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C&@Iﬂr 12 Solutions and Colloids

These rules should be raken as guidelines only, since there are exceptions;
they are not all-inclusive. However, they do serve as aids and you should
become familiar with them. It should alse be noted here that the term
soluble is somewhat arbitrary. As a guideline, substances with solubilicy
(section 12.2) greater than 1 g per 100 g H,O are considered soluble; those
between 0.1 g and 1 g per 100 g H, O are slightly soluble; and those whose

solubilities are less than 0.1 g per 100 g H,O are considered insoluble,

“Section"Review 121

1. In each of the following solutions, indicate which substance is the
solute and which is the solvent.
a. asolution containing 5.6 g KBrand 55.4 ¢ H,0
b. a solution containing 3.9 g parathn wax and 100, g benzene
¢. a solution conraining 25.0 g methanol and 15.0 g H,0
d. asolution containing 50.0 g silver and 13.0 g mercury

2. Describe the behavior of the following pairs of substances as soluble,
insoluble, miscible, or immiscible.

a. 100 g AgCl is shaken with 100.0 ¢ H,O o give a milky mixture
which separates into a clear liquid and a white sediment.

b. 10.0 g CuSO;-5 H,O and 150 g H,O are mixed to give a blue
solution that is clear (i.e., nor cloudy) and of one phase.

¢. 10.0 g chloroform and 25.0 g H,O are shaken together; the mixture
quickly separates into two layers.

d. 500 g ethylene glycol and 500 g H,O are shaken together; the
mixrure is clear and colorless and does not separate into layers.

3. Whart is meant by each of the following terms?
a. solvared

b. hydrated
4, Difterentiare between dissoctation and ionization.

5. List three things that could be done to hasten the rate of solution of a
large crystal of CuSO, -5 H,O in water.

@ Behavior of Solutions

Solution Equilibrium
When crystals of a substance such as table salt are first placed in
water, many of the particles leave the surfaces of the crystals and go into

Flqure 12.4 solution. As the number of particles in solution increases, the number thar
Solution equilibrium analogy collide with the surfaces of the undissolved crysrals and remain there also
fs long as the amount of water increases; this is called erystallization. If there is suthicient solute present,
fiowing Info the bucket equals " lly £k , - sallicaion Be [ o th , afiooilias

i ToAMne GLE i EhE ket eventually the rate of erystallization becomes equal 1o the rate of dissolution
the water level femains con- and the amount of undisselved solid remains constant at that temperature;

stant. Similarly, the concen e i s . ageg ; S :
b ekl a condition of solution equilibrium exists. This may be represented by

constant as long as the rate of the Equaii:}n
dissclution equals the rate of
crystallization

dissalution

solute crystals « > solure in solution (12.1)

crystallization
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However, since the processes of crystallization and dissolu-
tion are continuously occurving, though at equal rates so they
offiet each other, the situation is referred 1o as a state of
dynamic equilibrium.

A solution such as that just described is known as a
saturated solution—it contains all the solute possible under
equilibrisem conditions at a given temperature. The amount

of solute present in the saturated solution is known as the
solubility of the solure. Since solubility varies with rempera-
ture, the remperature must be specified when solubilities

are given; if not specihed, 25°C is generally assumed.

Table 12.3 gives the solubilities of several substances in water
at 20°C, These values must be experimentally determined.
A solution that contains less solute than it conld at equilibrivem
at a specific temperature is said o be unsaturated.

Many solutes have greater solubilities ar remperarures

higher than room temperature, It a saturated solution is prepared ac an
elevared temperarure and the solution allowed to cool slowly withour being
disturbed, all of the solute may remain dissolved. Such a solution containg
more solute than it could under equiltbrivm conditions and is said o be
supersaturated. This is an unstable condition and usually requires a dusi-
free solvent and a container with a smooth interior surface. Crystallization

is aided by the presence of a rough surface and can also be initiated by a
sudden disturbance or by scrarching the surface of the conrainer with a stirring
rod. Ifa small crystal of the substance thar is dissolved in the supersaturated
solution is added ro the solution—a process known as “seeding,” the excess
solure will usually erystallize our of solution immediarely; a sarurated solution
results. This occurs because the seed crystal provides a surface on which the
particles in solution can orient themselves and crystallize.

Honey is an example of a supersaturated solution of sugars, primarily
elucose and fructose; erystallization often occurs when honey stands for a
time. Hearing the jar of honey will dissolve the crystals and return it o its
supersaturated condition,

Effects of Pressure and Temperature on Solubility

Pressure. The solubility of liquid or solid solutes in liquid solvents is
virtually unaftected by ordinary pressure changes. In addition, since all
gaseous mixtures are totally miscible solutions, pressure has no effect on
gas-in-gas solubility. However, the solubility of a gas in a liquid is gready
affected by changes in pressure.

Gas molecules in contact with a liquid can collide with molecules at
its surface and become sobvated, much as solid solutes do. The number of
collisions by gas molecules is related to the partial pressure of the particular
gas h:ing considered (section 5.4). |niti;1ll}f, MOTe gas molecules will enter the
solution than will escape, bur evenrually a dynamic equilibrium is established
wirh the same number of molecules ]r:wing as entering the solution, Ar a
given temperature, the equilibrivm concentration of a dissolved gas is dirvectly
praportional to the partial pressure of that gas. This statement is known as

Behavior of Solutions 12.2

Crystallization

Fiqure 12.5
of a supersaturated solution

Addition of a "seed crystal”

fo a supersaturated solution of
sodium thiosulfate (&) will cause
the ercess solube to Crystalllze
(Al resulting In a saturated
Scxlutioan

lable 12.5
Solubilities of several
compounds in water

at 20 °C
Salubllity

Compound (g100 g H.O)
AgQHQO, £16
o i L 0.000194
Baso, 000024
L€ 85
MHatl PRI
MH_CI 7.2
PB{HO,) 54.%
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C&@Iﬂr 12 Solutions and Colloids

disselved gas
malaculas

pressurs
Increase

increased
percentags of
mglecules

EIIEEEII'JEEI-[

Figure 12.6
llustration of Henry's law

The solubllity of 3 gas in a
sclution Is areater as the

pressure of the gas Increases,

280

Henry's law. Thus, the higher the partial pressure of a gas, the greater the
solubility of the gas at a given temperature. 1his law also applies to each
gas in a mixcure of gases such as air.,

Probably the most familiar example of a gas-in-liquid solution is thar of CO,
in water—a carbonated beverage. At the bottling company, the flavored water is
saturated with CO, at a partial pressure of 5-10 atmospheres. When the bottde or
can is opened, all of the “excess” CO, does not immediately come out of solution
because CO, rends to readily form supersarurared solurions. Disturbing this
unstable supersarurated solution by stiring or shaking it, however, does hasten the
rate at which it reaches equilibrium with the atmospheric CO), partial pressure
(abour 4 % 10~* arm) and becomes “far.” A similar situation occurs if a can or
bottle of carbonared beverage is shaken or dropped shortly before it is opened.
Unless it is given time to “recover” from this disturbance under the pressure at
which it was bottled, a “geyser” of foamy beverage may erupt from the can or
bottle.

The increased solubility of gases under pressure can be a problem for
deep-sea divers who breathe ordinary air. More nitrogen from the air than
normal is able to dissolve in the bloodstream of a diver under pressure; unless
his rise to the surface is slow enough for the nitrogen to gradually escape
from solution without forming bubbles, a painful and possibly fatal condition
known as the “bends” results. This condition is caused by the formation of
nitrogen gas bubbles in the bloodstream, which can obstruct blood Alow and
cause strokelike symproms. Replacing nitrogen with helium can help alleviate
this problem because helium is less soluble than nitrogen in blood.

Temperature. As the temperature of an equilibrinm gas-in-liquid solurion
is raised, more gas molecules will leave the solurion than enter it, resulring in
an overall decrease in the amount of dissolved gas. Thus, the solubilities of
gases decrease with increasing temperarure. For this reason, the solubilicy
of oxygen in rivers, streams, and lakes becomes less as the temperature of
the warter increases. A warm can of carbonated beverage “hzzes” more when
opened than does a cold can because CO), is less soluble in warm water than
in cold warter.

Table 12.4
Solubility as a function of temperature (g per 100 g R0}
Temperature, “C

Substance ot £0° &0" 1007
AQH, 122 216 440 733
Ba(OH), 167 .80 2004 | 10140 (80%)
Gl 179.2 203.9 2873 4872
Ca(C,H.0,), 37.4 4.7 327 29.7
Ce,(50.), 214 9.84 587 | ---
Cus0, 23.1 32.0 651.8 114

KOl 280 342 a5 8 56.3

Fil 128 144 176 206
KMNO, 13.9 51.6 106 245
MaC,H.0, 36.2 a6.4 139 170.15
MaCl 35.7 35.9 57.1 30,2
Mano, 73.0 87.6 122 180
MH,HO, 118 192 421 871




Behavior of Solutions 12,2

Most solid solutes have greater solubility in a liquid such as water 140
as the temperature is raised, bur a few show a decreased solubility with :
increased temperature. For example, the solubility of silver nitrate in o
100. g water increases from 122 g at 0°C ro 440 g at 60°C, burt the i
solubility of cetium sullate decreases from 20.8 g to 3.9 g, respectively.

The eftects UFICITII]'I‘.'IHTIID: on .*mluhilit].-r can be seen in Table 12.4 and in 80

the :mluhilit].r curves of Fig. 12.7. o

Heats of Solution

The solution process described in section 12.1 may be divided into the
tollowing three steps: (1) the solute particles are separated from the crystal; 20
(2) the solvent molecules are moved apart to make room for the solute parricles
that will enter the liquid environment; and (3) the solvent and solute particles
interact and attract each other. The first two steps require an input of Figure 127 Solubility curves
encrgy (they are endothermic); the third step releases energy (it is exothermic). e solubility of maost solutes

Depending on the amounes of energy involved in each step, the net energy in arams per 100, grams water
5 8 Increases with temperature

da

change may be negative or positive; the heat of soludon, AH,, may thus be
negative of positive,  Thus, we may define heat of solution as the total heat
fl'lfl'g:r" J—]I'.l."i-{]'l'l'.lt“l'.‘l or IT_“].CH SL'I'.I '“.’I'I.E‘I'I L) HIIITISI'HIICC {]j.?i?il]].‘-’fﬁ il'l -:-]Ilﬂt]:lfl'- ME'.IHT
solids are found ro have a +AH, (the solution process is an endothermic
process), and most gases have a ~AFfL,, (an exethermic process).

When a solid dissolves, its particles are usually more randomly distributed
in the solution than they were in the crystal; there is therefore an increase
in disorder or entropy (AS,,, is pasitive). For those solids with a negative
AH,,, (an exothermic process), the degree of hydration is apparently so
high thar there is more order (fess disorder) in the solurion than in the
solid and liquid separately (AS.;, is negative).

In the case of gases, there is an increase in order (a decrease in disorder)
when the randomly distribured gas molecules become more organized by
being solvated; AS,., is therefore negarive. A negative AL, for gases results.

Diluting a more concentrated solution may cause an absorption or
liberation of heat energy, depending on the solute. Thus, the enthalpy
change of solution (AH,,) depends on the amount of solvent present—
that is, the concentration of the fnal solution. Tabulared AH, data

must therefore be given for a .'-:ptu':iﬁrd concentration { Table 12.5).

Table 12.5
Heat of solution (kJ/mole solute in 200 moles H,0)
Substance aM,,. Substance A,
RaMO, (5) 77 B RHO, [ 5) 15560 Flaure 1_2 & J"!'eat of solution of
ammonium nitrate
CaCl(s) -82 .8 BOH(s) -54.6
- When ammoniurm nifrale
CO.(a) -19.9 LILH=) —>0.0 {HHHO, 1 is dissoheed in water,
Cus0 .5 Hl,ﬂ'[ﬁjl +11.5 L_CO.(s) -12.8 it absorbs about 254 kKJ ol
HE{,H:,'D 0 159 HaLi(s] AT heat energy per mole of salute,
- : coaling the solutlon. In this
HCI{ g} —74.2 Maro, (5] +21.0 example, the temperature of
HI{ a) -23.4 HaOH{s) -41.6 the water In the heaker dropped
H,50, (7} 743 Ma, 50,10 H0(5) +785 sy A
RICI{ s) +17.6 NH, (a) 546 N '
RCIO, (5] 2.0 MH CIs) +16.2
Kl 5) +21.4 MHA MO, (s} +254

Pomitire walues maan hieat 13 absorbed (andathermich negathe vakees maan heat 19
relggasad [aEnthermes)
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C&@Iﬂr 12 Solutions and Colloids

Chemistry in Action

Instant Hot Packs and Cold Packs

A practical use for negative and positive heats
of solution is in instant hot packs and cold packs,
used in first-aid treacment of sprains and other
injuries. They typically contain a dry chemical,
such as magnesium sulfate, calcium chloride, or
ammonium nitrate, and a pouch of water inside
the pack. When the pack is struck or squeezed,
the pouch of warer ruptures. The remperarure of
the pack will eicher rise or fall, depending on whar
chemical it conrains and whether its hear of solurion
is exothermic or endothermic. For example, a pack
containing 20 g of calcium chloride and 100 g of
warer at 20 °C will rise in temperature o abour
55 *C when the pack is used; one containing 30 g of
ammonium nitrate and 100 g of warer ar 20 “C will
fall in temperarure to abour 0°C. Thus, an instant
cold pack usually contains NH,NQ,, while a single-
use hot pack mighr conrain CaCl, or MgS0,.

|

Reusable hot packs and fnng—lasring WATMETS
are based upon different chemical principles
than other hor packs. Most reusable hot packs
contain supersaturamd solurions of sodium acerare
(NaC,H,0,) or sodium thiosulfare penrahydrare
(Na,S,0, - 5 H,0); the heat released when the
pack is acrivared is due ro heat of crystallizarion
(section 6.3), and rhe pack may be “recharged”™
by heating it in a microwave to redissolve che
chemical. Mirten and boot warmers generally use
exothermic chemical reactions, such as the slow
oxidation of powdered iron in an aqueous solu-
tion, to generate heart for several hours.

e e

“Section"Review 122"

1. Whart is meant by the term solution equiltbrium?

2, Whar is a dynamic equilibrium?

3. Whar 1s meant when a solution is described as saturated, unsarurared,
and supersaturated, respectively?

4. Relating pressure to solubility, explain why deep-sea divers often replace
the nitrogen in their air tanks with helium.

5. Bﬂf’if‘fl O “’]:]Hl' you hﬂ"ﬂ: IL"EL{, 1'|i'i.i"l'.'.l'llj.l'.| you I':II:H':ET l'h:' L'{ll'.lj. WAarers I;IF Thf
Atantic Ocean to contain more or less dissolved oxygen than the waters
of a tropical lagoon? Whar effect might this have on the abundance

of sea life?

6. Whar i1s meant l:-}r the term Aheat qf sefwetion?

@ Measuring Solution Concentration

To a chemist, the nebulous terms difute and concentrated mean very
licele if he is interested in knowing the actual quantity of solute particles
present in a solution. More precise relationships can be given in terms
of concentration—an expression of the amount of solute present in a given
amount of solution (or solvent).

concentration =

AIMnne uf .'i-{lllll't'

(12.2)

amount of solution {or solvent)

Since many reactions are carried out in solution, it is often important to
know the amounts of the various reacrants present.

282



	1
	2
	3
	4
	5
	6
	7
	8

