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Fig. 131 : Plot of PV/RT versus P of 1 mole of agas at 0 °C. For 1 mole of an ideal gas.
PV/RT is equa to 1, no matter what the pressure of the gasis. For real gases, we observe
various deviations from ideality at high pressures. At very low pressures, al gases exhibit
ideal behaviour; that is, their PV/RT values all converge to 1 as P approaches zero.

Hydrogen '
/] I1deal gas

v Pressure, P

Ethene

—

Compression factor, Z

Ammeonia

Fig. 132 : A plot of the compression factor Z = PV/nRT as a function of pressure for a
variety of gases. For an ideal gas, this ratio is equal to 1 for all pressures. For a few red
gases with very weak intermolecular attractions, PV/nRT is always greater than 1. For
most gases, at low pressures the attractive forces are dominant and PV/nRT< 1. At high
pressures, repulsive forces become dominant and PV/nRT >1.
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Fig. 133 : The nonideal behaviour of real gases compared with that of an ideal gas
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Fig. 134 : The nonideal behaviour of real gases compared with ideal behaviour. For a gas
that behaves ideally, PV = nRT at all pressures, so PV/nRT = 1 at al pressures (horizontal
line). We can test agas for ideal behaviour by measuring P, V, n, and T for a sample of the
gas at various pressures and then calculating PV/nRT. This plot shows that different gases
deviate differently from ideal behaviour, and that the deviations from ideality become
more pronounced at higher pressures.
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(a) Low temperature (b) High pressure

Fig. 136 : A molecular interpretation of deviations from ideal behaviour.

a) A sample of gas at a low temperature. Each sphere represents a molecule. Because of
their low kinetic energies, attractive forces between molecules can now cause a few
molecules to 'stick together'.

b) A sample of gas under high pressure. The molecules are quite close together. The free
volume is now a much smaller fraction of the total volume.
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Fig. 137 : A gas molecule strikes the walls of a container with diminished force. The
attractive forces between a molecule and its neighbors are significant.
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Fig. 143 : Effect of intermolecular forces on the pressure exerted by a gas.
The speed of amolecule that is moving toward the container wall (red sphere)
is reduced by the attractive forces exerted by its neighbors (gray spheres).
Consequently, the impact this molecule makes with the wall is not as great as
it would be if no intermolecular forces were present. In general, the measured
gas pressure is lower than the pressure the gas would exert if it behaved
idedlly.
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Larger molecules have greater values of b, and the greater the number of
molecules in a sample (higher n), the larger is the volume correction. Te
correction term becomes negligibly small, however, when the volume is large
(or the pressure islow).
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The quantities a and b are experimentally derived constants that differ for
different gases. When a and b are both zero, the van der Waals equation
reduces to the ideal gas equation.
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(a=25amL?mol? b=0.032L mol?)

Jall
L WS (CO,, Oy) ¢ e gall 33e i [ Y
Neo, = me = T (28, 16 = 0.1818 mol
no=-"" =_% -01875mo

" Mw 2 16
L (Ny) SN Y gall dae i ¢Sy Al g ra (S Jadal) (f Ly /Gl

PV =n, RT

_RV
n,.=

RT
A T
. &760 g
' (0.0821L ammol™ K™) (303 K)

n, = 0.4231 mol

D ASH Y gal) 23 (e g bl LS Y e 23l [ TIG
n.=ny, + (nco2 + noz)
Ny, =N - (Ng, +Ng,.)
ny, =0.4231-(0.1818 + 0.1875)

n,. = 0.0538 mol

2

+ Allial) cl Sl alad) ¢y oS8 Cpa a9 il Slad A Jad) Jardall Gl fla

F’N2 V = Ny, RT
ngG¢ RT

R, = —

2 V

_(0.0538 mol) ~ (0.0821 L.amK™ mol™) ~ (303 K)

P, =

2 10L
P, = 0.1338 am
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+ M8 8 Alalaa aladiady cpa g il S el il cile / Lusld

2 .
+a %E(V -nb)=nRT
2

o
(00538) ~ 25910.(0.0538  0.032))=0.0538 * 0.0821° (30+273)

(10)° )
(P+7.2361 " 10°)(9.9983) = 1.3383

13383 72361 10°
9.9983

P=
P=0.13378 atm

+

('D'O_Uag ('DvO_U&g

(Y4Y) Juo

(R=0.0821, a= 3.6 am.L?mol™? b=0.0427 L. mol?): of cale 13
(0.75 4inw £U) & (CO,) 058 2l G 5le G (3.5 mMOl)  daroia cavald
dgaall Al (o LEd AN (1 e IS L8(22°C) e L)

Jall

(113.024 atm : wilgadl) : Adtia) Al (1
(62.88 atm : wilgadl ) : 4l Al (o

(14€) Jlio

= ol caale 13)

(R=0.0821L .atm K* mol™, a=4.17 am.L? mol ™, b = 0.037 L. mol?)

CulS \J\ (-40C) 3)\);3;)&339 68g L@.\J} )J\.&.\S\ u,A‘\l\S.LMc_LuA\
A e (@ A (T A 8 (4 L) Aena £l 8535 5

Jall
D Adllal) Al A (

(2.20849 atm : wilgadl)
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D (G b Adalaea pladialy AUl g8 o glaadl) llal) e Alal) B (o

(2175 atm) : wilgadl

(140) Juo
sUl A (Op) cmnsY) 5le o (1 mol) i (M50 (8 Ailas pladiiuly Cousa
cul$is (R=0.0821 L. aam K™* mol™) : ob Wle ¢ (0°C) aie (1 L) dixws

(a=1.136 am. L> mol™?, b= 0.03183 L. mol ?) ; 3l o

Jall

(22.01417 atm) : wilgad

(141) Juo
(27 °C) 2ie (5 L) 4ana ¢l A& (NHg) Lalal) Hle (e (2 mol) bz ol
DOl ol ) 5 gl Lale | 3l 0 ()l Aales aladiil,

(a=4.17 am L*mol ™ b=0.037 L mol®, R=0.0821 L. aam K™* mol™)

Jadl

(9.33 atm) : wilgadl

(Y4Y) Jhio
4ena el & (85 °C) 2ie (CoHsOH) Jaliy) Sle (e aaly Jse b sl
M3 ¢l Dslaa (o (Aliall lad) Adataa (i salaaidy <351

: 5l b el 65 (R=0.0821 L. atm mol * K™ 1 off caale 13)
(a=12.02 atm L?mol™), (b =0.84 L. mal™®

(459)

PDF created with FinePrint pdfFactory Pro trial version http://www.pdffactory.com



http://www.pdffactory.com

\"TVvv)

dund bl | (o il | | sl | DG e L] Jutd|
SOl Al e o jee [3 2l

Jall

(0.851 atm) : wilgadl) AUall Slall stas (i
(0.840 atm : wilgadl) & o (L& Aalas (2
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