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Chapter 13
Properties of Solutions
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Solutions

e Solutions are homogeneous mixtures of two
or more pure substances.

e |n a solution, the solute Is dispersed uniformly
throughout the solvent.

State of Solution  State of Solvent State of Solute Example

Gas Gas Gas Air

Liquid Liquid Gas Oxygen in water

Liquid Liquid Liquid Alcohol in water

Liquid Liquid Solid Salt in water

Solid Solid Gas Hydrogen in palladium

Solid Solid Liquid Mercury in silver

Solid Solid Solid Silver in gold y

Solutions
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Solutions

The intermolecular
forces between solute
and solvent particles
must be strong enough
to compete with those
between solute particles
and those between
solvent particles.




How Does a Solution Form?

As a solution forms, the solvent pulls solute
particles apart and surrounds, or solvates,
them.




How Does a Solution Form

If an ionic salt is
soluble in water, It Is
because the ion-
dipole interactions
are strong enough
to overcome the
lattice energy of the
salt crystal.

4

Solutions



Energy Changes in Solution

o Simply put, three processes
affect the energetics of the

process:
» Separation of solute particles |
AH,(this is always ) 0,
endothermic) 3383 L

» Separation of solvent
particles AH, (this too is

always endothermic —_— %0
¥ . ) 9 6'%%:%
» New interactions between 00U00 Soo%
Solute and Solvent AH3 (thls AH,: Separation of solvent molecules
IS always exothermic)
The overall enthalpy change 00 . | o% mmp o8
associated with these three ° % S "o::g &?::0.'
. e 235 S5
p rocesses . AHj;: Formation of solute-solvent interactions
AH_,, =AH, +AH,+ AH, 4

Solutions



e The process solution formation can be
either endo or exothermic

* Hot packs use MgSO, and cold packs
use NH,NO, and water.

4
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* The solvent solute interactions must be
strong enough to make AH,; comparable
In magnitude to AH, + AH,

« S0 NaCl will not dissolve In nonpolar
liguids as the attraction between the
lons and the nonpolar solvent will not
compensate for the energies required to
separate the ions. .

Solutions



Energy Changes in Solution

The enthalpy
change of the
overall process
depends on AH for
each of these steps.

4

Solutions



Why Do Endothermic
Processes Occur?

Things do not tend to occur
spontaneously (i.e., without outside
Intervention) unless the energy of the
system Is lowered.

4
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Why Do Endothermic
Processes Occur?

RANRSS. | SPOR Yet we know that in
particles particles SOme processes’
like the dissolution

AH,

Solvent + 2§I1)1?::t6d AHj, Of N H4 N 03 In Wate r,
articles .
: heat is absorbed,
! not released.
Solution

Net
AH endothermic
soln process

Solvent + solute

4
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Enthalpy Is Only Part of the Picture

« »

The reason Is that 500 ml. 500 mL
Increasing the disorder £ 1.
or randomness (known —
as entropy) of a system @
tends to lower the =

energy of the system.

~1000 mL '
CCl,
+
CeHig

¥

(b) 4
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Enthalpy Is Only Part of the Picture

« »

So even though 500mL. 500 mL
enthalpy may increase, S
the overall energy of —l_
the system can still @
decrease If the system =
becomes more »
disordered. e
CeHyy
-

(b) 4

Solutions



e The process occurring at a constant
temperature in which the randomness In
space or the entropy of the system
Increases tend to occur spontaneously

4

Solutions



Student, Beware!

Just because a substance disappears when it
comes In contact with a solvent, 1t doesn’t
mean the substance dissolved.

4
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Student, Beware!

Dissolution is a physical change—you can get back the
original solute by evaporating the solvent.

If you can’t, the substance didn’t dissolve, it reacted.

The above example is the reaction of nickel with HCI 4
resulting in the formation of NiCl, Solgons



Types of Solutions

e Saturated

» Solvent holds as much
solute as Is possible at
that temperature.

» Dissolved solute is Iin
dynamic equilibrium
with solid solute
particles.

&



Types of Solutions

 Unsaturated

» Less than the
maximum amount of
solute for that
temperature is
dissolved in the
solvent.




Types of Solutions
‘.

e Supersaturated

» Solvent holds more solute than is normally
possible at that temperature.

» These solutions are unstable; crystallization can
usually be stimulated by adding a “seed crystal” or
scratching the side of the flask. 4

Soi' uii ons



Solubllity, saturation and supersaturéaors

As you add more solute to a solution

Below saturation

Solvent is not yet
holding the
maximum amount
of solute it can at
that temperature

More solute could
still dissolve — if
you add more, it will
mix in

At saturation point

>

Beyond saturation

Solvent is holding .
the maximum

amount of solute it

can at that

temperature

If you add any more .
solute, it will not

dissolve (will fall to

the bottom —

precipitate)

Solubility = often
measured in grams

of solute per 100

mL of solvent

Solvent is holding
more solute than it
Is able to at that
temperature —
situation is unstable

If you add anything
to the solution, the
excess (beyond
saturation point)
will crystallize out

4
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Factors Affecting Solubility

Solute Solvent Interaction

e Chemists use the axiom “like dissolves
like”:
» Polar substances tend to dissolve in polar
solvents.

»Nonpolar substances tend to dissolve In
nonpolar solvents.

4
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The more similar the

P Intermolecular
?f\ °  attractions, the more
- ™ ikely one substance
S IS to be soluble In
M another.

4
Solutions
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Glucose (which has
hydrogen bonding)
IS very soluble In
water, while
cyclohexane (which
only has dispersion
forces) is not.

HYDROGEN BONDING AND AQUEOQOUS SOLUBILITY
The presence of OH groups capable of hydrogen bonding with water enhances
the aqueous solubility of organic molecules.

H CH,OH

HO OH
|  OH

HH/H

Hydrogen-bonding
sites i

Cyclohexane, CgHj», has Glucose, CgH1,0g, has
no polar OH groups five OH groups
Cyclohexane is essentially Glucose is highly soluble
insoluble in water. in water.

4
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e Vitamin A is soluble in nonpolar compounds
(like fats).

e Vitamin C iIs soluble in water.

H H H CH H
ESN e S S

C C C C C C H
HZC/ \C/ \C/ \C/ \C/ \C/l\o/

Vitamin A ‘

Solutions
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TABLE 13.3 Solubilities of Some Alcohols in Water and in Hexane*

Solubility Solubility

Alcohol in H,O in CgHqy
CH3;0H (methanol) 00 0.12
CH;CH,OH (ethanol) 00 00
CH;CH,CH,0H (propanol) 00 00

CH 3CH 2CH 2CH20H (butanol) 0.11 o
CH;CH,CH,CH,CH,0OH (pentanol) 0.030 00
CH;CH,CH,CH,CH,CH,OH (hexanol) 0.0058 00

CH 3CH2CH 2CH2CH2CH 2CH 20H (heptanol) 0.0008 0.0

*Expressed in mol alcohol/100 g solvent at 20°C. The infinity symbol indicates that the alcohol is completely

miscible with the solvent. .

Solutions
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Gases In Solution

o | | th lubili f TABLE 13.2 Solubilities of Gases
n general, the solubility o in Water at 20°C, with 1 atm Gas

gases in water increases  [RgCEENIC

with INCreasing Mass as  gu5  Solubility (M)

the attraction between the E

gas and the solvent Ng 069 K 07
lecule is mainl o0 X

moiecul y 0, 138x107

dispersion forces. Ar 1.50 X 1073

-3
e Larger molecules have Ke 279 x10
stronger dispersion
forces.

4
Solutions
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Effect of Pressure

e The solubility of solids and liquids is not
affected by pressure.

 However the solubility of gases is
greatly affected by pressure.

4

Solutions



Gases In Solution

e The solubility of a
gas in a liquid Is
directly proportional
to Its pressure.

Sal g ns



Henry's Law

where

* S, Is the solubility of
the gas;

* kisthe Henry’s law
constant for that gas In
that solvent at that
temperature

* P, lis the partial
pressure of the gas
above the liguid. :

Solutions







Calculate the concentration of CO, in a soft drink that is bottled with a partial
pressure of CO, of 4.0 atm over the liquid at 25°C. The Henry’s law
constant for CO, in water at this temperature is 3.1 x 10-2 mol/L-atm.

Page 542

S0, = kPeoz = (3.1 X 107 mol/L-atm)(4.0 atm) = 0.12mol/L = 0.12 M

Solutions



Calculate the concentration of CO, in a soft drink after the bottle is opened
and equilibrates at 25°C under a CO,, partial pressure of 3.0 x 10-* atm.
The Henry’s law constant for CO, in water at this temperature is
3.1 x 102 mol/L-atm.

Answer: 9.3 X 10°° M

Solutions



Solubility (g of salt in 100 g H,O)

100
90
80
70
60
50
40
30
20
10

Temperature

0
0 10 20 30 40 50 60 70 80 90 100

Temperature (°C)

Generally, the

SO
SO
SO

ubility of solid
utes in liquid
vents Increases

with increasing
temperature.

4

Solutions
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Temperature

 The opposite is true
of gases:

» Carbonated soft
drinks are more
“bubbly” if stored In
the refrigerator.

> Warm lakes have He ' |
less O, dissolved in
them than cool lakes. 0 10 20 30 40 50

Temperature (°C)

2.0

Solubility (mM)

4
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How to read a solubllity curve

100

90
How much KCI would be able to dissol\

in 100 g of water at 50°C? 80

At 40°C, exactly 64 g of an unknov 70

salt dissolved in 100 g of water.
What is the likely identity of the
unknown?

60
50

At what temperature could you full 40
dissolve 80 g of NaCl in 200 g of

water?

30

Solubility (g of salt in 100 g H,O)

20
At 60°C, 30 g of KCIO; are

dissolved in 100 g of water. Is the 10
solution undersaturated, saturated
or supersaturated?

0
0 10 20 30 40 50 60 70 80 90 100

Temperature (°C)
Copyright © 2006 Pearson Prentice Hall, Inc.
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How would this affect the marine life If
the water temperature goes up.....

4
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Ways of Expressing Concentrations
of Solutions

4

Solutions



There are many ways to express
concentration mathematically

Weight percent = mass of component per total mass
(expressed as a percentage)

Mole fraction = moles of component per total moles
(expressed as a value between 0 and 1)

Molarity = moles of solute per liter of solution
Molality = moles of solute per kg of solvent

4
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Mass Percentage

mass of A In solution

0 —
Mass % of A total mass of solution x 100

4
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Parts per Million and
Parts per Billion

Parts per Million (ppm)

For dilute solutions | .
mass of A in solution

pPmM = total mass of solution

Parts per Billion (ppb)
For even more dilute solutions

opb = mass of A in solution

total mass of solution

x 106

x 10°

4
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(a) A solution is made by dissolving 13.5 g of glucose
(CeH120s) In 0.100 kg of water. What is the mass
percentage of solute in this solution?

mass glucose 135¢g
Mass % of glucose = X 100 = X 100 = 11.9%
mass soln 135g + 100 g

Solutions



A 2.5-g sample of groundwater was found to contain
5.4 ug of Zn 2* What is the concentration of Zn 2* in
parts per million?

1 54 % 107
— mass of solutg 106 = - g « 106 = 27 -

mass of soln 25¢

Solutions



Mole Fraction (X)

¥ = moles of A
A total moles in solution

* In some applications, one needs the mole
fraction of solvent, not solute—make sure you

find the quantity you need!

e A In that case will be the solvent.
4
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A solution is made by dissolving 13.5 g of glucose (C6H1206) in 0.100 kg
of water. What is the mass percentage of solute in this solution?

b. A 2.5-g sample of groundwater was found to contain 5.4.9 of Zn 2*
What is the concentration of Zn 2+ in parts per million?

Solutions



(a) Calculate the mass percentage of NaCl in a solution containing 1.50 g
of NaCl in 50.0 g of water. (b) A commercial bleaching solution
contains 3.62 mass % sodium hypochlorite, NaOCI. What is the mass
of NaOCI in a bottle containing 2500 g of bleaching solution?

Solutions



Molarity (M)

mol of solute
L of solution

M =

 You will recall this concentration
measure from Chapter 4.

 Because volume Is temperature
dependent, molarity can change with

temperature. A

Solutions



Molality (m)

mol of solute
kg of solvent

Because both moles and mass do not
change with temperature, molality
(unlike molarity) Is not temperature
dependent.

4

Solutions



Example (from p. 546)

A commercial bleach solution contains 3.62 mass % NaOCI in water. Calculate
(a) the molality,

(b)  the mole fraction of NaOCI,

(c) the mole fraction of H,O in the solution.

4

sal uii ons



Changing Molarity to Molality

-l If we know the

= ( density of the

o solution, we can
calculate the
molality from the
molarity, and vice
versa.

t Density

‘Volume of solution

Sl g ?ns



A solution contains 5.0 g of toluene
(C7H8) and 225 g of benzene and
has a density of 0.876 g/mL.
Calculate the molarity of the

solution.

Solutions



Colligative Properties

* Changes in colligative properties
depend only on the number of solute
particles present, not on the identity of
the solute particles.

 How would the ionic compounds and
covalent compounds behave.....

4
Solutions
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 Among colligative properties are
»Vapor pressure lowering
» Bolling point elevation
»Melting point depression
»Osmotic pressure

4

Solutions



Vapor Pressure

Because of solute-
solvent intermolecular
attraction, higher
concentrations of
nonvolatile solutes
make it harder for
solvent to escape to
the vapor phase.

Vapor pressure

Solvent alone

(a)

Vapor pressure

Solvent + solute

(b)

4
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Vapor Pressure

Vapor pressure

Therefore, the vapor
pressure of a solution
IS lower than that of ol
the pure solvent. @

Vapor pressure

Solvent + solute

(b)

4
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Raoult’'s Law

 The partial pressure exerted by solvent
vapor above the solution, Pa, equals to
the product of the mole fraction of the
solvent in the solution, Xa, times the
vapor pressure of the pure solvent.

4
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Raoult’'s Law

— O
I:)A o XAP A
where

» X, IS the mole fraction of compound A

e P°, Is the normal vapor pressure of A at
that temperature

NOTE: This is one of those times when you
want to make sure you have the vapor

pressure of the solvent. 4

Solutions
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Glycerin (C3H803) is a nonvolatile nonelectrolyte with a density of 1.26
g/mL at 25°C. Calculate the vapor pressure at 25°C of a solution made
by adding 50.0 mL of glycerin to 500.0 mL of water. The vapor pressure
of pure water at 25°C is 23.8 torr (Appendix B).

Solutions



 The vapor pressure of pure water at 110°C is 1070 torr. A
solution of ethylene glycol and water has a vapor pressure of
1.00 atm at 110°C. Assuming that Raoult’s law is obeyed, what
Is the mole fraction of ethylene glycol in the solution

Solutions



 The people who attended today’s
discussion please give me you nhames
or email it to me - today.

4
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Only ideal solutions obey Raoult’s law.
Real solutions best approximate ideal behavior when:
a. Solute concentration is low
why?
b. Solute and solvent have similar molecular size
Why?
c. And they have similar type of intermolecular
attractions
Why?

4
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When Is Raoult’s law not obeyed:
When the solution is not ideal.

a. When the intermolecular forces
between the solvent-solvent and
solute-solute are stronger than the
ones between the solvent and solute.

Then the vapor pressure would be higher
than predicted.

4
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 \When the attraction between the solvent
and the solute Is very strong then the
vapor pressure would be lower than that
predicted by the Raoul’s law.

When do you expect a situation like this
to happen ....

4
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e \When the solvent and the solute start
forming hydrogen bonds.

4

Solutions



 We will ignore these departures from
the ideal solutions for this chapter while
doing the numerical problems.

 But we still need to understand the
concept and be able to explain them In
the test.

4
Solutions
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Boiling Point Elevation and
Freezing Point Depression

Nonvolatile solute-solvent interactions
also cause solutions to have higher
boiling points and lower freezing points
than the pure solvent.

4

Solutions



1 atm
|
|
Liquid .
Pure liquid .
g i solvent \ .
7 Triple point Soluti T
5 of solvent olution o
Pure solid .
solvent Gas Doiling point B
. . of solution, ! |
| Freezing point e
Triple point | gheoiiion Boiling point '
.1 /1 Freezing point B
of solultlon l :/ - of solvent \: |
N, S~
ATy Temperature AT,

Solutions



e The boiling point of a liquid is the
temperature at which its vapor pressure
equals 1 atm (ref. Chapter 11).

4
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Boiling Point Elevation

The change in boiling point is
proportional to the molality of the
solution:

AT, =K, m
ATb Is added to the normal boiling point
of the solvent.
and where K Is the molal boiling point
elevation constant, a property of the
solvent.

4
Solutions
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Normal Normal

Boiling Ky Freezing  Kj
Solvent Point (°C)  (°C/m) Point °C)  (°C/m)
Water, H,0 100.0 0.51 0.0 1.86
Benzene, C¢Hy 80.1 2.53 59 5.12
Ethanol, C,HsOH 784 12 ~114.6 99
Carbon tetrachloride, CCl; ~ 76.8 5.02 -2.3 298
Chloroform, CHCl 61.2 3.6 -63.5 68

Solutions
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For water Kb is 0.51 C/m

This means that a 1 molal agueous
solution of any nonvolatile substance
would boil 0.51°C higher than water.

4
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e The boiling point elevation is
proportionate to the concentration of the
solute particles.

4
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When a substance that gives out 2 ions like
NaCl, is dissolved in water It has twice the
effect of than a substance that does not
dissociate, like sugar.

So If a 1m solution of NaCl is taken it would
nave 2m ions in it.

The elevation of boiling point would therefore
ne

2m X 0.51C/m = 1°C
4
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e For this reason it is important to know |If
the solute Is an electrolyte or not

4
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Freezing Point Depression

 \When a solution freezes, crystals of
pure solvent particles separate out.

* The solute particles are not normally
soluble in the solid phase of the solvent.

 \When an aqueous solution freezes
partially pure ice separates out.

4
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The part of the phase
diagram that represents
solid-gas boundary is
the same for solution
and the pure solvent

As the solution has a
lower vapor pressure,
the triple point has
moved down.

1 atm / /
|
Vi
Liquid .
Pure liquid .
95) St solvent \ : :
A Triple point -
E of solvent Solution : :
Pure solid : !
solvent Gas Boiling point | :
_ ' of solution ' '
Freezing point ' '
G | |
Triple pomt phsoltion Boiling point '
| . - | |
of solutlon I / 5;2221‘12%1 Fomt of solvent : |
Yo
ATf Temperature AT
Solutions

A\




 The line
representing the

a solution Is lower s ki

Freezing point

solid liquid line rises | _ //
nearly vertically up iouid /|
from the triple point. Fuge liquid o
%) Solid solvent : :
 As the triple point of ‘"“ Pure solid e Somﬁoni
solvent Gas boiling point i i

of solvent

than the solvent the Triple point | CERT Boilingpoir\
e

of so utlon | / Freezing point of solvent

freezing point too, Is
lower.

ATf Temperature

Solutions

A\




Freezing Point Depression

 The change In freezing point can be
found similarly:

AT, = K- m
* AT;Is subtracted from the normal
freezing point of the solvent.

* Here K; Is the molal freezing point
depression constant of the solvent.

4
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Boiling Point Elevation and
Freezing Point Depression

Note that in both — .
equations, AT does ATb Kb m

not depend on what

the solute Is, but

only on how many _

particles are ATf — Kf © M
dissolved.

4
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Automotive antifreeze consists of ethylene glycol (C2H602), a
nonvolatile nonelectrolyte. Calculate the boiling point and
freezing point of a 25.0 mass % solution of ethylene glycol in
water.

Solutions



Calculate the freezing point of a solution containing 0.600 kg of
CHCI3 and 42.0 g of eucalyptol (C10H180), a fragrant
substance found in the leaves of eucalyptus trees. (See Table
13.4.)

Solutions



List the following agueous solutions in order of their expected
freezing point: 0.050 m CacCl2, 0.15 m NacCl, 0.10 m HCI, 0.050
m HC2H302, 0.10 m C12H22011.

0.050 m CaCl, = 0.050 12 in Ca** and 0.10 m in CI~ = 0.15 m in particles
0.15m NaCl=>0.15m Na" and 0.15 m in CI~ = 0.30 m in particles
0.10 m HC1=0.10 m H" and 0.10 m in CI” = 0.20 m in particles
0.050 m HC;H30, = weak electrolyte = between 0.050 112 and 0.10 m1 in particles

0.10 m C1pH72201; = nonelectrolyte = 0.10 m in particles

Solutions



Colligative Properties of
Electrolytes

Since these properties depend on the number of
particles dissolved, solutions of electrolytes (which
dissociate in solution) should show greater changes
than those of nonelectrolytes.

Solutions



Colligative Properties of
Electrolytes

However, a 1 M solution of NaCl does not show
twice the change In freezing pointthata 1 M
solution of methanol does.

Solutions



van't Hoff Factor

One mole of NaCl in
water does not
really give rise to
two moles of ions.

4
Solutions
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van't Hoff Factor

Some Nat* and CI-
reassociate for a
short time, as ion
pairs so the true
concentration of
particles is
somewhat less than
two times the
concentration of
NacCl.

4

Solutions
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The van't Hoff Factor

e Reassociation Is

more likely at higher Concentration
COnce ntratlon. Compound 0.100mm 0.0100 2  0.00100 m {inarlrtli:ing
Sucrose 1.00 1.00 1.00 1.00
* Therefore, the RCOR R A
number Of partICIeS MgSO,4 1.21 1.53 1.82 2.00
present Is
concentration
dependent.
4
Solutions
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The van't Hoff Factor

We modify the

previous equations —
by m u Itl p Iyl n g by th e Compound 0.100mm 0.0100 2  0.00100 m %/iarlrtlizing
van't Hoff factor, i et e e 1er 200
K5SO4 2.32 2.70 2.84 3.00
MgSO,4 1.21 1.53 1.82 2.00
AT, =K. m - |
4

Solutions
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_ AT, (measured)
AT, (calculated)

Solutions



e If the van't hoff factor Is not given use
the ideal value in calculation

4
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Osmosis

e Some substances form semi permeable
membranes, allowing some smaller
particles to pass through, but blocking
other larger particles.

 In biological systems, most semi
nermeable membranes allow water to
pass through, but solutes are not free to
do so.

4
Solutions
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Osmosis

In osmosis, there is net movement of solvent from
the area of higher solvent concentration (dilute
solution) to the are of lower solvent
concentration (concentrated solution).

4

Solutions



Osmotic Pressure

e The pressure required to stop osmosis,
known as osmotic pressure, 77 IS

7= (< )RT = MRT

Where n is the moles of solute
and M is the molarity of the solution

If the osmotic pressure is the same on both
sides of a membrane (i.e., the concentrations

are the same), the solutions are isotonic. 4

Solutions
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3
|

The average osmotic pressure of blood is 7.7 atm at 25°C. What
concentration of glucose (C6H1206) will be isotonic with

blood?

MRT

T 7.7 atm

M=——-= = 0.31 M

KL L-atm
0.0821 298 K
( mol-K )( )

Solutions



What is the osmotic pressure at 20°C of a
0.0020 M sucrose (Ci2H22011) solution?

Solutions



What is the osmotic pressure at 20°C of a
0.0020 M sucrose (Ci2H22011) solution?

Answer: 0.048 atm, or 37 torr

Solutions



Osmosis In Blood Cells

e If the solute High-solute

concentration

concentration outside
the cell Is greater than
that inside the cell, the
solution is hypertonic.

o Water will flow out of
the cell, and crenation
results. 4

Soll utions



Osmosis In Cells

e |f the solute Ec?r‘{\éeﬁlriﬁon
concentration outside
the cell is less than
that inside the cell, the
solution is hypotonic.

o Water will flow into the
cell, and hemolysis
results. 4

Soll utions



Applications of osmosis

* Food preservation
e Dialysis

Dialysis works on the principles of the diffusion and osmosis of

solutes and fluid across a semi permeable membrane

4

Solutions
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Molar Mass from
Colligative Properties

@ We can use the
effects of a colligative
property such as
osmotic pressure to
determine the molar
mass of a compound.

4
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Camphor (C10H160) melts at 179.8°C, and it has a particularly
large freezing-point-depression constant, Kf = 40.0°C/m. When
0.186 g of an organic substance of unknown molar mass is
dissolved in 22.01 g of liquid camphor, the freezing point of the
mixture is found to be 176.7°C. What is the molar mass of the

solute?

Solutions



Suspensions of particles larger than

Colloids:

Individual ions or molecules, but too small to
be settled out by gravity.

Phase Dispersing Dispersed
of Colloid (solventlike) Substance (solutelike) Substance Colloid Type Example
Gas Gas Gas — None (all are solutions)
Gas Gas Liquid Aerosol Fog
Gas Gas Solid Aerosol Smoke
Liquid Liquid Gas Foam Whipped cream
Liquid Liquid Liquid Emulsion Milk
Liquid Liquid Solid Sol Paint
Solid Solid Gas Solid foam Marshmallow
Solid Solid Liquid Solid emulsion Butter
Solid Solid Solid Solid sol Ruby glass
4
Solutions

AT\



Tyndall Effect

e Colloidal suspensions
can scatter rays of light.

e This phenomenon is
known as the Tyndall
effect.

4

Solutions



Colloids In Biological Systems
Some molecules have | 3
a polar, hydrophilic H | & .
(water-loving) end and

O ’

a nonpolar,
!‘ I

hydrophobic (water-
hating) end.

4

Solutions
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Colloids In Biological Systems

- . . ;
d { (i

Sodium stearate
IS one example
of such a
molecule.

4
Solutions
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Colloids In Biological Systems

These molecules

can aid in the .% ; yoe
emulsification of fats

and oils in aqueous  + e
solutions. s
f""”ﬂ T e

Solutions

AT\



