Real Gases

v Real gases differ from perfect gases in two
ways.

v The molecules DO attract each other when
not in contact.

v The molecules DO occupy some volume
(region where repulsions dominate)

— Repulsions dominate 1in this region because
when molecules get close enough to “touch™
they push each other away.
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attractions give
rise to a potential
energy.

v Attractions corres-
pond to a lowering
of total energy;

Separation repulsions to a

otentlal energy

S Real Gases
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Real Gas p-V
[sotherms

v At high temperatures the
1sotherms resemble those

of a perfect gas (Boyle’s
law).
— The same 1s true at low
pressure.
v Different substance have
different p-V behaviors.

— CO, 18 shown at right.

v In the colored region
there are two phases

present -- gas and liquid.35



p-V Behavior at Various T°s

C I

@ v Note the 20 °C 1sotherm in the previous slide.

— As pressure 1s 1ncreased from point A there 1s a
rising curve, ABC, followed by a horizontal por-
tion CDE, and a very steeply rising portion EF.

— Along ABC, CO, 1s a gas; along EF 1t 1s a liquud;
along CDE both phases are present.

o« Note the 31.04 °C 1sotherm.

# — The honzontal portion has shrunk to a point.

® — Above this temperature there 1s no two-phase
K region.

® 31.04°C is the critical temperature of CO,.

-
E
a3
>

37



The Critical Temperature

A

v The critical temperature (T ) 1s the
» temperature above which a gas cannot be
# liquified, no matter what the pressure.

— The pressure required for hquefaction at that tem-
perature 1s the critical pressure (p,_).

o * Can you estimate the critical pressure for CO,?

®v As pressure 1s increased 1sothermally . ..

— below the critical pressure a sharp boundary 1s
formed when the two-phase region s entered.

e
-
. * This boundary becomes less easy to see at
-
»

temperatures closerto T..

—at T, no boundary every exists -- the system
changes smoothly from all gas to all hquid.
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The figure below shows three photos of the same system. From left to right, the
temperature is increasing. In the left photo, there are two phases present, liquid and
gas, and the distinction between them is obvious. The center photo is near the
critical temperature, so the separation of the two phases is becoming obscured. In
the photo on the right, there is no phase distinction, so this is above the critical
temperature and is a supercritical fluid.
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v For a perfect gas, pV/uRT = 1=pV_ /RT

v The ratio pV_ /RT 1s called the compres-
sibility factor, 7.

v For real gases, Z can be either greater or
less than 1.

v Z 15 greater than 1 when the volume 1s

oreater than that of a perfect gas at the same
T and p.

— This indicates less compressibility.
— It also indicates that repulsion factors dominates
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Real Gas
Behavior

/ For all gases, 7 approaches
one as the pressure ap-
proaches zero.

/ For all gases at a low
enough temperature, Z
starts out decreasing from
1 as the pressure 1s
increased.

— The figure at left 1s for 0°C.

/ For all gases at a high
NH; enough temperature Z
never gets less than 1.

/ What happens at high p? 4




Higher
temperature

Close-up of
/. VS. p

Boyle
temperature « Z always
exceeds 1 at a

high enough
Perfect pressure
985 — for all gases
— at all temp’s

5 > J Atthe Bovle
ressure temperature /
Lower starts out with
temperature

zero slope.
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Real Gas Equations of State

v pV = ZnRT 1s true, but not very useful.
— 7 has different values for each gas at each
temperature and each pressure.

v OK to look up a couple of constants per gas
1f these constants hold for a range of
temperatures or pressures.

v The virial equation uses a couple of
constants per gas

-pV_ /RT=1+B/V_+C/V 2+ . .
—1s at least good for a range of pressures. .
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Van der Waals Equation

v"The van der Waals equation 1s based on ad-

dressing the two ways that real gases differ
from 1deal gases.

— Real gases molecules are not point particles.
The volume occupied by a real gas must be
reduced to match the “1deal” volume.

— Real gas molecules exert (usually) attractive
forces on each other, which reduces the pres-
sure. The pressure exerted by a real gas must
be increased to match the “1deal” pressure.

vvdW got: (p + nla/ VIV - nb) =nRT =
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K
Plotting the van der Waals Equation

’ " AN \\\\as @ i0 v If the vdW
u TGN AN i equation is ex-
2 I AL T WA - - pﬂﬂdﬂd, it 18
LB NN cubicin V.

N\ {1 Cubic equations

: ‘ - N\ i have three roots.
j ' _ v Physically, how-
' i ever, gases have
Y  only one volume
N atagivenT, p.
\NEf 0 ==  See also Figs.

'1 w.® 121 and1.22.
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Pressure, p —

Ideal vs. Real Gases

p. Visotherm
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* Nitrogen

o Methane
o Propane

m Fthene

P,

Fator de compressibilidade de varios gases em
funcao de coordenadas reduzidas
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