Chapterll Properties of Solutions
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Properties of Solutions

Chapter Objectives: / = -
AUnderstand the part that intermolecutar force«sm
in forming solutions. G —
ALearn the various units of concentration and how to
perform conversions-betweerrthem.

AUnderstand the coﬂjgﬁe properties.
AlLearn the difference between solutions and colloids.

Classification of Mixtures

ASo far, wedve dealt pri
but mixtures of substances are far more common.

I Heterogeneous mixturesare those in which the
mixing Is not uniform and which therefore have
regions of different compositiords i.e., there are
observable boundaries between the components
(e.g., icewater, salad dressing, milk, dust in air).

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

A The composition of a mixture igriable and it
retains the properties of some of its components.
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Solutions

Types of Homogeneous Mixtures

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

I Solutionscontain 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)

i Colloids 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)

A Suspensionsire 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

A A solution consists of soluteand asolvent
I soluted the substance which is being dissolved.

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

A Aqueous solutionare solutions in which the solvent

IS water.
Na"ClI'Na® CI
Cl'Na"CclI'Na’
Na"ClI'Na’ CI :
Cl'Na"ClI'Na’
Na“"Cl'Na‘ClI’
CI'Na"CI'Na’

solvent

Kinds of Solutions

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

A Gaseous solutions All gases are infinitely soluble
in one another (e.g., the atmosphere). Small
amounts of nonpolar gases can dissolve in water du
to dipoleinduced dipole attractions.
i At 25°C and 1 atm pressure, only 3.2 mL ofdissolves per

100 mL of water, but this small solubility is essential to life in
aguatic environments.

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

A Solid solutions Gases, liquids, or other solids can
be dispersed in solids. Waxes and malialysare
types of solidsolid solutions.
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Kinds of Solutions

Solution

Phase Solute | Solvent Examples
Gaseous Air (O,, N,, Ar, CO,, H,O, and other
solution Gas |Gas gases?, nétural gas ?

Gas |Liquid |Carbonated water (COn water)

Liquid P - Gasoline (mixture of hydrocarbons),
soollutions Liquid | Liquid |54 (ethanol and water)

: —_— Seawater (NaCl and other salts in
Solid | Liquid water)

Gas |Solid |[H,in palladium metal

Solid Liquid | Solid | Dental amalgam (mercury in silver)
solutions

Metal alloys such as sterling silver (A
Solid |[Solid |and Cu), brass (Cu and Zn) and bror
(Cu and Sn); waxes

TN

Entropy and the Formation of Solutions

A If two gases are separated by a barrier, the gases m
to form a solution when the barrier is removed.

I Solutions 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.

i The 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

Units of Concentration

A Theconcentration of a solution is the amount of
solute dissolved in a certain amount of solution (or
solvent).

i adilute solution contains small quantities of
solute relative to the amount of solvent.

I aconcentrated solutioncontains large quantities
of solute relative to the amount of solvent.

A There are several common units which are used for
expressing concentration:

10
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Molarity (M)
A Molarity (molar concentratiojy M (mol/L):

. moleof solut
Molarity = M = — 0l€T SO u € _ molL?
Litersof solution

I A solution of desired molarity is made by
dissolving the required number of moles of solute
tot he desired volume (r
liter of solution NOT per liter ofsolven.

ATo prepare a 1.000 M solution N&Clin
water, you would dissolve 1.000 molN&aCl
in enough water to make 1 L of solution.

I Molarity is temperaturglependent, since volume
and density are affected by the temperature.

I Solution volumes are not necessarily additive.

11

Molality (m)
A Molal concentration, or molality, m (mol/kg):

. molesf solute
Molality = m = — = molkg™
kilogramsof solvent

I To prepare a 1.00@ solution ofNaClin water,
you would dissolve 1.000 mol &faClin 1 kg of
water.

I Since molality is temperatwiadependent, this
unit is often used when describing the physical
properties of a solution (especially colligative
properties [more later!]).

i Molality is additive, unlike molarity.

I Molarity and molality are similar for dilute
aqueous solutions.

12
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Mole Fraction (X) and Mole Percent
A Mole fraction, X:

molef solute n

_ solute

molesof solution N + Negrvent

Molepercen{mol%) = X x 100%

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

Mass Percent (mass %)

A Mass percent mass% (w/w):

Masspercent= masof solute x 100%

masof solution
A Parts per million, ppm:
ppm = masof solu.te < 10
masf solution
A Parts per billion, ppb:
opb = masof solu.te <10
masf solution

itemperature independen
measure liquids by mass.

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

14
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Volume Percent (vol %)
A Volume percent % (v/V):

Volumepercent volumeof solute x 100%

volumeof solution

I Volume 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).

15

Normality (N)

A Normality , N (mol/L) is defined as the number of
equivalentger liter of solution.

I For an aciebase reaction, an equivalent is the
mass of acid or base that can furnish or accept or
mole of protons (Hions).

ASinceHCl is monoprotic, molarity = normality.

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

I For redox reactions, an equivalent is the quantity
of oxidizing or reducing agent that can accept or
furnish 1 mole of electrons.

16
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Examples: Concentration Units

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

Answer: 1.71 MNacCl .

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 dfiCl?

Answer: 27.8 g solution "
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Examples: Concentration Units

3. Calculate thggpmof calcium in a 8.20 g pill that
contains 5.5 mg Ca.

Answer: 671ppm Ca

19

Examples: Concentration Units

4.What is the molality of a solution made by
dissolving 1.45 g of table sugar (sucrosgHz.0, ,,
MM 342.3 g/mol) in 30.0 mL of water? The density
of water is 1.00 gnL.

Answer: 0.141 m sucrose 20
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Examples: Concentration Units

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

Answer: 9.09% glucose o

Examples: Concentration Units

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

Answer: 0.423 GH,0OH, 0.577 H0O ”
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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 JD, is 30.0% by mass and has
a density of 1.11 giL. Calculate its molality, mole
fraction of H,O,, and molarity.

Answer: 12.6 m, X =0.185,9.79 M »

Examples: Concentration Units

8. A solution is prepared by dissolving 17.2 g of
ethylene glycol (GH;O,) In 0.500 kg of water. The
final volume of the solution is 51fL. 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, GH,(OH), (MM 62.07 g/mol), is a
colorless liquid used as automobile antifreeze. If the
density at 20C of a 4.028n solution of ethylene
glycol in water is 1.0241 g/mL, what is the molarity
of the solution?

Answer: 3.299 M

25

Examples: Concentration Units

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

Answer: 0.0137, 7.04%, 0.772 m ”



Chapterll Properties of Solutions

The Energetics of
SolutionFormation

27

An lonic Compound Dissolving in Water

A In 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.

2’ LY
= i L TCANE 7
PO 2@
== 9
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NaCl solution ‘ I '
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MQV: Dissolution of NaCl in Water
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Intermolecular Forces in Solutions

A With 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 particlpsomotethe formation of
a solution, opreventit.

A Intermolecular Forces (in order of decreasing strength)

i ion-dipole forcesd solvent molecules cluster
around ions in hydration shells, disrupting the
bonding in the crystal lattice.

Dispersion Dipole-dipole \ Hydrogen bond lon—dipole

Q& @, :
e o Chloroform (('é[;l,‘[‘l:];)pl{ : @, -.r@
Pentane (C3H0) (CHCl3) 21154 X 4

Intermolecular Forces in Solutions

I Hydrogen bondsd substances with® H and
NO H bonds are often soluble in water because of
H-bonding (unless the molecules are large).

i dipole-dipole forcesd polar solutes interact
well with polar solvents through attraction of
partial charges.

I ion - induced dipole forcesd responsible for
the attraction between Feand Q molecules in
the bloodstream.

I dipole - induced dipole forcesd responsible for
the solvation of gases (nonpolar) in water (polar).

I London (dispersion) forcesd the principal
attractive force in solutions of nonpolar
substances (e.qg., petroleum).

30
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Solution Interactions
A There are three interactions that must be looked at;

[ = —»

Solvent—solvent Solute—solute
interactions interactions

@—o0

Solvent—solute
interactions

Solution

solventsolute > solventsolventand solutesolute solutionforms

solventsolute = solventsolvent and solutsolute solution forms

solventsolute < solventsolvent and solutsolute solution mayor may
not form, depending
on relative disparity

31

Examples: Intermolecular Forces

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

b. CsCls) in HO(l)
c. CH,CH,CH; in CCl,

d. F&* and Q

OH

o)

I . | .

C in HO()  f. CH in HxO()
CHs~  CHs CH;~  “CHs

€.



Chapterll Properties of Solutions

A Solubility Demonstration

hexane ethanol water
CH3CH,CH,CH,CH,CH}l CH4CH,OH H,0
water water dichloromethane
H,O H,O CH,Cl,

33

The General Solubility Rule

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

i Ethanol and water araiscibled completely
soluble in each other in all proportions.

I Hexane and water anmmiscible 8 they do not
mix with each other at all.

I Hexane and dichloromethane are miscible with
each other.

A The general rule in solubility is that
Nl 1 ke di ss

34
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Examples: Solubility

2.Decide whether liquid hexane &, ,) or liquid
methanol (CHOH) is the more appropriate solvent
for the substances grease,,) and potassium
iodide KI).

S

Hexane Liquid methanol Grease

35

Energetics of Solution Formation

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

i Separating the solute into its constituent particles
(AHg 9 €nergy is required\{H > 0) to separate
the solute particles from each other; substances
with high lattice energies tend to be less soluble.

i Separating the solvent particles from each other
to make room for the solute particleSH,en):
energy is required\H > 0) to separate solvent
molecules.

i Mixing the solute particles with the solvent
particles AH,,;,): energy is releasedii < 0)
when solvent molecules cluster around solute
particles and solvate them.

36



Chapterll Properties of Solutions

Energetics of Solution Formation
o

L
Step 1 o “‘
AH, 9 @ Y

AH
Solute solute Expanded solute

AH, + AH, + AH; = AH,

‘ ‘ olu i();l
Step 2 . ‘0 ") ] o
AH, 0“ o o O
AH solvent g ‘0 o
004%

Solvent Expanded solvent

Figure 11.1 3

Energetics of Solution Formation

A The overall enthalpy change for the formation of a
solution, called thenthalpy of solution AH, (or
heat of solutiol is the sum of these quantities:

AHsoln = AHsolute + AHsolvent + AHmix

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

I CaCl(s)AHg,,,=-81.3 kJ/mol
i NH,NO4(S)  AH,,= +25.7 kd/mol

polar solute, large large large, negative | small solution forms
polar solvent

nonpolar solute, small large small large, positive| no solution forms
polar solvent

nonpolarsolute, small small small small solution forms
nonpolar solvent

polar solute, large small small large, positive| no solution forms
nonpolar solvent 38
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Energetics of Solution Formation

AH, +AH,

4

Energy (H)

Energy of separated
solute and solvent

(a)

Figure 11.2

AH,

AH,

soln

Energy of

solution

AH;
AH, Energy of
+AH, solution =
A‘FI\UIH
z
el —————————— — — — — —
ol
3! Energy of separated
= solute and solvent
(b)
39
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Some-actors
Affecting Solubility

41

Solubility and Equilibria

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

i NaCl: 39.12 g /100 mL water at 1D
i AgCl: 0.0021 g /100 mL water at 17D

A Once this maximum has been reached, no more of
the solute will dissolve in the solution. 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 isaturatedin that solute:

dissolve _
solute + solvent — — solution

crystallize "
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Solubility and Equilibria

‘ NaCl(s) == Na"(aq) + Cl (aq)

When the rate of dissolution equals the
rate of deposition, dynamic equilibrium
has been reached.

NaCl(s) NaCl(s) —> Na"(aq) + Cl (aq)

When sodium chloride is first added to
water, sodium and chloride ions begin to
dissolve into the water.

As the solution becomes more concentrated,
some of the sodium and chloride ions can
begin to redeposit as solid sodium chloride.

issolution

e solu > Rate of deposition Rate of dissolution = Rate of deposition
(a) Initial (b) Dissolving (c) Dynamic equilibrium

Saturated and Unsaturated Solutions

A A saturated solutioncontains the maximum
amount of dissolved solute, and cannot (usually)
dissolve any more of the solute.

A An unsaturated solutioncontains less than the
maximum amount of dissolved solute.

A A supersaturated solutioncontains a greatehan
normal amount of a solute; these solutions are
unstable, and a slight
solute to precipitate out.

Sodium acetate imuch more
soluble in howater(170.1 g/100
mL at 100C) than cold water46.4
g/100 mL at 20C). 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 cryst
sodium acetate to precipitate out.
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Effect of Structure on Solubility

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

I Vitamins can be divided intiat-soluble(A, D, E,
K) andwater-soluble(B, C)

Vitamin A Vitamin C
- H CH H CH, H

A A L L e )
i I W N \ / Su C@_H
H™ \ | \ =
H_ | H H H c
H \C/(\(H @:j tj

SN

H H
. 45

Figure 11.4

Effect of Pressure on Solubility

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

I At a given pressure, there is an equilibrium
between the gas which is dissolved in the solutior
and the gas in the vapor phase.

i If the pressure increases, more gas dissolves to
reduce the fnNnextrao pre
is established with more gas dissolved.

i

Figure 11.5 4
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Effect of Pressure on Solubility

AHe nr y oswtedthatvthe solubility of a Q%Je
in mol/L) is directly proportional to the partia
pressure of the gaB(,, in atm) over the solution.
(TheHenr y 6 s |,&, s aproporsonaditn t
constant, unique to each gas, at a given temperature
with units of mol L atmt.)

Sgas = kH Pgas

A This expression can be rearranged to

deal with changing solubility and
pressure:

0, 1.3x103 i — i

N, 6.1x10* P PR

CO,| 3.4x102

NH, | 5.8x10t

He | 3.7x10* a7

Effect of Pressure on Solubility

A When a can of soda (4 atm) is opened, and exposec
to the atmosphere (1 atm), the solubility of the,CO
decreases, causing bubb’les of, @@emerge.

A If a deep sea diver meup to the surface too
quickly, N, which has dissolved in his bloodstream
at higher pressures comes back out of solution.

i The N, forms bubbles which block capillaries and inhibit
blood flow, resulting in a painful, and potentially lethal,
condition called the fAbend

i Less soluble gases, such as He, are often used in the
breathing mixtures to reduce this problem.

48



Chapterll Properties of Solutions

Exampl es: Henr

1. A certain soft drink is bottled so that a bottle at 25°C
contains CQgas at a pressure of 5.0 atm over the
liquid. Assuming that the partial pressure of
the atmosphere is 4004 atm, calculate the
equilibrium concentrations of Can the soda before
and after the bottle 1is
constant for CQis 3.1x102 mol L atm?.

Answer: 0.16 M, 1.x10°M

49

Effect of Temperature on Solubility

A Solubilities are temperatwaependent.

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

i For a solute witlAH,,> O:
Asolute + solvent heath saturated solution
Asolubility increaseswith temperature.

i For a solute witlAH,, < O:
Asolute + solvenh saturated solution keat
Asolubility decreasewith temperature.

50
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Effect of Temperature on Solubility

300 |

(C12H22041)

Do
D
o

KNO;

Do
[\
(=]

Solubility (g solute/100 g H,0)

0 20 40 60 80 100

. 51
Figure 11.6 Temperature (°C)

Effect of Temperature on Solubility

A Gases become less soluble at higher temperatures.

T Soft drinks become nfl
lose carbon dioxide.

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

Methane

B
2.0 N

Oxygen\\\\
\
CarN\
monoxide
B

1.0

Solubility (107 mol/L)

Nitrog}\

S —
Helium

\

0 10 20 30 52
Temperature (°C)

Figure 11.7
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Molecular Weight and Solubility

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

Alcohol

Methanol (CH;0H)

Ethanol (CH3CH,0H)

Propanol (CHyCH,CH,0H)

Butanol (CH3CH,CH,CH,0H)

Space-Filling Model

°

»

"4
oo
o

Solubility in H,0 Solubility in Hexane (CgH;4)
(mol alcohol/100 g H,0) (mol alcohol/100 g CgHy4)

Miscible 0.12

Miscible Miscible
Miscible Miscible
0.11 Miscible
0.030 Miscible

Common Solvents

Water (HO)

Hexane(CgH,,)

Acetone (CHCOCH,)

Diethyl ether (CHCH,OCH,CH,)

Methanol (CHOH)

Toluene (GHg)

Ethanol (CHCH,OH)

Carbon tetrachloride (Cg)I

Acetonitrile (CH;CN)

Dichloromethane (CKCl,)

53
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Colligative| Properties

55

Colligative Properties of Solutions

A Colligative properties are properties which depend
on thenumberof solute particles in the solutionot
on their chemical identities. These include:

I vapor pressure lowering
i boiling point elevation

i freezing point depression
I osmosis

A Colligative properties have many practical
applications: you are familiar with them, whether
you know it or not.

56
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Vapor Pressure Lowering Nonvolatile Solute

A Thevapor pressureof a liquid is the pressure of the
gas above the liquid when the two are in dynamic
equilibrium.

A Vapor Pressure Lowering(AP) 8 when a
nonvolatile solute is dissolved in a solvent, the vapol
pressure of the resulting solution is alwéyser
than that of the pure solvent.

T The particles of a nonvolatile solute interfere with the ability of
solvent particles to vaporize, because they occupy some of the surfac
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.

. . Jynamic 57
sim. to Figure 11.10 equilibrium \

Vapor Pressure Lowering Nonvolatile Solute

A The vapor pressure of the solutid® .., is
expressedbRaoul t:6s Law

P —_—

solution — solvenP solvent

A Thevapor pressure loweringof a solutionAP, is:
AP =P solvent ~ P
AP =i Xsolute P solvent

whereX is the mole fraction of the component of
interest,P ¢,.enlS the vapor pressure of the pure
solvent, and Is thev a rHofftfactor(next slide).

A Anideal solutioni s one that foll
at any concentration; in practice, this law gives good
results for dilute solutions.

solution

58
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Vapor Pressure Lowering Nonvolatile Solute

A Since this effect depends on tiogal number of
solute particlesn the solution, the number of
particles that ionic substances dissociate into must
be taken into account, through a term called the
v a nHoft factor (i):

molesof particlesn solutior
moleof solutadissolved

van't Hoff factor i=

I For nonvolatile molecular solutesj = 1
Ae.g., glycerol, sucrose, etc.

I For ionic compounds,i = the number of ions in
the compound e

ANaCl i=2 NaSQ,i=3
ACaClL i=3 NaPQ,i=4

eeeeeeeeeeeeeeeeeeeeeeeeeeee

Vapor Pressure Lowering Volatile Solute

A When 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
Raoultdés Law with Dalto

PA=XaAP 4
Ps=XgP g
Potal =Pa+ P = XA P A+ XgP g
whereP , andP g are the vapor pressures of the

pure liquids, an&, andX; are the mole fractions of
those liquids.

A The vapor pressure of the mixture is intermediate
between the vapor pressures of the pure liquids.

60
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Devi

ations 'fir om

A An ideal solutionis a liquidliquid solution that

obeys

Raoul

td0s | aw. N e

observed when all of the interactions are similar
(i.e., when solute and solvent are very similar).

A When a solute and solvent mix exothermically, there
are strong interactions between the solute and the
solvent (if for instance the solute and solvent
hydrogenbond to each other). In these cases, there
arenegative deviatons r om Raoul t 6s
both solute and solvent have a lower tendency to
escape the solution (e.g. acetone + water).

A When a solute and solvent neéxdothermicallythe
solutesolvent interactions are weak. In these cases.
there argositive deviations r om Raoul t 0
because the molecules have a higher tendency to

escape the solution (e.g., ethanol + hexane).

Devi

Vapor pressure —————

R

-~

(a) Ideal solution

61

ations 'forom

Vapor pressure
of solution

Vapor pressure
of solution

—

(b) Weak solute-solvent interactions (c) Strong solute-solvent interactions

TABLE 11.4 ) Summary of the Behavior of Various Types of Solutions

Interactive Forces
Between Solute (A)

and Solvent (B) Particles AH,,

A<-ABoB=AB Zero
A-ABoB<AoB
Ac->ABoB>AeB

In

Negative (exothermic)

Positive (endothermic)

AT for Solution Deviation from

Formation Raoult's Law Example

Zero None (ideal solution) Benzene—toluene
Positive Negative Acetone-water
Negative Positive Ethanol-hexane
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Examples: Vapor Pressure Lowering

1. Calculate the vapor pressure lowering, when
10.0 mL of glycerol, GHgO;, is added to 500.0 mL
of water at 50C. At this temperature, the vapor
pressure of water is 92.5 torr and its density is 0.98€
g/mL. The density of glycerol is 1.26mgL.

Answer: 0.461 torr

63

Examples: Vapor Pressure Lowering

2.What is the vapor pressure of a solution made by
mixing 35.0 g of solid Ng5O, (MM 142.05 g/mol)
with 175 g of water at 2%. (The vapor pressure of
pure water at 2% is 23.76 torr).

Answer: 22.00 torr o






