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Instructions

Enclosed are 7 multiple-choice questions, 10 short-response questions, and 3 free-response
questions. For the multiple-choice questions, respond with the letter of the correct choice.
Explanations are not required. For short-response questions, just give a final answer, as
asked for. Again, no explanation is required. For the free-response questions, type or
write up your full solutions. Submit your response via the provided form or to

iChOOContest@gmail.com

with your full name, member code, age and grade. If you are not in high school, state
your educational status. Note that this will not affect your score. For each multiple-
choice question, a correct answer will earn you 5 points, an incorrect answer will be
penalized by 1 point, and leaving it unanswered will give you 0 points. For each short-
answer question, you get 6 points for a correct answer and 0 points otherwise. For each
free-response question, depending on your steps and correctness of your work, you will
get a score between 0 and 10 points, inclusive. Thus, the maximum possible score is
125. The top 5 will receive prizes.

Although you have two weeks for this, you should be able to complete this entire set
within 2 hours. Note that the next two pages contain useful information you may need
on the contest. Further information should not be looked up.
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Periodic Table of Elements
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Multiple-Choice Questions.

1. Which of the following gases is the least ideal at low pressures?

(A) CH4 (B) O2 (C) Xe (D) He (E) Nitrous Oxide

2. Which of the following aqueous solutions would have the greatest boiling point?

(A) 0.2 M of CaCl2
(B) 0.4 M of NaCl
(C) 0.4 M of SrBr2
(D) 0.5 M of KI
(E) 1 M of C6H12O6

3. Which of the following indicators would be most useful in identifying the equiv-
alence point in a titration of ammonia, which has a pKb of 4.75, with a strong
acid?

(A) Water
(B) Bromphenol blue, pKa = 3.9
(C) Naphtholphtalein, pKa = 8.2
(D) Cresolphtalein, pKa = 9.6
(E) Alizarin yellow, pKa = 10.8

4. Define a function f(E) that returns the maximum oxidation number of any of the
elements present in the compound E . If the element appears more than once in
the compound and with different oxidation numbers, consider them as separate
oxidation numbers. For example,

f (H2O) = +1,

because H has an oxidation number of +1 and O has an oxidation number of −2
and max(+1,−2) = +1, and

f (CHCOCl) = +4,

because H has oxidation number +1, O has oxidation number −2, Cl has oxidation
number −1, and C has oxidation numbers −2 and +4. For which of the following
compounds E is f (E) the largest?

(A) CH4 (B) C6H12O6 (C) Mn2O7 (D) SO3 (E) CF3COOH
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5. Transport of oxygen in the blood is facilitated by the following reaction, where Hb
represents hemoglobin:

Hb(aq) + 4O2(g) 
 Hb(O2)4(aq)

Based on this and the fact that the reaction Hb(aq) + 4CO 
 Hb(CO)4 has a
higher equilibrium constant than hemoglobin’s reaction with oxygen, which of the
following would restrict the production of Hb(O2)4(aq)?

I. Excess Ar
II. Presence of CO
III. High altitudes

(A) II only (B) III only (C) I and III (D) II and III (E) I, II, and III

6. Cyclohexene on treatment with Br2 in the presence of UV light yields:

(A) 1,2-dibromo cyclohexane
(B) 1,2-dibromo cyclohexene
(C) 3-bromo cyclohexene
(D) 1,3-dibromo cyclohexane
(E) 1-bromo cyclohexene

7. Which of the following pairs of acids and bases would create a buffer solution?

(A) 20 mL of .5 M NaOH and 10 mL of 1 M CH3CO2H
(B) 20 mL of .5 M NH3 and 10 mL of 1 M HCl
(C) 20 mL of .5 M NaOH and 20 mL of .5 M HCl
(D) 20 mL of .5 M NH3 and 10 mL of .5 M HCl
(E) 20 mL of .5 M NH3 and 20 mL of .5 M CH3CO2H
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Short-answer.

1. The Ksp value for AgCl is 1.8 · 10−10 M2. To two significant figures, how many
moles of it can dissolve in one liter?

2. Let X be some diamagnetic element. Given that the last completely filled orbital
of X has the most radial nodes of any element, what is X?

3. The wavelength of light absorbed from an electron excitation from the ground state
to the nth energy level of a He+ is approximately 23.4 nm, where n is an integer.
What is n?

4. A compound X of formula C2H5NO2 on treatment with HNO2 (NaNO2 + HCl)
gives off an inactive (unreactive) gas Y and forms Z. When heated with soda
lime, X gives A (CH5N) soluble in acid. List the label letters of all of the following
statements that are true. If all are false, say none.

a) A answers carbylamine test.

b) X is an amino acid.

c) Y is CO2.

d) Z is a hydroxyl acid.

5. A particular chemical reaction has an equilibrium constant of 4.2× 105 at a tem-
perature of 0◦ C and an equilibrium constant of 1 at a temperature of 200◦ C. At
what temperature, in Celsius, rounded to the nearest integer, is the equilibrium
constant equal to 2014?

6. Consider the unbalanced combustion reaction of the form

CxHyOz + O2 → CO2 + H2O.

Given that x, y, z ∈ Z+, x, y, z ≤ 100, and all coefficients in the balanced reaction
are positive integers, let (a, b, c) be the ordered pair (x, y, z) that maximizes the
ratio between the coefficient of CO2 and the coefficient of O2 in the balanced
equation. Find a + b + c.

7. Molten Al2O3 is electrolyzed with a current

I(t) = (13.37 A) · e−
(

t
1min

)

over a period of 20.14 min. Find the maximum mass of solid Aluminum that
precipitates, in milligrams.

8. Jeremy attempts to dichlorinate a linear straight-chain alkane with the molecular
formula CxH10. Let n be the number of structural isomers of the dichlorinated
molecule. What is n?
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9. Tom and Jerry are playing a game. Tom makes one liter of solution using x moles
of NH4Cl and 1−x moles of NH3, where x < 1. Jerry simply buys milk and lemons
and mixes them such that the pH of his solution is 8.88. Tom wins if his solution
is more acidic than Jerry’s citrus milk solution. Jerry wins otherwise. The value
of pKa of NH+

4 is 9.25. However, Tom decides his value of x randomly in the range
(0, 1). What is the probability that Tom wins, as a percentage, rounded to the
nearest integer?

10. Which of the following carbocations are prone to rearrangements? Write the label
numbers. If none of them are prone to rearrangements, say none.
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Free-response.

Problem 1 (Osofan). Consider Osofan’s favorite general reaction, aA + bB → cC,
which has an activation energy of 21 kJ/mol. Osofan ran some experiments to determine
the rate law, but, silly as he is, ran them all at different temperatures. Below are his
results.

Experiment Results

T (◦C) [A] [B] Rate (M/s)

11 1.0 1.0 1
295 1.0 2.0 341
579 3.0 2.0 21295

Can you help him? If not, state the information that is not provided that you would
need to find the rate law. Otherwise, find, with proof, the rate law, including the value
of k at 11 ◦C.

Problem 2 (Sodium Bicarbonate Experiment). To determine the mass percent of
sodium bicarbonate in a 5.00-g mixture of NaHCO3 and Na2CO3, a student heats the
mixture in a crucible, recording both the original mass and the final mass. The original
crucible and mixture has a total mass of 24.530 g. , the crucible and mixture has a total
mass of 22.918 g.

(a) Write the equation for the decomposition of NaHCO3 to Na2CO3.

(b) How can the student tell when all of the NaHCO3 has decomposed?

(c) What is the mass percent of NaHCO3 in the original mixture?

(d) Explain how the calculated mass percent of NaHCO3 would be affected if some of
the mixture splattered out during heating.

Problem 3 (Aromatic Barrage). An aromatic compound A (C8H9Br), when treated
with KCN in an alkaline medium, gives a compound B. B is then treated with ethanol
in an acidic medium and heated, which gives a compound C (C11H14O2). Now, C is
treated with a KMnO4 solution and heated, leading to a compound D (C8H6O4). On
mono-nitration, D gives only one product, E. Identify A, B, C, D, and E. Explain your
answers, using diagrams, if necessary.1
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1Remember, if you cannot make computerized diagrams, you can draw them, scan them, and send
them via e-Mail. Again, faxing and mailing are not options.


