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Introduction

The items here are intended to promote the use of extended-response items in high-quality
classroom assessments. Teachers may wish to use these items in a variety of ways to improve the

degree to which students develop and demonstrate an understanding of the concepts described in
the Chemistry 30 Program of Studies.
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Assessment of Communication Skills in the Classroom

Although written-response questions are no longer part of the Chemistry 30 Diploma
Examination, we encourage the use of written-response questions in classroom assessment. In this
way, there can be a greater assessment of the outcomes included in the program of studies.

The following pages give examples of written-response questions, together with scoring rubrics
and examples of student work.

Chemistry is a discipline in which there is a stringent set of rules for proper scientific
communication. Communication skills are most evident in, and can be directly assessed on, the
written-response questions.

In previous years, we have scored analytic-style written-response questions out of 6, with 5 marks
for chemistry content and 1 mark for communication. The communication mark is partially
determined by the extent to which the question has been attempted. Communication is marked
based on organization, clarity, use of correct scientific conventions, and use of proper language
conventions.

Proper scientific conventions include:
e labelling of graphs and diagrams

* mathematical formulas and equations

significant digits, units of measurement, and unit conversion

states of matter

abbreviations

In previous years, we have scored holistic written-response questions using the holistic scoring
rubrics, which integrate the assessment of communication skills into the marking matrix that is used
to assess the overall response.

Therefore, on the analytic questions, communication skills can be assessed more independently;
whereas on the holistic question, communication can be assessed as part of the total response.

The intent of evaluating communication is to reward students for creating responses that are on
topic, clear, concise, and well written using the conventions of scientific language.
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Communication Guidelines for Classroom Assessment

The following list is a set of guidelines that were used during the marking of the communication
scale for any of the written-response questions.

* Do not score work that the student has indicated should not be scored—this includes partially
erased or clearly crossed-out work.

* If a student’s response contains contradictory information, then score the work as either
ambiguous or incorrect.

* Do not score any irrelevant and extra information that is not incorrect but that does not
contribute to the correct response.

* The omission of leading zeros is not a scientific error and therefore will not be scored as such.

* States, units, significant digits, and ion charges must be included within the response. The
student must be consistent in their use. (The exception to this is equilibrium expressions,
which do not require units.) Units used should respect the conventions of the International
System of Units (SI).

* Significant digits in the final recorded answer must be correct. It is not necessary to carry
extra significant digits in intermediate steps, but it is a preferred practice to carry at least one
extra digit throughout intermediate steps. If the number of significant digits in intermediate
steps has been truncated (is less than the required number), then this will be considered an
error.

e If spelling and grammatical errors limit the understanding of the response and cause
ambiguity, then this will be considered a communication error.

* Graphs should include an appropriate title, labelled axes with units, and an appropriate scale.
The manipulated variable should always be on the x-axis.

* When the student is asked to draw a diagram of a cell, the diagram should include labels for
the anode, cathode (or the specific substances), reagent solutions (electrolytes), a salt bridge or
porous cup, voltmeter or power source, and a connecting wire to the electrodes. Students are
not required, unless specifically asked, to label the migration of ions, the solution in the salt
bridge (although the diagram or procedure should indicate that there is a solution present), or
the electron flow. If a student chooses to include these labels, then they will also be marked as
part of the response.

* The y-axis on an energy diagram can be labelled E,,, H, or AH with appropriate units.
However, on diploma examinations and field tests the y-axis will be labelled Ep (kJ).

* Portions of a response not assessed for chemistry marks will not be assessed for
communication.
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Significant Digits

The examples below illustrate the proper use of significant digits for the Chemistry 30 Diploma
Examination in a response.

Example 1

A 10.0 mL sample of a Fe?*(aq) solution of unknown concentration is titrated with a standardized
0.120 mol/L KMnO,(aq) solution. The following data are recorded.

2 decimal places Trial I II 111

(10.10-1.00)
according to the
addition/subtraction
rules leaves

3 significant digits Titrant added (mL) —9.10% | 9.12 | 9.1

Final burette reading (mL) 10.10 19.22 | 28.33

| Initial burette reading (mL) 1.00 10.10 19.22

The concentration of the Fez+(aq) 18

Exact number,
therefore does not
change the

final number of
significant digits

5 Fe?*(aq) 1
I'mol MnO,(aq) ~ 10.0 mL Fe**(aq)

Reaction Equation
MnO, (aq) + 8H'(aq) + 5Fe’*(aq) — Mn?*(aq) + 4H,0(l) + 5Fe**(aq)

Average volume of titrant added is 9.11 mL

[Fez+(aq)] =9.11 mL MnO, (aq) x 0.120 mol/L MnO, (aq) X

[Fe>*(aq)] = 0.547 mol/L

* Final answer has 3 significant digits (least number present
according to the multiplication/division rule)

Example 2 K, value has 2 significant digits
The pH of a 0400 mol/L solution of ethanoic acid is

2
Kp=18x10"° = X

~ (0.100 mol/L — x)

The value of x can be ignored when compared to 0.100 mol/L in the case of such a weak acid.

2

Ky is approximately 5" i Additional digits
carried through on
x = [H30"(aq)] = 0.001342 ——— an interim basis
pH = -10g(0.001342 mol/L) ,
=2.87 ‘ Final answer has

‘ 2 significant digits
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Example 3

A student conducts a calorimetry experiment to determine the energy transferred when Solution A
is mixed with Solution B. The data collected are shown below. Assume the specific heat capacity
for each solution is the same as that of water.

Mass of Solution A (g) 100.0 [
Mass of Solution B (g) 100.0

The original data
Mass of final solution mixture (g) 200.0 < are limited to

3 significant digits.
Initial temperature of solutions A and B (°C) 20.0 sleniicant Gigts
Final temperature of the solution mixture (°C) 23.0 L

AH = mcAt

The resulting temperature
AH = (2000 g) (4.19 J/g-°C) (3.0 OC)% has 2 signiﬁfant dri)gits.

AH =2.5Kk]
The final answer should be \ The final answer has 2 significant
rounded to the same number digits because the input data for
of significant digits contained the AH = mcAt calculation is
in the input data for the limited by the temperature
calculation AH = mcAt that difference of 3.0 °C, which has
has the fewest number of 2 significant digits.
significant digits.
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Analytic Communication Scoring Guide

Communication Scoring Guide for Closed-Response (Analytic) Questions

Score Criteria
The teacher does not have to interpret any part of the response, and no
1 reference to the question is needed to understand the response. The response
is clear, concise, and presented in a logical manner. Scientific conventions
have been followed. The response may contain a minor error.
0 The teacher has to interpret the response (ambiguous) or the response is so
Ambiguous poorly organized that the marker has to refer to the question in order to
or understand the response. The response may be ambiguous, incomprehensible,
>1 scientific and/or disorganized, and/or contains errors (more than one) in scientific
error conventions.
0 50% or less of the question has been attempted. There is not enough of a
response present to be able to score for communication.
NR No response given.

Scientific conventions to be followed:
* Correct, appropriate units are used throughout the response.

* States are given throughout the response except in calculation labels and when a formula
replaces a word in a sentence.

* Significant digits are used throughout the response.

* Branch names in organic molecules are in alphabetical order, using lowest possible numbers
to indicate the position of branches.

*Note: Content and communication are scored on separate scales for the analytic question.

Explanation of the Holistic Scoring Guide

Holistic questions are designed so that students can demonstrate their understanding of science from
more than one valid approach or perspective and are assessed in a holistic fashion. The holistic
question will be scored on two rubrics that combine to form a 5-point scale.

Teachers must read the student response in its entirety in order to decide whether it contains the

key component(s) for the particular question. The teacher then looks for the necessary support
details. These two aspects are used to assess the quality of students’ responses. Communication
skills and scientific conventions are considered in the determination of the overall quality of the key
component(s) and support.
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Holistic Scoring Rubrics

Score Key-no Key Criteria
1 The student has addressed the key component(s) of the question asked. The
Key k t(s) of the question can be found in the stem of the question
(weight of 2) ey componen q q .
No 2(ey The student has not addressed the key component(s) of the question asked.
Score Support
3 The student has provided good support for all of the bullets. The support
Very Good to . ) .
Excellent may include a minor error/weakness in one of the support bullets.

2 The student has provided support for the majority of the bullets but not
Satisfactory necessarily all of the bullets. The support provided may contain minor

to Good errors/weaknesses. There is more correct than incorrect support.
The student has provided minimal support for one or more of the bullets,

1 . .

Mini but there are many errors throughout. There is more incorrect than
inimal
correct support.

0 The student has not provided enough support to demonstrate more than
Limited to a limited understanding. The support is either off topic or contains major
No support errors throughout all of the bullets.
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Sample Written-Response Questions and Responses for
Classroom Assessment

Use the following information to answer the first question.

Sour gas contains a significant amount of hydrogen sulfide gas mixed with methane
gas. Hydrogen sulfide gas is a colourless, toxic gas that smells like rotten eggs.
Hydrogen sulfide gas can be converted to sulfur dioxide gas in a process called flaring,
as represented by the equation below.

2H,S(g) + 30,(g) = 2S0,(g) + 2H,0(g)

Determine the enthalpy change for the flaring process represented by the equation
above.
(3 marks)

Sketch and label a potential energy diagram that represents the enthalpy change for the
flaring process.
(2 marks)

Use the following information to answer the next question.

Large amounts of ammonia for the production of fertilizers and other consumer
goods are made by the Haber process. During the Haber process, hydrogen gas
combines with nitrogen gas to produce ammonia gas. This process is carried out
in the presence of a catalyst.

2.

Write a balanced equilibrium equation for the Haber process. Include the enthalpy
change as an energy term in the balanced equation.
(3 marks)

Describe what happens to the equilibrium position and the value of the equilibrium
constant when the temperature of the system is increased from 200 °C to 500 °C.
(2 marks)

Alberta Education, Assessment Sector 8 Chemistry 30



Use the following information to answer the next question.

~ aship’s hull.

Your response should include

The copper covering on the hull of a ship, which is the main body of the ship that
is in contact with water, corrodes when it is exposed to water and oxygen. To protect
against such corrosion on British naval ships, Sir Humphry Davy was the first to use
blocks of either zinc, tin, or iron as sacrificial anodes, which were attached to the
ship’s hull.
Hull of ship
covered
with Cu(s)
made of Zn(s), 4
Sn(s), or Fe(s)
3.| Explain how a block of zinc, tin, or iron would prevent the corrosion of the copper on

* an explanation of the corrosion of copper

* an explanation of how a block of zinc, tin, or iron protects the copper from corrosion

* relevant balanced equations and E°_;, calculations to support each of your explanations

Alberta Education, Assessment Sector
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Sample Student Responses and Rationales

A number of sample responses to written-response questions are given on the following pages. For
each, the score awarded and a rationale for that score are also provided.

Written-Response Questions—Student Response 1

Use the following information to answer the first question.

Sour gas contains a significant amount of hydrogen sulfide gas mixed with methane
gas. Hydrogen sulfide gas is a colourless, toxic gas that smells like rotten eggs.
Hydrogen sulfide gas can be converted to sulfur dioxide gas in a process called flaring,
as represented by the equation below.

2HyS(g) + 30,(8) = 250,(g) + 2H,0(g)

| Written Response—10%

a. Determine the enthalpy change for the flaring process represented by the
equation above. (3 marks)

LH = Zp“ zr

) A Gl =N M 1)

- -543.LkT T (-‘-IS&(:.LT} = (12 k7)

= — 1036 kT

b. Sketch and label a potential energy diagram that represents the enthalpy change
for the flaring process. (2 marks)

Ep vs Reacton Pogress

g2 2\'\7_5(3\ +30,.09)
E?
(1)
2 S0+ 2H0 )
—-\033.2 e
R-ea(tion Progress
Alberta Education, Assessment Sector 13

Score—6 out of 6
(5 for content and 1 for
communication)

Rationale

This example meets
the requirements of the
standard of excellence.

Rationale

The correct method for
determining AH is used,
but the final answer does
not have the correct
number of significant
digits. The enthalpy
diagram has the correct
shape and is labelled.

The response received 1
mark for communication
because the only error in
communication was in
part a with the significant
digits in the final answer.

Chemistry 30



Written-Response Questions—Student Response 2

Use the following information to answer the first question.

Sour gas contains a significant amount of hydrogen sulfide gas mixed with methane
gas. Hydrogen sulfide gas is a colourless, toxic gas that smells like rotten eggs.
Hydrogen sulfide gas can be converted to sulfur dioxide gas in a process called flaring,
as represented by the equation below.

2H,S(g) + 30,(g) = 250,(g) + 2H,0(g)

Written Response—10%

- a. Determine the enthalpy change for the flaring process represented by the
equation above. (3 marks)

2HZS(:))+ 502(3)4 2502(3)—} ZHZD(\?)
A = ¢ Pm()ULﬂ - 51 reuctunts

AH = [2ma 50;,(3)(—7_%.&mm>| 2 sl Herg) ~20.6 KT /sl )
+ Lmsl Hlo(j‘ (-2418 [(_J,MQ;J +3mol O 29D ( O KTlnet)

(=10F3.2 LT/mad) — (—H1L2 £T/msl )

AW T - 1036 KT/q)
b. Sketch and label a potential energy diagram that represents the enthalpy change
for the flaring process. (2 marks)
2.5059) + 21H,0¢9)
—\013.2 29

ee

(d (met)

2H,$¢q 1+ 3
4l = C20)

Ler th'on Coordhi'nate

Alberta Education, Assessment Sector 14

Score—4 out of 6
(4 for content and O for
communication)

Rationale

This example meets
the requirements of the
acceptable standard.

The correct method for
determining AH is used,
but the units included are
incorrect, as are the
significant digits.

The shape of the enthalpy
diagram is correct but the
diagram is missing a title.

The response received 0
marks for communication
because of the errors in
significant digits and in
units.

Chemistry 30



Written-Response Questions—Student Response 3

Use the following information to answer the next question.

Large amounts of ammonia for the production of fertilizers and other consumer
goods are made by the Haber process. During the Haber process, hydrogen gas
combines with nitrogen gas to produce ammonia gas. This process is carried out
in the presence of a catalyst.

‘ Written Response—10% ‘

a. Write a balanced equilibrium equation for the Haber process. Include the

enthalpy change as an energy term in the balj(anced equation. (3 marks)
Cotalyst
193.6KT 1 3thagy t Mog) = 2 NH3(g)
AH= A H products -4 Hp' recctents J mO//W?? ki /NQU

| . = 1836 KT
pl= (2NHz@) —* ™ 1o e

e (2 (5. 7KTImt) - (3 (06h) + (OKTImd) )
A= (-GL8KkT il )~ (OKTnot + OKTImot)
AH= - 9.8 KT/ mel

b. Describe what happens to the equilibrium position and the value of the
equilibrium constant when the temperature of the system is increased
from 200 °C to 500 °C. (2 marks)

AS the +enplratuct OF Hhe SySM/: IS Increased
Prom 200°C 4o SPOC products Wil be prore
Lsvored +hen reectants . The voluc of 7€

“on g ) fioc i y Y )SE
(iu//lbmm constant wWill 1nercs
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Score—3 out of 6
(3 for content and O for
communication)

Rationale

This example meets the
minimum requirements of
the acceptable standard.

The equation was
correctly balanced with
an equilibrium arrow.
The enthalpy calculation
appears to have been done
correctly, but an incorrect
value was substituted

into the equation, and
was on the wrong side of
the equation. The shift
and the change in the K.
were consistent with the
student’s equation.

The response received O for
communication, as units
were incorrect more than
once.
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Written-Response Questions—Student Response 4

Use the following information to answer the next question. Score—2 out of 6

] _ N (1 for content and 1 for
Large amounts of ammonia for the production of fertilizers and other consumer . R
goods are made by the Haber process. During the Haber process, hydrogen gas COITlmllnlCElthn)
combines with nitrogen gas to produce ammonia gas. This process is carried out
in the presence of a catalyst.

Rationale
| Written Response—10% | This example does not

a. Write a balanced equilibrium equation for the Haber process. Include the meet the requlrements of
enthalpy change as an energy term in the balanced equation. (3 marks) the acce D table standard.

-91.8k) t 3 H @1 Ny(9) cateyst NH3q)

The equation was not
correctly balanced and did
not have an equilibrium
arrow. The value for the
enthalpy change was
correct. The enthalpy

" i change was on the wrong
b. Describe what happens to the equilibrium position and the value of the

equilibrium constant when the temperature of the system is increased side of the equation. The
from 200 °C to 500 °C. - ’ (2 marks) change in the value of the
JMewe (P0uld &t no Chox gL T//J £ equilibrium constant was
Dlwe & the j%/ lebiipnd (o X incorrect and no shift was
) indicated.

The response received 1
mark for communication,
as states and units were
correct.
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Written-Response Questions—Student Response 5

Score—>5 out of 5
(Holistically Scored)

Use the following information to answer the next question.

The copper covering on the hull of a ship, which is the main body of the ship that is
in contact with water, corrodes when it is exposed to water and oxygen. To protect
against such corrosion on British naval ships, Sir Humphry Davy was the first to use
blocks of either zinc, tin, or iron as sacrificial anodes, which were attached to the
ship’s hull.

Rationale
This example meets
‘Hull of ship 32 .
v (IHEES S the requirements of the

S s standard of excellence.
The response
addresses the question
asked by making
reference to the
sacrificial anode

L
reacting instead
Explain how a block of zinc, tin, or iron would prevent the corrosion of the copper
on a ship’s hull. Of Copper (key

Your response should include
« an explanation of the corrosion of copper
 an explanation of how a block of zinc, tin, or iron protects the copper from

component). The

comoson A _ response explains
* relevant _balansed equations and E°. calculations to support each of your . .
Exgsiera why the sacrificial

The (orrosn of (vs) (s when (uls) §yanta1€oss)
rea(ts w,+h 9,_(\71 cind Ho0 (<) ~+o -ﬁrr‘n 0124742) and
OH=(ag). Culs) 15 the redveing agent and the O
atvm is the Oxidizing agend.

anode reacts instead

of copper and it is
supported with correct
equations and potential

I redvctioa Dz¢9) + 2H,0(2) +4e ™ = H0HTay) difference calculations.
4 oxidation ( Cug) = Cutfrag) Flc') 2. Scientific conventions

y £ 2 H0(e) FLCucs) — 2 e ag) F HOH g )
7_(7 2 f i/

®

E° = 40,40V — +0.34v
.06V

I

A blodC of 2Znls), Snds)or [FE(s) Cou/d a(t af a
Saccificial anode protechng the (ur)by Seing
~ Jmnjg,ﬂ rzc/vcl'/ly a\7{l’7#. Thi§ Waullj
mean Fhat METCad of (uts) o ngting
electrons to belome  Cu'tag)  Zn 62 Snts) o
Fetg) would donate electrons and betome &

th‘of).
Zn(s) a§ an éxamp/e
Lol e s

2 2+ 0g09) +2H 00 —V 2 20 Pragyr Yo lay)

EO — 40,490V — —0,36V
= +)ieV

are followed and the
information is clearly
communicated.

A total score of 5 was
awarded (2 for key
component and 3 for
support).

Siace the electiical potential of this reathon
is hightr fhah the C(ormsion of (qir) | Hhe Znis)
7S more IKely to be oni'dized /a§trad of (us).
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Written-Response Questions—Student Response 6

Use the following information to answer the next question.

The copper covering on the hull of a ship, which is the main body of the ship that is
in contact with water, corrodes when it is exposed to water and oxygen. To protect
against such corrosion on British naval ships, Sir Humphry Davy was the first to use
blocks of either zinc, tin, or iron as sacrificial anodes, which were attached to the
ship’s hull.

Sacrificial anodes
made of Zn(s),
'\ Sn(s), or Fe(s)

‘ Written Response—15%

Explain how a block of zinc, tin, or iron would prevent the corrosion of the copper
on a ship’s hull.

Your response should include
* an explanation of the corrosion of copper

* an explanation of how a block of zinc, tin, or iron protects the copper from
corrosion

* relevant balanced equations and E° ., calculations to support each of your
explanations

The (or@Sion of (opper +ales place e Cop per
is erposed o wWater tad 0xygen beavse the water
ond oy_ﬂgen rea(t With the coppel o form
Copper CT) or Cappew(]]‘.) oxides .

0 thor ™ et+als such as —z‘mclﬁ\n or i Can

profet Copger {from CorroSion be(a e Hwy arc
pore licety 1o reatt with the orygen ond kel

g re fore HACY torrede  \nStead of Copper.

Cu ZFC:WL) 1le = (o)
Cuttca) f Fet) —= Culs) 4 F@ufmz\

EOCC“ — 4034 — 045
= +0.34 v
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Score—3 out of 5
(Holistically Scored)

Rationale

This example just meets
the minimum requirements
of the acceptable standard.

The student has addressed
the question by making
reference to the sacrificial
anode in a comparison to
copper in a minimal way
(key component). The
student does not provide
correct equations, or an
explanation of why the
sacrificial anode reacts
instead of copper. The
student does provide

a potential difference
calculation for the equation
the student provided.

The student has provided
minimal support for one
of the bullets, but there is
more incorrect than correct
support.

A total score of 3 was
awarded (2 for key
component and 1 for
support).
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Written-Response Questions—Student Response 7

Use the following information to answer the next question.

The copper covering on the hull of a ship, which is the main body of the ship that is
in contact with water, corrodes when it is exposed to water and oxygen. To protect
against such corrosion on British naval ships, Sir Humphry Davy was the first to use
blocks of either zinc, tin, or iron as sacrificial anodes, which were attached to the
ship’s hull.

Hull of ship
covered
with Cu(s)

Sacrificial anodes
made of Zn(s), =

\ Sn(s), or Fe(s)

\

Written Response—15%

Explain how a block of zinc, tin, or iron would prevent the corrosion of the copper
on a ship’s hull.

Your response should include
* an explanation of the corrosion of copper

« an explanation of how a block of zinc, tin, or iron protects the copper from
corrosion

* relevant balanced equations and E°y; calculations to support each of your
explanations

n +
Zn? 4 Cuesy 0L F 2>
(™ e =
The cope- (s reduced a3 fhe Ho+ @»ﬁf, e
as oudizicy agects +he cogpe (008 & od 1
Corroded by +he HOw) ¢ Ore)
The zinC howevtr 1s a §#r0n5€r oxadizing Qj@f%

Hen the HyOm) € Ootgy S0 1+ acts as & mfcn#—fcezt
a/\m@ ?[,/,/\&4. g@{‘fg /16 e 5@.(//75 “H\( Uorg) +70mC

COrrosion.
(uy = (u>Froe = 4034

Cu”t + € = Cwn™ O 76
/ ,)/{, =~

Znlsy &2 f%

Cu’% Zre) = 4 Cacsy

], loV
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Score—1 out of 5
(Holistically Scored)

Rationale

This example does not
meet the requirements of
the acceptable standard.

The student has not
addressed the question
as the student has not
made a correct reference
to Zn as a sacrificial
anode in comparison

to copper. The student
does not provide

correct equations or an
explanation of why zinc
reacts instead of copper.
The student does provide
a potential difference
calculation for the
equation they provided.
The student has provided
an explanation of the
corrosion of copper, but
there is more incorrect
than correct support.

A total score of 1 was
awarded (O for key
component and 1 for
support).
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Sample Written-Response Questions for Classroom
Assessment

Use the following information to answer the first question.

A student titrated 10.0 mL of a 0.10 mol/L solution of sodium hypochlorite, NaOCl(aq),
with 0.10 mol/L. HCl(aq) and recorded the pH. The data are shown in the table below.
Volume of HCl(aq) (mL) pH

0.0 10.2
2.0 8.0
4.0 7.6
6.0 7.2
8.0 6.8
10.0 4.2
12.0 2.0
14.0 1.8
16.0 1.6
18.0 1.5
20.0 1.5

Written Response—10%

1.| a. On the grid below, plot and label the data given above. Identify a buffering region.
(3 marks)

Alberta Education, Assessment Sector 20 Chemistry 30



b. Describe the role of a buffer, and write the net ionic equation that represents the buffer
reaction that occurs in the buffer region that you identified on your graph.
(2 marks)

Use the following information to answer the next question.

Decorative copper coatings can be applied to objects, such as a vase, using an electrolytic
process.

Power

/ source

~<+—— ((s) electrode
N r

T— CuSO,(aq)
Vase — —>1~‘ )

Written Response—10%

2. a. Write the two half-reaction equations that occur in this cell, and identify one
observation that could be made during the operation of the cell.
(3 marks)

b. Calculate the mass of copper that could be produced in the electrolytic cell when
a current of 3.00 A is applied for 20.0 min.
(2 marks)
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Use the following information to answer the next question.

A cutting torch can be used to cut metal in places such as construction sites,
shipyards, and rail yards. The flame used for cutting is produced by

a combustion reaction in which a gaseous fuel is mixed with oxygen and forced
through a nozzle in the cutting torch. Gaseous products are formed.

Two gases that can be used as fuel in a cutting torch are hydrogen gas, H,(g),
and ethyne gas, C,H,(g), which is commonly known as acetylene.

Written Response—15%

3.| Compare, in terms of enthalpy, the use of hydrogen gas and ethyne gas as fuels,
and identify which of the two is the better fuel to use in a cutting torch.

Your response should include
* a balanced chemical equation representing the combustion reaction for each fuel
* enthalpy calculations for the combustion of 1.00 g of each fuel in kJ/g

* identification of the better fuel in terms of energy per gram of fuel and one other reason
for choosing the fuel
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June 2009 Holistic Split Scoring Guide

to Excellent

Score Key-no Key Criteria
The student has addressed the question by comparing the two fuels, hydrogen
1 and ethyne gas, in terms of an enthalpy (enthalpy of combustion) comparison.
Key This may be in terms of kJ/g, kJ/mol, or total kJ produced using the results
obtained through their calculations. Note that there may be errors in their
(weighted 2) | calculations: e.g., reversing Hess’s law or missing coefficients, correct
calculation of Hess’s Law but incorrect kJ/mol or kJ/g.
0 The student has not addressed the question asked, or only one fuel has been
No Key addressed and there is no comparison.
Score Support
3 .
Very Good The student has provided good support for all of the bullets. The support may

include a minor error/weakness in one of the support bullets.

2 The student has provided support for the majority of the bullets but not
Satisfactory | necessarily all of the bullets; the support provided may contain minor errors/
to Good weaknesses. There is more correct than incorrect support.
1 The student has provided minimal support for one or more of the bullets,
.. but there are many errors throughout. There is more incorrect than correct
Minimal
support.
0 The student has not provided enough support to demonstrate more than a
Limited to limited understanding. The support is either off topic or contains major errors
No support | throughout all of the bullets.

Minor errors:

Major errors:

Alberta Education, Assessment Sector 26

Unbalanced equation

Method for calculating kJ/g is correct, but the student
has made a minor calculation error (the comparison is g/kJ versus kJ/g)

Identifying the best fuel in terms of energy, and then a positive reason for the
other fuel

Using H,O(]) instead of H,O(g)

Incorrect method for calculating Hess’s Law, or kJ/mol or kl/g

Incorrect products in the equation, or a fuel other than hydrogen or ethyne is
used

Not making a choice for the best fuel in terms of energy

Chemistry 30




Use the following information to answer the first question.

Methane gas can be produced in a laboratory by reacting carbon disulfide, CS,(g),
and hydrogen gas, as represented by the equation below.

CSy(g) + 4H,y(g) = CHy(g) + 2H,S(g)

The initial concentrations that are placed into an empty flask at a temperature
of 90.0 °C are 0.175 mol/L CS,(g) and 0.310 mol/L H,(g). When equilibrium
is established, 0.125 mol/L CS,(g) is present.

Written Response—10% | (5 marks for content, 1 mark for overall communication)

1.| a. Determine the concentration of hydrogen gas present in the flask at equilibrium.
(3 marks)

b. Write the equilibrium law expression for the reaction, and determine the value
of the equilibrium constant for the reaction at 90.0 °C.
(2 marks)
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Use the following information to answer the next question.

Potassium permanganate in an acidic solution is commonly used in redox titrations.

Written Response—10% | (5 marks for content, 1 mark for overall communication)

E a. Choose an aqueous solution that could be titrated with aqueous
potassium permanganate in an acidic solution. Write the balanced net
ionic equation for the titration reaction and determine the potential difference
for the reaction.
(3 marks)

Use the following additional information to answer the next part of the question.

A student places a strip of solid iron metal into a beaker that contains aqueous
potassium permanganate in an acidic solution.

b. Describe what happens to the iron metal strip when it is added to the solution
in the beaker, and identify the oxidizing agent and the reducing agent.
(2 marks)
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Use the following information to answer the next question.

A student is investigating the amount of carbon dioxide that is produced during the
combustion of fossil fuels commonly used in automobiles. In order to identify the
best fuel to use in automobiles, the student determines the enthalpy change needed to

produce gaseous products from the combustion of each of the following three fuels:

propane gas, liquid octane, and liquid ethanol.

Written Response—15%

3.

Compare the three fuels listed above in terms of energy and the production of
carbon dioxide gas, and identify the best fuel to burn in automobiles.

To support your choice, your response should include

* balanced chemical equations for the combustion of each fuel and an enthalpy
calculation for each reaction

* the number of moles of carbon dioxide produced per kilojoule of energy produced

by each fuel

* an explanation of the rationale that supports the fuel you have identified as the
best one to use in automobiles
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Question 3 — Holistic Split Scoring Guide

Score Key-no Key Criteria
The student has addressed the question asked by making a comparison
2 between at least two of the equations in terms of energy (reasonable approach
Key to enthalpy change or molar enthalpy change) and amount
of CO,(g) (mol CO,(g)/k], kJ/mol CO,(g), mol of CO,(g)).
0 The student has not addressed the question asked.
No Key
Score Support
3 .
Very Good The student has provided good support for all of the bullets. The support

to Excellent

may include a minor error/weakness in one of the support bullets.

2 The student has provided support for the majority of the bullets but not
Satisfactory | necessarily all of the bullets; the support provided may contain minor errors/
to Good weaknesses. There is more correct than incorrect support.
1 The student has provided minimal support for one or more of the bullets, but
. . there are many errors throughout. There is more incorrect than correct
Minimal
support.
0 The student has not provided enough support to demonstrate more than
Limited to a limited understanding. The support is either off topic or contains major
No support | errors throughout all of the bullets.

Minor errors:

Major errors:
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Unbalanced equation
Calculator error, but substitution is correct

Solving for kJ/mol versus mol/kJ

Substitution error in enthalpy calculation
Incorrect approach to enthalpy change

Incorrect fuel used in the comparison (i.e., methanol)
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Use the following information to answer the next question.

An electrolytic cell is set up that uses a copper anode. The products of the electrolysis
are hydrogen gas and aqueous copper(Il) ions. The half-reaction involving hydrogen
gas is represented by the following equation.

2H*@q) + 2e” — Hy(g)

Written Response—10% (5 marks for content, 1 mark for overall communication)

4.| a. Write the half-reaction equation that represents the reaction that occurs at the
anode, and write the balanced equation that represents the net redox reaction
that occurs during the electrolysis.
(2 marks)

b. If a current of 3.00 A is applied to a cell containing a 400 g copper anode,
determine the final mass of the copper anode after the cell runs for 48.0 h.
(3 marks)
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Use the following information to answer the next question.

A student obtained a 25.0 mL sample of a 0.176 mol/L unknown acid solution,
HA(aq). The pH of the sample was 2.25.

Written Response—10% (5 marks for content, 1 mark for overall communication)

5. a. Write the balanced chemical equation that represents the ionization of the
unknown acid and write the equilibrium law expression.

(2 marks)

b. Determine the value of K, and identify one property, other than the value of K,,,

of the unknown acid.

(3 marks)
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Use the following information to answer the next question.

A two-layer catalytic converter has been designed for diesel engines in automobiles.
The first layer in the catalytic converter removes some nitrogen monoxide gas from
the exhaust gas and converts it to ammonia gas. In the second layer, ammonia gas

is removed as it reacts with the remaining nitrogen monoxide gas. The reactions in

the two layers occur at 300 °C and are represented by the following equations.

Equation I 2NO(g) + 3Hy(g) — ML | 2 NH,(g) + Ox(g)

Equation Il 4 NH,(g) + 6NO(g) — 2t . 5N, (g) + 6 H,0(g)

Written Response—15%

6.| Compare the two reactions that occur in the catalytic converter. Identify one
similarity and one difference between the reactions in terms of enthalpy.

Your response should include
* enthalpy calculations per mole of nitrogen monoxide gas for each reaction

* enthalpy diagrams that represent the enthalpy change that occurs
in each reaction

* explanations of the similarity and difference you have identified
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Question 6 — Holistic Split Scoring Guide

Score Key-No Key Criteria
The student has addressed the question by making a comparison between the
two reactions in terms of enthalpy (reasonable approach to enthalpy change
’ or molar enthalpy change).

Key Note: There may be errors in their calculations (e.g., reversing Hess’s Law)
or missing coefficients or correct Hess’s Law but incorrect kJ/mol
calculation.

0 The student has not addressed the question asked.
No Key
Score Support
3 .
Very Good The student has provided good support for all of the bullets. The support

to Excellent

may include a minor error/weakness in one of the support bullets.

The student has provided support for the majority of the bullets but not

. 2 necessarily all of the bullets. The support provided may contain minor
Satisfactory ) i .
to Good errors/weaknesses or a major weakness in one of the bullets. There is more
correct than incorrect support.
1 The student has provided minimal support for one or more of the bullets,
.. but there are many errors throughout. There is more incorrect than correct
Minimal
support.
0 The student has not provided enough support to demonstrate more than
Limited to a limited understanding. The support is either off topic or contains major
No support | errors throughout all of the bullets.

Minor errors:

Major errors:

Alberta Education, Assessment Sector 40

* Unbalanced equation

Method for kJ/mol is correct but has a minor calculation error

¢ Incorrect method for kJ/mol

¢ No similarities or differences identified
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Use the following information to answer the next question.

Nitrogen monoxide is a commonly used gas in the chemical industry, and is also a toxic
air pollutant produced by automobiles. Two reactions involving nitrogen monoxide gas
are represented below.

I 2NO,(g) — 2NO(g) + O5(g)
I Ny(2) + 0,(g) - 2NO(g) AH® = +182.6 kJ

Written Response—10% (5 marks for content, 1 mark for overall communication)

7. a. Determine the enthalpy change for reaction I, and sketch an enthalpy diagram
that represents reaction I.

(3 marks)

b. In terms of energy, identify two similarities or two differences between the two
reactions involving nitrogen monoxide gas represented above.
(2 marks)

Alberta Education, Assessment Sector 41 Chemistry 30



‘paambarjousiopn y

"STXB-X ) [oqe] 0}
pasn 2q ABW aui1} 10 “UOJODAL 2IDUIPLO0I UOIVAL ‘SS2AF04d UO1ODAL SUII) Y],

‘weI3erp A319U9 AY) UO PIPN[OUL 3 0) PAAU JOU SAOP JILLIEQ AFIQUD UONBALIOR Y], ®

290N
SSAI301J UONIBIY
SJuBIOBY
e
s)onpoiq =
S
(Tomsue )M JUI)SISUOD
10 1991109) weIdeIp
Adreqiuo 10J yIeuwr | o
(poypow Seir Ad
UM JU)ISISUOD) USIS HeLseq ACeIvH
9y} SuIpnjour ‘Iomsue LToI+ =
1091100 0] YIeW |
oSueyo Adreyuo [(rowy/( T geH)(Tow )] — [ 0 + (Jowy/y ¢’ T6+H)(Jow g)] = ,HV
91B[NORD 0] poyloW
101100 IOJ YJeW | e (syueyoean), ff? <:N — (sjonpoid), f* <:N = OHV ¢ B°L
SjudWIIIO)) suodsay arqeydaddy SYIeA | uonsanf)

SYADUWL [INJ PaA12024 24DY OS]V KD 2SUOASIA Y] JO SUOYDIIDA A2Y]O pup ‘Sasuodsas a]duns KJuo a4 asay] IpYyj 210U ISP 5

BLI9JLL)) SULIODS dNA[euy — L uonsang)

Chemistry 30

42

Alberta Education, Assessment Sector



9 = syrew 9[qrssod 107,

IpIno SuLI09S dNATRUY S

OpIND 99§—UONEIIUNWUIO))

e ed

ur papiaoid uoneuriojur

Y] YA JUIISISUOD SI T8}

QOUSIJJIP IO AJLIR[IWIIS
(OB I0] YIeW | e

‘(o HV UM JUISISUOD) JULBIOBAI B SB POPN[OUL 9 P[NOM ULID) ATIOUD
Jy) ] uonoear ur onpoid e sB popn[oul 9q pinom UL} AZI9U JY) [ UOIIBAI U]

“(wrerdeIp Yim JudlsIsuod) [ uonoeal 1oy ana st asoddo
) ‘sjuejoraI Ay} uey) A310U9 [enudod 19ySIy B dARY [] UOnOLAI Jo sjonpoid Ay,

‘(o 'V YA JUISISUOD) OIUWLIAYIOPUS SI [ UOIIOBAI OIUWLIYIOXA SI [ UONOBY

‘(wrerdeIp YIm JUISISUOD) AZIQUD SISBI[AI [ UOIIOBAI {ATIQUD SQIOSqR [] UONIBIY

SRUWBRIA
(UON)IBAI ITUWLIIYI0X Uk SMOYS Judpn)s (B) yaed ur J1)

‘[T uonoeax
Ul Sjue)OeaI AY) uey) A310ud [enjudjod JoySIy 9ARY [ UOIOBAI UL SJURIOBIY o

‘11 uonoear uey) (S)ON Jo d[ow 1od A3I9U SSI[ SQIOSqR [ UOTIOBIY o
ISUIPJIA

‘suonenba [eo1WwaYd Yjoq Ul JUBIORAI B SB POPN[OUl 9q P[nom ULId) A3Ioud oy ],

"SjuB)ORAI AU} ueyY) A310U9 [enuajod IoySIY B dABY SUOIIOBAI )oq Jo syonpoad ayJ,

*OTULISY)OPUL ATk ylog

"uondeAI AU} SuLIp SSUIPUNOLINS AY) WOIJ A319U qIosqe ylog

(1001109 s1 *e°] uonsanb 0} asuodsar oy J1 asuodsar 3091100 ) SI SIYL, :9J0N)
‘SanLIe[IWIS

C

qL

"SYADUWL [INJ PaA12024 24DY OS]V KD 2SUOASIA Y] JO SUOYDIIDA A2Y]O puD ‘Sasuodsas a]dups KJuo a4 asay] JpYyj 210U ISV 4

BLI9JLI)) SULIODS dNA[euy — L uonsang)

Chemistry 30

43

Alberta Education, Assessment Sector



Use the following information to answer the next question.

A student predicts that the value of K, of ethanoic acid, a weak monoprotic acid,
may be affected by the temperature of the acid.

Written Response—15%

8. | Design an experiment to test this prediction using commonly available laboratory
apparatus, and a 0.100 mol/L solution of ethanoic acid.

Your response should include
* a detailed procedure
* a definition for the term K

* a relevant equilibrium law expression and balanced chemical equation, and the
formula(s) necessary for the calculation(s) to solve for K,
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Use the following information to answer the next question.

The smelting of iron occurs in a blast furnace, as represented by the following overall

equation.
Fe,05(5) + 3CO(g) — 2Fe(s) + 3CO,(g)

In a blast furnace, the smelting process occurs in three steps, as represented by the
following equations.
Step I 3Fe,05(5) + CO(g) — 2Fe304(5) + CO4(g) AH® =—-472Kk]
Step 11 Fe;04(5) + CO(g) — 3FeO(s) + CO,(g) AH® = +194 kJ
Step 111 FeO(s) + CO(g) — Fe(s) + CO,(g) AH® =—-11.0 kJ

Written Response—10% (5 marks for content, 1 mark for overall communication)

9. a. Determine the enthalpy change for the overall reaction. Write the equation

representing the overall reaction, including the enthalpy change as a term in the
equation. (3 marks)

b. Sketch and label an enthalpy diagram to represent the energy change(s) that
occur in the overall reaction. (2 marks)
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Use the following information to answer the next question.

Dinitrogen tetraoxide was used as one of the rocket fuels on the lunar landers of the
Apollo missions. In the gaseous phase, it decomposes according to the following
equation.

N,O,(2) = 2NO(g) AHP = +553 k]

A technician placed a sample of N,O,4(g) in a 2.00 L flask and allowed the system to
reach equilibrium. At 25 °C, the K, was 5.40 x 1073, and the concentration of N,O4(g)
at equilibrium was 3.00 x 10~ mol/L.

Written Response—10% (5 marks for content, 1 mark for overall communication)

10. | a. Determine the amount, in moles, of NO,(g) present in the 2.00 L flask
at equilibrium. (3 marks)

b. Identify whether the value of K. will increase, decrease, or remain the same
when heat is added to the system. Support your answer with an explanation.
(2 marks)
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Use the following information to answer the next question.

A student hypothesizes that if the mass of the iron electrode is increased in a lead—iron
voltaic cell, the cell potential will also increase.

Written Response—15%

11. | Design an experiment that would allow you to test the student’s hypothesis using
a lead—iron voltaic cell.

Your response should include
* a detailed procedure
* a labelled diagram of the lead—iron voltaic cell

* relevant balanced equation(s) and a potential difference calculation for your
voltaic cell

Alberta Education, Assessment Sector 50 Chemistry 30
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Question 11 — Holistic Split Scoring Guide

to Excellent

Score Key-no Key Criteria
The student has addressed the question by designing an experiment
’ (procedure or design) involving a cell (voltaic or electrolytic, and not
Ke necessarily lead—iron) and has manipulated the mass of one of the electrodes
y (or in the student’s understanding manipulated the mass), and the student’s
responding variable relates to measuring the cell potential.
0 The student has not addressed the question asked.
No Key
Score Support
3 .
Very Good The student has provided good support for all of the bullets. The support

may include a minor error/weakness in one of the support bullets.

2 The student has provided support for the majority of the bullets but not
Satisfactory | necessarily all of the bullets; the support provided may contain minor errors/
to Good weaknesses. There is more correct than incorrect support.
1 The student has provided minimal support for one or more of the bullets, but
. there are many errors throughout. There is more incorrect than correct
Minimal
support.
0 The student has not provided enough support to demonstrate more than
Limited to a limited understanding. The support is either off topic or contains major
No support | errors throughout all of the bullets.

Minor errors:

Major errors:

Alberta Education, Assessment Sector 52

Unbalanced equation

Method for calculating potential difference is correct, but the student
has made a calculation error

Using a solution in the salt bridge that would precipitate

Electrolytic cell
A voltaic cell other than a lead—iron cell
Missing electrolyte or other major error in the cell diagram

Experimental design or procedure provided
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Use the following information to answer the next question.

A student performs a calorimetry experiment to determine the molar enthalpy of
combustion of ethanol. The student uses an aluminium can as a calorimeter. The
combustion of liquid ethanol produces gaseous products, as represented by the
equation below.

C,HsOH(l) + 30,(g) — 2CO,(g) + 3H,0(g)

The data collected during the experiment are recorded below.

Calorimetry Experiment Data

Mass of aluminium can 10.65 g
Mass of water 250.00 g
Initial mass of ethanol burner 256.34 g
Final mass of ethanol burner 25245 ¢

Initial temperature of water and aluminium can ~ 21.40 °C

Final temperature of water and aluminium can 82.30 °C

Thermometer

Stand — ——— Aluminium can
calorimeter

Iron ring and wire
mesh to support the
aluminium can

Ethanol burner

Liquid
ethanol
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Written Response—10% (5 marks for content, 1 mark for overall communication)

12.| a. Calculate the student’s experimental molar enthalpy of combustion of ethanol.
(3 marks)

b. The theoretical value of the molar enthalpy of combustion of ethanol is higher
than that obtained in the student’s experiment. Identify an improvement that
could be made to the experimental design and explain how your suggestion
would reduce experimental error in the calorimetry experiment.

(2 marks)
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Use the following information to answer the next question.

Carbon monoxide gas and oxygen gas react to form carbon dioxide gas as represented
by the equilibrium equation below.

2C0O(g) + Oy(g) = 2CO,(g)

A technician added carbon monoxide gas and oxygen gas to an empty flask. The
technician then recorded the concentrations of each gas present in the flask until the
reaction reached equilibrium at 500 K, as shown in the graph below.

Concentration of Gases at Equilibrium
6.0 +
55T
o 0\0\0\0——-0—0_0_0
45
4.0 +

3.5 +
3.0 §
25 +
2.0 T
1.5 +
1.0 +
0.5 +

o
o
&
>
o

-0——0——0——0—0

Concentration (mol/L)

.O 1 1 1 1 1 1 1 1 1 1 1 1 |
00 1.0 20 30 40 50 60 7.0 80 9.0 100 11.0 12.0 13.0

Time (s)
—0— —0— ——
Carbon monoxide Oxygen Carbon dioxide

Written Response—10% (5 marks for content, 1 mark for overall communication)

13.| a. Write the equilibrium law expression, and calculate the value for the
equilibrium constant at 500 K. (3 marks)

b. Indicate whether the products or reactants are favoured in this reaction and
explain your answer. (2 marks)
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Use the following information to answer the next question.

A student hypothesizes that if the concentration of nickel(1I) ions is increased in
a nickel-zinc voltaic cell, the potential difference of the cell will also increase.

Written Response—15%

14. | Design an experiment that would allow you to test the student’s hypothesis using
a nickel-zinc voltaic cell.

Your response should include
* a detailed procedure
* a labelled diagram of the nickel-zinc voltaic cell

* relevant balanced equation(s) and a potential difference calculation for your
voltaic cell

Alberta Education, Assessment Sector 58 Chemistry 30



uore[no[ed
QouIyJIp Tenuajod
pue (s)uonrenba

PoouB[eq JUBAJ[AI o

WeISeIp [[29
JUIZ-[YOIU PI[[Aqe] o

Inpadoid pafIeIap e

sjuauodwo)) j1oddng

[[99 [BOTWAYI0III[d
ue ut (be), 1IN
JO UONEBIIUAIUOD
) dendiuewr
03 sydwane jey)
ainpadoad 10 u3isop
[euowLIddXa pIfeA o

Juauodwio)) L2y

‘uonnjos (be){((QN)IN JO suonenuaouod JuaIyIp uisn ¢ 01 | sdais jeaday]

"191oUN[0A € Juisn [enuajod [[90 9y} pPIOJAI PUB AINSBIN '€

PO (S)IN 3y SurureIuod Jayeaq Ay ut (be)e(FON)IN T/[ow (1 Jo apdwes Jur (001 € 99eld T
“WeISeIP 9Y) UI UAAIS SJUaFeal oY) SuIsn ‘[[od JIB)[OA B JONIISU0)) |

:INPA0IJ

“[[99 JTBI[OA JUIZ-[OYOIU SUTHIOM B JO UOISIOA JOYIO AUB 10y

(be)'osuz
/10w 00 [

(b&)*CON)IN
10w 00’ [

(opoue)
(s)uz

(spoyred)
(OIN
9)A[0109[0 UL FUTUTEIUOD dqN)-)

Y

A0S0+ =
(A9L0-) — A9T0—=""q
(be), uZ + OIN < (uz + (be), IN

93e)jj0A Suninseaw 0 Jord suni [[90 9Y) Qwil) pue
‘dn-19s [[90 ‘pasn Juagde 3uronpal pue FuIZIprxo ‘injerodwo)

po[[onuo)
(93e[0A 1[92 10) Tenuajod [[@0 oy — Surpuodsay
(be) +zIN JO uonenuaouos — parendiuepy :S9[qeLIBA

SjupPWo)

asuodsay ddwreyg

SYIBIAI

“SYADUWL [INf paa123a.4 24Dy OS|D VUL dSUOSIL Y] JO SUOIDIIDA 12110 pup ‘Sasuodsal 2]dups Kuo aiv asayy 1py] 210U ISDI] 4

BLIIJLI)) SULIODS JNISI[OH — +1 uonsanQ)

Chemistry 30

59

Alberta Education, Assessment Sector



Question 14 — Holistic Split Scoring Guide

to Excellent

Score Key-no Key Criteria
The student has addressed the question asked by designing an experiment
(procedure or design) involving a cell (voltaic or electrolytic, and not
2 necessarily nickel-zinc) and has attempted to manipulate the concentration
Key of nickel solution (or in the student’s understanding manipulated the
concentration), and the student’s responding variable relates to measuring
the cell potential.
0 The student has not addressed the question asked.
No Key
Score Support
3 .
Very Good The student has provided good support for all of the bullets. The support

may include a minor error/weakness in one of the support bullets.

2 The student has provided support for the majority of the bullets but not
Satisfactory | necessarily all of the bullets; the support provided may contain minor errors/
to Good weaknesses. There is more correct than incorrect support.
1 The student has provided minimal support for one or more of the bullets, but
.. there are many errors throughout. There is more incorrect than correct
Minimal
support.
0 The student has not provided enough support to demonstrate more than
Limited to a limited understanding. The support is either off topic or contains major
No support | errors throughout all of the bullets.

Minor errors:

Major errors:
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Unbalanced equation

Method for calculating potential difference is correct, but the student has
made a calculation error

Using a solution in the salt bridge that would precipitate

Electrolytic cell, or a voltaic cell other than nickel-zinc
Missing electrolyte or other major error in the cell diagram

Flawed experimental design, or procedure not provided
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