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Ch 12

( e Types of Solution

Solution: a homogenous mixture of two or more substances.
4451 gl gwislo go yuilado s Jgloodi

Solute: is(are) the substance(s) present in the smaller amount(s).
Jo0l los gi dunsy 659290]1 slgall gi 65ladl g :wliodl

Solvent: is the substance present in a larger amount.
51 dundy 6539290J1 65lall 96 :cuiodl

Fluids that mix with Mircib(e ﬁl,uuh Imumiscible [il'uul) Fluids that do not
or dissolve in each I_J _J l l J dissolve in each
other in all b TQ?"Z:LU L other are said to
proportions are said displecyon, be immiscible.
to be miscible. L J

Example 1:

Identify the solute(s) and solvent(s) in the following solutions.
a. 70 g of Cr and 12 g of Mo

b. 5gof MgCI2 dissolved in 1500 g of HZO

C. 39% Nz' 41% Air, and the rest O2

Answer:
a. The 12 g of Mo is the solute; the 70 g of Cr is the solvent.

b. MgCI2 is the solute; HZO is the solvent.

C. O2 and N2 are the solutes; Ar is the solvent.
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Ch 12

( e Solubility and the Solution Process

« saturated solution: contains the maximum amount of a solute that will.

dissolve in a given solvent at a specific temperature.
85> JiE a0 o O Wi sl @liell 83kl o @eS ST (sle (Sgize i gaminod] Jgkxoll o

oo 8>

« unsaturated solution: contains less solute than the solvent can dissolve at a

specific temperature.

e Loy Ul wudel) 5Seu low J8I Oliwdl (o ueS (sle Sgizy igaminodl Jut Jolxoll o

Hiaeo &),> a>)>

+ supersaturated solution: contains more solute than is present in a saturated solution at a

specific temperature.

a5y e guinol] Jgloll (58 8359>50Jl (ro wST @lio s ale Sgiz 1ganinnll (999 Jglxoll

o &,l,>

» Solubility: the amount of solute that dissolves in a given quantity of
solvent at a given temperature.

gz 8,)L,> a5 e wudoll (o Ause @oS (88 Ll sl Lliwdl &S 1@l =

For example, The solubility of sodium chloride in water is 36.0 g/100 mL at 20°C.
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Ch 12
Three types of interactions in the solution process:

« solvent-solvent interaction
« solute-solute interaction

« solvent-solute interaction

ﬁsolutian = AH,; + AH, + AH; \ Step 1 OUQOQ
AH, . @ . po.
If AH solution > 0 Jaloo J9si Vg JelaUl Ciany U sl -
00909 ;... 0990/ ™" o g0
. . o Q00 —— O 90 L
If AH solution < 0 Jgloo Jgiiug Jelall &y 0000 ™ 09 o @ ©
If AH solution =0 JUo Jgloo Quuo Q
AH, + AH, + AH, (> = Q
If AH solution small and positive Jgloo (jgaiug Jeloll dinny (s Yo Yo 1 AH (> Yot Quo
QO @9 o
COOO Q (-
\QAH solution big and positive Jgloo (jgil Ug Jeloll u_\wy
[ like dissolves like: ]
Two substances with similar intermolecular forces are likely to be soluble in each other.
+ non-polar molecules are soluble in non-polar solvents, ex: CCl, in C.H,
+ polar molecules are soluble in polar solvents, ex: C,H:OH in H,0
« ionic compounds are more soluble in polar solvents,  ex: NaCl in H,0O or NH,
Miscible liquids; Similar polarity ex: CH;CH,0H and water (H,0)
Immiscible Liquids;
« Two insoluble liquids; Do not mix; Get two separate phases.
- Different polarity
ex: C3Hg and H,0
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Ch 12
Example 2:

Which of the following molecules is most soluble in hexane, C,H,,?

A. NH, B. CH,NH,
C. CH,0H D. CH,CH,
E.H,0
Example 3:

Which of the following compounds is likely to be more soluble in water?

A. CsHy,SH D. CS,
B. CH,l E.CH;CH,CH;
C. ¢,H,OH

Example 4:

Which of the following compounds is likely to be more soluble in KC[ ?

A NH3 D.CCl,
B. (€S, E.C4Hg
C. CHsl

Example 5:

Which of the following compounds is likely to be soluble in Br,?

A. CsHig D.CHyCH,CH,
B. CS; E. A.BandD
C. CHCL F. BandD
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Ch 12

o Ways of Expressing Concentration

Concentration: the amount of solute present in a given quantity of solvent or solution.

mass (Kg) m

number of moles (mol) = KoL =n= T

molar mass (m_gl) w
Densit mass m
ensity = =—
y volume V

solution = solute + solvent
Mass fTClCtiO?l _ _mass of solute mass of solute

mass of solution mass of solute+mass of solvent

mass of solute

Percentage by mass = X 100%

mass of solution

molof solute mol of solute

Mole fraction = — =
mol of solution mol of solute+mol of solvent

mol of solute
Mole percent = — X 100%
mol of solution

* Molarity (concentration) (mol/L)

moles of solute (mol)

Molrity (M) =

volume of solution (L)

* Molality (mol/Kg)

moles of solute

Molality (m) =

mass of solvent
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Ch 12

Molarity

Percentage by
mass

Mass fraction
Molality
Mole fraction

Mole percent

Percentage by
mass—volume

moles of solute

liters of solution

mass of solute

Percentage by mass = x 100%

mass of solution

mass of solute

Mass fraction = :
mass of solution

mol of solute

"= kg of solvent

XA:

74

g+ g+ B+ np+ -7+ 0z

ny

mol percent A =

nA+nB-|-nC+nD+"’+

grams solute
%(w/v) = — x 100%

mL solution

X 100 mol%
nz

Example 6:

How many grams of hydrogen chloride (HCI) are required to prepare 4 liters of

5M HCl in water?

The molar mass of HCl is 36.5 g/mol.

Solution:

Molrity (M) =

moles of solute (mol)

volume of solution (L)

n=MXV =5x4=20mol

mass =n X Mw =20x365=730g
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Ch 12

Example 7:

The density of a solution prepared by dissolving 120 g of urea (Mw= 60 g/mol) in 1000 g

of water is 1.15 g/mL. The molarity of urea is:
a)2.05M
b) 1.02 M
c) 0.50 M

d) 1.78 M
Solution:

Total mass = myyyte + Msorent = 120 + 1000 = 1120 g

_ Mrgm 1120

= = =973.91ml =0.97391 L
density 1.15 m

m 120
Murea = 3, = 5o~ 2 ™Mo
Molrity = 2= —2 — —2.05M
oMY =y T 097301~

Example 8:
Calculate the molality of a sulfuric acid solution containing 30.4 g of sulfuric acid

in 193 g of water. The molar mass of sulfuric acid is 98.09 g/mol.

Solution:
Mol H.S0 __massof H,S0,  30.4 — 031 mol
oles of HoS04 = S T s0, ~98.09  031mo
) moles of solute (H,S0,) 0.31mol
Molality (m) = =
mass of solvent (water) 0.193Kg
=1.6m
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Example 9:

What is the molarity of the 42.6%(w/v) solution of sodium hydroxide (40g/mole) ?

A 18M

D. 1.065M
B. 1M E. 101.65M
C.97M
Solution:

Let volume of solution = 100 ml

42.6 g
100 ml

mass of sodium hydroxide = Xx100ml=426g

_m _42.6_1065 l
n_Mw_40_ . mo

n 1065
MOlT'lty = V = W =10.65M

Example 10:
The density of a 2.45 M aqueous solution of methanol (CH;0H) is 0.976 g/mL.

What is the molality of the solution?

The molar mass of methanol is 32.04 g/mol.
Solution:

Let volume of solution =1L

ml
mass of solution = density X Vsoution = 0.976% X 1OOOT X 1L =976¢g
moles of solute (CH;0H) = 245 M X 1 L = 2.45 mol

mass of solvent (H,0) = mass of solution — mass of solute

= 976 — (2.45 mol x 32.04—) = 976 — 785 = 897.5 g = 0.8975 Kg
mol

moles of solute (CH;0H)  2.45mol
mass of solvent (H,0)  0.8975Kg

Molality (m) = 2.73m
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Ch 12
Example 11:

Calculate the molality of a 40.4 percent (by mass) aqueous solution of phosphoric acid (H;PO,).

The molar mass of phosphoric acid is 97.99 g/mole.

Solution:

moles of solute (H;P0,)

Molalit =
olality (m) mass of solvent (water)

Let mass of solution = 100 g

mass 404 g
= 0.41 mol

l H3PO, = -
moles of H3PO, molar mass 97.99 g/mol

mass of solvent = 100 — 40.4 = 59.6 g = 0.0596 Kg

0.0596 _ 088 ™

Molality =

Example 12:

What is the concentration of the 45%(w/w) solution of sodium hydroxide (40g/mole) if its density
is 1.629 g/mL?

A. 18 M C.19M
B. 1.25M D. 076 M
Solution:

Let mass of solution = 100 g

M 125 mol
" S Mw a9 ™o
m 100

=61.39ml =0.06139 L

V = =
dinsity 1.629

n 1.125
Molrity = ==

V= 006130 183M
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Example 13:
What mass fraction and mass percentage by mass of NH,Cl (53.49g/mole)

must be dissolved in 100 mL of H,O to make a 0.250 M solution?
The density of the solution of NH,Cl is 55000 g/m?>.

Solution:

moles of NH,Cl
volume of solution

Molarity = - Nyg,c0 =V XM =0.1x0.250 = 0.025 mol

mass of NH,Cl =n X Mw = 0.025 X 53.49 =134 g

3
on = densi _ 55000
mass of solution = density X volume = 55000 3 X 1000 L

mass of NH,Cl ~ 1.34
mass of solution 5.5

x01L=55g

mass fractionof NH,Cl = =0.24

tage b NH,Cl = 255 of NH,Cl x 100% = 24%
percentage by mass of NH,Cl = mass of solution 0= 0

Example 14:
What mole fraction and mass percentage by mole of NH,Cl (53.49g/mole)

must be dissolved in 100 mL of H,O to make a 0.250 M solution?
The density of the solution of NH,Cl is 55000 g/m?>.

Solution:
Molarit moles of NH,Cl VXM =0.1x 0.250 = 0.025 mol
otarity volume of solution TH,Cl mo
g 3

lution = density X vol = 55000 — X x01L=55
mass of solution ensity X volume 3 X000 g
mass of NH,Cl =n X Mw = 0.025 X 53.49 =134¢g

4.16

mass of H,0 =55—-134=4.16g , M0 =g = 0.23 mol

] moles of NH,Cl 0.025
mole fractionof NH,Cl = Xyy,c1 = = = 0.098

moles of solution  0.025 + 0.23

moles of NH,Cl
mole percent of NH,Cl = — X 100% = 9.8%
moles of solution

Omar Moawwad
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Ch 12
+ the Stoichiometric Factors

Example 15:
What are the concentrations of potassium and nitrate ions in a 0.025 M solution

of KNO3? The dissociation reaction for potassium nitrate (KNO3) is:

KNO; - K* + NO3

Solution:
Concentration of K* : 1x0.025M =0.025 M
Concentration of NO3 : 1x0.025M =0.025 M

Example 16:
What are the concentrations of zinc and bromide ions in a 0.030 M solution of

ZnBr2?
The dissociation reaction for zinc bromide (ZnBr2) is:

ZnBr, - Zn*? + 2Br~

Solution:
[Zn*?] =1 x 0.030 M = 0.030 M

[Br~] = 2 x 0.030 M = 0.060 M

Omar Moawwad 12




Ch 12

o Effects of Temperature and Pressure on Solubility

+ Effect of temperature on Solubility of Gases and solids

« Solid solubility and
temperature

300 | r o

(C12H,011)
260 —|

KNO,
220

180 —

140 —

100 —

Solubility (g solute per 100 g H,0)

[o2}
o
|

=\ &
o\

20 —
Ce,(SO,);

Temperature (°C)

The Solubility in most
solids increases with
temperature.

Omar Moawwad

Sciubility (mAf)

Gas solubility and
temperature

0 10 20 30 40 50
Temperature (°C)

The Solubility in most
gases decreases with
temperature.
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Ch 12

- Effect of Pressure on Solubility of Gases

Henry s law: The solubility of a gas in a liquid is proportional to the pressure of the

gas over the solution

C =KP
I —=—

7 O C; P
&
= 0O,
3 2
=
A N,

He
Pressure‘p’

Omar Moawwad

C (S): is the concentration
(M) of the dissolved gas.

P: is the pressure of the gas
over the solution

K: is a constant for each gas
(mol/L « atm) that depends
only on temperature.

The Solubility in gases
increases with pressure.
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Ch 12
Example 17:

At 25°C 24 grams of CH, (16 g/mol) are dissolved in 37.5 L water at a partial pressure of

2.0 atm. Calculate the solubility of methane in water when the partial pressure is decreased
to 0.5 atm at the same temperature.

Solution:

mass 24

Moles of CHy = = 1.5 mol

molar mass - 16

[CH,](solubility) = Lsmol _ .04 M (mol/L)

375L
S 0.04 mol
S, =KP; —>K=P—1=T=O.02T-atm

S, = KP, = 0.02 x 0.5 = 0.01 mol/L

Example 18:

The solubility of nitrogen gas (N,) in water at 25°C is found to be 3.2 x 10~* mol/L when
the partial pressure of nitrogen gas above the water is 1.5 atm. Calculate the solubility of

nitrogen gas in water when the partial pressure is increased to 3.0 atm at the same
temperature.

A. 640 M

B. 6.4x107* L/mol
C 64x10~*M

D 69x107*M

Solution:
ﬁ:ﬁorS:kP — S:S2:32x10‘4xi:64><10‘4mol/L
S, P, 2 otp T 1.5

Omar Moawwad 15
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( e Colligative Properties

Colligative properties: are properties that depend only on the number of solute particles in

solution and not on the nature of the solute particles.

Wl olyjs deub e gudg Jolaadl Lo wliodl Oligjs sxe Ll néo aoied SUl golgall

Amount of solute T — Vapor pressure 1

Vapor-Pressure Lowering
Boiling-Point Elevation
Freezing-Point Depression
Osmotic Pressure ()

« Vapor-Pressure Lowering

1. When a non-volatile, insoluble solid dissolves in a given solution, then we use Raoult's

law.

-J4e0 Jgloo) dsoill dulo peg opliaio juc dulio 0slo dyldlaie

Raoult’s law:

P = X,P°

AP = P°—P

Omar Moawwad 16
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Example 19:

Calculate the vapor pressure of a solution formed by dissolving 25.6 g of sucrose (molar mass

= 342.3 g/mol) in 200 mL of ethanol (molar mass = 46 g/mol) at 40°C. What is the vapor-
pressure lowering?

The vapor pressure of pure ethanol at 40°C is 100 mmHg. Assume the density of ethanol is
0.789 g/mL.

Solution:
( ) = 256 _ 0.075 mol
n, (sucrose) = 3423~ 0" mo
g 1
n, (ethanol) = 0.789 — x 200ml X = 3.43 mol
ml 46L
mol
nyq 3.34
X, = =0.978

" +n, 334+0.075
P =X, *P°=0.978+ 100 = 97.8 mmHg

AP =P°—-P =100—-978=2.2mmHg

Omar Moawwad 17
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» Vapor-Pressure Lowering

For nonvolatile solute: - P < P°
2. If there are two liquids (A and B) completely miscible and both are volatile.

HUnlio laodsg yaedl loausey Juild (A, B) gulilw bgag Jb o 2

Py = Xp % Py° , Pp=Xp*Pp°

Py =P, + Py

Pr =X, +Py°+ Xg * Pg° X,+Xp=1
so we can use also: Pr=(1—Xg)*Py°+ Xp * Ppg°

Example 20:

At 40°C, the vapor pressure of pure acetone (molar mass = 58.08 g/mol) is 365.5 torr, while
the vapor pressure of pure ethanol (molar mass = 46.07 g/mol) is 92.4 torr. If a solution is
prepared by mixing 50.0 g of acetone and 30.0 g of ethanol at this temperature, what would

be the total vapor pressure of the mixture?

Solution:
50 g 30g
nq (acetone) = W = 0.86 mol ) n, (ethanol) - W = 0.65 mol
n, 0.86
Xl = = 0.57

n,+n, 086+ 065

P n 0.65 - 043
2" n;4+n, 086+0.65
P; = X; » P,° = 0.57 * 365.5 = 208.3 torr , P, =X, * P,° = 0.43 x92.5 = 39.8 torr

P, = P, + P, = 208.3 + 39.8 = 248.1 torr

Or, P; =X, * P,°+ Xp * Pg° = 0.57 * 365.5 + 0.43 * 92.5 = 248.1 torr
Omar Moawwad 18
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e Vapor Pressure of a Solution

« Vapor pressure for a nonideal solution.

Jugludio wliallg cyioll (ideal) ol Jglooll 2o 3o Jiuwy (Raoult’s law) dsleo Jaoi <

(Intermolecular interaction) oW joJI (w alclall judi Wlaj

% Real solutions are not ideal, deviation from this equation is expected.

Non ideal solution

For solution showing positive

1. Solution showing positive deviation from Raoult’s law:  devietion from ReGUltE Taw:
AH - 0 and AV -~ 0

a) P ion > P;

) solution ideal N -

b) Vsolution > Vsolute + Vsolvent

¢

Ex: London + H-bonding — London

Pressure

For solution showing negative
deviation from Raoult's law.

AH - 0 and AV = 0
a) Psolution < Pideal Ps Pdeal

b) Vsolution < Vsolute + Vsolvent
)
Ex: Dipole-Dipole + Dipole-Dipole - H-bonding

2. Solution showing negative deviation from Raoult™s law:

Pressure

Omar Moawwad 19
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( e Boiling-Point Elevation and Freezing-Point Depression

 Boiling point elevation (ylel doys 6 glaiyul)
s Amount of solute T — boling point T

Sl ds)s cislj bl duns cislj Lo J5 <

ATb=Kb*m

ATb == Tb - Tbo ) Tb > Tbo

/ T, : boiling point of solution \

Ty,° : boiling point of pure solvent

m : molality of the solution (mol/KQg)

Ky : molal boiling-point elevation constant for a

J

given solvent (°C/m)

o

T 1.0 atm (1013 bar] %) ¥
L .

Wapsour Fressuns

Tamiprature | K]

Omar Moawwad 20
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- Freezing point depression (a02Ul a2y 6 yoLasil)

% Amount of solute T — freezing point |

ozl &5 J&5 Uliell &S wsls lo JS

ATf - Tfo - Tf ) Tf < Tfo

/Tf : freezing point of solution \

T : freezing point of pure solvent

m : molality of the solution (mol/Kg)

K¢: molal freezing point depression constant for a

given solvent (°C/m)
\2 )

)

Jrssue Al

-— sohition

Solrent

mee e

I at l

1 - polt

L_1*

f Temperatirs (C)
Zolution/ Tf &
free s
p_‘lu'
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Ch 12
Example 21:

Propylene glycol (C;Hg0,) (Mw = 76.09 g/mol) is another common antifreeze used in automobile
cooling systems. It is also water-soluble and has a boiling point of 188.2°C. Calculate the freezing
point and boiling point of a solution containing 800 g of propylene glycol in 1500 g of water.

K, =355°C/m , K;=186°C/m

Solution:
800 g
nC3H802 = m = 10.5 mol
mol
mole of solute 10.5mol

molality (m) = mass of solvent (Kg) T 15 Kg

AT, = K, *m = 3.55 x 7 = 24.85 °C
ATb = Tb — Tbo - Tb - ATb + Tbo == 24‘85 + 100 = 124‘85 °C
AT, =Ky +m =186 +7 = 13°C

AszTfo—Tf d TfZTfO—ATf=O—13=—13OC

Example 22:

A 6.25 g sample of a compound with the empirical formula C;H; is dissolved in 250 g of toluene.
The freezing point of the solution is found to be 2.3°C below that of pure toluene. Calculate the
molar mass of the compound.

Kr =3.6°C/m
Solution:
freezing point depression — molality — number of moles — molar mass

AT = K ATy _ 23 0.64
e * —_ T .
pERm T M T 36 m

mole of solute 064 mol 0.250 Kg = 0.16 mol
M= nass of solvent (Kg) et Kg ’ "

mass 6.25 — 3906 ]
= 01g  3206g/mo

mass of solute X Ky __ 6.25gx%x3.6°C/m
mass of solvent x10~3 x ATy T 250 x10-3 x2.3°C

molar mass =

= 39.06 g/mol

Or, M, (solute) =

Omar Moawwad 22
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( e Osmosis

« Osmotic pressure () (S, 90wVl b.all)

.olel sy ellioy g1 Jglawadl JI Yol us5 ellioy ¢ I Jolowadl (o Jaiy clodl <

Osmotic pressure (rr): the pressure required to stop osmosis.

Osmotic pressure:

«Jdgloall G elodl JWaiil waogll ojllll bonll

m = MRT
M : the molarity of the solution Osmotic ~ [z3."%
pressure P ’

T : the temperature (in K)

R : gas constant (0.0821 L . atmyK . mol)

7 : osmatic pressure (atm , mmHg, ...,)

. /

v .
¥y
o'y
. .
ot
» Pl
- AT
"
a8 e
.
e s .
. oy o
A . .« n
-
-y , L
-~ . .
ST v a8 )
. ' .
.
.
- “ a

Semipermeable
membrane

Omar Moawwad 23




Ch 12
Example 23:

A solution is prepared by dissolving 18.5 g of glucose in enough water to make up 500 mL in
volume. If the osmotic pressure of the solution is found to be 8.2mmHg at 25°(, calculate the

molar mass of glucose.
Solution:

Osmotic pressure - molarity — number of moles — molar mass

1 atm =760 mmHg

1 atm
760 mmHg 0.01

RT (0821 (L .MTm.mol) x (25 + 273) ko 00821 x 298

8.2mmHg X

m=MRT - M = 0.00041 M

n=M=x*V =0.00041 * 0.5 = 0.000205 mol

mass 18.5

Mw = — == 3000205

=9.02 x 10* g/mol

Omar Moawwad 24
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( e Osmosis

actual number of particles in soln after dissociation

van’t Hoff factor (i) = number of formula units initially dissolved in solution

NaCl - Na* +Cl”

1 1 - i=14+1=2

Na,S0, - 2Na* +S0;?
l l
2 1 - i=2+1=3

FeCl; —» Fe*™3+3Cl”
l l
1 3 - i=143=4

ﬁolligative Properties of Electrolyte Solutions

Boiling-Point Elevation AT, =iK, m
Freezing-Point Depression AT, =iK. m

Osmotic Pressure () n=i MRT

\_

Omar Moawwad
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Ch 12
Example 24:

The osmotic pressure of a 0.020 M solution of sucrose at 39°Cis found to be 1.23 atm.

Calculate the van't Hoff factor for sucrose at this concentration.

1.4
2.
2.

mo o w»

Solution:

MRT ) s 1.23 atm 1.23 2 4
e - e e e e
Tt "= MRT ~ 0.020 M x 0.0821 (L - atm/K - mol) x (39 + 273) K° _ 0.51

Example 25:

A 8.75 g sample of a compound with the empirical formula NH,Cl (53.49 g/mol) is dissolved in
350 g of water. The boiling point elevation of the solution is found to be 1.2°C above that of

pure water. Calculate the molar mass of the compound
K, = 0.512°C/m

Solution:
NH,Cl - NH} +Cl-

Boiling point elevation —» molality — number of moles — molar mass

AT,

= : =1.17
i+K, 2+%0512 m

AT, =ixKy*m - m=

mole of solute 1 17mol 0.350 K 0.41 mol
= - n =117—x0. =0.
m mass of solvent (Kg) " Kg g mo

mass_8.75_213 ]
=041 21:39/mo

molar mass =

mass of solute X i X Ky, __ 8.75 g x2x0.512°C/m
mass of solvent x10~3 X AT, 350 g x10~3 x1.2 °C

Omar Moawwad 26
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Example 26:

A mole fraction of 0.097 of a compound with the empirical formula FeCl; (162.2 g/mol) is dissolved
in 450 g of water.

Calculate the freezing point of the compound.
K = 1.86°C/m
Solution:

FeCl; —» Fe'3+3Cl”

450
Nyater = 18 = 25 mol

mole of FeCl; Nrecl,
N _

FeCl3 -

= - 0.097 =
mole of solution Npect; T Nwater n+ 25

- 0.097(n+25)=n - n=2.69mol

_ mole of solute _2.69
m= mass of solvent (Kg)  0.450

=598m

ATf=i*Kf*m=4*1.86*5.98=44.5°C

AT; =T°—T; > Tp=AT; +Tp° = 44.5+0 = 44.5°C

Omar Moawwad 27
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Problems:

1) The mole fraction of copper (II) nitrate in an aqueous copper (II) nitrate solution is 0.135. What is the

molality of the copper (II) nitrate solution?

a) 749m
b) 8.01m
c) 8.66m
d) 9.34m
e) 8.06m

2) A 5.1 g sample of CaCl, is dissolved in a beaker of water. Which of the following statements is true of this solution?

a) The solution will freeze at a lower temperature than pure water.
b) The solution has a higher vapor pressure than pure water.

¢) The solution will boil at a lower temperature than pure water

d) Water is the solute in this solution.

e) None of the other statements (a—d) are true.

3) All of the following are colligative properties except:

a) vapor pressure lowering
b) freezing point depression
c) osmotic pressure
d) density elevation

e) boiling point elevation
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4) Consider the following three beakers that contain water and a non-volatile solute. The solute is

represented by the orange spheres.

a) Which solution would have the highest vapor pressure?
b) Which solution would have the lowest boiling point?

¢) What could you do in the laboratory to make each solution have the same freezing point?

5) Arrange the following substances in order of increasing solubility in
hexane, C¢H,4: CH,OHCH,0H, C,oH,,, H,O0.

a) CH,0HCH,0H < CyoH,, < H,0
b) CioHyy < CH,OHCH,0H < H,0
¢) H,0 < CH,0HCH,0H < CyoHy,
d) H,0 < CyoHy, < CH,OHCH,OH

e) None of these

6) The solubility of carbon dioxide in water is 0.161 g €0, in 100 mL of water at 20 < and 1.00 atm. A
soft drink is carbonated with carbon dioxide gas at 5.50 atm pressure. What is the solubility of carbon

dioxide in water at this pressure?

a) 0.886 g/100ml
b) 0.55g/100ml
c) 1.886 g/100ml
d) 0.75 g/100ml
e) 0.04 g/100ml
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7) What mass of solution containing 6.50% sodium sulfate, Na,S0,, by mass contains 1.75 g Na,S0,?

a)

b)
<)
d)
e)

34 g

27g
33g
30.1g
0.75 g

8) An automobile antifreeze solution contains 2.50 kg of ethylene glycol, CH,OHCH,0OH (Mw =

62.07 g/mol), and 2.25 kg of water. Find the mole fraction of ethylene glycol in this solution. What is the mole

fraction of water?

a)
b)
o)
d)
e)

0.0078 , 0.9922
0.5, 0.5

0.6 , 0.4

0.04 , 0.96
0.24, 0.76

9) An antiseptic solution contains hydrogen peroxide, H,0,, in water. The solution is 0.610 m H,0,. What is

the mole fraction of hydrogen peroxide?

0.9 x 1072
1.1x 1073
2.1 x 1072
1.1 x 1072
1.1x107°
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10) A solution was prepared by dissolving 0.800 g of sulfur Sg (Mw = 256.56 g/mol), in 100.0 g of
acetic acid, HC,H;0,.If the freezing point of pure acetic acid is 16.6 °C and the boiling point of pure

acetic acid is 118.1 €. Calculate the freezing point and boiling point of the solution.

K¢ =3.9C°/m , K, = 3.07°C/m

a) 17.9°C , 88.1°C
b) 165°C , 118.1°C
¢) 17.9°C, 848.1°C
d) 17.9°C , 88.9°C
e) 55°C , 118.2°C

11) Which aqueous solution has highest osmotic pressure?

a) 0.15molar Ba(N0O3), (0.15 X 3particles = 0.45 M)
b) 0.1 molar AI(NO3); (0.1 X 4particles = 0.4 M)

c¢) 0.1 molar CaCl, (three particle)

d) 0.15 molar NaCl (two particle)

e) 0.2molar NH; (one particle)

12) The osmotic pressure of blood at 37 < is 7.7 atm. A solution that is given intravenously must have
the same osmotic pressure as the blood. What should be the molarity of a glucose solution to give an

osmotic pressure of 7.7 atm at 37 C?

a) 0.6 M
b) 09 M
c) 03M
d 01M
e) 0
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Answers:

1) c (8.66 m)

2) a (The solution will freeze at a lower temperature than pure water)

3) d (density elevation)

4) a)C b) C c) Make the amount of solute in the three solutions equal.
5) ¢ (H,0 < CH,OHCH,O0H < CyyH,5)

6) A (0.886 g/100ml)

7) b (27 g)

8) e (0.24, 0.76)

9) d(1.1x107?)

10) b (16.5°C , 118.1 °C)
11) a (0.15 molar Ba(NO5),

12) ¢ (0.3 M)
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