRT

RV _nRT R_n_
PV _ nRT P~ n G
P=cP

b The partial pressure of agasis proportional
to its mol fraction

» Example: Calculate the total pressure and
the partial pressures of Heand Neina2.0L
mixture containing 1.0 g Heand 2.0 g Ne at
20°C.

molesof Heand Ne® mole fractions of He and
Ne® total pressure® partial pressures

. &l mol Hed

10 gHe e €D 025 mol H
97€ €400gHesn mol e

21 mol Ne 6
+=0.099 mol Ne

20gNe” ¢c———— —
g gZO.ngNez

Ny 025
= = =072
Cre = 4n, 0254000 O
Nee 0.099 028

G T n,  025+0099

n=025+0099 = 0.35 mol

NRT
PV=nRT ® P:T
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=42 am

P,.=Cy,P=072" 42 am=30am
Pe = CpeP =028" 42 am =12 am




