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Unit Outcomes

At the end of this unit, you should be able to:

-

know the types of solutions;

understand the process of solution formation, the rate of solution, the heat of
solution and solubility,

describe the dependence of solubility on the temperature and pressure of the
solution;

know how to solve problems involving the concentration of solutions and to
express the result in various units,

describe, the behaviour of ionic solute in unsaturated, saturated and supersaturated
solutions using the concept of equilibrium;

prepare solutions of a required concentration by dissolving a solute or diluting
a concentrated solution;

understand the relationship between the colligative properties of solutions and
know how to solve problems involving colligative properties of solutions;

describe scientific inquiry skills along this unit: observing, classifying, comparing
and contrasting, measuring, asking questions, drawing conclusion, applying
concept and problem solving.
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Most of the materials around us are mixtures. In this unit, we shall be concerned with
properties and types of mixtures, and with the relationships of their properties to those of
the individual components.

A homogeneous mixture, also known as solution, is a mixture that is uniform in its
properties throughout a given sample. When sodium chloride is dissolved in water, you
obtain a homogeneous mixture, or solution. Air is a gaseous solution, principally of two
elementary substances, nitrogen and oxygen, which are physically mixed but not chemically
combined.

There are various practical reasons for preparing solutions. For instance, most chemical
reactions are run in solution. Solutions have specific useful properties. For example, when
gold is used for making jewellery, it is mixed, or alloyed with a small amount of silver.
Gold-silver alloys are not only harder than pure gold, but they also melt at lower temperatures
and are therefore easier to cast.

In this unit, you will study the dependence of solubility (the amount of substance that
dissolves in another) on temperature and (in some cases) on pressure; the ways of
expressing the concentration of a solution. You will also study about the colligative properties
of solutions.

1.1 HOMOGENEOUS AND HETEROGENEOUS MIXTURES

At the end of this section, you should be able to:

* define the terms mixture, homogeneous and heterogeneous mixture, solute, solvent,
solution;
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* distinguish between homogeneous and heterogeneous mixtures;

* describe suspensions and colloids.
1.1.1 Some Basic Definitions

How do you distinguish homogeneous and heterogeneous mixtures?

Mixtures are combinations of two or more substances in which each substance retains its
own chemical identity and hence its own properties. A sample of clean air, for example,
consists of many elements and compounds physically mixed together, including oxygen
(O,), nitrogen (N,), carbon dioxide (CO,), noble gases, and water vapour (H,0). Can
you give more examples of mixtures? There are two broad classes of mixtures,
homogeneous and heterogeneous mixtures.

A homogeneous mixture is a mixture in which the composition of the mixture is the same
throughout. i.e., it has no visible boundaries because the components are mixed as individual
atoms, ions and molecules. For example, when a spoonful of sugar dissolves in water you
obtain a homogeneous mixture.

A heterogeneous mixture has one or more visible boundaries between the components.
Thus, its composition is not uniform. In this type of mixture, each component’s particles
can be detected by the naked eye or with a magnifying glass. If sand is mixed with iron
filings, the sand grains and the iron filings remain separate. This is an example of a
heterogeneous mixture.

A typical solution consists of at least two substances; a substance in smaller amount called
the solute, dissolved in a larger amount of another substance, known as the solvent. The
solvent is often but not always present in excess. For example, the physical state of a
solution containing 40 g of table sugar and 30 g of water is liquid. In this case, though water
is present in small amount, it is present as solvent.

Experiment 1.1 iﬂiui“;k'i\

Distinction between homogeneous and heterogeneous mixtures
Objective: To distinguish between homogeneous and heterogeneous mixtures.

Apparatus: Beakers, test tubes, watch glass, stirrer.
Chemicals: Table salt, water, iron filings, sulphur powder, oil, alcohol.
Procedure:
Prepare mixtures of the following pairs in suitable apparatus.
a Table salt and water
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b Tron filings and sulphur powder
¢ Oil and water
d Water and alcohol

Use either naked eye or hand lens to observe each mixture. Classify the mixtures you
prepared as homogeneous and heterogeneous. Give reason for your classification.

1.1.2 Suspension and Colloids

Experiment 1.2 iﬂiﬂiﬂ;ﬁ\

Investigating properties of some mixtures

Objective: To see the difference between suspensions, solutions and colloids.
Apparatus: Three 100 mL beakers.

Chemicals: Sand, gentian violet and bile.

Procedure:

1. Label the beakers as A, B, and C; add sand to beaker A, gentian violet to beaker
B, and bile to beaker C.

2. Addabout 50 mL water to each beaker and stir the contents.

3. Leave the beakers undisturbed for about 30 minutes and see if they become clear
on standing.

4. Passabeam of light through each beaker.
Observations and analysis:
a Inwhich beaker the contents separate in two layers on standing?
b Which beaker scatters light without separating the contents on standing?

¢ Which beaker contains a solution and which beaker contains a colloid?

d Whatdo you conclude from this experiment?

Exercise 1.1
Define each of'the following terms and give examples for each.

a homogeneous mixture ¢ solute e colloid
b heterogeneous mixture d solvent f suspension
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What is the difference between suspensions and solutions?

We are all familiar with suspensions such as a mixture of mud and water or flour and water.
Sometimes we prepare and use a suspension of paint in water. These suspensions are
heterogeneous mixtures composed of particles that are visible fo the naked eye or that
can be seen with a magnifying glass. The suspended particles appear cloudy, and settle
down in due course of time. When Mg(OH), (called milk of magnesia) is shaken with
water, it forms a suspension. In contrast, when we make a solution, we prepare a
homogeneous mixture in which the dissolved species are molecules or ions. A solution may
be coloured, but it is transparent; the dissolved molecules or ions are invisible, and they do
not settle out on standing. Figure 1.1a and Figure 1.1b show a solution and a suspension,
respectively.

Figure 1.1 a) Solution b) Suspension

There is another group, called colloids that exhibit properties intermediate between those
of suspensions and solutions. The particles in a colloid are larger than most simple molecules.
However, colloidal particles are small enough and do not settle down. Although colloid
particles may be so small that the dispersion appears uniform, even under a microscope,
they are large enough to scatter light very effectively (see Figure 1.2). Consequently, most
colloids appear cloudy or opaque unless they are very dilute. Like solutions, colloids can
be gaseous, liquid or solid. Clouds are colloidal mixtures composed of air and water
droplets that are small enough that they do not settle out.




‘ CHEMISTRY GRADE 12

Figure 1.2 The light beam is not visible as it passes through a true solution (left), but it
is clearly visible as it passes through colloidal mixture (right).

1.2 TYPES OF SOLUTIONS

At the end of this section, you should be able to:
 explain different types of solutions;
» give examples for each type of solution;

« afteravisit to nearby gold smith, present a report to class on how jewellery gold is
made.

Solutions may exist in any of the three states of matter.

Activity 1.1

Form groups and discuss the following points. Report the result of your discussion in
tabular form.

1. Mention the types of solutions.

2. What are the possible physical states of solutes and solvents in each type of solution?
3. Give at least one example to each type of solution.

4. Explain briefly how solid solutions are formed?
5

. Copy the given table in your note book and write your answers in it:
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State of solute |State of solvent [State of solution | Type of solution | Examples

Do you know how jewellery gold is made?

Your teacher will arrange a visit to the nearby goldsmith. Ask the following questions
during your visit to the goldsmith:

How is jewellery made from gold? What are the possible components, other than
gold present in the jewellery? Which component is present in large quantity? What
is the advantage of mixing gold with other materials? Can you separate the
components present in the jewellery? How is purity of gold assessed and what is
the unit of measuring the purity? Write a report about what you have observed
during your visit and present it to the class.

Exercise 1.2

Give two examples of
a gas-gas solution d solid-liquid solution
b gas-liquid solution e solid-solid solution

¢ liquid-liquid solution

What are the possible physical states of solutes and solvents in
a gaseous solutions? ¢ solid solutions?

b liquid solutions?

1.3 THE SOLUTION PROCESS

At the end of this section, you should be able to:

explain how the “like dissolves like” rule depends on inter-particle forces of
interactions and predict relative solubility;

define rate of dissolution;
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* define heat of solution, solvation energy and hydration energy;

* apply the concept of heat of solution to a solution of ammonium nitrate and sodium
hydroxide crystals;

+ explain how heat of solution is influenced by the inter-particle interaction forces.

Activity 1.2

Try to mix the following substances with water.
a oil b benzene c ethanol

What did you observe? Which of the substances is completely miscible with water and
which of them is immiscible? Discuss your observations with your classmates, and report

your possible reasons to the class.

1.3.1 Liquid Solutions and Interparticle Forces of
Attractions

What are the major factors that affect the solubility of substances in liquid solvents?

When a solute dissolves in a solvent, particles of the solute disperse throughout the solvent.
The solute particles occupy positions that are normally taken by solvent molecules i.e.,
particles of the solute mix with particles of the solvent. The tendency to mix is affected by

the relative strengths of three types of interaction. These are
*  Solvent-solvent interaction
*  Solute-solute interaction

*  Solvent-solute interaction

Strong forces of attraction between solute particles (solute-solute interactions) or between
solvent particles (solvent-solvent interactions) tend to keep like particles close together
and reduce the solubility of solute in the solvent. On the other hand, strong attraction
forces between solute and solvent particles (solute-solvent interactions) makes dissolving
easier and helps to keep particles in solution. For simplicity, we can imagine the solution

process taking place in three distinct steps (Figure 1.3).
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Expanded solute Expanded solvent
Solute Solvent -
Step 2 s e L, Step1 . _ . ®
= Ylsit o= e,
.. .O . N -
. - ®

» . - »

Solution

Figure 1.3 A molecular view of the solution process, portrayed as taking place
in three steps.

Step 1 —1is the separation of solvent molecules from each other to “make room” for the
incoming solute particles and step 2 —is the separation of solute molecules. These two
steps require energy input to break attractive intermolecular forces. Therefore, they are
endothermic. In step 3 — the solvent and solute molecules mix. This process can be
exothermic or endothermic.

Solution of liquids in liquids

Ethanol mixes with water but oil does not. Why? Solubility is a measure of how much
solute will dissolve in a solvent at a specific temperature. Do you know the principle “like
dissolves like”? The “like dissolves like” principle is helpful in predicting the solubility of a
substance in a given solvent. What this expression means is that two substances with
intermolecular forces of similar type and magnitude are likely to be soluble in each other.

For example, in a solution formed between benzene (C H,) and carbon tetrachloride
(CCl,), both species are non-polar and experience only relatively weak London forces.
When these two liquids are mixed, they readily dissolve in each other because the attraction
between CCl, and C H, molecules is comparable in magnitude to the forces between
CCl, molecules and between C,H, molecules. Two liquids are said to be miscible if they
are completely soluble in each other in all proportions. What can you say about the
solubility of C.H, and CCl,?

Water is the most prominent solvent because it is so common and dissolves so many ionic
and polar substances. Water molecules are strongly associated with each other through
hydrogen bonding. Compounds that form hydrogen bonding tend to be soluble in water.
For example, alcohols such as methanol, ethanol and 1, 2-ethylene glycol are miscible in

water because they can form hydrogen bonding with water molecules.
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H H & H )
5 & 51 5 & o1
H—C—C—O—H_ 0O « H—C—O—H 0 «
B NS | NS
H H _ H _
Hydrogen bonding between Hydrogen bonding between
ethanol and water methanol and water

Figure 1.4 Solubility of ethanol and methanol in water through hydrogen bonding.

What happens if octane, a typical hydrocarbon, is added to water? Water molecules
are held in contact by hydrogen bonding, while octane molecules are held in contact by
London or dispersion forces. When the two liquids are mixed, the attraction between the
octane molecules and the water molecules is not strong enough to overcome the hydrogen
bonding between the water molecules. The relatively strong hydrogen bonding keep the
water molecules clustered together, and no mixing occurs.

Solutions of Solids in Liquids

Activity 1.3

Take two containers and add water to both. Put table salt in the first container and table
sugar in the second container and stir. What did you observe? Did both solids dissolve in

water? Repeat the same procedure using oil instead of water.

What did you observe? Did both solids dissolve in o0il? Discuss your observations with your

classmates. Can you make generalization from your observation?

Solids composed of polar molecules or ions, are insoluble in non-polar solvents. The
weak solute-solvent interaction, compared with the strong attractions within the crystal, is
not sufficient to tear apart the lattice. This is why sugar, which consists of molecules lightly
bound to each other by hydrogen bonding, is insoluble in solvents like oil. However, sugar
is soluble in water, because this solvent attracts sugar molecules in the same way that sugar

molecules attract each other.

Solids whose crystals are held together by London forces are able to dissolve to

appreciable extents in non-polar solvents. However, they are not soluble to any great
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degree in polar solvents, for the same reason that non-polar liquids are insoluble in polar

solvents.

Can you give an example of a solid non-polar compound that dissolves in benzene
but not in water? Water and other polar molecules are attracted to ions. The electrostatic
attraction between an ion and a molecule with a dipole is called an ion-dipole attraction.
These attractions play an important role in the dissolution of ionic compounds in water
(Figure 1.5).

Figure 1.5 lon-dipole force in dissolving an ionic crystal.
What happens when ionic compounds dissolve in water?

When ionic compounds, such as KCI, dissolve in water, (Figure 1.6), the ions in the solid
separate because water molecules surround and solvate the ions. When potassium chloride
is added to water, the ion-dipole forces attract the positive (hydrogen) end of the polar
water molecules to the negative chloride ion at the surface of the solid, and they attract the
negative (oxygen) end to the positive potassium ions. The water molecules penetrate

between individual K* and CI™ ions and surround them, reducing the strong inter-ionic
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forces that bind the ions together. This reduction allows them to move off into solution as
hydrated ions. In general, when a solute particle becomes surrounded by solvent molecules,

we say that it is solvated. When the solvent is water the process is called hydration.

H
O/
H H
BN H |
| o | O H O
H—O. | O—H H H &+ H  SH
LK .CIL..
H—O @ O—H H | H
H/ \H | | |
HH o
SH

Figure 1.6 K*and CI- surrounded by H,0 molecules.

In Grade 11 Chemistry, you learned about the cleansing action of soap, which work on the
principle of “like dissolves like”. Non-polar tails of soap dissolve in oil and grease globules.

The polar heads keep the particle suspended in water in which they can be washed away.
1.3.2 The Rate of Dissolution

What are the major factors that affect the rate of dissolution?

The rate of dissolution is the speed with which a solute goes into solution. This largely
depends upon the inter-particle forces and, to a lesser extent, on conditions such as the

surface area of the solid solute, and the temperature and the pressure of the system.

Inter-particle force is the extent to which solvent molecules interact with particles of the
solute. When the solvent-solute interactions are stronger than those between solute-solute

and solvent-solvent particles, the dissolution process becomes easier.

Increasing surface area will increase the rate of dissolution because it increases the number

of solute particles in contact with the solvent.
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1.3.3 Energy Changes in the Solution Process

[ L L] LT E\
Iﬂlﬂlﬂ"*“

Heat of Solution

Experiment 1.3

Investigation of Heat of Solution

Objective: To investigate the heat of solution of sodium hydroxide and ammonium nitrate.
Apparatus: Erlenmeyer flask, thermometer, cork.

Chemicals: Sodium hydroxide, ammonium nitrate and water.

Procedure:

1. Pour 50 ml of water into Erlenmeyer flask and place a thermometer as shown in
Figure 1.7.

Figure 1.7 Apparatus to measure the heat of solution of sodium hydroxide.
2. Record the initial temperature of the water.

3. Remove the cork, along with the thermometer, and add 4 g of sodium hydroxide
pellets.

4. Replace the cork gently, stir the contents, and note the highest temperature reading.

5. Determine the heat of the solution of sodium hydroxide.
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6. Repeatthe experiment, using 4 g of ammonium nitrate.

7. Copy and complete the following table.

Chemical Initial temperature Maximum temperature  Heat of
of the solvent of the solution solution

NaOH

NH,NO,

8. Write down your conclusion.

9. Present your findings.

What are the three major interactions that are observed in the solution process?

You have learned that the solution process has three steps. The amount of energy that is
absorbed or released when one mole of a substance enters solution is called the heat of
solution and is given the symbol AH®y |, which is the sum of the enthalpies associated with

the three steps in the solution process (Figure 1.3).

*  The separation of solute particles is endothermic because energy is required to
overcome the forces holding the solute particles together. For gases, this step is

ignored because their molecules are already widely separated.

*  The separation of solvent particles is also endothermic because energy is required

to overcome the forces holding the solvent molecules together.

*  Each solute particle is surrounded by a layer or “cage” of solvent molecules that is
attracted to it by intermolecular forces. This step can be endothermic or exothermic,

and is referred to as solvation.
The heat of solution AHOS ol

AHPy = AH? + AHS, + AHS, = AHS, + AHS

Hydration Latice energy
where AHY and AH are enthalpies required to separate solute particles and solvent
molecules, respectively, and A is the enthalpy of solvation. If the solute-solvent attraction
is stronger than both the solvent-solvent attraction and the solute-solute attraction, the

solution process is favourable, or exothermic (AH°g | <0). If the solute-solvent interaction
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is weaker than the solvent-solvent and solute-solute interactions, then the solution process
is endothermic (AH°g | > 0).

Hydration of Ionic Solids in Water

What is lattice energy? How can it affect the solubility of ionic solids?

Hydration of ions favours the dissolution of an ionic solid in water. The ions in an ionic
crystal are very strongly attracted to one another. Therefore, the solubility of an ionic solid
depends not only on the energy of the hydration of ions, but also on lattice energy, which
are the energy holding ions together in the crystal lattice. Lattice energy works against the

solution process, so an ionic solid with relatively large lattice energy is usually insoluble.

Lattice energies depend on the charge on the ions and also the distance between the
centres of the neighbouring positive and negative ions. As the magnitude of the charge on
the ions increases the lattice energy also increases. For this reason, you can expect
substances with single charged ions to be more comparatively soluble, and those with

multiple charged ions to be less soluble in water.

Activity 1.4

Take 1 g of KNO,, NH,Cl, and Na,CO, each and dissolve them in water in different test
tubes. What did you observe? Which of these chemicals dissolves faster? Is there any
change in temperature before and after mixing? Which solution becomes hot and which
becomes cold, when solute and solvents are mixed? Discuss your observations with your

classmates.

Activity 1.5

Discuss the following questions and write a report. Present your report to the class.

1. How do you compare the hydration of the ions of Group | metals with that of Group II
metals? Give reasons.

2. Compare the solubility of Mg(OH), with Ba(OH),, MgSO, with BaSO,. Justify your
answers in terms of lattice energy and hydration energy.




‘ CHEMISTRY GRADE 12

3.

Exercise 1.3
Define each of the following.

a rate of dissolution d hydration energy
b heat of solution e lattice energy
¢ solvation f 1ideal solution

Indicate the type of solute-solvent interaction that should be most important in
each of the following solutions:

a KBrin water ¢ NaOH in water
b Toluene, C_H,
Sodium carbonate is soluble in water, while calcium carbonate is insoluble. Why?

in cyclohexane, C,H,,

1.4 SOLUBILITY AS AN EQUILIBRIUM PROCESS

At the end of this section, you should be able to:

describe the distinctions among unsaturated, saturated and supersaturated solutions;
prepare a supersaturated solution of sodium phosphate;

explain the equilibrium nature of a saturated solutions;

define solubility and describe the factors that affect the solubility of substances;
investigate the effect of temperature on the solubility of sodium sulphate in water;
conduct an experiment to determine the solubility of table salt and sugar in water;
state Henry’s law;

use Henry’s law to calculate the concentration of gaseous solute in a solution.

Activity 1.6

1.
2.

Form a group and perform the following activity.

. Continue adding more and more Na,SO, stirring to dissolve.

. Add some more solute to the filtrate and stir.

Discuss your findings with rest of the class.

Pour 50 mL water in a beaker.
Add some crystal of Na,SO, into the water using spatula and stir until it dissolves.
a What do you call this type of solution?

b What do you observe after addition of large amount of solute?
Filter the undissolved solute. Collect the filtrate or the solution.

¢ Why does the solute remains undissolved?

d What is the name of such a solution?

e Does the additional solute dissolve?
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Experiment 1.4 iﬂi“i“;kﬁ‘

Investigating the solubility of NaCl

Objective: To determine the solubility of sodium chloride in water.

Apparatus: Beaker, evaporating dish, measuring cylinder, glass rod, filter paper,

analytical balance, and Bunsen burner.

Chemicals: Sodium chloride and water.

Figure 1.8 Experimental set-up for the determination of the solubility.

Procedure:
1. Take an evaporating dish and weigh it.
2. Take 100 mL of water in a beaker and add sodium chloride to it. Stirr the solution
vigorously with a glass rod, until undissolved sodium chloride is left in the beaker.
3. Take 50 mL of'the supernatant saturated solution (assume that 50 mL of solution is
equal to 50 mL of the solvent) and transfer it to an evaporating dish.
4. Heat the solution in the evaporating dish as shown in the Figure 1.8, till all the
water has evaporated and dry sodium chloride is left in the evaporating dish.
5. Cool the evaporating dish containing dry sodium chloride to room temperature

and weigh it again.

Observations and analysis:

1.

2.
3.
4

Volume ofthe NaCl solution ...

Weight of the empty evaporatingdish ~ ..........................

Weight of the evaporating dish + NaCl collected after evaporating the solvent ....
Calculate the solubility of NaCl in water and express the results in grams of NaCl/
100 g of water.
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When an ionic solid dissolves, ions leave the solid and become dispersed in the solvent.
Occasionally some dissolved ions collide with the undissolved solute and crystallize. As
long as the rate of dissolution is greater than the rate of crystallization, the concentration of
ions in the solution rises. Eventually, ions from the solid are dissolved at the same rate as
the ions in the solution are crystallized. At this point, even though dissolution and crystallization
continue, there is no further change in the concentration over time. The system has reached

equilibrium. That is, excess undissolved solute is in equilibrium with the dissolved solute.

Dissolution

Dissolved ions

Solid (solute) E—
Crystallization

After equilibrium is established, no more solid dissolves. Why? Such a solution is said to
be saturated. A saturated solution is a solution in which the dissolved and undissolved

solutes are in dynamic equilibrium see Figure 1.9.

> < R < e <
RN el N

b

C

d

Figure 1.9 Formation of a saturated solution.

a A coloured solid solute is added to water.

b Aftera few minutes, the solution is coloured, due to the dissolved solute, and there
is less undissolved solute than in (a).

¢ After more time passes, the solution’s colour has intensified and there is less
undissolved solute. Therefore, the solution in (b) must have been unsaturated.

d Still later, the solution colour and the quantity of undissolved solute appear to be the
same as that in (c). Dynamic equilibrium must have been attained in (¢) and persists
in (d). The solution is saturated.

Before equilibrium is reached, the solution is said to be unsaturated. An unsaturated solution
is a solution that can dissolve more solute at a given temperature.
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Activity 1.7

Prepare a saturated solution of sodium thiosulphate (Na,S,0,) in beaker containing 50 mL
water. Heat the solution so that extra amount of solute dissolves.

Filter and divide the solution into two parts in two different beakers. Keep both the
solutions to cool slowly undisturbed. After cooling stir one of the solutions and observe
what happens.

Drop a small grain of crystal in the second one and observe the result.
a What is the name of such a solution that is made by cooling concentrated solution?
b What happens when the solution was stirred?

¢ What about the solution to which a crystal grain is dropped? Why?

o

What did you understand from the activity?

The solubility of many ionic solids in water increases as temperature increases. They form
supersaturated solutions, which actually contain larger amounts of solute than in saturated
solutions. Supersaturated solutions can sometimes be prepared by saturating a solution at
a high temperature. Honey is an example of naturally occurring supersaturated solution. It
contains glucose, as a solute, and water, as a solvent. If honey is left to stand, the glucose
eventually crystallizes.

Supersaturated solutions are unstable, and addition of a “‘seed” crystal of solute will generally
cause all of the excess solute to suddenly crystallize see Figure 1.10.

A Hotsupersaturated solution before seeding.
B Cold and undisturbed supersaturated solution without seeding.
C Coldsupersaturated solution after seeding.

Figure 1.10 Seeding a supersaturated solution.
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1.4.1 Effect of Temperature on Solubility of Solute

Activity 1.8

1. Prepare a saturated solution of Na,SO, at room temperature.

Heat the solution on a tripod with wire gauze and add some crystal of Na,SO,.
What happens to the solute?

If the solute dissolves add more and continue heating.

What is the effect of temperature on solubility of this solute?

S

After all the additional solute dissolves remove the beaker from the tripod and add
cold water on the side of the beaker.

Sl

What do you observe?
8. What is the effect of cooling the solution?

9. Why do we always mention temperature when we report solubility of substances?

Temperature affects the solubility of most substances. When a solid dissolves in a liquid, the
>0.
= (). Because the hydration

solute particles must separate, so energy must be added. Thus, for a solid, AH |

In contrast, gas particles are already separated, so AHS |

step is exothermic (AHY, ., <0), the sum of these two terms must be negative. Thus, for

ydra
all gases in water, A Hg | <0.

Solute(g) + Water(l) — Saturated solution(aq) + Heat

This equation means that solubility of gases in water decreases with rising temperature. In
most (but certainly not all) cases, the solubility of a solid substance increases with increase
in temperature. The magnitude of the increase in solubility varies from one substance to
another. The solubility of sodium chloride in water increases by only about 10% from 35.7
g/100 gto 39.8 g/100 g, when the temperature is raised from 0 °C to 100 °C. The solubility
of silver nitrate, however, increases by over 700% from 122 g/100 gto 951 g/100 g, over
the same temperature range.

A few solids such as sodium sulphate have unusual solubility characteristics in water. The
solubility of sodium sulphate rises between 0 °C to 32.4 °C, where it reaches a maximum
0f49.7 g Na,SO, per 100 g water. Further, the solubility of sodium sulphate, decreases
by about 19.23%, changing from 49.7 g/100 g at 32.4 °C, to 42 g/100 g at 100 °C. Thus
some ionic compounds show mixed solubility behaviour. Figure 1.11 shows the solubility
of some ionic compounds in water, as a function of temperature.
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Figure 1.11 Approximate variation of solubility with temperature for some ionic
salts in water.

1.4.2 The Effect of Pressure on Solubility

Why pressure significantly affect only the solubility of gases? Since liquids and solids
are almost incompressible, pressure has little effect on their solubility, but it has a major
effect on gas solubility. The solubility of gases always increases with increasing pressure.
The effect of increased pressure on solubility has long been used in the beverage industry,
where carbonated beverages such as champagne, beer and many soft drinks are bottled
under CO, pressure, up to 4 Pa.

The solubility of a gas in a liquid is directly proportional to the partial pressure of the gas
over the solution.

The quantitative relationship between gas solubility and pressure is given by Henry’s law,
which states that

“at a given temperature the solubility of a gas in a liquid is directly proportional to the
partial pressure of the gas over the solution”.

C,= ky, P,
where C . is the molar concentration (mol/L) of the dissolved gas, P, . is the pressure (in
atm) of the gas over the solution and k, is Henry’s law constant, which is expressed in
mol/LL atm.

Consider the piston-cylinder assembly in Figure 1.12, in which gas is above a saturated
aqueous solution of the same gas. Ata given pressure, P|, the same number of gas molecules
enters and leave the solution per unit time. i.e., the system is at equilibrium.

Gas + Solvent — Saturated solution
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