
Solutions and Their Properties

Chapter 13





WHAT IS A SOLUTION ?

1. A   ___________ Mixture   of   two  or   
more  substances

2. The Concentration (the amount of 
components) is _____________

3. For example 14 caret, 16, caret, 18 
caret, 20 caret, gold chains, rings etc



Solubility Rules

Chapter 4

Page 118





Ni(s) + 2HCl(aq) → NiCl2(aq) + H2(g)

IS NOT A ___________ PROCESSIS NOT A ___________ PROCESS

IT IS A CHEMICAL ___________



THE SOLUTION PROCESSTHE SOLUTION PROCESSTHE SOLUTION PROCESSTHE SOLUTION PROCESSTHE SOLUTION PROCESSTHE SOLUTION PROCESSTHE SOLUTION PROCESSTHE SOLUTION PROCESS

H2 (gas) + N2 (gas) �

NaCl (solid) + water �

AgCl (solid) + water �

CH3-OH (liq)  +  water �

Oil  + water �

Oil + CCl4 �

CH3-OH (liq)  + CCl4 �

What type of 

solution is 

formed ?



THE SOLUTION PROCESSTHE SOLUTION PROCESSTHE SOLUTION PROCESSTHE SOLUTION PROCESSTHE SOLUTION PROCESSTHE SOLUTION PROCESSTHE SOLUTION PROCESS

NaCl(s) +water � Na+(aq) +Cl – (aq)

1. the water H-bonds have to be interrupted

2. and   NaCl dissociates into Na+ and Cl-

3. ion-dipole forces: Na+ … δ-OH2 Cl- … δ+H2O



THE SOLUTION PROCESSTHE SOLUTION PROCESSTHE SOLUTION PROCESSTHE SOLUTION PROCESSTHE SOLUTION PROCESSTHE SOLUTION PROCESSTHE SOLUTION PROCESS

CH3-OH (liq)  +  water � CH3-OH….water

the water    H-BONDS have to be interrupted

the CH3-OH H-BONDS have to be interrupted

and dipole dipole forces   {H-BONDS } formed 

between CH3-OH and water



The solution process will be 

Favorable

IF solute–solvent  interactions  

are  _______  than solute–solute   

or  solvent–solvent. 



The solution process will be 

unfavorable

IF solute–solvent interactions are 

weaker than solute–solute or 

solvent–solvent.



Exothermic Process (∆Hsoln < 0):

The solution process will be 

_______because solute–solvent 

interactions are stronger than 

solute–solute or solvent–solvent. 



Endothermic Process (∆Hsoln > 0):

The solution process will be 

unfavorable because solute–

solvent interactions are weaker 
than solute–solute or solvent–

solvent.



Solute Solvent Interaction

See for example 

Sample Exercise 13.1          Page 495

Practice Exercise                 Page 495

Problem 13.4 ; 13.17           Page 518



TYPES OF SOLVENTSTYPES OF SOLVENTSTYPES OF SOLVENTS

1. POLAR – compounds like water

2. NON polar – compounds not like 
water.  For example CCl4



POLAR SOLVENTSPOLAR SOLVENTSPOLAR SOLVENTS

Compounds like water

O

polar bond �  polar bond

H                   H

dipole



Problem 13.4

TYPE OF INTERACTION

KCl in  water

CH2Cl2 in  C6H6

CH3OH  in  water

HCl(aq) in CH3CN

What type of 

interaction between 

the solute and the 

solvent ?



SOLUBILITYSOLUBILITYSOLUBILITYSOLUBILITYSOLUBILITYSOLUBILITYSOLUBILITY

““““LIKE DISSOLVES LIKELIKE DISSOLVES LIKELIKE DISSOLVES LIKELIKE DISSOLVES LIKE””””

Polar liquids tend to dissolve in polar solvents

Nonpolar liquids dissolve in nonpolar solvents



Which of the following will be water 

soluble and why?

NaCl + water �

AgCl + water �

CH3OH + water �

CH3Cl  + water �

CCl4       + water �

?

?

?

?

?

?

?

?

?



PREDICT   THE  RELATIVE  PREDICT   THE  RELATIVE  PREDICT   THE  RELATIVE  

SOLUBILITIESSOLUBILITIESSOLUBILITIESSOLUBILITIES FORFORFORFOR

• Is Iodine  more  soluble  in  water  or in carbon  

disulfide (CS2) ?

• Is Br2 more soluble  in  benzene  (C6H6)  or  water

• Is KCl more soluble  in  carbon  tetrachloride  or 

liquid ammonia



FACTORS AFFECTING SOLUBILITYFACTORS AFFECTING SOLUBILITYFACTORS AFFECTING SOLUBILITYFACTORS AFFECTING SOLUBILITYFACTORS AFFECTING SOLUBILITYFACTORS AFFECTING SOLUBILITYFACTORS AFFECTING SOLUBILITY

1. The number of -OH groups within a 

molecule increases solubility in water.

2. Polarity

The less polar the molecule 

the less it dissolves in a polar solvent 

& the better it dissolves in a non-polar solvent



Which vitamin is most soluble in water ?Which vitamin is most soluble in water ?



Solubility:

A measure of how much solute 

will dissolve in a solvent at a 

specific temperature.



FACTORS AFFECTING SOLUBILITYFACTORS AFFECTING SOLUBILITYFACTORS AFFECTING SOLUBILITYFACTORS AFFECTING SOLUBILITYFACTORS AFFECTING SOLUBILITYFACTORS AFFECTING SOLUBILITYFACTORS AFFECTING SOLUBILITY

Pressure Effects

1. For GASESGASESGASESGASES,  the ______  the 

pressure, the  greater  the solubility

2. Not much effect on Solids or Liquids



THE EFFECT OF PRESSURE THE EFFECT OF PRESSURE THE EFFECT OF PRESSURE 

ON THEON THEON THEON THE

SOLUBILITY OF GASESSOLUBILITY OF GASESSOLUBILITY OF GASESSOLUBILITY OF GASES

Henry’s Law: The solubility of a 

gas is ______  proportional to the 

pressure of the gas over the solution.  



SOLUBILITY OF GASES

Sg ∝ Pg

Sg = k·Pg



HENRYHENRYHENRY’’’’S LAW CONSTANTSS LAW CONSTANTSS LAW CONSTANTSS LAW CONSTANTS

(In Mol / L-ATM)

Gas   0 oC 25 oC

N2 1.1 x 10-3 6.8 x 10-4

O2 2.5 x 10-3 1.3 x 10-3

NH3                                                   5.8 x 101

He            4.1 x 10-4 3.8 x 10-4

CO2 7.8 x 10-2             3.4 x 10-2



’S LAW CONSTANTS

(In Mol / L-ATM)

Gas   0 oC 25 oC

N2 1.1 x 10-3 6.8 x 10-4

O2 2.5 x 10-3 1.3 x 10-3

Ar

He            4.1 x 10-4 3.8 x 10-4

CO2 7.8 x 10-2             3.4 x 10-2



OR LESS SOLUBLE WITH TEMP ?

Gas   0 oC 25 oC

N2 1.1 x 10-3 6.8 x 10-4

O2 2.5 x 10-3 1.3 x 10-3

Ar

He            4.1 x 10-4 3.8 x 10-4

CO2 7.8 x 10-2             3.4 x 10-2



AT 25O ? MOST SOLUBLE ?

Gas   0 oC 25 oC

N2 1.1 x 10-3 6.8 x 10-4

O2 2.5 x 10-3 1.3 x 10-3

Ar

He            4.1 x 10-4 3.8 x 10-4

CO2 7.8 x 10-2             3.1 x 10-2



THE SOLUBILITY OF CO
2

IN WATER IS 3.2 X 

10–2 M AT 25°C AND 1 ATM PRESSURE.

What is the Henry’s Law constant for CO2

S = k·P

atm

Mx

P

S
k

 1

10  2.3 2−

==



CALCULATE  MOLAR CONCENTRATION OF CALCULATE  MOLAR CONCENTRATION OF CALCULATE  MOLAR CONCENTRATION OF 

OOOO
2222
IN  WATER  AT  25IN  WATER  AT  25IN  WATER  AT  25IN  WATER  AT  25°°°°C  FOR  A  PARTIAL  C  FOR  A  PARTIAL  C  FOR  A  PARTIAL  C  FOR  A  PARTIAL  

PRESSURE OF  0.20  PRESSURE OF  0.20  PRESSURE OF  0.20  PRESSURE OF  0.20  ATMATMATMATM

Henry’s constant for  O2 = 1.3 x 10–3  mol / L - atm

S = k·P

S = (1.3 x 10-3 M / atm)  x (0.20 atm)



The solubility of  N2 gas at 25°C  &  

1 atm is 6.8 x 10–4 mol / L

What is the concentration of N2 dissolved in 

water under atmospheric conditions, where the 

partial pressure of N2 in air is 0.78 atm? 

WHAT DO YOU NEED TO KNOW IN 
ORDER TO SOLVE THE PROBLEM? 



The solubility of pure N2 gas at 25°C  &  1 atm

is 6.8 x 10–4 mol / L. What is the concentration 

of N2 dissolved in water under atmospheric 

conditions, where the partial pressure of N2 in 

air is 0.78 atm?

S = k·P

k  = S1 / P1 = S2 / P2



Solubility N2 (25°C  & 1 atm) = 6.8 x 10–4 mol / L 

Soluility of N2 ?? when the partial pressure 

of N2 is 0.78 atm ?

2

2

1

1

P

S

P

S
=



TEMPERATURE EFFECTSTEMPERATURE EFFECTSTEMPERATURE EFFECTS

As temperature _________, solubility of 

solids generally increases

BUT Not Always

Sometimes, solubility decreases as 

temperature increases





TEMPERATURE EFFECTSTEMPERATURE EFFECTSTEMPERATURE EFFECTS

Gases get less _____ as temperature increases.

THERMAL POLLUTIONTHERMAL POLLUTIONTHERMAL POLLUTIONTHERMAL POLLUTION:

if lakes get too warm, CO2 and O2 become 

less soluble and are not available for plants 

or animals





HOW DO YOU DESCRIBE A SOLUTIONHOW DO YOU DESCRIBE A SOLUTIONHOW DO YOU DESCRIBE A SOLUTION

Unsaturated: Contains ____ solute than 
a solvent has the capacity to dissolve.

Saturated: Contains the _____ amount 
of solute that will dissolve in a given 
solvent.

Supersaturated: Contains ______solute 
than would be present in a saturated 
solution.



The  amount  of  solute  present  in  a 

given  amount  of  solution Is best 

described by its

CONCENTRATIONCONCENTRATIONCONCENTRATIONCONCENTRATION



What  is  the  weight  % of   a  saline  

solution  prepared  by  dissolving 1.00 mole 

of  NaCl in 1.00L of water?

Solute: 1.00 mole NaCl = ???? grams

Solvent:    # L x ??? Gm / Liter =   ??grams 

1.00 L  x   ?? Gm / Liter =   ???grams water

Density  of water = 1 gm / ml = ? Gm / L



1.00 mole of  NaCl in 1.00L of water?

Wt % NaCl = grams NaCl / Total grams

Total grams = 58.5 + 1000

Wt % NaCl = (58.5 / 1058.5 ) x 100 

Wt % NaCl = 5.52669 = ?



WAYS OF EXPRESSING CONCENTRATIONWAYS OF EXPRESSING CONCENTRATIONWAYS OF EXPRESSING CONCENTRATIONWAYS OF EXPRESSING CONCENTRATIONWAYS OF EXPRESSING CONCENTRATIONWAYS OF EXPRESSING CONCENTRATIONWAYS OF EXPRESSING CONCENTRATION

1. Weight %    ………… (based on weight)

2. Volume %   ………… (based on volume)

3. ppm (parts per million) (based on weight)

4. ppb (parts per billion)   (based on weight)

5. Mole Fraction  ……….  (based on weight)

6. Molarity …………….   (based on volume)

7. Molality ……………..   (based on weight)



PERCENT BY MASS PERCENT BY MASS PERCENT BY MASS 

(WEIGHT PERCENT):(WEIGHT PERCENT):(WEIGHT PERCENT):(WEIGHT PERCENT):

Weight of solution  =   weight of solute 

+ weight of solvent

100
  

 of 
% x

solutionofweight

soluteweight
weight =



Parts per Million {ppm}

Parts per million (ppm) can be expressed as 

1 mg of solute per kilogram of solution

If the density of the solution is 1g/mL, then 

1 ppm = 1 mg solute per liter of solution

610
solution of grams total

solutionin component  of grams
component of ppm ×=



Parts per billion {ppb}

Parts per billion (ppb) can be expressed as 

1 µµµµg of solute per kilogram of solution

910
solution of mass total

solutionin component  of mass
component of ppb ×=



Parts by Mass 

Solution mass

Solute mass
    % =massby

610 x 
Solution mass

Solute mass
  =ppm

910 x 
Solution mass

Solute mass
  =ppb



0.902g of KCl is dissolved in 49.1g of water. 

What is the percent by mass of KCl ?

Weight Solute =  0.902 gm

Total Weight = 49.1 + .902 = 50.002

804.1100
002.50

902.0
% == xWt



19.9  g  of  naphthalene (C10H8)   is  dissolved  

in  80.1 g  of benzene (C6H6).   Calculate  the   

percent  by  mass  of   naphthalene  in solution

Weight solute ? =   19.9 grams

Total Weight ? = 19.9 + 80.1 = 100 grams

Wt % = (weight solute / total wt)  x 100



What volume (in mL) of a soft drink that is 10.5% 

sucrose C12H22O11 by mass contains 78.5 g of 

sucrose?  The density of the solution is 1.04g/mL

Given:   78.5 g sucrose

10.5% sucrose by mass

Density = 1.04 g/mL

Find:   mL



Glucose makes up about 0.10% by mass of 

human blood. Calculate concentration in ppm

For every 1,000 g total solution, have 1 g solute

610
solution of mass total

solutionin component  of mass
 ppm ×=

 10
blood of grams

glucose of grams
 ppm 6×=

glucose ppm 1000  10
1000

1.0
  ppm 6 =×=



Mole Fraction (x):

There are two Mole Fractions {XA &  XB}

The two MUST add together to = 1

XA +  XB = 1

moles of number Total

 Aof Moles
=AX



Molarity (M):

SOLUTION of Liters

solute of Moles
Molarity =



Molality (m):

The  number  of  moles  of  solute  

dissolved in  1  kg   (1000g)   of   

solvent.

SOLVENT of Kilograms

solute of Moles
=Molality 



Mole Fraction (x) , Molarity (M)
and Molality (m)

moles of number Total

 Aof Moles
=AX

SOLUTION of Liters

solute of Moles
Molarity =

SOLVENT of Kilograms

solute of Moles
=Molality 



Calculate  the molality of a solution  containing  

19.6  g  of  sulfuric  acid in  500.0  g of  water.

solvent  

solute moles
  

Kg
molality =

0.200 
gram 98.0

mole
 xgrams 19.6  Solute ==Moles



What mass (in grams) of a 0.500m  solution of  

sodium  acetate  in water would you  use to  

obtain  1.00 mole  of  sodium  acetate.

Moles solute = (m) x (Kg solvent) = 1.00

solvent  

solute moles
  

Kg
molality =



The density of a 0.500 Molar  solution of  

acetic acid is 1.0042 g/ml. 

What is its molality ?

For  Each LITER  of  Solution  have

0.500 moles solute (hydrogen acetate) 

and 1.0042 Kg Solution

Solution of 

solute of moles
  

Liters
Molarity =



acetic acid:  density = 1.0042 g/ml M 

= 0.500 ;  molality = ?

Grams Solvent (H2O) = 1004.2 –30.025 = 974.2

 30.025 
mole

grams 60.05
 xmoles 0.500  Solute ==Grams



For a 1 M solution of NaCl calculate 

molality and mole fractions

Molarity = moles solute / Liters Solution

Molality = moles solute / Kg Solvent

Mole Fraction = moles solute / Total moles

of solute



Normal saline is the solution of 0.9% w/v

of NaCl.   It is used  in many medical 

applications including intravenous infusion.

Calculate

1. Mole fractions

2. Molarity

3. Molality



What Effects a Solution ?

1. TEMPERATURE ?

2. PRESSURE ?

3. AMOUNT of Material in SOLUTION



WHY STUDY CONCENTRATION ?WHY STUDY CONCENTRATION ?WHY STUDY CONCENTRATION ?

moles of number Total

 Aof Moles
=AX

SOLUTION of Liters

solute of Moles
Molarity =

SOLVENT of Kilograms

solute of Moles
=Molality 



AND MEDICINE

• In Science, concentration can be 
fundamental in the determination of the 
molecular weight of a compound and 
therefore its identity.

• In Medicine , concentration is critical to 
correct amount of drugs administered 



Lithium ions in the form of Li2CO3 are 

widely used in the control of the manic 

stage of manic-depressive psychosis

• Li+ penetrates cell membranes relatively  

easily replacing Na+ and K+ .

• Therapeutic levels during the initial treatment 

are 1.0 to 1.5 mmol / L  serum.

• The serum level during maintenance therapy is 

generally kept at 0.5 to 1.0 mmol / L



Eclampsia is a serious complication of 
pregnancy, can be fatal to both mother and 
fetus, and is characterized by convulsions.

• Prevention of convulsion is usually done 
using magnesium sulfate.  

• First a loading of Magnesium sulfate 20% 
solution, 4 g IV over 5 minutes. 

• Then maintain with 1 g magnesium sulfate 
(10% solution) in 1000 ml fluid drip 1g/hr.



Colligative Properties

• Colligative Properties: These 

properties depend  ONLY on  the  Number 

of solute particles  in  solution  and  NOT 

ON  the nature  of  the  solute  particles.



Colligative Properties

1. Vapor Pressure LOWERING

2. Boiling Point ELEVATION

3. Freezing Point LOWERING

4. Osmotic Pressure



Lowering Vapor Pressure



The following diagram shows part of the vapor–

pressure curve for a pure solvent and a solution.

• Which 

curve represents 

the pure solvent, 

and which the 

solution?



Vapor Pressure LOWERING

The Vapor Pressure of  a SOLUTION Is 

directly proportional to concentration:

(VP)SOLUTION α Mole Fraction

(VP)SOLUTION = Mole Fraction x (VP)SOLVENT

This is known as Raoult’s Law

The Vapor Pressure of the Pure Solvent is a constant

at a given temperature



Raoult’s Law:

P1 = x1P°1 where x1 is the solvent mole fraction

x1 = 1 – x2 where x2 is the solute mole fraction

The CHANGE in  vapor  pressure  of  the  solvent 

(the vapor pressure lowering).

∆P =  P°
1 – P1 = x2 P°

1



At 25°C the vapor pressure of pure water is 23.76 

mmHg and that of an aqueous urea solution is 22.98 

mmHg. Estimate the molality of the solution

∆P  =  P°
1 – P1 = x2 P

°
1

x2 = ∆P / P°
1 = (23.76 – 22.98) / 23.76 = .0328

x1 = 1.000 - x2 = 0.967 = 0.97

Now What ?



molality = moles solute  / Kg solvent

x2 / x1  = moles 2 / moles 1

moles 2 = (moles 1) (x2 / x1 ) = moles solute

moles of solvent  =   grams   x moles/gram 

Choose 1 Kg of solvent (Why ?)

moles of solvent = 1000 /18 = 55.5

moles of number Total

 Aof Moles
=AX



What happens if both components are volatile

(have measurable vapor pressures)?

The vapor pressure has a value intermediate 

between the vapor pressures of the two liquids.

Ptotal = PA + PB

Ptotal = xAP°
A + xBP°

B



Boiling Point Elevation (∆Tb):

The boiling point of the solution (Tb ) minus 

the boiling point of the pure solvent (T°
b )

∆Tb = Tb – T°
b

∆Tb is proportional to concentration:

∆Tb αααα m

∆Tb = Kb m

where Kb = boiling–point constant.



What is the boiling point of a 2.00 molal

solution of a nonelectrolyte?

∆Tb = Kb m

Kf for water is 0.51 (°C·kg)/mol

∆Tf = (0.51)(2.00) = 1.02

Tf = 101.02



Freezing–Point Depression (∆Tf)

• The freezing point of the solution (Tf ) minus 

the freezing point of the pure solvent (T°
f ):

∆Tf = Tf – T°
f

• ∆Tf is proportional to concentration:

∆Tf αααα m

∆Tf = Kf m

where Kbf = freezing–point constant.



What is the freezing point of a 2.00 molal

solution of a nonelectrolyte?

∆Tf = Kf m

Kf for water is 1.86 (°C·kg)/mol

∆Tf = (1.86)(2.00) = 3.72

Tf = - 3.72





Identifying Compounds

• A FORENSIC Chemist Analyses A WHITE 

POWDER By Dissolving  0.50 Grams Of  It  

In  8.0  Grams  of BENZENE (fp = 5.5 OC  & 

Kf = 5.12 OC/m)  The solution freezes at 3.9.  

Is it cocaine? 

First Calculate its molality

31.0
12.5

9.35.5
=

−
=

∆
=

K

T
m



Next,  Calculate number of moles from 

molality (moles solute / Kg solvent)

Moles = molality x Kg solvent

Moles = 0.31 (moles/Kg) x (0.0080 Kg)

Moles =  2.5 x 10-3 White Powder



Is The Powder COCAINE (C
17

H
21

NO
4
) ?

Calculate Molecular Weight of White Powder

Moles = 2.5 x 10-3

Grams = 0.50

2100.2
0025.0

50.0
x

mole

grams
MW ===



Osmosis and Osmotic Pressure

Osmosis: The selective passage of solvent 

molecules through a porous membrane from 

a dilute solution to a more concentrated one.

Osmotic pressure ( π ): The pressure required 

to stop osmosis.

π = MRT



Uses of Colligative Properties

• Desalination:





Dialysis

• Dialysis is similar to osmosis except that 
BOTH  solvent molecules and SMALL 
solute particles can pass through the semi 
permeable dialysis membrane.

• Hemodialysis is used to cleanse the blood 
of patients whose kidneys have 
malfunctioned



What is the osmotic pressure (in atm) of 

a 0.884M sucrose solution at 16°C?

π = MRT

π = (0.884)(0.0821)(16 + 273) K

π = 20.97 = 21.0 atm



What is the molar weight of sucrose if a solution of 

0.822g of sucrose in 300.0mL of water has an osmotic 

pressure of 149 mmHg at 298K.

MW = Grams / mole 

MW = 0.822 grams / ?? moles 



How do you calculate moles?

π = M R T

M  =  π / RT = moles solute / Liters Solution

Moles solute = (Molarity) x (Liters Sol’n)

Moles  = (0.3000) (149 / 760 )/ (0.0821)(298)

Moles solute = 0.0024039

MW = 0.822 grams / 0.0024039 mole



The average osmotic pressure of seawater is 

about 30.0 atm at 25.0 °C. Calculate the molar 

concentration of seawater.

π = M R T

M  =  π / RT

M = 30.0 / (0.0821)(25 + 273)



Types of Solutions

• Isotonic

• Hypertonic

• Hypotonic

Solutions with equal

concentration of solute, and 

so equal osmotic pressure.

Solution with higher

concentration of solute

Solution with lower
concentration of solute



Calculate the molar concentration of an 

aqueous solution of urea [(NH2)2CO] that 

is isotonic with seawater.

π = M R T

M  =  π / RT

M = 30.0 / (0.0821)(25 + 273) 



Solutions, Mixtures

And

COLLOIDS



What is a Mixture ?

MIXTURE – A combination of two or more 

substances in which the substances retain 

their identity

Examples ?

Sand + Water

Silver Chloride + Water

Carbon tetrachloride + Water



What is a Solution?

SOLUTION – A combination of substances 

that has a uniform composition; a 

homogeneous mixture

Examples ?

Sodium Chloride + Water

An Alcohol + Water (e.g., isopropyl alcohol)

Silver + Gold



What is a Colloid ?What is a Colloid ?

• Colloids are suspensions in which the 

suspended particles are larger than 

molecules but too small to drop out of 

the suspension due to gravity.





Solutions, Mixtures, & Colloids

(a) A suspension is ________(homogeneous or 

heterogeneous)

(b) A solution is _________    (homogeneous or 

heterogeneous)

(c) Blood is a _______ (suspension / solution) of 

blood cells in blood plasma

(d) A colloidal dispersion of protein ________ 

(will / will not )  settle



1. Air

2. Fog

3. Auto Exhaust

4. Shaving cream

5. Mayonnaise

6. Mud

7. Sandy water

True Solution

Aerosol

Aerosol

Foam

Emulsion

Sol

Mixture



• Tyndall effect: ability of a Colloid to scatter 

light.  

• The beam of light can be seen through the 

colloid.

• Can a beam of light be seen through a true 

solution?

Tyndall effect



COLLIGATIVECOLLIGATIVECOLLIGATIVE PROPERTIES FOR PROPERTIES FOR PROPERTIES FOR PROPERTIES FOR 

ELECTROLYTESELECTROLYTESELECTROLYTESELECTROLYTES

Colligative Properties depend  ONLY ONLY ONLY ONLY 

on  the  Number of solute particles  in  

solution  and  NOT ON  the nature  of  the  

solute  particles.



ELECTROLYTESELECTROLYTESELECTROLYTES VS 

NONELECTROLYTESNONELECTROLYTESNONELECTROLYTESNONELECTROLYTES

ELECTROLYTE – A  substance  that  
dissolves in water to produce IONS   
Example: Acids HCl(aq),  Bases NaOH(aq), 
and NaCl(aq) salts

NON ELECTROLYTE A substance that 

dissolves in water but DOES NOT produce 

IONS.  They remain as MOLECULES 
Example: sugar



Types of Electrolytes

1. STRONG ELECTROLYTES

A substance that completely ionizes

Strong Acids [7]

Strong Bases [7]

Soluble Salts

2. WEAK ELECTROLYTES

A substance that does NOT completely ionize

Weak Acids / Bases

Slightly Soluble Salts



Soluble  Salts :: Solubility Rules

1. ALL  Alkali  Metals  and  Ammonium 

Salts  are  SOLUBLE.

2. ALL  Nitrates,  PerChlorates and  

Acetates  are  SOLUBLE

Now For The “Sometimes”

3. All Chlorides, Bromides, Iodides Soluble 

EXCEPT Silver, Mercury, & Lead

4. See Text for Sulfates, Carbonates, etc.





Which of the following are Strong 

Electrolytes ?

Magnesium Iodide

Aluminum Nitrate

Perchloric Acid

Ammonium Sulfate

All are



Prob 4.6 How do the following strong 

electrolytes ionize or dissociate ?

MgI2

Al(NO3)3

HClO4

(NH4)2SO4

MgI2 � Mg2+ + 2 I-

Al(NO3)3 � Al3+ + 3NO3
-

HClO4  � H+ + ClO4
-

(NH4)2SO4 � 2NH4
+ + SO4

2-



What is actually in solution for

MgI2

Al(NO3)3

HClO4

(NH4)2SO4

Mg2+(aq)  + 2 I-(aq)

Al3+(aq) + 3NO3
-(aq)

H+(aq) + ClO4
-(aq)

2NH4
+(aq) + SO4

2-(aq)



How many IONS are in solution

MgI2

Al(NO3)3

HClO4

(NH4)2SO4

Mg2+(aq)  + 2 I-(aq) 

Al3+(aq) + 3NO3
-(aq)             

H+(aq) + ClO4
-(aq)                 

2NH4
+(aq) + SO4

2-(aq)           



van’t Hoff   i  Factor 

i  represents the number of ions in solution

i = 1   

i = 2  

i = 3

i = 4

sugar, ethylene glycol, etc

NaCl ; KNO3 ; CsC2H3O2 ; etc

MgCl2 ; (NH4)2ClO4 ; etc

Can you think of examples ?



Colligative Properties of non Electrolytes

Vapor Pressure LOWERING        ∆P  =  x2 P
°
1

Boiling Point ELEVATION         ∆Tb =  Kb m

Freezint Point LOWERING         ∆Tf =  Kf m

Osmotic Pressure                              π =  MRT



Colligative Properties of Electrolytes

Vapor Pressure LOWERING      ∆P  = i x2 P
°
1

Boiling Point ELEVATION       ∆Tb = i Kb m

Freezint Point LOWERING      ∆Tf = i Kf m

Osmotic Pressure                           π = i MRT



van’t Hoff   i  Factor

∆T
f

=  i  K
f

m                 electrolyte

∆T
f

=    K
f

m            non electrolyte

m K

m K
 i    

f

f=
∆

∆

f

f

T

T

 i    =
∆

∆

f

f

T

T



What is the molality of an aqueous solution 

of sugar whose freezing point is –3.72 °C?

∆Tf = Kf m

Kf for water is 1.86 (°C·kg)/mol.

0 – (-3.72) = 1.86 m

molal 2.00  
1.86

3.72
  ==m



What is the molality of an aqueous solution 

of KBr whose freezing point is –3.72 °C?

∆Tf = i Kf m

Kf for water is 1.86 (°C·kg)/mol.

0 – (-3.72) = i (1.86)  m

molal 1.00  
1.86

3.72

(2)
  ==m



0.0075 mole of a substance is  dissolved in 50.0 

gm water freezes at –1.11 oC (K
f
= 1.86)

Is unknown IONICIONICIONICIONIC Or  MOLECULARMOLECULARMOLECULARMOLECULAR

∆Tf = iKf m =  0 – ( -1.11) = i (1.86) ( m)

i = ∆T
f
/ (1.86) ( m)

i = 1.11 / (1.86) (0.15) = 3.9784946

0.15  
0.050

0.0075
  calculated ==molality



IONIC  Or  MOLECULAR ?

Unknown is an Electolyte

with  i =  3.98  ≈ 4 



How many moles of NaBr must be 

added to 1.0 moles of water to lower the 

vapor pressure by 1.30 mmHg at 40°C? 

The vapor pressure of water at 40°C is 55.3 

mmHg.

Solute (NaBr) is an electrolyte with 

∆P  = isolute xsolute P°
solvent

i = 2

P° = 55.3 mm Hg

∆P  = 1.30 mm Hg



∆P  = isolute xsolute P°
solvent

i = 2

P° = 55.3 mm Hg

∆P  = 1.30 mm Hg

What is xsolute ?

011754.0
)3.55)(2(

30.1

)(i)(Po
==

∆
=

P
xNaBr



∆P  = isolute xsolute P°
solvent

xsolute = 0.011754

Is xsolute what I am looking for ?

No !!!!

What is xsolute ?

moles Total

NaBr moles
xNaBr =



How do I solve for moles NaBr ?

There are several ways but the easiest is :

xsolute = 0.011754

xsolvent = 1 - 0.011754 = 0.988246

moles Total

NaBr moles
xNaBr =

moles Total

Water moles
xWater =



How many moles of NaBr must be 
added to 1.0 moles of water ?

(1) Divide xsolute by xsolvent

(2) Solve for moles solute

moles Total

NaBr moles
xNaBr =

moles Total

Water moles
xWater =

0118937.0
988246.0

011754.0
===

Water

NaBr

Water

NaBr

moles

moles

x

x



How many grams of NaBr must be added to 

250g of water to lower the vapor pressure by 

1.30 mmHg at 40°C? The vapor pressure of 

water at 40°C is 55.3 mmHg.

∆P  = i x2 P
°
1

1.30 = (2) x2 (55.3)

x2 = 0.0118181= moles NaBr / total moles

x1 = 0.9881819 = moles water / total moles

x2 / x1 = 0.0119594

Moles NaBr = (0.0119594)x (moles water)



x2 / x1 = 0.0119594

Moles NaBr = (0.0119594)x (moles water)

Moles water = 250 grams / 18

Moles NaBr = 0.1661027

Grams Na Br = (0.1661027 mol)x(92.8)

Grams NaBr = 15.41433

Significant Figures ????????


