
Scarsdale High School Name:
June 2016
Final Practice Part 1
Time Limit: 60 Minutes

Welcome to the Chemistry Final Cumulative Practice! This is a student-written exam designed
to review some of the topics we learned throughout the year, and to help you embrace the challenge
of problem-solving. There are two parts to the exam: Multiple Choice and Short Answer. Each of
them are worth 50 points for a convenient total of 100 points. (You’re probably tired of 65-points
test right?)

The format of the practice is what I imagine for a Chemistry final. It is not exactly the same
as the format for the SAT or the regents. The questions, in my opinion, should be slightly more
challenging than the SAT, but less demanding for fact memorization. The test will contain many
references to Mr. Szkolar, since he will be retiring this year.

You’re allowed to use the regents reference table. For additional challenge, use the ACS
reference table!

Have fun with the test & have a nice day!

Grade Table

Question Points Score

1 9

2 6

3 5

4 7

5 5

6 7

7 5

8 6

Total: 50

Young Mr. Szkolar. We have to say that facebook is pretty amazing!
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1. (9)Match the person from the following table with the correct statement about him/her. Every
person appears at most once among the 16 problems. (Should we add in Lavoisier? No, that
would be one for each letter, which is way to much.)

(A) Pauli (B) Thomson (C) Einstein (D) Nobel (E) Mandeleev
(F) Haber (G) de Broglie (H) Lowry (I) Wagner (J) Arrhenius
(K) Schoenbrun (L) Le Chatêlier (M) Bohr (N) Curie (O) Avogadro
(P) Williams (Q) Huckel (R) Aston (S) Lewis (T) Davy
(U) Dalton (V) Schrödinger (W) Bunsen (X) Boyle (Y) Szkolar

(a) coaches the Scarsdale Science Olympiad team together with (I).

(b) came up with the principle that no two electrons can simultaneously have
the same set of quantum numbers.

(c) developed the atomic theory which states that all matter is made of atoms,
and a chemical reaction is a rearrangement of atoms.

(d) The reaction N2(g) + 3H2(g) 
 2NH3(g) is named after him.

(e) defines an acid as a proton donor, and a base as a proton acceptor.

(f) developed the theory that when a stress is applied to a system at equilib-
rium, it would readjust itself to counteract the effect and establish a new equilibrium.

(g) depicts the atom as a small, positively charged nucleus surrounded by elec-
trons that travel in circular orbits in different shells.

(h) loves fishing and the Rangers.

(i) developed the law that at constant temperature and amount of gas, the
pressure a gas exerts is inversely proportional to its volume.

(j) is most famous for his thought experiment with cats, but his most enduring
legacy is the quantum-mechanical equation he discovered.

(k) Teacher of (R) and develops the model of an atom where the electrons are
surrounded by uniform positive charges.

(l) mathematically showed that energy has mass.

(m) also found the energy-mass relationship, but is known mostly for the dis-
covery of the covalent bond and his concept of electron pairs.

(n) developed the law that equal volumes of gases under the same conditions
of temperature and pressure will contain equal numbers of molecules.

(o) defines an acid as a H+ ion producer in solution, and a base as a OH− ion
producer in solution.

(p) invented a device for heating and combustion that is widely used in modern
day experiments.

(q) is known for his contribution in the theory of wave-particle duality.

(r) will be retiring this year together with (Y).
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2. Stoichiometry and Gas Laws

(a) (1)A typical polyethylene bag from a grocery store weighs 14.0g. How many molecules of
ethylene (ethene) must be polymerized to make such a bag?

A. 8.43× 1024 B. 1.20× 1024 C. 6.02× 1023 D. 3.01× 1023 E. 1.50× 1023

(b) (1)A child at ground level (20.0◦C and 1.00 atm) accidentally lets go of a 2.00-liter balloon.
The balloon floats to an altitude where the temperature is -10.0◦C and the air pressure is
0.890 atm. What is the new volume of the balloon? (You may assume that the pressure
exerted by the skin of the balloon is negligible compared to the atmosphere.)

A. 1.12 L B. 1.59 L C. 2.02 L D. 2.50 L E. None of the above

(c) (1)Which sample contains the smallest number of atoms?

A. 1.0 L of Ar at STP

B. 1.0 L of H2 at STP

C. 1.0 L of Ar at 25 ◦C and 760 mm Hg

D. 1.0 L of H2 at 0 ◦C and 900 mm Hg

(d) (1)A sample of methane gas at a given temperature and pressure has a density of 1.30g/L.
What is the density of propane under the same conditions?

A. 2.60 g/L B. 3.58 g/L C. 3.92 g/L D. 5.20 g/L

(e) (1)How much Ferrous Carbonate does one need to decompose to produce 30.0L of carbon
dioxide at STP?

A. 77.6g B. 79.0g C. 155.2g D. 195.3g

(f) (1)A mixture of 0.50 mol of H2 gas and 1.3 mol of Ar gas is in a sealed container with a
volume of 4.82 L. If the temperature of the mixture is 50.0 ◦C, what is the partial pressure
of H2 in the sample?

A. 1.5 atm B. 2.8 atm C. 7.2 atm D. 9.9 atm

3. Redox Reactions and Electrochemistry

(a) (1)What is the oxidation state for a Mn atom?

A. 0 B. 3 C. 7 D. 4

(b) (1). . . H+
(aq) + . . .MnO−

4(aq) + . . . SO2−
3(aq) → . . .Mn2+

(aq) + . . . SO2−
4(aq) + . . . H2O(g)

When the reaction above is balanced and the coefficients are reduced to the lowest possible
whole numbers, the coefficient for H+ is

A. 6 B. 7 C. 12 D. 14

(c) (1). . . HNO3(aq) + . . . H3AsO3(aq) → . . . NO(g) + . . . H3AsO4(aq) + . . . H2O(l)

When the reaction above is balanced and the coefficients are reduced to lowest possible
whole numbers, the coefficient for H2O is

A. 1 B. 2 C. 3 D. 6

(d) (2)According to the standard reduction potentials:
Pb2+(aq) + 2e− → Pb(s)E

◦ = −0.13V

Fe2+(aq) + 2e− → Fe(s)E
◦ = −0.44V

Zn2+
(aq) + 2e− → Zn(s)E

◦ = −0.76V
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Which species will reduce Mn3+ to Mn2+, (E◦ = 1.51V ) but will NOT reduce Cr3+ to
Cr2+(E◦ = −0.40V )?

A. Pb only B. Zn only C. Pb and Fe only D. Pb, Fe, and Zn

4. Atomic Structure

(a) (1)What is the value of the quantum number l for a 6p orbital?

A. 1 B. 2 C. 3 D. 4

(b) (1)Which electronic transition in a hydrogen atom releases the greatest amount of energy?
A. n = 3→ n = 2 B. n = 5→ n = 3 C. n = 6→ n = 5 D. n = 3→ n = 6

(c) (1)Which element has chemical properties most similar to those of Phosphorous?

A. N B. Al C. S D. As

(d) (1)Which element will most likely have the ionization energy below? (The 1st ionization
energy is removed so that you cannot just look on the table)

nth Ionization Energy (kJ/mol)
2nd 1816.7
3rd 2744.8
4th 11577
5th 14842

A. Na B. Mg C. Al D. Si E. P

(e) (1)Which metal has the lowest melting point?

A. Li B. Na C. K D. Rb

(f) (1)Which gas-phase atom has no unpaired electrons in its ground state?

A. Li B. Be C. B D. C

(g) (1)In which series are the species listed in order of increasing size?

A. N, O, F B. Na, Mg, K C. Cr, Cr2+, Cr3+ D. Cl, Cl−, S2−

5. Bonding (Beware! A bit of hybridization incoming.)

(a) (1)Which of the following molecules has two unshared pairs of electrons on the central atom?

A. H2S B. PH3 C. SiH4 D. HCN E. CS2

(b) (1)Which element has the greatest electrical conductivity?

A. As B. Ge C. P D. Sn

(c) (1)How many σ bonds are in 2-butyne?

A. 3 B. 6 C. 9 D. 11

(d) (1)Which comparison demonstrates that ionic bonds are stronger than H-bonds?

A. The melting point of NaCl (808◦C) is higher than the melting point of sugar
(186◦C).

B. The solubility of NaCl in water and the solubility of sugar in water are both
very high.

C. NaCl does not burn, while sugar caramelizes and chars readily when burned.

D. A solution of NaCl can be electrolyzed to generate chlorine gas, while a solution
of sugar does not even conduct electricity.
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(e) (1)Which is not a stable molecule?

A. NF3 B. NF5 C. PF3 D. PF5

6. Kinetics and Equillibrium

(a) (1)Which of the following are reasons why reaction rates increase as temperature increases?

I. Collisions are more frequent between molecules at higher temperatures.

II. A greater fraction of collisions have sufficient energy to exceed Ea at higher tempera-
tures.

III. Reactant concentrations are higher at higher temperatures.

A. I only B. II only C. I and II D. I and III E. I, II, and III

(b) (2)If 93.75% of a sample of pure 289So decays in 32 days, what is the half-life of 289So?

A. 6 days B. 8 days C. 12 days D. 14 days E. 16 days

(c) (1)What is the equilibrium expression, Kc, for the reaction: 2S(s) + 3O2(g) 
 2SO3(g)?

A. Kc = 2[SO3]
2[S]+3[O2]

B. Kc = 2[SO3]
3[O2]

C. Kc = [SO3]2

[S]2[O2]3

D. Kc = [SO3]2

[O2]3

(d) (1)The reaction C3H7I + Cl− → C3H7Cl + I− is thought to occur in the polar solvent
CH3OH by the mechanism:

Step 1. C3H7I → C3H
+
7 + I− (slow)

Step 2 C3H
+
7 + Cl− → C3H7Cl(fast)

Which species is an intermediate in this reaction?

A. CH3OH B. C3H
+
7 C. I− D. Cl−

(e) (2)A hypothetical reaction has a rate law of:

Rate = k[A]2[B].

Which statement about this reaction is most probably correct?

A. Doubling the concentration of A will double the rate of the reaction.

B. Tripling [A] will affect the rate twice as much as tripling [B].

C. The reaction mechanism involves the formation of B2 at some stage.

D. The reaction mechanism involves more than one step.

7. Acid, Base, and Solution

(a) (1)What is the concentration of OH− in an aqueous 0.05 M solution of HCN? (The Ka for
HCN is 5.0× 10−10.)

A. 4.0× 10−4 B. 4.0× 10−5 C. 4.0× 10−9 D. 2.0× 10−9 E. 2.0× 10−11

(b) (1)What is the molar solubility in water of Ag2CO3? (The Ksp for Ag2CO3 is 8× 10−12.)

A. 8 × 10−12 M B. 2 × 10−12 M C.
√

4× 10−12 M D. 3
√

4× 10−12 M
E. 3
√

2× 10−12 M

(c) (1)What is the pH of a solution made by mixing 200. mL of 0.0657 M NaOH, 140. mL of
0.107 M HCl, and 160. mL of H2O?

A. 3.04 B. 2.74 C. 2.43 D. 2.27
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(d) (1)What is the pH of a solution that is 0.20 M in HF and 0.40 M in NaF? [Ka = 7.2× 10−4]

A. 1.92 B. 2.84 C. 3.14 D. 3.44

(e) (1)At 20.0 ◦C water has Kw = 6.807× 10−15. What is the pH of pure water at this temper-
ature?

A. 6.667 B. 6.920 C. 7.000 D. 7.084

8. Thermodynamics and Organic Chemistry

(a) (1)Which reaction has the most positive entropy change under standard conditions?

A. H2O(g) + CO(g) → H2(g) + CO2(g)

B. CaCO3(s) → CaO(s) + CO2(g)

C. NH3(g) → NH3(aq)

D. C8H18(l) → C8H18(s)

(b) (1)What are the signs of ∆H and ∆S for a reaction that is spontaneous only at low temper-
atures?

A. ∆H is positive, ∆S is positive

B. ∆H is positive, ∆S is negative

C. ∆H is negative, ∆S is negative

D. ∆H is negative, ∆S is positive

(c) (1)Which phase change is exothermic?

A. condensation B. fusion C. sublimation D. vaporization

(d) (1)Which class of organic compounds does NOT contain oxygen?

A. Alcohol B. Amide C. Amine D. Ketone

(e) (1)Which compound has the largest molar mass?

A. benzene B. hexane C. 1-hexene D. 1-hexyne

(f) (1)How many different aldehydes have the formula C5H10O?

A. 2 B. 3 C. 4 D. 5
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Section 2. Short response: A Szkolari celebration
2016 is when all of us turn 16, soon starting a new chapter of our lives as young adults.

It is also the last year Mr. Szkolar will be teaching at our school, and he will son start a
new chapter of his life too. Whether it’s Sweet 16, or Mr. Szkolar’s retirement, they deserve
celebration. In section 2, we will celebrate them using Chemistry.

Please show necessary calculations when obtaining your answer. The questions will some-
times involve more than one concept!

(Inspired by Rhea’s Sweet 16 birthday party , to Mr. Szkolar for the amazing year of
Chemistry we had.)

Grade Table

Question Points Score

1 4

2 4

3 4

4 4

5 4

6 4

7 4

8 4

9 9

10 9

Total: 50



Scarsdale High School Final Practice Part 2 - Page 2 of 3

Preparing for the celebration.

1. (4)In parties, we need all kinds of matters: Liquid, solid, gas, heterogeneous solutions,
homogeneous solutions and alloys. Give an example for each kind of matter, and draw
a particle diagram representing it.

2. (4)Mr. Arrigo decided to bring some copper plates, but found that copper plates are out
of styles now - people enjoy iron plates more. Not having time to buy new plates, he
decides to plate the plates with iron.

(a) Can Mr. Arrigo just dip the plates in Fe(NO3)2 solution? What may be some down
sides to doing it this way?

(b) Mr. Arrigo decides that it would be best for him to electroplate the plates. Draw
a diagram for the electroplating setup he would use, indicate the cathode, anode,
electrolyte solution, battery, flow of electrons and flow of ions.

3. (4)We need some kind of lamp or candle for the party. As a chemist, why don’t we use 1-
propanol? That can work! Draw the molecular structure of 1-propanol, and find the heat
of combustion of 1-propanol, given that its ∆Hf = −303.kJ/mol. Assume all substances
in the combustion are gas.

During the celebration.

4. (4)Hudson and Dermot decide to put a balloon on top of the alcohol lamp, and the balloon
quickly popped. Given that the balloon can handle a pressure difference of 10kPa, and
the party room is at room temperature and standard pressure, determine the tempera-
ture of the air inside the balloon when it popped.

5. (4)Richard wants a cup of tea, which needs boiling water, but the room only has ice water!
As a result, Richard decides to heat a 500.mL of ice water on a Hot Plate, continuously
transferring heat at 80.0kJ/min.. Draw the heating curve of the water. How long after
all the ice have melted will it take for Richard to get boiling water for his cup of tea?

6. (4)Playing with fire or hot plate is never a good idea. While the room is installed with
an Americium smoke detector, once the Americium level inside drops below 95%, the
detector will not function anymore! (This is just for problem statement. It probably
can last longer :) Given that the half life of Americium is 432 years, how long will it
function for after it is first manufactured?

7. (4)Steven decided to mix some table sugar (sucrose) and table salt (NaCl) and ask Ryan if
he thinks it’s more sweet or salty. Ryan, knowing that he’ll be really sad if he just tastes
the mixture, finds a better way: he dissolves 20.0g of the mixture in 1.00kg water, and
find that the freezing point is −0.426◦C. Assuming ideal behavior, calculate the mole
fraction of sucrose in the original mixture.

8. (4)After dinner, Ms. Levenberg decided to give a problem on tetrodotoxin, a toxic chem-
ical found in fugu pufferfish. The compound is lethal at 10.µg per kg of body mass.
Tetrodotoxin is 41.38% carbon, 13.16% nitrogen, and 5.37% hydrogen by mass, and has
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each molecule has a mass of 5.3×10−22g. What is the molecular formula of tetrodotoxin?
What number of molecules of tetrodotoxin would be lethal for a person weighting 165
lb?

Some fun demonstrations.

9. Mr. Szkolar decides to do some fun demonstrations for us! He decomposes some potas-
sium chlorate in a sealed container, then combusts a leftover piece of candy (made up
of sucrose completely). The gas inside the container glows a purple color as the candy
combusts.

(a) (3)Write the balanced equation for the decomposition and the combustion in the
demonstration.

(b) (3)Sucrose has ∆Hf = −2221.2kJ. Assuming all products of the combustion are gases,
calculate the amount of heat produced from the combustion given that the candy
is 5.0g.

(c) (3)Explain why the gas inside would glow a purple color.

10. We get another demonstration! Using a salt and a battery :), some water and wire, Mr.
Szkolar created an electrolytic cell to split up aqueous NaCl.

(a) (4)Given that


Na+ + e− ⇒ Na Eo = −2.71V

2H2O + 2e− ⇒ H2 + 2OH− Eo = −0.83V

Cl2 + 2e− ⇒ 2Cl− Eo = +1.36V

O2 + 4H+ + 4e− ⇒ 2H2O Eo = +1.23V

draw a diagram of the

electrolytic cell. Show the anode, cathode, battery, electron flow, solution, and the
ions inside the solution.

(b) (3)Given that Mr. Szkolar started with a 0.1M NaCl solution, what is the pH of the
solution when all of one of the ions is electrolyzed?

(c) (2)Explain why Mr. Szkolar should do this under the hood.

Thanks to your help, everyone had a great time at the celebration!

Also, thanks for trying the test out! Please also attach any comments/suggestions/
rants/etc. in your response, and I’ll see you soon!


