SOLUTIONS: SOLUTE - SOLVENT SYSTEM
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Solubility
Theterm solubility is commonly used in two senses — qualitatively and quantitatively.

Qualitatively, solubility isoften used in arel ative way when substancesare classed asbeingsol uble,

Iomility or insoluble.
A remely low solubilities, the solute may betermed as having negligible solubility or asbeing
in

Tm below lists solubilities generally associated with the qualitative terms.

[ubili Qualitative Examples

Egredter than 0.1 mol/L soluble Na,COs (o

. |Ethan 0.1 mol/L low solubility CaSO, (x)

mremely low insoluble CCl,g - H0y

ative use of solubility is often too imprecise for many purposes.

nitaﬂve definition of solubility has a definite meaning.

I titative sense, solubility refers to the quantity of solute required to produce a
sa solution at a given temperature.

Sdlubilif§Aisithe concentration of solute in a saturated solution at a given temperature.

The mo|ar solubility would be the number of moles of solute required to form one litre of a
satlirated solution at a specified temperature; i.e., the maximum molar concentration of a solute.

nalarsolubility = C(saturated solution) = n/v M = mol/L

A saturated solution produced by dissolving hydrogen chloride gasin water is
108

@ centrated hydrochloric acid. If 45.2 g of hydrogen chloride gasis required to prepare
of concentrated hydrochloric acid at 25 °C , what is the molar solubility of hydrogen
25°C?

c

C on:
nHCl) = mM = 4529/36.46g/mol = 1.24mol

C = nlv = 1.24mol /0.100 L = 124 mol/L

The molar solubility of hydrogen chloride at 25°C is 12.4 mol/L



SOLUTIONS

FACTORSTHAT AFFECT SOLUBILITY

The prediction of solubilitiesinvolves many variable such as relative size and relative charge of
solute and solvent particles, interaction between solute and solvent particles, temperature, and
pressure.

In spite of the complexity of factors that affect solubility, some general rules apply to many of
th unds first encountered in the study of chemistry.

T eral rules are not laws and are therefore subject to exceptions.

AMon of the four factors affecting solubility and some relevant general rules follows.

e Nature of Solute and Solvent
ke dissolves like where like refers to similarities in polarities of substances, has useful
ion for predicting solubilities. (Polarity is discussed in the Chemical Bonding Unit)

1
Th

Inigeneral, polar and ionic solutestend to be more soluble in polar solvents and non polar
S0 to be more soluble in non polar solvents.
TRUS, Inarganic acids (which are polar) and bases and salts (which areionic) tend to be much

r:mble in water (which is highly polar).

such as carbon tetrachloride, hexane and benzene, which are non polar , are not soluble
nater

So loride, an ionic substance, is highly soluble in polar water, dightly soluble in weakly
pml alcohol and insoluble in non polar carbon tetrachloride.

G , anon polar substance, is only dightly soluble in polar water but highly solublein non

pal@fEarbon tetrachloride.

General Rules:
Palér and ionic solutes are soluble in polar solvents

Nﬁ solutes are soluble in non polar solvents

2. he Effect of Temperature
Si 5t solutes have alimited solubility in a given amount of solvent at afixed temperature

(i.e ot miscible), the temperature of the solvent generally has a marked effect on the
solute that will dissolve.

F
t

lids dissolved in liquids, the dissolving process is endother mic and an increase in
re resultsin an increase in solubility.

The effect of increased solubility of solidsin liquids upon heating isillustrated in everyday
experiences. For example, the solubility of soap and dirt in hot wash water is greater than in cold
wash water.

For most gases, the dissolving process is exother mic and a decrease in temperature results in an
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increase in solubility.
For example, when water in akettle is heated but not boiled, dissolved air escapes as it becomes
less soluble at higher temperatures.

For the dissolving of liquidsin liquids, the effect of temperature is too variable and no useful
generalization can be made.

In every case a new solubility under new temperature conditions is gradually established.

G IFRules:
1.%&3% in temperature generally increases the solubility of solidsin liquids.
2. ﬁrm in temperature generally decreases the solubility of gasesin liquids.

3.
Ch

e Effect of Pressure

n pressure have very little effect on the solubility of solids and liquids.

Hcg changes in pressure have a marked effect on the solubility of gases.

I B

TW"W of agasin aliquid is directly proportioned to the pressure of that gas above the

li ;

Eml e, when abottle of carbonated soft-drink isopened, the pressureisreduced and dissolved
o)

xide bubbles out of the solution.

@Ubi lity under the new pressure conditionsis gradually established.

G ules:
1.%&5 in pressure have no appreciable effect upon the solubility of solids and liquids.
2. lubility of gasesin liquidsis directly proportional to the pressure of gas (partial
pressurepabove the surface of theliquid. (( HENRY'SLAW ))

I
FACTORSWHICH AFFECT SOLUBILITY

(A Natur e of solute and solvent
tes are insoluble in certain solvents. Generally, “Like dissolves Like”. This meansthat a
LVENT such as WATER or acid will dissolve an IONIC SOLUTE such as salt.

Gasolingbenzene or carbontetrachloride (dry cleaning solvent) areNON-POLAR SOLVENTSand
the best dissolve non-polar solutes such as fats, oils, paints.

not dissolve fats and oils very well. (Use of asoap or detergent hel ps, because the soap
m asapolar end which dissolvesin thewater and anon-polar end which dissolvesin thefat.
An emulSion isformed. In our digestive tract, BILE acts as an emulsifier of fats.)

POLAR SOLVENTShave moleculesthat are dipoles and have positive and negative ‘ ends . Water
isthe best examplee. “H—"O0—H?"

Polar solvents are best for dissolving ELECTROLY TES (Acids, Bases and Salts).

NON-POLAR SOLVENTSsuch asacetone, ether, benzene, turpentine or CCl, (dry-cleaning) have

3



non-polar molecules and will best dissolve solutes that also have non-polar molecules like waxes,
fats, oils, grease, paint pigments, etc.

(B) Temperature
Generdly, (there are few exceptions), an increase in temperature increases the solubility of a

substance, since both solvent and solute molecul es have more kinetic energy.

(NOTE: The opposite is true in the case of gases in liquids. ****An increase in temperature

d the solubility of agasin aliquid. e.g. If you heat 7-UP, the CO, gas escapes. Cold soda
Wmmore dissolved CO, solute.)

( re

@ne effect on the solubility of solids or liquidsin liquids.

It h ever amajor effect on the solubility of agasin aliquid. The higher the pressure above
th tion the more gas can be dissolved. HENRY'S LAW.

Carbonatedicrinks are bottled under pressure. A human body under high gas pressure such asadiver

\;%ncreasem dissolved air initsblood. Escaping bubbles of nitrogen gascausethe BENDS
ropstoo fast. [To resolve this. -- Slow decompression.]

(@f Solute Particles
T esonly inthe case of SOLIDS. e.g. icing sugar will dissolve rapidly while lump sugar will

@iy the RATE of dissolving i affected.

ITY ISNOT AFFECTED. i.e. You can dissolve ground-up solidsfaster, but you can not
di eMORE. (Solubility ismax. mol/L.)

(E)yAgitation (Stirring)
E)%ncreasethe RATE (speed) of dissolving of solids or liquidsin aliquid.
rring coffee speeds up the dissolving of the sugar and milk. It does not NOT change

soliibility.
Elcﬁ how much you agitate a solution you cannot dissolve more solid or liquid solute above
ilit

=

TYPESOF SOLUTIONSCLASSIFIED BY CONCENTRATION

agitation of asolution of gasin liquid (Pepsi) does reduce solubility asthe gas molecules




1. CONCENTRATED SOLUTION means that quite an amount of solute has been dissolved.
Generally, any greater than 3.0 mol/L are considered to be concentrated, but this is an arbitrary
number.

2. DILUTE SOLUTION meansthat not much solute is dissolved. Generaly, less than 0.3
mol/L isdilute, but again an arbitrary figure.

(A dilute solution of potassium cyanide would be very concentrated for a human body — deadly
poison.)

S.mATED SOLUTION (Temperature related)

A Saturated solution is at the limit of solubility for that particular solute at that particular
re. e.g. Since the solubility of NaCl at 25°C is 6.0 mol/L, a saturated solution of salt will
Ived 6.0 moles of NaCl.

ou issolve no more salt unless you increase temperature and change solubility.

t
h
Y

4. TURATED SOLUTION (“Room for More”)
A rated solution has a concentration below solubility. More solute can still be dissolved at

that t ature. In a saturated solution excess solute will remain as sold at the bottom of the
bﬁ

Q)

gl‘lONS, SATURATED SOLUTIONS AND CHEMICAL EQUILIBRIUM

Irmemical reaction considered up to now, if there was apparent evidence for a reaction, a
C reaction was assumed. That chemical reactions proceed completely from reactants to
prodUGESIAES sufficient to satisfy alimited perspective of reactions.

To this point, Collision Theory, as an explanation for reactions, was restricted to the consideration
of*€ollisions among reactant particles only. An extension of the theory to other particle collisions

sugther possibilities.

Chemists believe that particles, in their random motion, undergo more than just reactant-reactant
p llisions.

U ducts are removed immediately upon their formation, product-product particle collisions
are Itable.

H Jproducts can reform reactants. Essentially all chemical reactions are potentially reversible:
i. roduct particles are formed, these particlesin turn can reform reactant particles.

If -product particle collisions do not result in significant particle rearrangements, then the
extent of products reforming reactantsis small, or even negligible.

In this case the reaction can be considered complete, or irreversible.

However, if product-product particle collisionsresult in significant rearrangementsof particles, then
reactionsin theforward and reverse directions occur simultaneously, and thereactionisreversible.
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The reversibility of chemical reactions and other processes, including many processes in nature,
gives rise to the phenomenon of dynamic equilibrium.

Some of the characteristics of adynamic equilibrium can be observed in a solute-solvent system, in
particular, a saturated solution.

Saturated Solutions

Some substances dissolve in each other in all proportions.
are water and antifreeze, or gasoline and kerosene.
ances are said to be miscible.

substances arepartially soluble, that is, one dissolvesin the other to aconcentration that
re definite limiting value at which point the solution is said to be saturated.

Fﬁpl e, whenasoluteisstirred in water at 20°C, the solute dissolvesrapidly at first, then more
and more'slowly.

Eiéntlially el ssol ving appears to stop and the concentration of solute dissolved in the water no

|OW but remains constant.

I\QIW how long or how vigorously the mixture of solute and water is stirred (provided the
t

re is kept constant) the concentration remains constant.

ion isnow saturated with solute.

elieve that the dissolving action does not cease when the saturating point is reached.

Sevidenceto suggest that molecul es of the solute continueto leave the solid and passinto the
yWhile other molecules of solute, previously dissolved, return to the solid state from the

C
Th

Me constant macroscopic properties the rate of these two opposing processes must be

exactiyiequal at saturation.

=
Th ber of particles of solute leaving the solid and entering the solution in unit time isequal to
th%! of solute particlesleaving the solution and crystallizing out on the solid in the same unit

of

Ton process at saturation is an example of adynamic equilibrium.

A solution may bedefined asa solution in which thedissolved soluteisin equilibrium

with ex undissolved solute at a specific temperature.
dissolving
undissolved solute ~=——— dissolved solute
crystallizing

Lo - lo@ag System —A Further Analysis

Suppose solid iodineisdissolved in an a cohol-water mixture and the addition and dissolving of solid
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iodineis continued until excess, undissolved solute is present.
At this point the solution is saturated.

It can be empirically verified by successivefiltrations and mass determinations, that the quantity of
undissolved iodine remains unchanged over time.

Since the volume of alcohol-water remains constant, thisis a closed system

A on no apparent changes are occurring, the colour intensity, the volume of solution and
quﬁity: of dissolved and undissolved iodine all remain constant.

H , a the molecular level, processes are believed to be continuing.
Mol are leaving the surface of the undissolved iodine and are tending to increase the
o tration of iodine in solution.

Atithersameitime, dissolved iodine molecules are striking and crystallizing upon the undissolved
iowng the concentration of iodine moleculesin solution to decrease.

n is apparent because the two processes are taking place at the same rate.

: Rateof dissolving = Rateof crystallization
m 2 s) D I2 aq)

(The double arrows indicate a state of equilibrium.)
[

THe@yRamic nature of the 1, - |, equilibrium can be confirmed through experiments involving
raﬁoactive iodine isotopes.

Emgh some molecules are dissolving and others are crystallizing (reversible processes), no

ords, thel,y - |, System isat a state of equilibrium in which

saturated solution of iodine is prepared and then filtered to remove all excess
iodine.

u

Fppose that a predetermined mass of radioactive solid iodine is added to the saturated
solutior

Subsequent filtration and testing for mass changes and for radioactivity with a Geiger counter
will indicate two things.




1. The mass of undissolved iodine has remained unchanged.
2. Some radioactive iodine has gone into solution. (The solution is now radioactive.)

Both observations confirm that although the quantity of dissolved and undissolved iodine has
remained constant, some dissolving and consequently some crystallization must have occurred.

gm:ﬂthe 5 - 12 System at equilibrium illustrates the typical characteristics of any system
rigm, namely:

1.m3parent constancy in regard to quantities of reactants and products at equilibrium.

2. g/namic nature in regard to two or more reversible processes taking place at the same

ChemicalfEquilibrium

Sc!!bi I i! is one example of chemical equilibrium.

T

menon of chemical equilibrium is encountered in many chemical systems and
of equilibrium in nature are numerous.
A ria, regardless of origin, have the following main characteristics in common:

1.muilibrium state requires a closed system i.e., a system which does not gain or lose

2. m brium state is a dynamic state where two or more reversible (opposing) processes

place at the same time and at the same rate so that no net change is apparent.
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