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TABLE 17.1  Various Types of Solutions

J State of - State of

i CHAPTER Example Solurion Solvent

I - . SVENTEEN(a) calxt;‘ﬂaﬁ: antifreeze Eiruid iqui f:;id
HE MTECA L Brass,steel Solid i Solid
PRINCIPLES Properties of oo Lo i Liad

SO I Utl ons Hydrogen in platinum Solid f Solid
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d . d = d Figure 17.2: (a) Enthalpy of solution AHy,, has a negative sign (the process is
Flg ure 171 The formatlon Of a quUId exothermic) if Step 3 releases more energ;y than is required by Steps 1 and 2.
So|ution can be d|V|ded into th ree StepS (b) AH,,, has a positive sign (the process is endothermic) if Stpes 1 and 2 require

more energy than is released in Step 3.
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Concentration
Molarity =
Moles of solute/Liters of Solution (M)

Molality =
Moles of solute/Kg of Solvent (m)

Mole Fraction=
Moles solute/total number of moles

Mass %=
Mass solute/total mass x 100
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Concentration

Molarity =
Moles of solute/Liters of Solution (M)

Molality =
Moles of solute/Kg of Solvent (m)

Mole Fraction=
Moles solute/total number of moles

Mass %=
Mass solute/total mass x 100

A sample of NaNO; weighing 8.5 grams is placed in a 500 ml
volumetric flask and distilled water was added to the mark on the
neck of the flask. Calculate the Molarity of the resulting solution.

Convert the given grams of solute to moles of solute :
1 le NaNO,
8.5 g NaNO, - 22 "85 _ 0.1 mole NaNO,
85 g NaNO,

Convert given ml of solution to liters

Llter 6 s Jiter

500 ml =
1000 ml

Apply the definition for Molarity: Molarity = moles NaNO; / volume
of the solution in liters
M = 0.1 mole /.500 liters = 0.200 Molar NaNO;

Molarity =
Moles of solute/Liters of Solution (M)

Molality =
Moles of solute/Kg of Solvent (m)

Mole Fraction=
Moles solute/total number of moles

Mass %=
Mass solute/total mass x 100

Molarity =
Moles of solute/Liters of Solution (M)

Molality =
Moles of solute/Kg of Solvent (m)

Mole Fraction=
Moles solute/total number of moles

Mass %=
Mass solute/total mass x 100

Determine the mole fraction of KCl in 3000 grams of
aqueous solution containing 37.3 grams of Potassium
Chloride KCI.

1. Convert grams KCl to moles KCI using the molecular
weight of KCI
1 mole KCl
37.3 g KCl ——————=0.5 mole KCl
74.6 g KCI
2. Determine the grams of pure solvent water from the
given grams of solution and solute
Total grams = 3000 grams = Mass of solute + Mass of water
Mass of pure solvent = (3000 - 37.3) gram
=2962.7 gram
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Determine the mole fraction of KCI in 3000 grams of
solution containing 37.3 grams of Potassium
Chloride KCI.

4

3. Convert grams of solvent H,O to mols

(2962.7 grams water) ISIOLOI =164.6 mols H,0
.0 grams

4. Apply the definition for mole fraction mole fraction =
moles of KC1/ Total mols of KCI and water =
0.5/(0.5+164.6) = 0.5/165.1=0.00303

Assuming the density of water to be 1 g/mL we approximate the
density of a dilute aqueous solution to be 1 g/mL

lug
lg

_lug lg _lug

1 ppm =

_lg Iml 1ml
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Temperature and CO, concentration in the atmosphere over the past 400 000 years
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Factors Affecting Solubility
Gas — solvent: Pressure Effects

Gas — solvent: Pressure Effects

HaCOs |25 17 4 HeoyT
’<a.= E).L"ﬁ‘%*l o BN
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| Geographical distribution |

+ Lowest pH is in most heavily industrialised areas
worse in

Western Eurape
"

+ Residenc times far 30, and NO, are = several days
— aeid rain affects areas 10065 of km from the paint of
emission.
—the range of acid rain is increased by tall-stack”
policies designed to alleviate loed pallution
+ Not just a problem around industrial areas
= South America has acid rain problems in many
a5 due 1o biomass-burning
— hottherh (Wopleal) Australia has relatively low pH
ralwater due to natural organic aclds.
o ion by

natural aikaline dusts and ammnia,
10

Gas — solvent: Pressure Effects
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Factors Affecting Solubility
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Factors Affecting Solubility
emperature Effects: solids

2

Solubility (g of salt in 100 g H,0)
8 835 883 8 8

10
0
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Temparature (°C)

Coowiaht © Houahton Mifflin Comoany. Allriahis reserved.

Lake Nyos in Cameroon

Thermodynamics of Solubility

Factors Affecting Solubility
Temperature Effects: gasses

hton Mifllin Company. Al riahts

Thermodynamics of Solubility

AG=AH - TAS
Solubility increases if AG becomes more negative .

When AS is positive, AG becomes more negative when T increases.
Solubility will increase when T increases.

When AS is negative, AG becomes more positive when T increases.
Solubility will decrease when T increases.

Compare
KCI(s) — K* (aq) + CI (aq) AS positive - AG |

gas — liquid AS negative - AG 1

Temperature Dependence of Gas Solubility

AG = AH - TAS
gas—solution

AS is negative

AH is negative

-TAS is positive

AG becomes more

positive when T
increases

Therefore, solubility
decreases




Factors Affecting Solubility
Temperature Effects

Entropy (5)

Boiling
: point

Colligative Properties
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Thermodynamics of Phase Changes

Thermodynamics for Phase Change

- @ o

Negative for Positive for
liquid to solid liquid to solid

Negative for
spontaneous process

liquid—solid

AH is negative (stronger intramolecular forces)
AS is negative (more order)

-TAS is positive

As T decreases, -TAS becomes smaller

AC goes to zero when AH = TAS (at T = Tyg,0)

For T less than Ty, /G is negative, solid is stable.

Fewer solvent molecules
leave surface, lowering
vapor pressure

) Pure solvent

@ Solvent with
nonvolatile solute
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Colligative Properties S Gy,
[owering the Vapor Pressure What happens?

Aqueous Pure water
Solution

£ © Houahton Miflin Company. Al riahts reserved

The vapor pressure of pure water is Water condenses in the solution because the vapor
h pressure in the chamber is greater than the

concentrated  dilute concentrated  dilute

Initially Initially At a later time




Raoult’s Law

Raoult’s Law for two liquids

Benzene and Toluene

-i.UU xlulnm
0 Xbenzene
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For a solution that obeys Raoult’'s law, a

plot of P_,, versus X ., ent
yields a straight line.

Vapor pressure
E of pure solvent y=mx+ b:b=0
£ £ Y =Poon
N X = Xggivent
B m =P onent
=
&
0 I
Mole fraction of solvent
Ksatvem

Example of a Near-ldeal Solution

Benzene, C H Toluene, CgH CH,

Benzene and Toluene

-i.UU xlulnm
0 Xbenzene
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Vapor Pressure of Benzene-Toluene

o '
ﬂ 353K

Calculation of Vapor Composition
(50/50 mix of boiling benzene and toluene)

P P Pt |

P toluene = 38 Torr; P° benzene = 92 Torr
Take X, =X=0.50

P,=X,P,° Raoult’s Law

P,= (92 Torr)(0.5)=46 Torr;

P=(38 Torr)(0.5)=19 Torr

* Py =46+ 19 =65 Torr

What is the composition above the solution?

Calculation of Vapor Composition
(50/50 mix of boiling benzene and toluene)

¢ Potoluene = 38 Torr; P° benzene = 92 Torr
* Take X, =X=0.50

* P,=X,P,° Raoult’s Law

* P,=(92 Torr)(0.5)=46 Torr;

* P=(38 Torr)(0.5)=19 Torr

* P=46+19 =065 Torr

o XA =Po/Pyy
o X, V3 =46 Torr/65 Torr = 0.71
* X¥=1.00-0.71=0.29

Liquid and Vapor Composition Differ

Xy =071 X% =029

Vapor above Boiling Liquid

Raoult’s Law

Example of a non-ideal solution

50 ml water

10
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A Distillation Apparatus

|*,/ Thermometer

a— Water out

[- (_/w,m.

A Problem

Abu Musa Jabir

ibn Hayyan
[(CEYSTISEEN

Colligative Properties

Boiling-Point Elevation and Freezing-Point Depression

The Solution

I atm

Vapor pressure
of pure water

|
|
|
| |
E o1
2 |
g 1
Z ]
= of solution : :
11 Freezing point o
Freezing | | ofwaler Boiling point | | Boiling point
pointof | V of water I lof solution
.l S ¥
] |ar,|
Temperature ( C)
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Colligative Properties
oiling-Point Elevation

Solution:

roblem: Freezing point depression = molality

Solution: Solution:

12



TABLE 12.2 Molal Freezing Point Depression

and Molal Boiling Point Elevation Constants

Normal Normal

Freezing K, Boiling K,
Solvent Point, °C “Cm™' Point,°C °*Cm™’
Acetic acid 16.63 3.90 117.90 3.07
Benzene 5.93 5.12 80.10 2353
Cyclohexane 6.55 20.0 80.74 2.79
Nitrobenzene 38 8.1 210.8 5.24
Water 0.00 1.86 100.00 0512
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Discrepancy between real and ideal Van't Hoff (i)

Consider:
AlCL; = AP + 3Cl
ideal i= 4 since four particle butin actuality
real i =32

The reason measured value (3.2) is lower than ideal:
Strong electrostatic attraction between oppositely
charged ions causes some of the ions to be held together
through ion-pair.

Van't Hoff factor follows ideal value best when the
concentration is very small. Large deviation from Van't
Hoft factor with very large concentration.

Van't Hoff factor (i)

Factor which accounts for deviation of colligative property
due to electrolytic nature of solute

Van't Hoff Factor (i)
Can be measured by

i = measured colligative property (from Expt)
Expected value if solute were nonelectrolyte

a) Typical non-electrolyte i.e., urea, sucrose, glucose :van't Hoff, i = 1.
b) For electrolytic solute:

Electrolyte ideal (i measured (i
NacCl 2 1.9
HIO, 2 1.7
MgCl; 3 27
AlCly 4 32
[ 133 Coligate Propertes 1800 34 FAL

Colligative Properties of lonic Solutions

* For solutes that are electrolytes, we must
rewrite the formulas for
and

» Here ' is the number of ions resulting from each
formula unit of the solute.

nton Mifflin Company. Al riahts reserve

Figure 17.21: In a aqueous solution a few ions
aggregate, forming ion pairs that behave as a unit.

@@— Ion pair

o

o
@ o

@.C}__ Ion pair

Osmosis
Semipermeable membrane: permits passage of some

13



Colligative Properties
Osmosis

An experiment in osmosis.

Water in Torricelli's water barometer, located to the right of the building corner, rose to a
height of over thirty- four feet and was topped by a dummy that moved up and down with
changes in air pressure. Mercury is raised to a height of only about thirty inches in a
mercury barometer.

Thaamaa g s

Air presure
Aoy presure

-—
P
|
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Semipermeable
membrane

1ab . Z;10 N 1

_ACCADEMICHE
D EVANGELIST /
TORRICELLI
4/ Mattematico, ¢ Filafofo
DEL SERENISS. FERDINANDO [
GRAN DUCA DI TOSCANA

Lettare delle Martematiche wells Swdio di Firenze
E ACCADEMICO DFLLA CRUSCA.

Osmosis

14
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Osmotic Pressure is a VERY sensitive measure of Pure solvent/solution
Molarity

Seawater contains 3.4 g NaCl per liter
M=3.4g/585¢g/L=0.0582M

IT=(0.0582 mol/L)(0.0821L atm/mol K )(298K)
IT=1.42 atm

1 atm supports column of water 10.34 m length

Solution
(0.42 atm)(10.34 m/atm) = 4.34 m ButeWater  Semipemeible Seawatel  pureweter  Sempermeble S_et;\
(4.34 m)(3.28 ft/m) ~ 14.2 feet @ ) T

Coowiaht © Houahton Mifflin Comoany. Allriahis reserved.
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Tonicity is a relative term

* Hypotonic Solution - One solution has a
lower concentration of solute than
another.

« Hypertonic Solution - one solution has a
higher concentration of solute than
another.

¢ Isotonic Solution - both solutions have
same concentrations of solute.

Osmosis Osmosis
* Crenation: Hemolysis:

Conuriaht © Houahton Miffin Company_ Al fohts reserved.
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Osmosis
Plant and Animal Cells put into

various solutions

HYPERTONIC SOLUTION LTRON

Crenation Hemolysis:

ANIMAL
CELL

PLANT
Hypertonic solution Hypotonic Solution e
Larger I1 Smaller I1

e —
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Crenation of Red Blood Cells, Electron Osmosis

Micrograph Examples of osmosis:

Drinking Seawater will _Cause Dehydration of Body Applicd pressure,
Tissues needed to stop

OSMOSis

@9 )
@  Direction
Py ater fl

Pure solvent

Semipermeable
membrane

16



Pressure greater
than m,,

Pure solvent

Semipermeable
membrane

Coowiaht © Houahton Mifflin Comoany. Allriahis reserved. 172-97

Desalination plant

1. Sah water pumped from
underprimind welly

2, Salk waer i forved through 20-micron
a0 S-miceon filiers 8 3 pressuse of
B0 pexsac per segeare inch.

Colligative properties
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Reverse Osmosis Water Purification

> 30 atm pressure

Osmotic membrane

Pure water
il

City of Santa Barbara
Charles Meyer Desalination Facility

Bill Ferguson, Water Supply Planner

Figure 17.22: The Tyndall effect

Conuriaht © Houahton Miflin Company_ All riahts reserved.

17a-102
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Figure 17.23: Representation of two
colloidal particles
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