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Unit 6.1.2 | Physical Processes

Liquid-Vapour Equmbrlum

Understanding the dynamic balance of phase
transformations in closed systems. Zu
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THE APPARATUS

The Experimental Setup The Envionment &)

A sealed, transparent box ensures no
matter escapes, establishing a strict
boundary condition.

SEALED U-TUBE
TRANSPARENT MERCURY \
BOX \I | . MANOMETER .
/ ' m
r | - 9% ~\ The Agent
WATCH 3 Anhydrous calcium chloride is placed
?ﬁ‘ﬁﬁm H.0) 5 inside initially to absorb ambient
z L moisture, ensuring the experiment
J, starts with zero water vapour.
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< MERCURY (Hg) The Indicator
.
7ERO INITIAL/?‘ A mercury U-tube manometer acts as
PRESSURE %BEEECTING the primary gauge, tracking internal

pressure ChEﬂgES over time.




PHASE 1: VAPORIZATION !!

The Drive to Escape TopAll
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VAPOUR T High Kinetic Energy
Only molecules with above-average kinetic
energy can overcome intermolecular forces
to escape the liquid surface.
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0 Phase Shift
o
‘31 Liquid molecules transition into the vapour
&: phase, rapidly filling the empty space in
the closed box.
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Pressure Rises

As water vapour molecules accumulate,
' : , the manometer begins to register an initial
MICROSCOPIC SCALE increase in internal pressure.
LIQUID H,0 P

b r

[ At this initial stage, the rate of evaporation is at its maximum and the rate of condensation is strictly zero. ]
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PHASE 2: RETURNING TO LIQUID

The Vapour Strikes Back L
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VAPOUR

Vapour Accumulation: As evaporation continues
unchecked, the concentration of gaseous
molecules in the box steadily increases.

Surface Collisions: Random kinetic motion
causes these trapped vapour molecules to
continually strike the liquid surface.

. .W..f .W‘ Capture: Molecules striking the surface lose
I O | T = energy upon impact and are retained back into
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[ As the number of vapour molecules grows, the opposing rate of condensation steadily increases.




THE CLIMAX gé

The Equilibrium Condition TopAl
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Rate of Evaporation = Rate of Condensation

s H20 (1) = H20 (vap) 4
il T i T
Dynamic, Not Static Constant Properties
Activity hasn’t stopped. Intense transfer occurs Because the exact same number of molecules leave
at the phase boundary, but the opposing rates are and return, the total mass of liquid and mass of
identical, resulting in zero net change. vapour remain perfectly constant.




MEASURABLE OUTCOMES A
Equilibrium Vapour Pressure TopAll

Equilibrium Vapour Pressure is defined as the constant
pressure exerted by vapour molecules on the liquid surface
when the system is at equilibrium at a given temperature.
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Kinetic Vapour

Temperature T —> Energy ® | | Pressure 1
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Different liquids exhibit different vapour pressures.

Higher vapour pressure = more volatile liquid = lower
boiling point.




BOUNDARY CONDITIONS

Why Open Systems Never Balance

-

Closed System (The Box)

~,

-

Open System (The Room)
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Molecule Fate: Vapour is trapped inside the boundaries.
Concentration builds.

Molecule Fate: Molecules disperse into a massive,
effectively infinite volume.

Rates: Rate of Condensation catches up to
Rate of Evaporation.

Equilibrium Attained. Liquid volume completely stabilizes.

Rates: Rate of Condensation remains much less
than Rate of Evaporation forever.

No Equilibrium. Liquid eventually disappears completely.
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