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DIRECTIONS TO THE EXAMINER-PART III

The laboratory practical part of the National Olympiad Examination is designed to test skills related to the
laboratory. Because the format of this part of the test is quite different from the first two parts, there is a separate,
detailed set of instructions for the examiner. This gives explicit directions for setting up and administering the
laboratory practical.

There are two laboratory tasks to be completed during the 90 minutes allotted to this part of the test. Students may
carry out the two tasks in any order they wish and move directly from one to the other within the allotted time. Each
procedure must be approved for safety by the examiner before the student begins that procedure.

Part 111 2 lab questions laboratory practical 1 hour, 30 minutes

A periodic table and other useful information are provided on page two for student reference.

Students should be permitted to use non-programmable calculators. The use of a programmable calculator,
cell phone, watch, or any other device that can access the internet or make copies or photographs during the
exam is grounds for disqualification.

DIRECTIONS TO THE EXAMINEE-PART III

DO NOT TURN THE PAGE UNTIL DIRECTED TO DO SO. WHEN DIRECTED, TURN TO PAGE 2
AND READ THE INTRODUCTION AND SAFETY CONSIDERATIONS CAREFULLY BEFORE YOU
PROCEED.

There are two laboratory-related tasks for you to complete during the next 90 minutes. There is no need to stop
between tasks or to do them in the given order. Simply proceed at your own pace from one to the other, using your
time productively. You are required to have a procedure for each problem approved for safety by an examiner
before you carry out any experimentation on that problem. You are permitted to use a non-programmable calculator.
At the end of the 90 minutes, all answer sheets should be turned in. Be sure that you have filled in all the required
information at the top of each answer sheet. Carefully follow all directions from your examiner for safety
procedures and the proper disposal of chemicals at your examination site.
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2016 UNITED STATES NATIONAL CHEMISTRY OLYMPIAD
PART III — LABORATORY PRACTICAL

Student Instructions

Introduction

These problems test your ability to design and carry out laboratory experiments and to draw conclusions from your
experimental work. You will be graded on your experimental design, on your skills in data collection, and on the
accuracy and precision of your results. Clarity of thinking and communication are also components of successful
solutions to these problems, so make your written responses as clear and concise as possible.

Safety Considerations
You are required to wear approved eye protection at all times during this laboratory practical. You also must
follow all directions given by your examiner for dealing with spills and with disposal of wastes.

Lab Problem 1

You have been provided with three solutions. Solution A contains iron(l11) ions, Solution B contains iodide ions,
and Solution C contains thiosulfate ions (and some starch indicator).

Devise and carry out an experimental procedure to determine the kinetic order of the reaction that occurs upon
mixing them with respect to [Fe**] from Solution A and with respect to [I"] from Solution B.

NOTE: In carrying out your approved experimental plan, mix Solutions B and C before adding Solution A, and
record the time required for the resulting mixture to turn a distinct, permanent color.

Lab Problem 2

You have been given a dilute solution of an unknown acid. Devise and carry out an experimental procedure to
determine whether the unknown acid is monoprotic, diprotic, or triprotic.
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Answer Sheet for Laboratory Practical Problem 1

Student's Name:

Student's School: Date:

Proctor's Name:

ACS Local Section Name: Student's USNCO ID #:

1. Give a brief description of your experimental plan.

2. Record your data/observations.

Before beginning your experiment, you must get Examiner’s Initials:
approval (for safety reasons) from the examiner
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3. Show all calculations.

4. The kinetic order of this reaction with respect to [Fe*'] is

5. The kinetic order of this reaction with respect to [I'] is

6. Write the rate expression for this reaction, referring to the kinetic order with respect to [S,05° ] as “X”.
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Answer Sheet for Laboratory Practical Problem 2

Student's Name:
Student's School: Date:

Proctor's Name:
ACS Local Section Name: Student's USNCO ID #:

1. Give a brief description of your experimental plan.

2. Record your data and other observations.

Before beginning your experiment, you must get Examiner’s Initials:
approval (for safety reasons) from the examiner
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3. The acid that I was given is

a) monoprotic
b) diprotic
c) triprotic

4. Explain the basis of your conclusion (include supporting data, which may be in the form of an illustration or
graph, etc.).
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CHEMISTRY OLYMPIAD
NATIONAL EXAM PART IIl — EXAMINER’S INSTRUCTIONS

Prepared by the American Chemical Society Chemistry Olympiad Laboratory Practical Task Force

Directions to the Examiner:

Thank you for administering the 2016 USNCO laboratory practical on behalf of your Local Section. It is essential
that you follow the instructions provided, in order to ensure consistency of results nationwide. There may be
considerable temptation to assist the students after they begin the lab exercise. It is extremely important that you do
not lend any assistance or hints whatsoever to the students once they begin work. As in international competition,
the students are not allowed to speak to anyone until the activity is complete.

The equipment needed for each student for both lab exercises should be available at his/her lab station or table when
the students enter the room. The equipment should be initially separated into the materials used for both Lab
Problems #1 & #2, only for Lab Problem #, and only for Lab Problem #2.

It is your responsibility to ensure that all students wear approved eye protection at all times during this
laboratory practical. A lab coat or apron for each student is desirable but not mandatory. You will also need
to give students explicit directions for handling spills and for disposing of waste materials, following
approved safety practices for your examination site. Please check and follow procedures appropriate for your
site.

After the students have settled, read the following instructions to the students.

Hello, my name is . Welcome to the lab practical portion of the U.S. National Chemistry
Olympiad Examination. In this part of the exam, we will be assessing your lab skills and your ability to reason
through a laboratory problem and communicate its results. Do not touch any of the equipment in front of you until
you are instructed to do so.

You will be asked to complete two laboratory problems. All the materials and equipment you may want to
use to solve each problem has been set out for you and is grouped by the number of the problem. You may use
equipment from one problem to work on the other problem, but the suggested ideal equipment and chemicals to be
used for each problem has been grouped for you. You will have one hour and thirty minutes to complete the two
problems. You may choose to start with either problem. You are required to have a procedure for each problem
approved for safety by an examiner. (Remember that approval does not mean that your procedure will be successful
— it is a safety approval.) When you are ready for an examiner to come to your station for each safety approval,
please raise your hand.

Safety is an important consideration during the lab practical. You must wear safety goggles at all times.
Please wash off any chemicals spilled on your skin or clothing with large amounts of tap water.

The appropriate procedures for disposing of solutions at the end of this lab practical are:

We are about to begin the lab practical. Please do not turn the page until directed to do so, but read the
directions on the front page. Are they any questions before we begin?
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Distribute Part 111 booklets and again remind students not to turn the page until the instruction is given. Part 111
contains student instructions and answer sheets for both laboratory problems. There is a periodic table on page two
of the booklet. Allow students enough time to read the brief cover directions.

Do not turn to page 3 until directed to do so. When you start to work, be sure to fill out all of the
information at the top of the answer sheets. Are they any additional questions?

If there are no further questions, the students should be ready to start Part I11.
You may begin.
After one hour and thirty minutes, give the following directions.

This is the end of the lab practical. Please stop and bring me your answer sheets. Thank you for your
cooperation during this portion of the exam.

Collect all the lab materials. Make sure that the student has filled in his or her name and other required information
on the answer sheets. At this point, you might wish to take a few minutes to discuss the lab practical with the
students. They can learn about possible observations and interpretations and you can acquire feedback as to what
they actually did and how they reacted to the problems. After this discussion, please take a few minutes to complete
the Post-Exam Questionnaire; this information will be extremely useful to the USNCO subcommittee as they
prepare for next year’s exam.

Please remember to return the post-exam Questionnaire, the answer sheets from Part 111, the Scantron sheets
from Part I, and the ‘Blue Books” from Part II in the UPS Next Day return envelope you were provided to
this address:

American Chemical Society
U.S. National Chemistry Olympiad
1155 16th Street, NW — Room 811

Washington, DC 20036

The label on the UPS Express Pak envelope should have this address and your return address already. The cost of
the shipping is billed to ACS USNCO. You can keep a copy of the tracking number to allow you to track your
shipment.

Wednesday, April 27, 2015, is the absolute deadline for receipt of the exam material. Materials received after this
deadline CANNOT be graded. Be sure to have your envelope sent no later than Monday, April 25, 2015 for it to
arrive on time.

THERE WIL BE NO EXCEPTIONS TO THIS DEADLINE DUE TO THE TIGHT SCHEDULE FOR
GRADING THIS EXAMINATION.

NOTE THAT THE EXAMINER WILL NEED TO INITIAL EACH STUDENT’S EXPERIMENTAL PLAN.
PLEASE DO NOT COMMENT ON THE PLAN OTHER THAN LOOKING FOR ANY POTENTIAL
UNSAFE PRACTICES.
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Each student should have available the following equipment and materials:

Share Materials and Equipment (for problems #1 and #2):

7
0’0

=
QD
(o

0’0

0’0

0’0

/

% 2 — Graduated cylinders, 10 mL

*

Disposable plastic transfer pipettes, 6 (can be graduated or not; e.g., Fisher 13-711-7M)
2 —50 or 100 mL beakers

Distilled water, at least 500 mL, in a wash bottle labeled “Distilled Water”

Access to paper towels and a sink with running water

*

*

Problem #1 Chemicals & Material:

7
R X4

/
*

L)

0'0

D3

Solution A (see Note 1), 100 mL, labeled “Solution A”
Solution B (see Note 2), 100 mL, labeled “Solution B”
Solution C (see Note 3), 100 mL, labeled “Solution C”
Stopwatch or time

*

*

Notes:

1)

2)

3)

To prepare Solution A: Dissolve 9.6 g iron(l11) chloride hexahydrate (or 14.4 g of iron(l11) nitrate
nonahydrate) in approximately 800 mL of 0.3 M nitric acid, dilute to a total volume of 1000 mL with 0.3 M
nitric acid, and mix thoroughly.

[To prepare 0.3 M nitric acid, add 20.0 mL of concentrated nitric acid (e.g., Fisher A200C-212; DO NOT USE
fuming nitric acid) to approximately 800 mL of distilled water, dilute to a total volume of 1000 mL with
distilled water and mix thoroughly.]

Solution A is stable for several weeks.

To prepare Solution B: Dissolve 10.0 g of Kl in approximately 800 mL of distilled water, dilute to a total
volume of 1000 mL with distilled water, and mix thoroughly. Stored in amber bottles, solution B is stable for
several weeks.

Preparation of Solution C:

To approximately 800 mL of distilled water, add 22.0 mL of 0.20 M sodium thiosulfate solution and 40.0 mL
of 1% starch solution. Dilute to a total volume of 1000 mL with distilled water and mix thoroughly.

[To prepare 0.2 M sodium thiosulfate, dissolve 5.0 g of sodium thiosulfate pentahydrate in approximately 50
mL of distilled water, dilute to a total volume of 100 mL with distilled water, and mix thoroughly. The 1% (by
mass) starch solution can be prepared, or purchased commercially.]

While the sodium thiosulfate solution is stable and the starch solution is relatively stable (especially if
purchased), it is suggested that Solution C be prepared no earlier than one week before the exam and stored in
amber bottles.
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These materials are in addition to and separate from lab problem #1.

Each student should have available the following chemicals:

Lab Problem #2: Chemicals

+ 50 mL of 0.5 N sodium hydroxide solution, labeled “Dilute NaOH Solution” and “WARNING: Corrosive;
avoid contact with skin, eyes, and clothing!” A plastic bottle is recommended for NaOH solutions.

50 mL of a solution of an unknown acid (see Note 1)

10 mL of universal indicator solution in a dropping bottle or in a vial or small bottle along with a disposable
dropper. Label it as “Universal Indicator Solution” (see Note 2)

3

8

7
0’0

Notes:

1) To prepare the unknown acid solution, add 16.0 mL of concentrated o-phosphoric acid (e.g., Fisher A242-
500) to approximately 300 mL of distilled water, dilute to a total volume of 500 mL with distilled water, and
mix thoroughly. Label this simply as “Unknown Dilute Acid” and “CAUTION: Avoid contact with skin,
eyes, and clothing!” DO NOT INDICATE THAT THIS IS A SOLUTION OF PHOSPHORIC ACID.

2) Universal Indicator Solution is available from a number of science supply companies (e.g., Fisher Scientific’s
S160-500). If yours comes with a color chart, please provide each student with a copy of it. If it does not, give
each student a copy of the color information provided by the vendor.

For example, the Fisher label reads:
pH 4.0 Red
pH 5.0 Orange Red
pH 6.0 Yellow
pH 7.0 Yellow-Green
pH 8.0 Green
pH 9.0 Blue
pH 10.0 Violet

Safety Instructions for Lab Problems #1 and #2:

It is your responsibility to ensure that all students wear safety goggles at all times during the lab practical. A
lab coat or apron for each student is desirable but not mandatory. You will also need to give students
explicit directions for handling spills and for disposing of waste materials, following approved safety
practices for your examination site. Please check and follow procedures appropriate for your site.
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Lab Problem #1 #1 & #H2 Lab Problem ®L

If you have any questions regarding Part I11, please contact USNCO office immediately at USNCO@acs.org.
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Lab Problem #1: [25 points]

You have been provided with three solutions. Solution A contains iron(l11) ions, Solution B
contains iodide ions, and Solution C contains thiosulfate ions (and some starch indicator).
Devise and carry out an experimental procedure to determine the Kinetic order of the
reaction that occurs upon mixing them with respect to [Fe**] from Solution A and with
respect to [I'] from Solution B.

NOTE: In carrying out your approved experimental plan, mix Solutions B and C before
adding Solution A, and record the time required for the resulting mixture to turn a
distinct, permanent color.

Answer sheet questions:

1. Give a brief description of your experimental plan. [4 points]
[1 point] mix & record time
[1 point] describing how to vary concentration
[1point] stating how volume increments will be added (e.g., pipet, grad cylinder)
[1point] planned to do replicates (either mentioned here or actually performed, as
evidenced in the answer to question #2)
Example response:
I will mix equal volumes of the three solutions as provided and measure the reaction
time. I will dilute first solution A and then solution B, keeping the total volume of the
mixture constant, and measure and record those reaction times. | will repeat each trial
at least once (twice if I have time to do so).

2. Record your data/observations. [10 points]
[3 points] clear data table (volumes & times)
[2 points] need 3 trials
[1 point] observed color change
[2 points] observed times consistent with 1% order in [Fe
[2 points] observed times consistent with 2" order in [I]
Example response:
Observations —upon mixing, there is a brief flash of purple-blue color then the solution is
colorless for about 10 seconds before turning a dark blue-black color.

3+]

Data:
Volume of A | Volume of B | Volume of C | Volume H,O Time (s) Time (s)
(mL) (mL) (mL) (mL Trial 1 (Trial 2)
10 10 10 0 7 8
5 10 10 5 15 13
10 5 10 5 29 32




3. Show all calculations.  [7 points]
[3 points] comparing ratios of concentrations to ratios of rates (conc./time) for [Fe
[3 points] comparing ratios of concentrations to ratios of rates (conc./time) for [I7]
[1 point] averaging data (or justifying not doing so)
Example response:
The average time for reaction when equal volumes of the 3 solutions are mixed is
(7s+8s)/20or7.5s.
The average reaction time when Solution A is diluted to one-half of its initial
concentration, approximately doubles (14 s versus7.5 s). This indicates that the reaction
order with respect to [Fe**] is one (first order).

3+]

The average reaction time when Solution B is diluted to one-half of its initial
concentration, is approximately 4 times longer (31.5 s vs 7.5 s), indicating that this
reaction is second order with respect to [I7].

4. The kinetic order of this reaction with respect to [Fe®'] is first (or 1%). [1 point]

5. The kinetic order of this reaction with respect to [17 is second (or 2™). [1 point]

6. Write the rate expression for this reaction, referring to the kinetic order with respect to
[82032_] as “x”.
[2] answer should be based on their data (1 point for form of expression and 1
point for exponents).
rate = k[Fe**][1'° [S,05°T*



Lab Problem #2: [25 points]

You have been given a dilute solution of an unknown acid. Devise and carry out an
experimental procedure to determine whether the unknown acid is monoprotic, diprotic, or
triprotic.

Answer sheet questions:

1. Give a brief description of your experimental plan. [5 points]
Equipment to be used in the experiment should be articulated. Strategy must
indicate that the student understands that this is a titration experiment. Plan must
state that increments of base will be added to a measured volume of acid and
student will look for color changes.
Example response (volumes, etc. may vary; dilution not required):
I will measure out 10 mL of the unknown acid and place it in the beaker. 1 will add 3-5
drops of Universal Indicator Solution and approximately 30 mL of distilled water. | will
add NaOH solution 0.5 mL at a time, stir, and record the color (pH) of the solution after
each addition. I will keep adding NaOH solution until all of the acid has reacted (the
solution is strongly basic due to excess NaOH). | will repeat this titration, adding
smaller amounts of NaOH at a time if it didn’t take very many additions to yield an
excess of NaOH.

2. Record your data and other observations.  [8 points]
Students must report their data in the form of a legible data table. Each trial should
indicate that a sufficient number of data points were collected (small increments of
NaOH added). Correct color sequence must be evidenced. Data from two or more
trials should be presented.
Example response (colors may vary due to different formulations of Universal
Indicator Solution):
The initial color of the mixture of unknown acid, distilled water and Universal Indicator
Solution is red.

mL of NaOH Trial #1 mL of NaOH Trial #2
added Color and pH added Color and pH

05 The table should show all 05
1.0 volume additions & the 1.0 Smaller incremental
15 color and pH after each, 15 volumes of NaOH may
2.0 for at least 2 trials. 2.0 have been added during
25 25 the second trial.
3.0 3.0
3.5 3.5
4.0 ...and so on 4.0 ...and so on




3. Theacidthat Iwasgivenis ¢ . [3 points; 2 points if diprotic and data supports]
a) monoprotic
b) diprotic
c) triprotic

4. Explain the basis of your conclusion (include supporting data, which may be in the form
of an illustration or graph, etc.). [9 points]
Graph or illustration must reflect the data that the student actually collected.
Interpretation must show an understanding of titration chemistry. For full credit,
the student must identify the equivalence points and explain the significance of the
equivalence and half-equivalence points such that the claim of triprotic, diprotic or
monoprotic was justified. [Graph not to scale; also, student graph would not be
expected to be as neat as the example, but should be similar in form.]

]
‘_‘_4(;
A EF/2
Mer2
E_ o The third equivalence point Is not
_..-"EFIZ as distinct as the first two and may
r may be missed altogether if volume
‘EEFl Increments of NaOH aren't small.
"
.-r"""'__....|
[ leeh
EF/2

Volume of NaDH added {mL)

A rough graph of my data shows that there are three regions where there is a significant
(readily observable) increase in pH with the addition of a small amount of NaOH
solution. I’ve labeled these equivalence points as EP1, EP2 and EP3. Each represents
the pH of this acid solution upon reaction with enough NaOH to remove one available
proton. There are three equivalence points (although the third is not as distinct as the
first two), which indicates that the unknown acid is triprotic. The EP/2 (half-equivalence
points or midpoints) indicate where the pH = the pK, for the reaction of each of the three
available protons in a triprotic acid with NaOH.



