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1. (0.5 marks) Balance the equation below using the smallest whole number coefficients.
What is the coefficient of K;Se(aq) in the balanced equation?

mo o m >

Sb(NOs)s3(agq) + KySe(aq) —  ShySes(s) + KNOs(aq)

~ P DN O

Beginning from the left (reactant) side of the equation:

There is one Sb in Sb(NOs3); and are 2 Sb’s in Sh,Ses. Therefore,

There are 6 NO3’s in 2 Sb(NO3);‘s and one NO; in KNOs. Therefore,

There are 6 K’s in 6 KNOs‘s and 2 K’s in K,Se. Therefore,

There are 3 Se’s in 3 K,Se‘s and 3 Se’s in Sh,Ses; the equation is balanced.

Sb(NO3)s(aq) + KySe(aq) —> Sh,Ses(s) + KNOz(aq)

2 Sb(NO3)3(aq) + KySe(aq) — Sh,Ses(s) + KNOs(aq)

2Sb(NO3)s(aq) + KjySe(aq) — SbySes(s) + 6 KNOs(aq)

2 Sb(NO3)3(ag) + 3K,Se(aq) —  Sh,Ses(s) + 6 KNOs(aqg)

2. (0.5 marks) A 4.169 g sample of a pure element contains 3.351 x 10?2 atoms. What is the

element?
A K
B. Mo
C. As*
D. Os
E. Pd

The molar mass (7%) of an element can be used to identify it.
W= M \where m and n are the mass and moles of the element, respectively.
n
The mass of the element is 4.169 g, and the moles can be obtained from the number of
atoms (N) using Avogadro’s number (Na).

22
_ N 3Sbdbatoms __ g ge65 ml
N, 6.022x10~ atoms mol
Therefore,
=T 21090 24906 molt
n  0.05565 mol

The molar mass matches best for arsenic, As (from the data sheet).
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3. (0.5 marks) What mass of Cr is found in 19.6 g of K,Cr,0;? Choose the closest answer.
A. 6.93g*
We can use the mole process to find the mass of Cr in K,Cr,0-.
B. 811¢g
C. 1399¢ A balanced “atomization” equation (hypothetical) can be written as an aid to
D. 571¢ recognize that there are 2 moles of Cr in every 1 mole of K,Cr,0-.
E. 346 K.Cr,0; > 2K + 2Cr + 70

Use the mole process to find the moles of Cr from the moles of K,Cr,0-.

To moles:
mKZCr207 _ 196 ¢

= — =0.06662 mol
My o, 294.2gmol

Nk,cro, =

Between moles:
There are 2 moles of Cr for every 1 mole of K,Cr,O-.

Ej = 0.06662 mol(%]: 0.1332 mol

Nor =Mk cr0, (1

From moles:

M, =N, %, =0.1332 mol(52.00 g mol™*) =6.93 g

4. (0.5 marks) Suppose that a solid mixture containing 0.01 mol each of CaCl, and Fe(NOs3); is
added to 1.0 L of water. Which of the following best describes what happens?

A. Fe(NOg3), dissolves but none of the CaCl; dissolves.
CacCl; dissolves but none of the Fe(NO3); dissolves.
A precipitate of FeCl; is formed.

A precipitate of Ca(NOs3); is formed.

Both CaCl, and Fe(NO3), dissolve.*

mo o w

This question addresses the solubility rules of ionic species that you are responsible for memorizing.

Decide if the ionic salts dissolve by considering if they are soluble (dissolve and become aqueous) or

insoluble (form a solid precipitate).

1. lonic salts containing nitrate (NO3") are soluble, therefore Fe(NOj3), will dissolve.
2. lonic salts containing anions (negative ions) of halides (F-, CI-, Br or I") are soluble, except those

formed with cations (positive ions) of the metals Hg*/Hg**, Pb*" and Ag*. CaCl, will dissolve.
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5. (0.5 marks) What volume of 0.117 mol L' HNO3(aq) is needed to prepare by dilution
exactly 525 mL of 0.0500 mol L™ HNO3(aq)?

A. 446 mL The moles of HNOs(aq) required are
B. 224mL* | n auires = Crina Vitno,, s = 0-0500 mol L™(0.525 L) = 0.02625 mol
C. 352mL
D 6l4mL Therefore thenvolume required from the initial solution is,
E ssoml | Viwomim = HNCth|d - gflzfzmso:nf—ll =0.2244 L = 224 mL
6. (0.5 marks) Which of the following statements best describes the F ion in the following

reaction? Assume the reaction occurs in aqueous solution.
F + HNO, — HF + NO;

The F ion causes N in HNO, to be oxidized.
The F ion causes N in HNO; to be reduced.
The F ion acts as a Bronsted-Lowry acid.
The F ion acts as a Bronsted-Lowry base.*

m o o @ >

The F ion acts as a precipitating agent.

A precipitation reaction involves the formation of an insoluble ionic solid (based on the solubility rules)
from aqueous reactants.

The reaction shown above does not contain insoluble ionic solids as any of its products. This is not a
precipitation reaction.

An acid-base reaction must involve the transfer of one or more protons (H*) from one reactant species to
another.

The reaction shown above involves F~ removing (accepting) a proton (H) from HNO,. F is acting as a
Bronsted-Lowry base. The correct answer is choice D.

An oxidation-reduction (redox) reaction must involve the change in oxidation states of one or more of
the elements contained in the reactant species.

If oxidation states are assigned to the elements in the reaction shown above, you will find that all elements
maintain the same oxidation number between the reactant and product species. It is not a redox reaction.
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7. (0.5 marks) If 1.20 moles of an ideal gas occupy 20.5 L at 25.0 °C, what is the gas pressure?

A

8. (0.5 marks) Both neon (Ne) and argon (Ar) behave as ideal gases at 298 K and 100 kPa. For
these conditions of temperature and pressure, a 2:00 16.3 g sample of Ne(g) occupies a volume

mo o w

145 KPa* | Eor an ideal gas:

12.2 kPa PV =nRT, P= nRT
183 kPa v
1 -1
225Kpa | p 120 mol(B.3145 kPa L mol* K*)(298.15K) _, o\ o
205 L
275 kPa

of 20.0 L. For the same conditions, a 2:80 16.3 g sample of Ar(g) occupies a volume

A
B.
C.

equal to 20.0 L
greater than 20.0 L
less than 20.0 L*

The volume (V) of an ideal gas (X), at constant T and P, is found using the ideal gas equation.
PV, =n, RT

Ny RT

P

The two ideal gases in each sample have equal masses (m), and since

VX

m
N, =——, then
X

_ RT :L, k= mRT (constant)
P, P

VX

k :
If V, =—— then the volume (V) occupied by a gaseous species is inversely proportional to its
X

molar mass (7, ).
Therefore, the species with a greater molar mass will occupy a smaller volume at constant m, T and

P. Ar has a greater molar mass than Ne, so it occupies a volume less than 20.0 L; at constant m,
T and P.

NOTE: Although it was not necessary to perform calculations in this problem, the mass of each
gas was intended to be 16.3 g. Because of this error, we have awarded any choice of answer as
correct!
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9. (2 mark) What is the minimum mass of oxygen required to completely burn 13.1 g of C;HgO,?
The unbalanced chemical equation is shown below.

CiHeOa(s) + 02(9) — COx(g) + H0(9)

Molar masses: C7HgO,, 122.12 0,, 32.00 CO,, 44.01 H,0, 18.02
(ing mol ™)
*
A 2574 We can use the mole process to find the minimum mass of O, required.
B. 3409
C. 0.458¢ First, balance the unbalanced chemical equation.
D. 145 g C7H602(S) + 02(g) — COZ(g) + HZO(g)
E. 3.439¢

There are 7 C's on the left side (LS) and one C on the right side (RS).
CHeOx(s) + 0Ox(9) — 7COA(g) + H0(9)

There are 6 H's on the LS and 2 H's on the RS.
C/HeOx(s) + 0Oy(g) — 7COx(9) + 3H0(9)

There are 4 O's on the LS and 17 O's on the RS. The equation is balanced.
CiHeOa(s) + L0, 0) — 7CO(g) + 3H0(9)

Use the mole process to find the moles of O, from the moles of C;H¢O,.
To moles:

n — mC7H502 — 1319
O M o,  122.12 g mol™

=0.1073 mol

Between moles:
There are% moles of O, reacting for every one mole of C;H¢O,.

15

—j =0.1073 moI(%)z 0.8045 mol

Mo, =Ne 1,0, ( >

From moles:

Mo, = No, %, = 0.8045 mol(32.00 g mol™) = 25.7 g
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10. (1 mark) What is the maximum mass of Ca(CN), that can be obtained from 1.56 g of HCN and
2.58 g of Ca(OH),? The balanced chemical equation is shown below. (Choose the closest

answer.)
2HCN(aq) + Ca(OH)2(ag) — Ca(CN).(aq) + 2 HO(I)
Molar masses: HCN, 27.03 Ca(OH),, 74.10  Ca(CN),, 92.12 H,0, 18.02
(ing mol ™)
A. 53l1g . . - ... .
There are fixed amounts (in grams) of reagents given in the question; this is potentially a
B. 2209 limiting reagent problem.
C. 266g*
D. 137g We can use the mole process to find the amount of Ca(CN), produced by first assuming that
E 321g all of the HCN reacts, then by assuming that all of the Ca(OH), reacts. The reagent that

yields the smaller quantity of Ca(CN); is the limiting reagent. The amount of the limiting
reagent dictates the amount of product obtained.

To moles:

Ny, = N 1569 _ 405771 mol

Myey 27.03gmol™

Between moles:

There are two moles of HCN reacting to form one mole of Ca(CN),.

1) _ 1)
Neaeny, = Mhen (Ej =0.05771 mol(zj— 0.02886 mol

To moles:
mCa(OH)z _ 258¢

n = = =0.03482 mol
OV Mo, 7410gmol™

Between moles:

There are two moles of HCN reacting to form one mole of Ca(CN),.
1

= Neaonm), (1

Neacon), j =0.03482 mol

The limiting reagent is HCN because it produces less Ca(CN),, therefore,

From moles:
Meacny, = Neaeny, Pcacny, = 0-02886 mol(92.12 g mol™) = 2.66 g
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11. (1 mark) A 4.23 g sample of a mixture of BaCl, and Ba(NO3); is treated with excess
AgNOs(aq). The precipitate is filtered off and then dried. If the dry precipitate weighs 5.27 g,
what is the percentage by mass of BaCl, in the original mixture?

Molar masses: BaCl,, 208.2 AgNO3, 169.91  AgCl, 143.35 Ba(NOs),, 261.32

(in g mol™) . . o .
There is no balanced chemical equation given in the problem. We must decide what
reaction(s) is occurring, then write the balanced chemical equation.

A. 63.3%

B, 90.5%* First focus on BaCl, reacting with AgNOs. AgCl is formed as a solid precipitate (based

' D70 on our solubility rules).

C. 21.5% BaCl,(aq) + AgNOj(ag) —> AgCI(s) + Ba(NOs),(aq)

D. 352% .
Balance the equation.

E. 45.6%

There are 2 Cl's on the LS and one 1 Cl on the RS.
BaCly(agq) + AgNOs(ag) — 2 AgCI(s) + Ba(NOgz),(aq)

There are 2 Ag's on the RS and one 1 Ag on the LS. The equation is balanced.
BaCly(ag) + 2 AgNOs;(ag) — 2 AgCI(s) + Ba(NOs;),(aq)

You can attempt to write a balanced chemical equation for a potential reaction between
Ba(NO3), and AgNOs, but should find that no reaction will occur!

We can use the mole process to find the mass of BaCl, in the sample.
Use the mole process to find the moles of BaCl, from the moles of AgCl.

To moles:

m
noo=e _ 5279 _ 63676 mol

M My, 143.35 g mol

Between moles:
There is one mole of BaCl, consumed for every two moles of AgCl formed.

1) _ 1)
Ngacl, = nAgC| (Ej =0.03676 mol(aj— 0.01838 mol

From moles:

Meacr, = Neact, Zgac, = 0.01838 mol(208.2 g mol*) =3.827 g

% of BaCl, in sample:

m
Yoy, = —22-x100% = % «100% = 90.5%
2 m,

sample : g
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12. (1 mark) The concentration of Fe** in an agueous solution can be determined by titration with
K>Cr,0(aq) in the presence of excess acid. Titration of a 25.00 mL sample of a solution of
Fe?* requires 28.72 mL of 0.05051 mol L™ K,Cr,0+(aq) to reach the endpoint. What is the
concentration of Fe*" in the original solution? The net ionic equation for the reaction is given
below. (Choose the closest answer.)

6 Fe?*(aq) + 14 H*(aq) + Cr,0* (ag) — 6Fe*(ag) + 2Cr**(ag) + 7 H,0O(l)

A. 0.05803 mol L N )
L The Cr,O;" can only come directly from K,Cr,0.
B. 03482 m0| L * chr207(aq) 100% 2 K+(aq) + Cr20727(aq)
C. 0.009671 mol L™
D. 0.1741 mol L For every one K,Cr,05 that dissociates there is one Cr,0,> produced, so
E nchrzo7 = nCr2072’ or CKszzO7 = CCrZOf’

0.02901 mol L

We can use the mole process to find the concentration of Fe** in the sample.
Use the mole process to find the moles of Fe?* from the moles of Cr,0,% .

To moles:
Vv

Cr,0,%

=0.05051 mol L*(0.02872 L) = 1.451x10" mol

nCrZOf’ - CCr2072’

Between moles:
There are 6 moles of Fe?* consumed for every one mole of Cr,0;*~ consumed.

— 6 — -3 — -3
nFep = nCr20727 (E) =1.451x10 mol(6)— 8.704x10™ mol
From moles:

n 2+ . -3
C, =D 8104107 MOl _ ;53487 oyt

UV, 0.02500 L

Fe
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13.

(2 mark) In aqueous solution, ammonium nitrate, NH4NOs3, and sodium hydroxide, NaOH,
react to give NaNOs, NH3, and water. What is the net ionic equation for this reaction?

A. Na'(ag) + NOsz (ag) — NaNOs(s)

H'(ag) + OH (ag) — H20())

NH4NOs(aq) + NaOH(ag) — NaNOs(ag) + H,O(l) + NHs(aq)
NHs (ag) + OH (ag) — NHs(ag) + HO(l)*
H"(ag) + NOs (aq) — HNOs(aq)

mo O w

A balanced chemical equation is not given in the problem. Write a balanced chemical equation based
on what is described by the question.

NH;NO; + NaOH — NaNO; + NH; + H,0
The equation is balanced.

Next, decide if any of the species will dissolve and/or dissociate (using solubility rules, strong/weak
electrolytes, etc...).

NH,NO; is a soluble ionic compound, yielding NH," and NO; " ions in solution.

NaOH is a soluble ionic compound, yielding Na* and OH™ ions in solution.

NaNO; is a soluble ionic compound, yielding Na* and NO5 ions in solution.

Ammonia, NH3 is a molecular compound that is not in our lists of strong acids or bases, so we can
only assume that is a weak or non-electrolyte (it is a weak base and thus, weak electrolyte). Therefore
NH; is best represented as NH3(aq).

Liquid water, H,O(l), does not dissociate appreciably. Represent H,O as H,O(l).

NH;NOs(agq) + NaOH(ag) — NaNOs(aq) + NHs(aq) + H,O(l)

Separate species that dissociate fully into their constituent ions.
NH,"(ag) + NOs (aq) + Na'(ag) + OH (ag) — Na'(aq) + NOs (aq) + NHs(aq) + HO())

Remove spectator ions.
NH,"(ag) + NO; (ag) + Na'(aq) + OH (ag) —> Na'(aq) + NO; (ag) + NHs(aq) + H,O(l)

Done.
NH,"(ag) + OH(agq) = NHs(aq) + H,O(I) (an acid-base neutralization reaction)
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(1 mark) Consider the unbalanced redox reaction shown below.

105 (aq) + HSOs(agq) — I (ag) + SO, (ag) (in acidic solution)

When the equation is balanced with the smallest whole number coefficients, what is the
coefficient of SO,* ?

A

m o O w

1
2
3*

Assign oxidation states to the elements in the reaction.

The oxidation state of O in a compound is —2 (not in O,) unless it is contained in
hydrogen peroxide (H,0,) or is attached to fluorine (e.g. F,O, F,0,, etc...).

The oxidation state of H in a compound is +1 (not in H,) unless it is contained in a metal
hydride (e.g. NaH, LiH, CaH,, etc...), where H has an oxidation state of —1.

Z oxidation #'s = net charge

Let x be the oxidation # of 1 in 105". Let x be the oxidation# of I in I".
X+3(-2)=-1 x=-1

X=45

Let x be the oxidation # of S in HSO;". Let x be the oxidation # of S in SO,
1+x+3(-2)=-1 X+4(-2)=-2

X=+4 X =46

Determine what species are being oxidized and reduced.

Since the oxidation # of | in 105, changes from +5 to —1 in I, it has become more
negative, thus | has gained (GER or RIG) 6 electrons (6e") and is reduced.

Since the oxidation # of S in HSO3, changes from +4 to a +6 in 50,7, it has become
more positive, thus S has lost (LEO or OIL) 2 electrons (2e) and is oxidized.

Write down the half reactions for the reduction and oxidation processes.

red: 103 (aq) — 1 (aq)
oX: HSO; (aq) — SO, (aq)

Balance the elements being oxidized and reduced where applicable.
The elements being oxidized and reduced are already balanced.

Add in the electrons being transferred (be careful to account for stoichiometry
where applicable).

The 1'in 105 gains 6e upon forming I~
The S in HSO; loses 2e~ upon forming SO,*

red: 10; (ag) + 66 — I (aq)
ox: HSO; (aq) — SO, (ag) + 2¢€
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gives,

14. continued
Combine the half reactions in such a way that the electrons cancel.

Leave the reduction half reaction as is, then add it to 3 times the oxidation half reaction.

Therefore,

The stoichiometric coefficient in front of SO,%~ will not change by balancing the equation
with H*(aq), then H,O(l). Done.

ox: [HSO5 (aq) — SO,*(ag) + 2¢€]x3
ox: 3HSO; (aq) — 3S045(aq) + 6¢e

red: I0s(ag) + 6 — I(aq)
ox:  3HSO;(aq) — 380, (ag) + 6e

105 (ag) + 3 HSO3 (aq) — I'(aq) + 3 SO, (aq)

(1 mark) A volatile liquid produces 0.339 g of vapour in a 0.225 L flask at 100.0 °C and
100.0 kPa. What is the molar mass of the liquid?

A. 6l.1gmol™
B. 123gmol™*
C. 42.0gmol™
D. 309gmol™*
E. 46.7gmol**

For an ideal gas:

PV =nRT, n=-1
o

where m and 7 are the mass and molar mass of the vaporized liquid, respectively.

n= PV _ 1000 kFi?(O'ZZ_? L) =7.252x10" mol
RT 8.3145kPa L K™ mol™(373.15 K)
=" &z%.?g mol™

N 7.252x10° mol
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(1 mark) In an experiment, a 0.619 g sample of Al(s) was completely dissolved in an
excess of HCl(aq). The H; gas produced by the reaction below is then dried to remove all
the water vapour. The “dry” Hx(g) occupied a volume of 722 mL at 23.0 °C and 99.3 kPa.
What was the percent yield for this experiment? (Choose the closest answer.)

A. 38%
B. 56%
C. 67%
D. 85%*
E. 92%

2Al(s) + 6HCl(ag) — 2AICI(aq) + 3 Ha(g)

The percent yield is given by:
. m
% yield = —<4& »100%
mtheow
We can use the mole process to find the theoretical mass (100% yield) of H, produced.

Use the mole process to find the moles of H, from the moles of Al.

To moles:

My __ 06199 55004 mol

n
A, 26.98 gmol™

Between moles:
There are 2 moles of Al consumed for every 3 moles of H, formed.

Ny =Ny (Ej = 0.02294 mol (Ejz 0.03441 mol
z 2 2

From moles:

m,, =N, 7, =0.03441 mol(2.016 g mol™) =0.06937 g

We can use the experimental conditions described in the question and the ideal gas
equation to find the actual mass of H, produced.

To moles:

PV =nRT, n=—V _ 993 kPa(0.722 1) =0.02912 mol
RT 8.3145kPa L K™ mol(296.15 K)

From moles:

m,,, =ny, 7, =0.02912 mol(2.016 g mol*) =0.05870 g

% yield = sl 10096 = %xlom =85.0%
: g

theory
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Another (more elegant) approach is to calculate the volume of H, expected from 0.619 g of Al and find the %
yield as follows:

% yield = et 100%

theory

We can use the mole process to find the theoretical volume (100% yield) of H, produced. The actual
volume of H, produced is 722 mL.

Use the mole process to find the moles of H, from the moles of Al.

To moles:
_m,  0619¢

Ny = — =0.02294 mol
7, 26.98 g mol

Between moles:

There are 2 moles of Al consumed for every 3 moles of H, formed.

Ny =Ny (E) = 0.02294 mol (Ejz 0.03441 mol
z 2 2

From moles:
-1 -1
PV =nRT, V = nRT _ 0.03441 mol(8.3145 kPa L K™ mol™)(296.15 K) 08533 L =853.3 mL
99.3 kPa
% yield = 22M . 100% —84.6%
853.3 mL




