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The liquid state

 The transitions from a gas to a liquid and from a
liquid to a solid depend on both temperature and
pressure.

energy in and the velocity of the molecules
decreases.

» [f pressure is applied to the gas, the molecules are
brought within the range of the van der Waals
forces and pass into the liquid state.
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* When a gas is cooled, it loses some of its kinetic 4 | . e g ™0,
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The liquid state
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* Liquids are denser than ..

gases and occupy a definite’ 9
volume and density due to

the presence of van der
Waals forces.

Gas

Liquid

* Liquids are relatively

incompressible.™® .00 .

* Liquid are fluids (have no
definite shape) like gases.
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Shape of Container
Free Surface
Fixed Volume

Shape of Container
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“.(condense).
* When the rate of condensation equals the rate of

* The pressure of thvapor above the liquid is

Vapor pressure of llqulds

When a liquid is placed in an evacuated container at a
constant temperature, the molecules with the highest
energies break away from the surface of the liquid and
pass into the gaseous state (evaporate), and some of the
molecules subsequently to the liquid state

vaporization at a definite temperature, the vapor
becomes saturated and a dynamic equilibrium is
established.

then known as the equilibrium vapor pressure.
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Vapor pressure of liquids
As the temperature of the

liquid is |elevated, more
molecule approach the velocity
necessary for escape and pass
into the gaseous state.

Ethanol

As a result the vapor pressure
increases with rising
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the liquid and the vapor exist gl‘“’%‘“—‘

together in equilibrium.
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Vapor pressure of liquids

* Clausius—Clapeyron equation expresses the
=" relationship between the vapor pressure and the absolute

temperature of a liquid: -
STEAIP F<7 5
I P, AH-,,(TZ —Tl) GA T e
n—= To ~=
P, RT,T, :

* P, and P,: vapor pressures at absolute temperatures T,
and T,.

* AHv: the molar heat of vaporization (the heat absorbed

by 1 mole of liquid when it passes into the vapor state).
FLA oeaels dsﬁ)a\ OL(’ MMJ 1}\5;\&_\\

* R: molar gas constant
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Vapor pressure of liquids

Example: Application of Clausius—Clapeyron equation

boiing Temperatune. 3

* Compute the vapor pressure of water at 120 °C. The
vapor pressure of water at 100°C is latm, and AHv is
9720 cal/mole.

i P2 _ AHy(T2 —T4)
P, RT,T,

P, 9720(393 —373)

Sarll SR des

-

‘?puo-‘ ' s
bt Lgi s D
) pphi 5\ s )




C—ﬂ,“%a)éls'*qglod___.
Cw Lhs Sallec )
L5 ln
L hp
InP = — % ;+ Constant
Y= p Al
_o= -—% )

J= %x + anslat

28

* The Clausius—Clapeyron equation can be written in a
more general form:

or

* A plotof InP(or logP) against 1/T results in a straight
line. The heat of vaporization of the liquid can be
calculated from the slope of the line.

InP = —

logP = —

Vapor pressure of liquids
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If a liquid is placed in an open container and heated until the
vapor pressure equals the atmospheric pressure, the liquid
starts to boil and escape into the gaseous state. —

Boiling point

The absorbed heat used to Bolling

change the liquid to vapor is
called the /Jatent heat of
vaporization. AH,
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The temperature at which the vapor pressure of the liquid
equals the external or atmospheric pressure is known as the
boiling point

Bubbles can form and

rise since the vapor

pressure can overcome

atmospheric pressure.
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Boiling point
The temperature at which the vapor pressure of the

liquid equals an atmospheric pressure of 1 atm is
called normal boiling point

At higher elevations, the atmospheric pressure
decreases and the boiling point is lowered.

At a pressure of 700 mm Hg, water boils at 97.7°C;
at 17.5 mmHg, it boils at 20°C.

The change in boiling point with pressure can be

S I, computed by using the Clausius—Clapeyron
_)tJJ—I )——\)ﬂ
A:z&ﬁﬁ&lﬁ equation.
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Boiling point
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The boiling point can be considered the temperature at
which thermal agitation can overcome the attractive
forces between the molecules of a liquid.

The boiling point of a compound, like the heat of
vaporization and the vapor pressure, depends on the
magnitude of the attractive forces.

Nonpolar substances have low boiling points and low
heats of vaporization because the molecules are held
together predominantly by the weak London forces.

Polar molecules (e.g. water) exhibit high boiling points
and high heats of vaporization because they are
associated through hydrogen bonds.
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Boiling point
* The boiling points of normal hydrocarbons, simple alcohols, and
carboxylic acids increase with molecular weight because van der
Waals forces become greater with increasing numbers of atoms.
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Boiling point

* Alcohols boil at a much higher .-0-.'

temperature than saturated hydrocarbons H3C o /“V""’ge" s
of the same molecular weight because of o)

_r 7N\
association of the alcohol molecules —  .H CH;
through hydrogen bonding. oy

» The boiling points of carboxylic acids
are higher than that of alcohols because
i imers OreH—Q
the agds form thl.rough hzc!rogen o _</ >_R
bonding. That can persist even in the /
vapor state




Boiling point

» Branching of the chain produces a less compact
molecule with reduced intermolecular attraction, and a
decrease in the boiling point.
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Name Formul Boiling point (°C) at 1 atm.
{~101.33 kPa)
Methanol CH30H ~64.7
Ethanol CH3CH,OH ~78.3
Propanol CH3;CH,CH-0H ~97.2
Isopropanol CH3CH(OH)CH3 ~82.3
Butanol CH3CH,CH,CH,0H ~117.7
Isebutyl alcohol CH3CH(CH3)CH20H ~108
sec-Butanol CH3CH>CH(OH)CH; ~09.5
tert-Butanol {CH3);COH ~82.5
cHa\C /CH,,
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