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State Of The Liquid Matter
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- It has not constant shape .
- It has constant volume.
- It’s ability to the compressibility and expansibility

approximately = zero .
- The attraction forces are medium.
- Movement of the molecules is small.
- The distance between the molecules is small.
- Molecules arrangement is in groups.

The Characters of the liquid matter
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“ It can be defined as conversion of matter from the liquid form to the gas

form “ by heating process:

ex . Ether evaporation ( Very Fast ) while; Mercury evaporation (Very

Slow), This is due to ; The high density of mercury (13 g/cc) than Ether

(0.789 g/cc).

Explanation of the evaporation process by the molecular kinetic theory:

“ because of the randomize movement of liquid molecules , its velocity

start to increase by absorbing heat, so the molecules reach to the

container surface and start to leave it in gas form.”.

Evaporation
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Evaporation

Latent heat of vaporization
Is the amount of heat energy required to cause evaporation of stated
amount of liquid (either 1 gm or 1 mole).

The transformation of liquid into vaporEvaporation is

Two conditions are necessary for a molecule to evaporate
 It must occupy a position at the surface.
 It must have kinetic energy in excess of a particular value.

The rate of evaporation 
Is the number of molecules leaving the liquid surface per minute.

The rate of evaporation depends on:
 The amount of surface presented by the liquid.
 The fraction of molecules having kinetic energy in excess of the critical

amount.
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2- Evaporation and cooling

Consider a liquid evaporating in an open vessel
 Vapor molecules can diffuse into the atmosphere
 The more energetic molecules are lost by the liquid
 The average kinetic energy of the remaining molecules must

decrease
 As heat is the kinetic energy of molecular motion the temperature

of the liquid must therefore fall.

There is an attendant cooling effect accompanying evaporation

vapors

Liquid
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3- Evaporation in a closed container

In a closed vessel, where molecules are not in position to leave the system
completely, the condensation process can no longer be ignored.

No air
P = 0

Closed Vessel

At any instant of time, some of the molecules will through collision be directed back
to the liquid surface.

P > 0

Closed Vessel

Liquid is injected

As a result of evaporation the pressure will increase as more and more molecules
enter the space above the liquid.
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evaporation

condensation

Time

Equilibrium
condition No air

P = 0

Closed Vessel

P > 0

Closed Vessel

Liquid is injected 

If a condition of constant temperature is exist, evaporation rate will proceed at constant rate.

At any instant of time, some of the molecules will through collision be directed back to the
liquid surface.

As a result of evaporation the pressure will increase as more and more molecules enter the
space above the liquid.

Rate

The condition of dynamic equilibrium is:

Rate of evaporation = rate of condensation

In this equilibrium state, the pressure exerted by the vapor is referred to as the vapor pressure
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Relationship between vapor pressure and temperature .

* There is an irreversible relationship between the vapor pressure of liquids and the 
temperature

Temperature (οc)
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It is pressure of gas molecules when it will be in dynamic equilibrium with the
liquid molecules”

Vapor pressure of liquids 
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Measurement of liquid vapor pressure

Measurement of liquids vapor pressure:

The static’s method ( Barometer )
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It occurs when the liquid vapor pressure (inside) = the
atmospheric. pressure ( outside)”
•If the atm. Pressure (outside) is low , the boiling point
will decrease so the boiling point of water (H2O) on the
top of mountain is smaller than its value at the sea
surface .
ex. Boiling point of H2O 100 oC

Liquid oxygen - 183 oC .
* Standard boiling point ( SBP).

IF The Liquid vapor pressure = 1 atm . (760 mm hg).

Boiling point  
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Boiling Point
The temperature at which the vapor pressure of a liquid equals to the
external pressure.

Normal boiling Point
Is the boiling point when external pressure is 1 atm.

4- Variation of vapor pressure with 
temperature: Boiling

vapors

Liquid

The fraction of molecules capable of leaving a liquid
surface increases rapidly with temperature. The
result is a rapid increase in the vapor pressure with
increase with temperature.
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dP / dT = L / TV 
V = Vvapour – Vliquid
Vvapour >> Vliquid
V  Vvapour

Vvapour =      for n = 1

5- The Clapeyron Equation

P
 RT 

The quantitative relationship between vapor pressure and temperature
is expressed by the clapeyron equation

vapors

Liquid

dp/dt : the rate at which the vapor pressure changes with temperature at T (K).

L : The latent heat of vaporization

V : the volume change from liquid into vapor



Beijing University of Aeronautics & Astronautics

3/21/201316

.








 









 












21

12

1

2

21

12

1

2

T

T 2

P

P

2

2

2

T 
2.303R

L  
P
P log

T 
R
L  

P
Pln 

dT 
T
1 

R
L  Pln  d

dT 
RT

L  Pln  

   

RT
LP

dT
dP

2

1

2

1

TT
T

TT
T

d

dT
RT

L
P
dP

Derivation of  the clapeyron equation
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It is desired to produce superheated steam at 
120C, under what pressure must water be 
boiled to achieve this ? Normal boiling point 
of water = 100C.  Latent heat of vaporization 
of water = 39.70  kJ mol-1.

Example
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P2 = ?   ,  P1 = 1 atm
T2 = 120C = 393 K  , T1 = 100C = 373 K
L = 39.70 kJ mol-1 = 39700 J mol-1

P2 = 1.92  atm.
Water must be boiled under a confining pressure

of 1.92 atm. (autoclave or pressurized vessel)

Solution

 
373 x 393 x 8.314 x 2.303

373-393 39700  
1
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“It can be defined as conversion of matter from the liquid state to the
solid state by freezing process”.
* Explanation of the freezing process by the molecular kinetic theory:
“ When the temperature degree decrease, the kinetic energy of the
liquid molecules will loss and its ability , to move, will loss too so the
attraction forces will be increase and the molecules start to collect in
crystalline form.
* When the temperature degree of both solid state and liquid state is in
dynamic equilibrium, this is call ( freezing point) or (melting point).
ex. Freezing point or melting point of water ( H2O) = Zero oC (32 oF) at 1
atm.
Freezing point or melting point of liquid Hydrogen
(H2) = - 259 oC at 1 atm.
* Standard Freezing or melting point ( SFP) or (SMP) :
It occurs when “ the liquid state and the solid state has the same vapor
pressure and the same atm. pressure ( 1 atm.),too.

Freezing point
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“It is the work (erg. cm-2 ) require for increase the surface
area of liquid 1 cm2” Or “ It is the force ( dyne .cm -1 )
require for increase the liquid surface are”
* Explanation of the surface tension phenomena
“The molecules inside the liquid affected by the attraction
forces (inside the liquid ) this forces are equilibrium in all
direction: But in the surface layer of the liquid, the
attraction forces are not equilibrium in all directions, so
the surface layer will be in tension state and affected by
surface tension forces”. Thus the liquids surfaces try to
decreasing its area to decrease this surface tension (by
taking the ball or the drop shape).

Surface tension of liquids
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ex. Alcohols and water . 

Classification of liquids according to its surface tension

I . High surface tension liquids

The attraction forces 
between the solid surface 
(capillary tube) and the liquid 
molecules are greater than 
the attraction forces between 
the liquid molecules. So; the 
liquid will be goes up as in the 
figure.

II. Low surface tension liquids

The attraction forces. Between the 
liquid molecules are greater than the 
attraction forces between the solid 
surface (capillary tube) and the liquid 
molecules. So, the Liquid will be goes 
down as in the figure.

ex. Mercury.
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Method of measuring the surface tension (Capillary – rise method)  : 

hg
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Ex. Acetone liquid goes up in capillary tube at 5.12 cm, the 
radius of the capillary tube is 0.0117cm and the density of 

acetoneis0.79gm.Cm-3.
Calculate the surface tension  of acetone.
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the emulsifiers is materials using. for decrease.
The surface tension of the liquids.
It consists of two parts.

1-Hydrocaroon chain (non polar)
2- Function group (polar).

And it is using for:
1. Elimination the fats from the clothes by decreasing the surface tension

between the water and the fats.
2. Decrease the surface tension between the plant surface and pesticides.
3. Control of mosquitoes by decreasing the surface tension of water

surface using oils.
4. Decrease the surface tension of the sea waves using oils.
5. Decrease the surface tension between the food and container surface

using oils.

The importance of the surface tension phenomena 
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“ It can be defined as the resistance of liquid when its layers flowing 
through solid surface”
ex. “Water” : Flow in fast through the solid surface comparing to “oils” 
flow in slowly this due to its viscosity.

(7) Viscosity :
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* The viscosity calculate by “ Viscosity coefficient”.
•There is an irreversible relationship between the viscosity and the liquid velocity.
Ex. Oils and Glycerin has “High viscosity coefficient” while Benzene, Water and 
Alcohols has “ low viscosity coefficient” . 
The symbol of the viscosity coefficient is “eta           ” , its unit is (Poise)

Of H2O at 25 oC = 0.00895 poise.
The measurement of the liquids viscosity by “Viscometer” according to the equation:
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ex. The heptane’s flowing in Ostwald viscometer at 64 sec
while the water is flowing at 108 sec at the same conditions.
Calculate the viscosity of Heptane
If : density of water = 1 (at 25 oC ).

: density of Heptane = 0.689.
: Viscosity of water = 0.01 Poise .
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