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Please read the following instructions carefully. This is a timed test; any instructions from the test
supervisor should be followed promptly.

The test supervisor will give instructions for filling in any necessary information on the answer sheet.
Most Academic Challenge sites will ask you to indicate your answer to each question by marking an oval
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Potentially Useful Information

g=meCse AT ATi=-i1Kiem
AT, = iKpem Sgas =ky e Pgas
I:)solvent = Csolvent L4 I:)Osolvent k = Ae “Ea/RT

[A] 1 1
In = —kt — —— = kt

<[A] [, Al
[A] — [A]p = — kt In (k) —Fa (1_1)
k, R\T, T,

n(2) = (2 1) () = (1)

K, R \1, T, P, R \1, T,
pH = -log [H507] pOH = -log [OH]

—_ ] AHsys
pH - pK |Og (HA]) ASs:urr T
AG° = AH° - TAS® Ecello = Ered0 + ono
AE = B<1 12> _-biVb2-4ac

nf ng = 2a

AG® =nFg° Ky = 1.0 x 10*
F = 96485 C/mol B =-2.18x10"%J
R = 0.08206 L atm/mol K; 8.3145 J/mol K N, = 6.022x10%
1.0kg=221Ib 1 atm = 101,325 Pa = 1.01325 bar
1.0in = 2.54 cm 1J=1Nm=1kgm?s?=0.239 cal
11b=453.59¢ C=A\v

c =2.998 x 10% m/s

Assume all gases behave ideally unless specifically told to do otherwise
Assume all solutions are aqueous and at 25 °C unless specifically told otherwise
Assume all gases are at STP unless specifically told otherwise

Simple Rules for the Solubility of Salts in Water

1. Most nitrates are soluble

2. Most salts containing Group 1 ions or ammonium (NH,") are soluble

3. Moszt chloride, bromide, and iodide salts are soluble except those of Ag*, Pb*, and
ng *,

4. Most sulfates are soluble with the exception of Ba**, Pb**, Hg,*", and Ca*

5. Most hydroxide salts are only slightly soluble with the exception of Group 1 hydroxides.
Group 2 (Ba?* to Ca?") are slightly soluble.

6. Most sulfides, carbonates, chromates, and phosphates are only slightly soluble.
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WYSE — Academic Challenge
Chemistry Test (Regional) — 2013

Which of the following statements is false?

Nitrogen and phosphorous have a relative mass of 14.01 amu to 30.97 amu.
Nitrogen and phosphorous are both nonmetals.

14.01 g of nitrogen and 30.97 g of phosphorous contain the same number of atoms.
Nitrogen and phosphorous each contain five valence electrons.

N* and P* contain different number of protons, but the same number of electrons.

moow»

Atoms X, Y, Z, and R have the following nuclear compositions:
410 410 412 412,
186X 183Y 186Z 185R

Which two are isotopes?
A X&Y B. X&Z C. Y&R D. Z&Y E. X&R

A gas sample is heated from -20.0°C to 57.0°C and the volume is increased from 2.00 L to
4.50 L. If the initial pressure is 0.105 atm, what is the final pressure?

A. 0.0358 atm B. -0.133 atm C. 0.308 atm D. 0.181 atm E. 0.0609 atm

Which of the following is an example of the law of multiple proportions?

A. Two different samples of water are found to have the same ratio of hydrogen to oxygen.

B. When hydrogen and oxygen react to form water, the mass of the water formed is
exactly equal to the mass of hydrogen and oxygen that reacted.

C. The mass ratio of oxygen to hydrogen in water is 8:1. The mass ratio of oxygen to
hydrogen in hydrogen peroxide (which contains only hydrogen and oxygen) is 16:1.

D. Samples of calcium carbonate from egg shells and from chalk are found to have the
same mass ratios of calcium to carbon to oxygen.

E. During a chemical reaction the masses of the reactants and products are the same.

The density of mercury, the only metal to exist as a liquid at room temperature, is 13.6 g/cm?®.
What is that density in pounds per cubic inch?

849 Ib/in®

376 Ib/in®

0.490 Ib/in®
1.83 x 107 Ib/in®
None

moowx»

What is the sign of AH for the process below and what can be said about this process?
H20 (9) — H20 ()

positive; process is endothermic

negative; process is endothermic

positive; process is exothermic

negative; process is exothermic

not enough information given to answer the question

moow»
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10.

11.

Chemistry — 2

Which of the following would you expect to have the shortest bond length?

A. NO B. F; C. O,

Identify the missing particle in the following equation:

5 U— sHe+?
A. ZPu B. 2*Th C. 2*Th

Which of the following represent a physical change:

I.  Water evaporating on your hand

II.  Gasoline burning

[ll. Butter melting on hot toast

IV. Frying an egg

V. Rust forming on a nail left outside in the rain

Ao LI B. ,IV,V C. I,IV,V

Which of the following metric relationships is incorrect?

1 microliter = 10°° liters
1 gram = 10° kilograms
10° milliliters = 1 liter

1 gram = 10? centigrams
10 decimeters = 1 meter

moow»

D. 0% E. C,*
D. 2'U E. None of these
D. I, 1l E. All of the above

In the following pictures, the boxes represent atoms of one type of element and the circles
another. How many of the following represent chemical changes

‘)DQI
ok |

A
:

A 1 B. 2 C. 3 D. None E. Impossible to determine
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12.

13.

14.

15.

16.

17.

18.

Chemistry — 3

Which of the following has the smallest atomic radius?
A. Ba B. Ca C. As D. At E. Ar

You measure water in two containers: a 10-mL graduated cylinder with marks at every mL,
and a 1-mL pipet marked at every 0.1 mL. If you have some water in each of the
containers and add them together, to what decimal place could you report the total volume
of water?

A. 0.01 mL B. 0.1 mL C. 1mL D. 10 mL E. None of these

The correct name for FeO is

A. iron oxide

B. iron monoxide
C. iron(lll) oxide
D. iron(ll) oxide

E. iron(l) oxide

How many of the following are true concerning balanced chemical equations?

I.  The number of molecules is conserved.

Il. The coefficients for the reactants tell you how much of each reactant you are given.

lll. Atoms are neither created nor destroyed.

IV. The coefficients indicate the mass ratios of the substances used.

VI The sum of the coefficients on the reactant side equals the sum of the coefficients on
the product side.

A1 B. 2 C. 3 D. 4 E. 5

A radio station broadcasts at a frequency of 107.1 MHz. What is the wavelength
associated with this radio station?

3.570 m

3.570 x 10° m

3.213x10% m

3.213 x 10°m
2.799 m

mo o w >

Two successive reactions, D > E and E - F, have yields of 48% and 73% , respectively.
What is the overall percent yield for conversion of D to F?

A. 25% B. 48% C. 73% D. 35% E. 1.25%

Which of the following equations is not balanced?

4A] + 302 e d 2A|203

CoHg + '/, 0, — 2CO, + 3H,0
2KCIO; — 2KCl + O,

4P, + 555 — 4P4Sqo

P4 + 502 - P4010

moo®y»
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19.

20.

21.

22.

23.

Chemistry — 4
A 7.05-g sample of potassium chlorate was decomposed according to the following
equation:
2KCIO; — 2KCI + 30,

How many moles of oxygen are formed?

A. 2.76 mol B. 0.0575 mol C. 0.0384 mol D. 0.0863 mol E. None of these

Lithium (1.62 g) is reacted with 6.00 g oxygen. Which of these reactants is the limiting
reagent and how much product will be formed? 4Li + O, — 2Li,O

Li limiting; 6.97 g product
Li limiting; 3.50 g product
O, limiting; 5.60 g product
O limiting; 11.21 g product
O, limiting; 1.87 g product

moow»

Nitrogen dioxide can dissociate to nitric oxide and oxygen.

2NO(g) = 2NO(g) + O(9) AH®q = +114 kJ

Under which reaction conditions would you expect to produce the largest amount of
oxygen at equilibrium?

high temperature, high pressure
low temperature, high pressure
high temperature, low pressure
low temperature, low pressure
None of the above

moowx»

You prepare 1000. mL of tea and transfer it to a 1.00 quart pitcher for storage. Which of
the following is true?

The pitcher will be filled to 100% of its capacity with no tea spilled.

The pitcher will be filled to about 95% of its capacity.

The pitcher will be filled to about 50% of its capacity.

The pitcher will be completely filled and a small amount of tea will overflow.
The pitcher will be completely filled and most of the tea will overflow.

moow»

Equilibrium is reached in chemical reactions when:

The rates of the forward and reverse reactions become equal.
The concentrations of reactants and products become equal.
The temperature shows a sharp rise.

All chemical reactions stop.

The forward reaction stops.

moowp
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24,

25.

26.

27.

28.

29.

Chemistry — 5

Which is Boyle’'s Law?

A. Equal amounts of gases occupy the same volume at constant temperature and
pressure.

B. The rates of effusion of gases are inversely proportional to the square roots of their
molar masses.

C. The volume of a fixed amount of gas is directly proportional to its temperature in Kelvin
at constant pressure.

D. The total pressure of a mixture of gases is the simple sum of the partial pressure of all
the gaseous compounds.

E. The volume of a fixed amount of gas is inversely proportional to its pressure at a

constant temperature.

Pure aluminum can react with aqueous lead(ll) nitrate to form aqueous aluminum nitrate
and solid lead. If you start with 453.25 g of solid aluminum and an excess of lead(ll) nitrate
how many total moles of products will you form assuming the reaction goes to completion?

2 Al(s) + 3 Pb(NOg),(ag)— 2 AI(NOgz)s(aq) + 3 Pb(s)

A. 6.719 mol B. 16.798 mol C. 33.597 mol D. 41.996 mol E. 83.993 mol

Which of the following acids has the lowest pH?

0.1 M C204H2, pKa =1.25

0.1 M HOCH,CH;NH,, pK, = 4.49
0.1 M CH3COOH, pK,=4.74

0.1 M HBrO, pK, =8.63

0.1 M HIO, pK, =10.64

moow»

What is the H;0" concentration when 300.0 mL of 0.10 M NaOH is combined with 300.0 mL
of 0.15 M HCI?

A. 0.015M B. 0.025 M C. 0.05M D. 0.075 M E. 0.15M

What is the molarity of a solution that contains 50.0 g of NaOH in 750.0 mL of solution?
A. 0.600 M B. 0.800 M C. 1.07M D. 1.25 M E. 1.67 M

What can be said about the reaction below?
Pb(NOs), (aq) + KBr (aq) —

PbBr, will precipitate and KNO3 will remain in the aqueous phase.
KNO; will precipitate and PbBr, will remain in the aqueous phase.
There will be no precipitation.

Both KNO3 and PbBr, will precipitate.

Nitrogen gas will be evolved.

moow»
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30.

31.

32.

33.

34.

35.

36.

Chemistry — 6

Select the arrangement of electromagnetic radiation which starts with the lowest energy
and increases to the greatest energy.

Radio, visible, infrared, ultraviolet
Microwave, infrared, visible, ultraviolet
Visible, ultraviolet, infrared, gamma rays
X-ray, visible, infrared, microwave

None of the above is in the correct order

moow»

You are holding four identical balloons each containing 10.0 g of a different gas. Which
gas would have the largest balloon?

H,
He
Ne
\P
All have the same volume.

moowp

You have a 400-mL rigid container with 55.0% He and 45.0% Ar by mass at 25°C and 1.5 atm

total pressure. You heat the container to 100°C. What is the total pressure?

A. 1.20 atm B. 1.50 atm C. 1.88 atm D. 2.01 atm E. None of these

Which of the following has the most negative electron affinity?
A. Na B. S C. Br D. Cl E. As

Which of the following pairs is incorrect?

iodine trichloride, ICl;
phosphorus heptoxide, P,O-,
ammonia, NH;

sulfur hexafluoride, SF¢

All of the above pairs are correct.

moow»

What will be the result from balancing the half reaction below in acidic solution?
U* (agq) > UO*

4H" on the right and 2e on the left.

4H" on the right and 2e on the right.

4H" on the right and 1e on the right.

4H" on the right and 3e on the right.

2H,0 molecules on the left and 2e” on the right.

moowx»

Hydrogen has three isotopes (*H, H,and °H) and chlorine has two isotopes (**Cl and
¥Cl). How many kinds of HCI molecules are there?

A 1 B. 3 C. 5 D. 6 E. 9

2013 Regional



37.

38.

39.

40.

Chemistry — 7

Which of the following compounds has the highest percentage of carbon by mass?
A. CH3COOH B. C2H5OH C. C2H6 D. CaCZ E. H2C204

A first-order reaction is 45% complete at the end of 33 minutes. What is the length of the
half-life of this reaction?

A. 29 min. B. 38 min. C. 48 min. D. 2.0 hours E. None of the above

In which of the following are the electrons arranged approximately in a tetrahedral
arrangement around the central atom?

A. NHy B. NOs C. NO; D. NzH; E. NO*

Which response contains all the characteristics listed that should apply to PF3?

(i)  The molecular shape is trigonal planar.

(i) It has one unshared pair of electrons on the central atom.
(i) The phosphorus is sp? hybridized.

(iv) Itis a polar molecule.

(v) The molecule contains polar bonds.

@), (iv), and (v)
(ii), (iii), and (iv)
@), (ii), and (iv)
(ii), (iv), and (v)
@), (i), and (v)

moow»
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