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Chapter Objectives:  
ÅUnderstand the part that intermolecular forces play 

in forming solutions.  
ÅLearn the various units of concentration and how to 

perform conversions between them.  
ÅUnderstand the colligative properties.  
ÅLearn the difference between solutions and colloids.  

Properties of Solutions 

1 
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Classification of Mixtures 

ÅSo far, weôve dealt primarily with pure substances, 
but mixtures of substances are far more common. 

ïHeterogeneous mixtures are those in which the 
mixing is not uniform and which therefore have 
regions of different compositions ð i.e., there are 
observable boundaries between the components 
(e.g., ice-water, salad dressing, milk, dust in air). 

ïHomogeneous mixtures are those in which the 
mixing is uniform and which therefore have a 
constant composition throughout; there are no 
observable boundaries because the substances are 
intermingled on the molecular level (e.g., salt 
water, sugar water, air). 

ÅThe composition of a mixture is variable, and it 
retains the properties of some of its components. 
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Solutions 
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Types of Homogeneous Mixtures 

ÅHomogeneous mixtures can be classified according 
to the size of their constituent particles: 

ïSolutions contain particles with diameters in the 
range of 0.1 to 2 nm (the typical size of ions or 
small molecules).  Solutions are transparent, and 
do not separate on standing.  (ex.:  salt water, 
sugar water, gasoline, air) 

ïColloids contain particles with diameters in range 
of 2 to 500 nm.  They are often opaque or murky, 
but also do not separate on standing.  (ex.:  milk, 
fog, soap in water) 

ÅSuspensions are mixtures having even larger 
particles; these are not truly homogeneous, because 
the particles separate on standing and are visible 
with microscopes.  (ex.:  blood, aerosol sprays) 
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Solutes and Solvents 

ÅA solution consists of a solute and a solvent: 

ïsolute ð the substance which is being dissolved. 

ïsolvent ð the substance (usually a liquid) that 
dissolves the solute (usually, the solvent is the 
most abundant component in the mixture). 

ÅAqueous solution are solutions in which the solvent 
is water. 
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Kinds of Solutions 

ÅSolutions are most commonly solids or liquids 
dissolved in another liquid, but other kinds of 
solutions are possible: 

ÅGaseous solutions:  All gases are infinitely soluble 
in one another (e.g., the atmosphere).  Small 
amounts of nonpolar gases can dissolve in water due 
to dipole-induced dipole attractions. 

ïAt 25°C and 1 atm pressure, only 3.2 mL of O2 dissolves per 
100 mL of water, but this small solubility is essential to life in 
aquatic environments. 

ïThe solubility of oxygen and carbon dioxide in water is 
enhanced by some chemical processes. 

ÅSolid solutions:  Gases, liquids, or other solids can 
be dispersed in solids.  Waxes and metal alloys are 
types of solid-solid solutions. 
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Kinds of Solutions 
Solution 
Phase 

Solute Solvent Examples 

Gaseous 
solution 

Gas Gas 
Air (O2, N2, Ar, CO2, H2O, and other 
gases), natural gas 

Liquid 
solutions 

Gas Liquid Carbonated water (CO2 in water) 

Liquid Liquid 
Gasoline (mixture of hydrocarbons), 
vodka (ethanol and water) 

Solid Liquid 
Seawater (NaCl and other salts in 
water) 

Solid 
solutions 

Gas Solid H2 in palladium metal 

Liquid Solid Dental amalgam (mercury in silver) 

Solid Solid 
Metal alloys such as sterling silver (Ag 
and Cu), brass (Cu and Zn) and bronze 
(Cu and Sn); waxes 
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Entropy and the Formation of Solutions 

ÅIf two gases are separated by a barrier, the gases mix 
to form a solution when the barrier is removed. 

ïSolutions of gases arise because of the natural 
tendency of a system to become more disordered 
over time.  Entropy  is a measure of the disorder 
or energy randomization in a system. 

ïThe pervasive tendency for all kinds of energy to 
spread out whenever it is not restrained from 
doing so is the reason that two ideal gases mix. 
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Units of 
Concentration 

10 

Units of Concentration 

ÅThe concentration of a solution is the amount of 
solute dissolved in a certain amount of solution (or 
solvent). 

ïa dilute solution contains small quantities of 
solute relative to the amount of solvent. 

ïa concentrated solution contains large quantities 
of solute relative to the amount of solvent. 

ÅThere are several common units which are used for 
expressing concentration: 
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Molarity (M) 

ÅMolarity  (molar concentration), M (mol/L): 

 

 
ïA solution of desired molarity is made by 

dissolving the required number of moles of solute 
to the desired volume (remember itôs moles per 
liter of solution, NOT per liter of solvent). 

ÅTo prepare a 1.000 M solution of NaCl in 
water, you would dissolve 1.000 mol of NaCl 
in enough water to make 1 L of solution. 

ïMolarity is temperature-dependent, since volume 
and density are affected by the temperature. 

ïSolution volumes are not necessarily additive. 

1-L mol    
solution of Liters

solute of moles
  =    =Molarity  M
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Molality (m) 

ÅMolal concentration, or molality , m (mol/kg): 

 

 
ïTo prepare a 1.000 m solution of NaCl in water, 

you would dissolve 1.000 mol of NaCl in 1 kg of 
water. 

ïSince molality is temperature-independent, this 
unit is often used when describing the physical 
properties of a solution (especially colligative 
properties [more later!]). 

ïMolality is additive, unlike molarity. 

ïMolarity and molality are similar for dilute 
aqueous solutions. 

1-kg mol    
solvent of kilograms

solute of moles
  =    =Molality  m
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Mole Fraction (X) and Mole Percent 

ÅMole fraction , X: 

 
 

 

 

ïMole fractions are independent of temperature, 
and are useful in dealing with gas concentrations. 

solventsolute

solute

    
    

solution of moles

solute of moles
    X

nn

n

100%    X  =  %) (molpercent  Mole
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Mass Percent (mass %) 

ÅMass percent, mass % (w/w): 

 
ÅParts per million, ppm: 

 
ÅParts per billion, ppb: 

 
ïtemperature independent, but itôs more difficult to 

measure liquids by mass. 

ïThe density of a solution must be known to 
convert mass %, ppm, and ppb to molarity. 

100%    
solution of mass

solute of mass
  =percent   Mass

610    
solution of mass

solute of mass
  =  ppm

910    
solution of mass

solute of mass
  =  ppb
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ÅVolume percent, % (v/v): 

 

 
ïVolume percent is used most often for mixtures 

of liquids or mixtures of gases (e.g., rubbing 
alcohol is 70% isopropyl alcohol in water by 
volume). 

100%    
solution of volume

solute of volume
 =percent  Volume

Volume Percent (vol %) 

Normality (N) 

ÅNormality , N (mol/L) is defined as the number of 
equivalents per liter of solution. 

ïFor an acid-base reaction, an equivalent is the 
mass of acid or base that can furnish or accept one 
mole of protons (H+ ions). 

ÅSince HCl is monoprotic, molarity = normality. 

ÅSince H2SO4 is diprotic, the equivalent mass of 
H2SO4 is half the molar mass; a 1M solution 
would have a normality of 2N.  (Similarly, for 
Ca(OH)2, a 1M solution would be 2 N.) 

ïFor redox reactions, an equivalent is the quantity 
of oxidizing or reducing agent that can accept or 
furnish 1 mole of electrons. 
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Examples:  Concentration Units 

1. What is the molarity of a solution prepared by 
dissolving 25.0 g of NaCl in enough water to make 
250. mL of solution? 

 
 
 
 
 
 
 
 
 
 
 
 
 
Answer:  1.71 M NaCl 
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Examples:  Concentration Units 

2. Assume that you have a 5.75 mass % solution of 
LiCl  in water.  What mass of solution (in grams) 
contains 1.60 g of LiCl? 

 
 
 
 
 
 
 
 
 
 
 
 
 
Answer:  27.8 g solution 
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Examples:  Concentration Units 

3. Calculate the ppm of calcium in a 8.20 g pill that 
contains 5.5 mg Ca. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Answer:  671 ppm Ca 

20 

Examples:  Concentration Units 

4. What is the molality of a solution made by 
dissolving 1.45 g of table sugar (sucrose, C12H22O11, 
MM 342.3 g/mol) in 30.0 mL of water?  The density 
of water is 1.00 g/mL. 

 
 
 
 
 
 
 
 
 
 
 
 
Answer:  0.141 m sucrose 
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Examples:  Concentration Units 

5. What is the mass % of glucose in a solution prepared 
by dissolving 10.0 g of glucose in 100.0 g of water? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Answer:  9.09% glucose 
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Examples:  Concentration Units 

6. A sample of rubbing alcohol contains 142 g 
isopropanol (C3H7OH, MM 60.09 g/mol) and 58.0 g 
water.  What are the mole fractions of alcohol and 
water? 

 
 
 
 
 
 
 
 
 
 
 
 
Answer:  0.423 C3H7OH, 0.577 H2O 
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Examples:  Concentration Units 

7. Hydrogen peroxide is a powerful oxidizing agent 
that is used in rocket fuels and hair bleach.  An 
aqueous solution of H2O2 is 30.0% by mass and has 
a density of 1.11 g/mL.  Calculate its molality, mole 
fraction of H2O2, and molarity. 

 
 
 
 
 
 
 
 
 
 
 
Answer:  12.6 m, X = 0.185, 9.79 M 
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Examples:  Concentration Units 

8. A solution is prepared by dissolving 17.2 g of 
ethylene glycol (C2H6O2) in 0.500 kg of water.  The 
final volume of the solution is 515 mL.  For this 
solution, calculate the concentration of the solution 
in units of molarity, molality, percent by mass, mole 
fraction, and mole percent. 

 
 
 
 
 
 
 
 
 
 
Answer:  0.538 M, 0.554 m, 3.33%, 0.00990, 0.990% 
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Examples:  Concentration Units 

9. Ethylene glycol, C2H4(OH)2 (MM 62.07 g/mol), is a 
colorless liquid used as automobile antifreeze.  If the 
density at 20C of a 4.028 m solution of ethylene 
glycol in water is 1.0241 g/mL, what is the molarity 
of the solution? 

 
 
 
 
 
 
 
 
 
 
 
Answer:  3.299 M 
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Examples:  Concentration Units 

10. A 0.750 M solution of H2SO4 (MM 98.1 g/mol) in 
water has a density of 1.046 g/mL at 20C.  What 
is the concentration of this solution in units of 
mole fraction, mass percent, and molality? 

 
 
 
 
 
 
 
 
 
 
 
 
Answer:  0.0137, 7.04%, 0.772 m 



Chapter 11 Properties of Solutions 

27 

The Energetics of 
Solution Formation 

28 

An Ionic Compound Dissolving in Water 

ÅIn water, the ions in a sodium chloride crystal are 
solvated (hydrated) by the water molecules, with 
each cation and anion in solution surrounded and 
stabilized by an ordered shell of solvent molecules. 

MOV:  Dissolution of NaCl in Water 

MOV DissolutionofNaClinWater.mov
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Intermolecular Forces in Solutions 

ÅWith mixtures of liquids, or mixtures of solids and 
liquids, we must also consider whether the relative 
strengths of the intermolecular forces between the 
solute and solvent particles promote the formation of 
a solution, or prevent it. 

ÅIntermolecular Forces (in order of decreasing strength): 

ïion-dipole forces ð solvent molecules cluster 
around ions in hydration shells, disrupting the 
bonding in the crystal lattice. 

30 

Intermolecular Forces in Solutions 

ïHydrogen bonds ð substances with OðH and 
NðH bonds are often soluble in water because of 
H-bonding (unless the molecules are large). 

ïdipole-dipole forces ð polar solutes interact 
well with polar solvents through attraction of 
partial charges. 

ïion - induced dipole forces ð responsible for 
the attraction between Fe2+ and O2 molecules in 
the bloodstream. 

ïdipole - induced dipole forces ð responsible for 
the solvation of gases (nonpolar) in water (polar). 

ïLondon (dispersion) forces ð the principal 
attractive force in solutions of nonpolar 
substances (e.g., petroleum). 
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Solution Interactions 

ÅThere are three interactions that must be looked at: 

Relative Interactions and Solution Formation 

solvent-solute > solvent-solvent and solute-solute solution forms 

solvent-solute = solvent-solvent and solute-solute solution forms 

solvent-solute < solvent-solvent and solute-solute solution may or may 

not form, depending 

on relative disparity 

32 

Examples:  Intermolecular Forces 

1. What is the strongest type of intermolecular force 
between solute and solvent in each of the following 
solutions? 

 a. CH3CH2CH3  in  H2O(l) 

 b. CsCl(s)  in  H2O(l) 

 c. CH3CH2CH3  in  CCl4 

 d. Fe2+  and  O2 

C

O

CH3 CH3

in H2O(l)e. CH

OH

CH3
CH3

in H2O(l)f.
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A Solubility Demonstration 

hexane
CH3CH2CH2CH2CH2CH3

water
H2O

ethanol
CH3CH2OH

water
H2O

water
H2O

dichloromethane
CH2Cl2
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The General Solubility Rule 

ÅWater, a polar molecule, dissolves ethanol, which is 
also polar, but does not dissolve hexane and 
dichloromethane, which are both nonpolar. 

ïEthanol and water are miscible ð completely 
soluble in each other in all proportions. 

ïHexane and water are immiscible ð they do not 
mix with each other at all. 

ïHexane and dichloromethane are miscible with 
each other. 

ÅThe general rule in solubility is that 

ñlike dissolves likeò 
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Examples:  Solubility 

2. Decide whether liquid hexane (C6H14) or liquid 
methanol (CH3OH) is the more appropriate solvent 
for the substances grease (C20H42) and potassium 
iodide (KI ). 

36 

Energetics of Solution Formation 

ÅWhen a solution forms, the energy change may be 
exothermic or endothermic, depending on the 
relative magnitudes of three energy changes: 

ïSeparating the solute into its constituent particles 
( Hsolute):  energy is required (H > 0) to separate 
the solute particles from each other; substances 
with high lattice energies tend to be less soluble. 

ïSeparating the solvent particles from each other 
to make room for the solute particles (Hsolvent):  
energy is required (H > 0) to separate solvent 
molecules. 

ïMixing the solute particles with the solvent 
particles ( Hmix):  energy  is released (H < 0) 
when solvent molecules cluster around solute 
particles and solvate them. 
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Energetics of Solution Formation 

 

 

 

 

Figure 11.1 

Hsolute 

Hsolvent 

Hmix 
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Energetics of Solution Formation 

ÅThe overall enthalpy change for the formation of a 
solution, called the enthalpy of solution, Hsoln (or 
heat of solution), is the sum of these quantities: 

Hsoln  =  Hsolute  +  Hsolvent  +  Hmix 

ÅThese values may be exothermic or endothermic, 
depending on the substance involved: 

ïCaCl2(s) Hsoln = -81.3 kJ/mol 

ïNH4NO3(s) Hsoln = +25.7 kJ/mol 

Hsolute Hsolvent Hmix Hsoln Outcome 

polar solute,  

     polar solvent 

large large large, negative small solution forms 

nonpolar solute,  

     polar solvent 

small large small large, positive no solution forms 

nonpolar solute,  

     nonpolar solvent 

small small small small solution forms 

polar solute,  

     nonpolar solvent 

large small small large, positive no solution forms 
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Energetics of Solution Formation 

Figure 11.2 

40 
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Some Factors 
Affecting Solubility 

42 

Solubility and Equilibria 

ÅThe solubility  of a solute is the maximum amount 
that dissolves in a fixed quantity of a particular 
solvent at a specified temperature. 

ïNaCl:  39.12 g / 100 mL water at 100°C 

ïAgCl:  0.0021 g / 100 mL water at 100°C 

ÅOnce this maximum has been reached, no more of 
the solute will dissolve in the solution.  A dynamic 
equilibrium  has been reached, where the number of 
ions leaving the crystalline solute to go into the 
solution equals the number of dissolved ions coming 
back out of the solution and rejoining the crystal.  At 
this point, the solution is saturated in that solute: 

 
solute  +  solvent solution

dissolve

crystallize
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Solubility and Equilibria 
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Saturated and Unsaturated Solutions 

ÅA saturated solution contains the maximum 
amount of dissolved solute, and cannot (usually) 
dissolve any more of the solute. 

ÅAn unsaturated solution contains less than the 
maximum amount of dissolved solute. 

ÅA supersaturated solution contains a greater-than-
normal amount of a solute; these solutions are 
unstable, and a slight disturbance causes the ñextraò 
solute to precipitate out. 

Sodium acetate is much more 
soluble in hot water (170.1 g/100 
mL at 100°C) than cold water (46.4 
g/100 mL at 20°C).  If a saturated 
solution prepared in hot water is 
cooled slowly, the sodium acetate 
remains in solution, forming a 
supersaturated solution.  Adding a 
tiny seed crystal causes the ñextraò 
sodium acetate to precipitate out. 
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Effect of Structure on Solubility 

ÅThe structure of a molecule affects its polarity, and 
therefore its solubility in various solvents. 

ïVitamins can be divided into fat-soluble (A, D, E, 
K) and water-soluble (B, C) 

45 
Figure 11.4 
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Effect of Pressure on Solubility 

ÅPressure has little effect on the solubility of solids 
and liquids, but has a large effect on gases. 

ïAt a given pressure, there is an equilibrium 
between the gas which is dissolved in the solution 
and the gas in the vapor phase. 

ïIf the pressure increases, more gas dissolves to 
reduce the ñextraò pressure; the new equilibrium 
is established with more gas dissolved. 

Figure 11.5 
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Effect of Pressure on Solubility 

ÅHenryôs law states that the solubility of a gas (Sgas, 
in mol/L) is directly proportional to the partial 
pressure of the gas (Pgas, in atm) over the solution.  
(The Henryôs law constant, kH is a proportionality 
constant, unique to each gas, at a given temperature, 
with units of mol L-1 atm-1.) 

Sgas = kHPgas 

2

2

1

1  = 
P

S

P

S

Henryôs Law 

Constants at 25ºC 

Gas kH (M atm-1) 

O2 1.3×10-3 

N2 6.1×10-4 

CO2 3.4×10-2 

NH3 5.8×101 

He 3.7×10-4 

ÅThis expression can be rearranged to 
deal with changing solubility and 
pressure: 
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Effect of Pressure on Solubility 

ÅWhen a can of soda (4 atm) is opened, and exposed 
to the atmosphere (1 atm), the solubility of the CO2 
decreases, causing bubbles of CO2 to emerge. 

 

 

 

ÅIf a deep sea diver comes up to the surface too 
quickly, N2 which has dissolved in his bloodstream 
at higher pressures comes back out of solution. 

ïThe N2 forms bubbles which block capillaries and inhibit 
blood flow, resulting in a painful, and potentially lethal, 
condition called the ñbends.ò 

ïLess soluble gases, such as He, are often used in the 
breathing mixtures to reduce this problem. 
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Examples:  Henryôs Law 

1. A certain soft drink is bottled so that a bottle at 25ºC 
contains CO2 gas at a pressure of 5.0 atm over the 
liquid.  Assuming that the partial pressure of CO2 in 
the atmosphere is 4.0×10-4 atm, calculate the 
equilibrium concentrations of CO2 in the soda before 
and after the bottle is opened.  The Henryôs Law 
constant for CO2 is 3.1×10-2 mol L-1 atm-1. 

 
 
 
 
 
 
 
 
 
Answer:  0.16 M, 1.2×10-5 M 
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Effect of Temperature on Solubility 

ÅSolubilities are temperature-dependent. 

ÅThe solubility of most molecular and ionic solids 
increases with temperature, although some are 
almost unchanged, and some decrease. 

ïFor a solute with Hsoln > 0: 

Åsolute + solvent + heat h  saturated solution 

Åsolubility increases with temperature.   

ïFor a solute with Hsoln < 0: 

Åsolute + solvent h  saturated solution + heat 

Åsolubility decreases with temperature. 
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Effect of Temperature on Solubility 

Figure 11.6 
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Effect of Temperature on Solubility 

ÅGases become less soluble at higher temperatures. 

ïSoft drinks become ñflatò as they warm up and 
lose carbon dioxide. 

ïAquatic life is affected by decreasing amounts of 
dissolved oxygen as a result of thermal pollution. 

Figure 11.7 
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Molecular Weight and Solubility 

ÅSolubility in water usually decreases as molecular 
weight increases, since with larger molecular 
weight, molecules usually become more nonpolar. 

54 

Common Solvents 

Common Laboratory Solvents 

Common Polar Solvents Common Nonpolar Solvents 

Water (H2O) Hexane (C6H14) 

Acetone (CH3COCH3) Diethyl ether (CH3CH2OCH2CH3) 

Methanol (CH3OH) Toluene (C7H8) 

Ethanol (CH3CH2OH) Carbon tetrachloride (CCl4) 

Acetonitrile (CH3CN) Dichloromethane (CH2Cl2) 
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Colligative Properties 

56 

Colligative Properties of Solutions 

ÅColligative properties are properties which depend 
on the number of solute particles in the solution, not 
on their chemical identities.  These include: 

ïvapor pressure lowering 

ïboiling point elevation 

ïfreezing point depression 

ïosmosis 

 

ÅColligative properties have many practical 
applications:  you are familiar with them, whether 
you know it or not. 
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Vapor Pressure Lowering ð Nonvolatile Solute 

ÅThe vapor pressure of a liquid is the pressure of the 
gas above the liquid when the two are in dynamic 
equilibrium. 

ÅVapor Pressure Lowering ( P) ð when a 
nonvolatile solute is dissolved in a solvent, the vapor 
pressure of the resulting solution is always lower 
than that of the pure solvent. 

ïThe particles of a nonvolatile solute interfere with the ability of 
solvent particles to vaporize, because they occupy some of the surface 
area formerly taken up by the solvent.  This reduces the rate of 
evaporation, causing the equilibrium to be reestablished with fewer 
molecules of solvent in the gas phase.   

sim. to Figure 11.10 
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Vapor Pressure Lowering ð Nonvolatile Solute 

ÅThe vapor pressure of the solution (Psolution) is 
expressed by Raoultôs Law: 

Psolution  =  XsolventP solvent 

ÅThe vapor pressure lowering of a solution, P, is: 

P  =  P solvent  -  Psolution   

P  =  i Xsolute P solvent 

 where X is the mole fraction of the component of 
interest, P solvent is the vapor pressure of the pure 
solvent, and i is the vanôt Hoff factor (next slide). 

ÅAn ideal solution is one that follows Raoultôs Law 
at any concentration; in practice, this law gives good 
results for dilute solutions. 
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Vapor Pressure Lowering ð Nonvolatile Solute 

ÅSince this effect depends on the total number of 
solute particles in the solution, the number of 
particles that ionic substances dissociate into must 
be taken into account, through a term called the 
vanôt Hoff factor  (i): 

 

 

ïFor nonvolatile molecular solutes, i = 1 

Åe.g., glycerol, sucrose, etc. 

ïFor ionic compounds, i = the number of ions in 
the compound: 

ÅNaCl i = 2 Na2SO4 i = 3 

ÅCaCl2 i = 3 Na3PO4 i = 4 

dissolved solute of moles

solutionin  particles of moles
   factor     Hofft van' i
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Vapor Pressure Lowering ð Volatile Solute 

ÅWhen we have a mixture of two volatile liquids, A 
and B, both of which evaporate and contribute to the 
vapor pressure of the solution, we must combine 
Raoultôs Law with Daltonôs Law of partial pressures: 

PA = XA P A 

PB = XB P B 

Ptotal = PA + PB = XA P A + XB P B 

 where P A and P B are the vapor pressures of the 
pure liquids, and XA and XB are the mole fractions of 
those liquids. 

ÅThe vapor pressure of the mixture is intermediate 
between the vapor pressures of the pure liquids. 
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Deviations from Raoultôs Law 

ÅAn ideal solution is a liquid-liquid solution that 
obeys Raoultôs law.  Nearly ideal behavior is 
observed when all of the interactions are similar 
(i.e., when solute and solvent are very similar). 

ÅWhen a solute and solvent mix exothermically, there 
are strong interactions between the solute and the 
solvent (if for instance the solute and solvent 
hydrogen-bond to each other).  In these cases, there 
are negative deviations from Raoultôs law because 
both solute and solvent have a lower tendency to 
escape the solution (e.g. acetone + water). 

ÅWhen a solute and solvent mix endothermically, the 
solute-solvent interactions are weak.  In these cases, 
there are positive deviations from Raoultôs law 
because the molecules have a higher tendency to 
escape the solution (e.g., ethanol + hexane). 
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Deviations from Raoultôs Law 

62 
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Examples:  Vapor Pressure Lowering 

1. Calculate the vapor pressure lowering, P, when 
10.0 mL of glycerol, C3H8O3, is added to 500.0 mL 
of water at 50.°C.  At this temperature, the vapor 
pressure of water is 92.5 torr and its density is 0.988 
g/mL.  The density of glycerol is 1.26 g/mL. 

 
 
 
 
 
 
 
 
 
 
 
Answer:  0.461 torr 
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Examples:  Vapor Pressure Lowering 

2. What is the vapor pressure of a solution made by 
mixing 35.0 g of solid Na2SO4 (MM 142.05 g/mol) 
with 175 g of water at 25°C.  (The vapor pressure of 
pure water at 25°C is 23.76 torr). 

 
 
 
 
 
 
 
 
 
 
 
 
Answer:  22.00 torr 




