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Instructions

Enclosed are 15 multiple-choice questions and 3 free-response questions. For the multiple-
choice questions, respond with the letter of the correct choice. Explanations are not
required. For the free-response questions, type 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. For each multiple-choice question,
a correct answer will earn you 3 points, an incorrect answer will be penalized by 1
point, and leaving it unanswered will give you 0 points. 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 75. The top 3 will receive
IChOO T-shirts, courtesy of Brilliant.org.

Although you have a week for this, you should be able to complete this entire set within
2 hours. Plus, it’s holiday season so relax and have fun; happy holidays! 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. Thomas and Jeremy are horseplaying in the Chemistry lab. At one point, Jeremy
trips over a desk and splashes 0.01 molar HCl acid on Thomas’ arm. What is the
best course of action that Jeremy should take?

(A) Put Thomas’ arm in a bucket of water
(B) Put 0.01 M NaOH on Thomas’ arm
(C) Wrap Thomas’ arm with a towel
(D) Sprinkle NaNO2 powder on Thomas’ arm

2. The most common method for determining the molarity of a solution of an acid is
by:

(A) Titration with a standard base
(B) Determination of the specific gravity of the acid
(C) Gravimetric analysis
(D) Determination of the pH of the acid

3. In esterification, an alcohol reacts with an organic acid to produce an ester, and
water. Most esters have sweet, fruity aromas. What ester smells like pineapples?

(A) Octyl Acetate
(B) Ethyl Formate
(C) Ethyl Butyrate
(D) Benzyl Acetate

4. What is the pH value of a 0.25 M NH4Cl solution given the Ka value for NH4Cl
equal to 5.6× 10−10?

(A) 0.60 (B) 4.93 (C) 8.65 (D) 9.25

5. Which of the following is the best oxidizing agent in pH = 1 aqueous solution?

(A) MnO−
4 (B) Mg2+ (C) H2O2 (D) H+

6. Let the number of sigma bonds and pi bonds in the shown molecule be s and p,
respectively. Find |s− p|.

(A) 19 (B) 20 (C) 21 (D) 22
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7. Of the following, which is NOT an allotrope of carbon?

(A) Graphite (B) Carbide (C) Diamond (D) Buckminsterfullerene

8. Which of the following covalent bonds has the least bond dissociation energy?

(A) O = O (B) C = C (C) C = S (D) C = O

9. Given the following data for the reaction between F2 and ClO2, determine the
equation of the rate law.

Trial [F2] (M) [ClO2] (M) Initial rate (M/s)

1 0.2 0.005 1.2 · 10−3

2 0.2 0.02 4.8 · 10−3

3 0.4 0.005 2.4 · 10−3

(A) rate = k · [A][B]
(B) rate = k · [A]
(C) rate = k · [A]2[B]
(D) rate = k · [A][B]2

10. In 1928, Alexander Fleming discovered that a certain type of mold called Peni-
cillin inhibits growth in bacterial cultures. One of the most common penicillin is
Penicillin G (Benzylpenicillic acid), which is a weak monoprotic acid:

HP � H+ + P−, Ka = 1.74 · 10−3

Such that P− is the conjugate base. If I were to treat crude penicillin G with
a buffer solution of pH 7.2, what would be the ratio of Penicillin G acid to the
conjugate base of Penicillin? In other words, what is [HP]

[P−]
?

(A) 1.096 · 10−10 (B) 9.12 · 109 (C) 3.63 · 10−5 (D) 2.75 · 104

11. Elements in which of the following periodic groups are commonly used as effective
catalysts in the hydrogenation of alkenes?

(A) Actinides (B) Noble Gases (C) Coinage Metals (D) Platinum Metals

12. What is the wavelength (in nm) of a photon emitted during a transition from the
ni = 5 state to the nf = 2 state in the hydrogen atom?

(A) 4.58 · 10−14 (B) 434 (C) 662 (D) 1023

13. You aim to perform an extraction of acetic acid from diethyl ether into water.
Which of these procedures will increase the fraction of acetic acid extracted?

(A) Dissolving MgCl2 in the ether mixture
(B) Increasing the volume of ether used
(C) Adding toluene to the water
(D) Dissolving Na2CO3 in the water
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14. Which of the following will afford a strong acid solution when added to a pure
sample of liquid HF?

(A) SbF5 (B) HClO2 (C) SiO2 (D) NaF

15. All of the following molecules can act as chelating ligands in coordination com-
pounds EXCEPT

(A) H2NCH2CH2CH2NH2

(B) CH3NHCH2CH2NH2

(C) CH3NHCH2CH2CH3

(D) N(CH2CH2NH2)3

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Free-response.

Problem 1 (Vinyl Chloride). Vinyl Chloride is one of the most important commodity
chemicals manufactured today. Vinyl chloride is chiefly used to make PVC, a plastic
used in piping, floor tiles, and toys. Vinyl chloride has a melting point of −153.8◦ C and
boiling point of −13.4◦ C. it is also recognized as a carcinogen. The formula for Vinyl
Chloride is C2H3Cl.

(a) To make Vinyl Chloride, you start by taking ethylene and reacting it with hydrogen
chloride and oxygen at a temperature of 300◦ C; this will produce CxHyClz and
water. Write the balanced equation for this.

(b) To complete the process of making Vinyl Chloride, CxHyClz is heated and broken
down into 2 products: Vinyl Chloride and hydrogen chloride. Write the balanced
equation for this process.

(c) Determine the partial pressure of vinyl chloride (in atm) at 5.00 ppm by volume
if the total pressure is 743 mmHg and the temperature is 20◦ C.

(d) Which law did you use to come up with the above answer?
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Problem 2 (Gaseous Kinetics). (a) Give a balanced reaction for the gas phase de-
composition of N2O5 to NO2 and O2, and describe the color change that occurs
during this reaction.

(b) Starting with 2.5 moles of N2O5 in a 5.0 L vessel, the first-order decomposition of
N2O5 occurs with rate constant 4.87 · 10−3 s−1. Calculate the concentrations of
N2O5, NO2, and O2 in the vessel after 5 minutes.

(c) How much longer will it take for the amount of N2O5 in the vessel to decrease to
0.5 moles?

(d) The temperature of the vessel is increased by 10◦ C to a final temperature of 75◦ C.
You now measure the rate constant of the reaction to be 9 · 10−3 s−1. With this
information, calculate the activation energy of the reaction.

(e) Can you justify whether this reaction is endothermic or exothermic? If so, ex-
plain your reasoning based on values given in the problem. If not, indicate what
additional data is needed.

Problem 3 (Small Organic Molecules).

Bond Bond Dissociation Energy

C−H 414

C− C 347

C = C 615

C = O 730

O = O 495

O−H 464

C ≡ C 811

(a) Give structural drawings of four organic compounds with molecular formula C4H6.
None of your compounds may contain triple bonds.

(b) Use the bond enthalpies above to estimate the enthalpy change for the isomeriza-
tion of cyclobutene to 1,3-butadiene.

(c) Give the balanced reaction for the combustion of 1 mole of 1,3-butadiene with
excess oxygen, and estimate the enthalpy change of this process.

(d) How do you expect the enthalpy change for the combustion of 1 mole of cyclobutene
to compare with that of 1,3-butadiene? Justify your answer without doing further
computation.

(e) Given that ∆H◦ for the reaction in (c) is actually −1743 kJ/mol, calculate ∆H◦
f

for cyclobutene.


