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CHAPTER 11
SOLUTIONS AND COLLOIDS

The Dissolution Process [11.1]

What is a Solution?

Does it have constant
properties and composition?

Mixture Pure substance

No | can it be simplified | _Yes S o] lU\,)Ve _

chemically?
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Solution = Solute + Solvent
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The Dissolution Process
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The Formation of Solutions
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Key Concept

1. a decrease in the internal energy of the system
(an exothermic change, as discussed in the previous chapter on thermochemistry)

2. an increase in the disorder in the system
(which indicates an increase in the entropy of the system, as you will learn about in the later
chapter on thermodynamics)



Competing Forces & Spontaneity

« If the two forces (internal energy vs. disorder) compete, the larger one wins...
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(EX) Disorder vs. Energy Gain/Loss
¢ If the dissolution of NaCl in water is ENDO (unfavorable; solvation < u-u, s-s),
how is it that salt dissolves?
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(EX) ¢A highly charged ionic solid is (more | less) likely to be soluble in water
than a lesser charged species?
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Electrolytes [11.2]

Other Terms

« “ACID-INTO-WATER” - exothermic, but waster is the heat sink

* Hydration — solvation when water is the solvent

* Electrolyte - yields ions in solution, therefore, incr. conductivity

* Non-electrolyte — does not yield ... “ ....

+ Strong electrolyte — nearly 100 dissoiates into inons

» Weak electrolyte — small fraction dissociates into ions

+ Dissociation — water solvate the ions in an ionic solid, reducing electrostatic forces holding them

together

lonic Electrolyte: Another IMF type
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Covalent Electrolytes
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Solubility [11.3]

Basic Terms

* SOLUBILITY - max conc. when system is at equilibrium
* SATURATED - conc. of solute = its solubility

* UNSATURATED - conc. of solute < its solubility

+ SUPERSATURATED - conc. of solute > its solubility

Superstatured — a closer look

* Non-equilibrium state

* “meta-stable”

« Cause
Ls solute unable to organize
Ls disordered, and can’t get the molecules ordered (lined up)
Ls unfavorable entropy

* Potential remedy - “seeding”
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Solutions of Gases in Liquids

Factors affecting solubility of (g) in (1)
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Henry’s Law

Affect of Pressure on Solubility
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(EX) ¢the solubility of O2 in water is 1.25E-3 M at 25°C at sea level (1.00 atm). what is
the solubility in Denver, where the atmospheric pressure is only 0.800 atm?
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“The Bends”
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Exceptions to Henry’s Law

+ If a gas reacts with the solvent, this effectively decr. the gas-in-liquid concentration, but Henry’s Law
does NOT anticipate removal-by-reaction.
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Solutions of Liquids in Liquids
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General Rule of Thumb: “Like — Dissolves — Like”

* u-s interatctions stronger for similar species the dis-similar
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Solutions of Solids in Liquids

Depods huqly o~ Tempepprars

Formation of Supersaturated Solutions
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Colligative Properties [11.4]

+ Colligative Properties present in solution in which the solute is non-volatile (“NVS”).
+ Colligative Properties = f(amt of solute) ... not f(kind of solute)

4 Type of Colligative Properties
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« WRT Colligative Properties, amount of solute typically measured in Mole
Fraction and Molality (not be be confused with Molarity)



Amount refers to “Mole Fraction” and “Molality”
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(i)
(EX) Calc Molarity %. /Molald
¢ A solution is made by dissolving 4.35 g of glucose (MM = 180.2 g/mol) in 25.0 mL of

water (d = 1.00@/mL) at 25 °C (298 K). Wthe Molarity? (
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(EX) Mole Fraction
¢An aqueous solution of HCI contains 36.0% HCI by mass. What is the mole fraction
of HCI?
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Vapor Pressure Lowering
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A more rigorous explanation involves the property of ENTROPY, a topic of discussion in a later text
chapter on thermodynamics. For purposes of understanding the lowering of a liquid's vapor
pressure, it is adequate to note that the greater entropy of a solution in comparison to its separate
solvent and solute serves to effectively stabilize the solvent molecules and hinder their vaporization.



Dalton’s Law of Partial Pressure
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(EX) Raoult’s Law: Calc VP [11.4Db]
¢ A solution contains 5.00 g of urea, CO(NH2)2 (a nonvolatile solute) and 0.100 kg of water. If the vapor

pressure of pure water at 25 °C is 23.7 torr, what is the vapor pressure of the solution?
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Boiling Point Elevation
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(EX) Calc BP  [11.6b]
¢ What is the boiling point of a solution of 1.0 g of glycerin, C3H5(OH)3, in 47.8 g of water?
Assume an ideal solution.

Mm = 72.095
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Distillation of Solutions
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{ ASIDE {

(EX) Colligative Property Calculation
& A solution is made by mixing 500.0 mL H20a nd 50.0 mL of gylcerine (C3H803; MM = 92.1 g/mol; d =

1.26 g/mL @ 25°C). Knowing P°water = 28.64 torr, and glycerine is a nonvolatile solute, what is the vapor
pressure of the solution?
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(EX) Calculate Distillation Curve Components [Whitten, Examples 14.5 & 14.6]
¢ A solution of C7, heptane (P°,C7 = 92.0 torr) and C8, octane (P°,C8 = 31.0 torr) is composed of 1.00 mol

C7 and 4.00 mol C8.

(i) calculate the vapor pressures of C7, C8, and the solution as a whole above the solution.

(i) calculate X,C7 and X,C8 in equilibrium.
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Depression of the Freezing Point of a Solvent
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{ ASIDE

Explain, Chemically, What Causes Freezing Point Depression?

Freezing point depression is the phenomena that describes why adding a solute to a
solvent results in the lowering of the freezing point of the solvent. When a substance
starts to freeze, the molecules slow down due to the decreases in temperature, and
the intermolecular forces start to take over. The molecules will then arrange
themselves in a pattern, and thus turn into a solid. For example, as water is cooled to
the freezing point, its molecules become slower and hydrogen bonds begin to "stick"
more, eventually creating a solid. If salt is added to the water, the Na+ and CI- ions
attract to the water molecules and interfere with the formation of the large network
solid known as ice. In order to achieve a solid, the solution must be cooled to an even
lower temperature.

The freezing point depression can also be explained in terms of vapor pressure.
Adding solute to a solvent will essentially dilute the solvent molecules, and according
to Raoult's law, this leads to a decrease in vapor pressure. Considering the fact that
the vapor pressure of the solid and liquid forms must be the same at freezing point,
because otherwise the system would not be at equilibrium, the lowering of the vapor
pressure leads to the lowering of the témperature at which the vapor pressures of the
liquid and frozen forms of the solution will be equal.

-- https://www.boundless.com/chemistry/textbooks/boundless-chemistry-textbook/
solutions-12/colligative-properties-of-nonelectrolyte-solutions-95/freezing-point-
depression-407-4701/
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(EX) Calc FP (of glycol solution)  [Whitten]

¢ Calculate the freezing point of a 25% (wt) of ethylene glycol (C2H602, MM = 62.1 g/mol) in water (MM =
18.0 g/mol, FP = 0.0 °C, Kf = 1.86 °C/m)
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Phase Diagram for an Aqueous Solution of a Nonelectrolyte
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The liquid-vapor curve for the solution is located beneath the corresponding curve for the solvent, depicting the
vapor pressure lowering, AP, that results from the dissolution of nonvolatile solute. Consequently, at any given
pressure, the solution’s boiling point is observed at a higher temperature than that for the pure solvent, reflecting
the boiling point elevation, ATb , associated with the presence of nonvolatile solute. The solid-liquid curve for the
solution is displaced left of that for the pure solvent, representing the freezing point depression, ATb , that
accompanies solution formation. Finally, notice that the solid-gas curves for the solvent and its solution are
identical. This is the case for many solutions comprising liquid solvents and nonvolatile solutes. Just as for
vaporization, when a solution of this sort is frozen, it is actually just the solvent molecules that undergo the liquid-
to-solid transition, forming pure solid solvent that excludes solute species. The solid and gaseous phases,
therefore, are composed solvent only, and so transitions between these phases are not subject to colligative

effects.

-- OpenStax: p621/626, sec 11.4
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Osmosis and Osmotic Pressure of Solutions
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Isotonic, Hypotonic, and Hypertonic
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Colligative Properties of Electrolytes — Two Issues of Note Affecting Concentration

Issue #1: lon Formation Effects Concentration
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Issue #2: Incomplete Dissociation Effects Concentration — van’t Hoff Factor
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(EX) Calc MW from Osmotic Pressure

¢ Biochemists have discovered more than 400 mutant varieties of hemoglobin, the blood protein that
carries oxygen throughout the body. To determine its MW, a scientist dissolves, at 5.0 °C, 21.5 mg in
enough water to make a 1.50 mL solution, then meaures Osmotic Pressure, which is found to be 3.61 torr.

What is the MW of hemoglobin?
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Colloids [11.5]
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Examples of Colloidal Systems

Dispersed Phase  Dispersion Medium Common Examples Name
solid gas smoke, dust £
solid liquid starch in water, some inks, paints, milk of magnesia sol
solid solid some colored gems, some alloys —
liquid gas clouds, fogs, mists, sprays aerosol
liquid liquid milk, mayonnaise, butter emulsion
liquid solid jellies, gels, pearl, opal (H20 in SiOz) gel
gas liquid foams, whipped cream, beaten egg whites foam

Table 11.4




Preparation of Colloid Systems
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Electrical Properties of Colloidal Particles

. Gollord 5'75—\1\4\«9 offeo~ HAL WD
- Oxanpls r‘q(p(iaa‘nty‘- Sundee.  dcheho
= caden ¥ duvt Pan&:_ e ifha O gl
L Ddede has ol—Sv«ra\,HQv', Sk couwdSta a civea)
o Paﬂ:ch& in—\wﬂt He%, bb'eolc-lj e c.ﬂrc.-m?(
auwd  Soand  alavi.

Gels

- Cel » L‘guli—?v‘-h\:ti aoll o3 &

. .<_>$ Tells = todey ~in - Solrd pralens
So\\ Clbaos Hn 3-D ncwok —a_
cags — avounk J\:@a.

ST Bfad s 0B, e gl s
Said b b "lydm‘u.

v ex 2t Cawned Hedk = al ool + Siﬂ aﬁ.sn\a.f C&(Céhcoz),_,



Redux: calc MW from colligative BP/MP change

(EX) Colligative Property: Calculate MW (also a lab experiment)
¢ Galculate the MW of naphthalene, basen on an experiment in which 5.2 g is dissolved in a 100. g of
ethanol (BP = 78.41 °C) to produce a mixture with a boiling point of 78.90 °C? (Kb,ethanol = 1.22 °C/m)
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.y el o start with an expression for what you need to calculate (“I
. 47= kg “’\ '\ need to know molar mass”), and work backwards,
— o ’“_1@*. calculating the things you don’t know.



