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Example: Assume that you have a system consists of two gases (1&2) at constant T and
V. What are the partial pressures of p: and p: of these two gases respectively?

Solution:

From the equation of ideal gas pV = nRT.

Accordingly, for the first gas (p1V = n1RT) and for the second gas (p2V = n2RT)

Where n1 & n; represent the no. of moles of the gases (1&2) respectively.

According two Dalton’s law (pr = p1 + p2)

pr=n1(RT/V) + n2(RT/V), then = (n1 + n2)(RT/V)

Dividing the partial pressure by total pressure then

p1=[ni1/(ni+nz)] x pr

P1= X1 Pt

pz =Xz pr

Where x: & x2 represent the mole fraction of the two gases and the Z xi = 1

1-9 Graham’s law of effusion

Which states that the rate of effusion is inversely proportional to the square root of
the molar mass and density.
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Thus, in the case of the gases, oxygen and hydrogen at equal pressures, oxygen
molecules are 32/2: 16 times slower (denser) than those of hydrogen. Therefore,
hydrogen (lighter gas) effuses 4 times as fast as oxygen (heavier gas):

Rate(na)/Rate(oz) = Vd(02)/ VdH2) = VM(02)/ VM@2) = V32 g mell / V2 g meli= 4
Example: Exactly 1 dm3 of nitrogen, under a pressure of 1 bar, takes 5.80 minutes to
effuse through an orifice. How long will it take for helium to effuse under

the same conditions?

Solution: p =1 bar, V. = 1 dm3,t =5.80 min.

rn2/ Fhe = the /tnz = (Mue/Mnz)Y/?

the = tnz X (Miue/Mn2)Y/2

tHe = 5.80 min (4 g mel /28 g mel!)/2

tHe = 2.19 min

Example: Calculate the average molar mass of air at sea level and 0 °C if the density of

the air is 1.29 kg m3.

Solution: It can represent the pressure of see level equal to 1 atm.
dRT

p
M - 1.29 x 10% g % x (0.082 atm L/mol K) 273 K because of 1kg = 103g and 1L =103 m3 1 atm

M = 28.9 g mol?
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1-10 Real gases (non-ideal gases)
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1-12 Van der Waals equation
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(p+ W) (V- nb) = nRT (1-15)
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p~ = an?/V? where (a) represents a proportional constant and it is specific for each gas.

so, when it is-applied for the equation of ideal gas then
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(p+ 7) (V- nb) = nRT (1-15)
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Example: Calculate the pressure exerted by 0.300 mol of acetic acid in 2 L container at
40 °C using:

A) The ideal gas law.

B) Van der Waals equation (a = 17.71 atm L2 mol2 and b = 0.0237 L mol?).
Solution: n=0.300 mol,V=2Land T = (40 °C + 273) =313 K.

nRT
A) pV = nRT,OR,p = N7
0.0300 #610.082 atm L mol 1 K=2313 K
p = 21 = 3.85 atm

nRT . an?

B) P= W_np) V2

_0.0300 #20f 0.082 atm L mol— K313 K  (17.71 atm L* mel=2)(0.030-#0!%)
P =37 2(0.300 06l x 0.0237 Lmol=t) 412

p = 3.863 atm —0.983 atm = 3.464 atm
(Jladl 3L Dolao (ye zySeiuall Jaduall oo J51 92 (3.46 atm) JB;uS dslas (1o zySiunel! Jasyall

JBHoB L8 e sz L”;'Jl O leouaill 20 (391950 929 (3.85 atm)

The End Of 2nd Lecture
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1-13 Compression factor or Compressibility factor (Z)

It is a correction factor which describes the deviation of a real gas from ideal gas
behaviour. It is simply defined as the ratio of the molar volume of a real gas to the molar

volume of an ideal gas at the same temperature and pressure.
Vin

Z = Vo (1-18)

Where Z represents the compression factor, and (Vi = V/n) and Vg3, represent the molar

volume for real and ideal gas respectively.
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PVm
Z = RT ,For Real Gas (1-20)

Also, (1-20) equation can be written as follows:
PVm=RTZ (1-21)
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Figure 5: The variation of the compression factor, Z, with pressure for several gases at 0 °C. A perfect gas has Z = 1
at all pressures. Notice that, although the curves approach 1 as p - 0, they do so with different slopes.
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Figure 6: hydrogen, methane, and carbon.dioxide attain a deeper absolute minimum? (greater deviation from
Z2=1).

Homework 4: Why does the graph of compressibility factor(z) vs pressure increases

after reaching the minimum?
G d>19 e JBT 7 dad Jazo GBI pans e Jaisall 55L) Of dasDe (S 6 95 S5l ¢pe 1o NI
Sadhgpe AST bliaidl als il ds O gas 1dag €Oz 3 CHa 9 CoHaJl 5e €3 Jlis (RT > pVim) Of
(RT < pVim) ST a9 (30 ST Z 08 0555 hladl auazr O LaoD5 AST IS Jaiall 8503 sy . Jlioll
)39 diblg lgb g $9S5 bodie Jlal) I gludl el Ol LgiSan dudidsdl il Of Jgall o Ses dolgdbg
Adle (gl >

18 [ Page By Dr. Abduljabbar I. R. Rushdi 2025-2026

Ref. of PhysChem: Atkins_(12 ed) 2023, Levine_(8" ed.)_2020 & Zumdahl_(11%" ed.)_2020



Chpt One_Properties of Gases

PhysChem For 2™ Year UGS_I*' SE

Homework 5: The attraction forces between the gas molecules enable liquefaction of
the gas but these attractions are still lower than the attractions between
the molecules of the liquid Why?

Example: 10 moles of a gas is contained in a 50 L container at a pressure of a 10 bar
and a temperature of 500 K.
a) Calculate the compression factor, Z?
b) Determine if the gas is ideally-behaved or real?
c) Determine if repulsions or attractions is predominated in the gas?
Solution: n=10 mol, V=50L, p =10 bar (atm) and T = 500 K.
a) pV,.=RTZ

(1-21)
OR

pv vV 50L

Z= R—;_,n,Vm comes from ; =m
50 L
7 0% T0amel
atm. L ’

(0.082 7—"-2)(500 K)

Z = 1.22

b) If the value of Z is equal to one, this means ideal gas, and if Z is not equal to one,

this means real gas. So, for the above value of (Z =1.22) indicates that the gas is
real.

C) Z > 1 Repulsion forces are dominated.

Z < 1 Attraction forces are dominated.
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