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Potentially Useful Information

g=mecse AT ATi=ieKiem
ATp= ieKpem Sgas = Kn @ Pgas
Psolvent = Xsolvent ® P°solvent k= Ae “FRT
A 1 1
ln(%)z—kt [A_]t_ﬁ:kt
4] — [A]p = — kt ln(ﬁ) _"ka (1_1)
ky R\T, T,
() =72 7) () = =7 (7,
K, R \r, T, P, R \1, T,
pH = -log [H30%] pOH = -log [OH1]
pH = pKa + log (%) ASsurr = _AI;S“
AG® = AH° - TAS® Ecel® = Ered® + Eoc®
AE=B<12—12> X=-bi\/b2-4ac
WAL 2a
AG° = -nFg° C=Av
1= MRT AE =hv
F =96485 C/mol Kw=1.0x 10"
R = 0.08206 L atm/mol K; 8.3145 J/mol K B =-2.18x10"8J
1.0kg=221Ib Na = 6.022x10%
1.0in=2.54cm 1 atm = 101,325 Pa = 1.01325 bar
11b=453.59¢g 1J=1Nem=1kgem?es?=0.239 cal
c =2.998 x 108 m/s h=6.626 x 1034 J-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

Most nitrates are soluble

Most salts containing Group 1 ions or ammonium (NH4") are soluble

Most chloride, bromide, and iodide salts are soluble except those of Ag*, Pb?*, and Hg.?*.
Most sulfates are soluble with the exception of Ba?*, Pb?*, Hg.?*, and Ca?*

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

Most sulfides, carbonates, chromates, and phosphates are only slightly soluble.
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WYSE — Academic Challenge
Chemistry Test (Sectional) — 2016

1. A 30.0 mL sample of HsPO4 with unknown concentration is titrated with a 0.100 M NaOH
solution. The equivalence point is reached when 26.4 mL of NaOH solution is added. What
is the concentration of the unknown HsPO, solution? Following is the neutralization reaction.

A.

HsPOa4(aq) + 3 NaOH(aqg) — 3 H20(l) + NasPOas(aq)

0.150 M B. 0.0879 M C. 0.0583 M D. 0.0293 M E. 0.0453 M

2. A solution of an acid is mixed with a solution of a base using stoichiometric amounts. The
neutral mixture that results contains magnesium nitrate (Mg(NO3)2). This mixture could have
resulted from the combination of which of these pairs of solutions?

moowy

a solution of MgO and a solution of NH3

a solution of Mg(OH). and a solution of NH3
a solution of MgO and a solution of HNO>

a solution of Mg(OH). and a solution of HNO3
a solution of Mg(OH). and a solution of HNO-

3. A sample of a certain gas has a volume of 415 mL at 725 mm Hg and 0.00 °C. What would
be the volume of this same sample of gas if it were measured at 760 mm Hg and 0.00 °C?

A.

301 mL B. 581 mL C. 830. mL D. 435mL E. 396 mL

4. Which of the following is true regarding the heat of the system and the heat of the
surroundings according to thermodynamics?

moowy

The heat gained by the system is equal to the heat gained by the surroundings.
The heat released by the system is equal to the heat gained by the surroundings.
The heat lost by the system is less than the heat lost by the surroundings.

There is no rule for the heat exchange between the system and the surroundings.
Heat gained by the system is greater than the heat gained by the surroundings.

5. What is the half-life of a radioactive nuclide?

The period of time it takes to reduce radioactivity by 100%.

. The time at which the isotope becomes non-radioactive.
. The period of time in which 25% of the original number of atoms undergoes radioactive

decay.

. The period of time in which the daughter nuclide’s atomic mass becomes half of the

original element.
The period of time in which 50% of the original number of atoms undergo radioactive
decay.

2016 Sectional



Chemistry — 2

6. Nicotine contains 74.03% C, 8.70% H, and 17.27% N. What is its empirical formula?

A. CsH7N B. CsHN:> C. C4H/N D. C4HsN2 E. CioH1aN2

7. Determine the wavelength of light with energy of 2.25 x 1072° J.

1.13x10°m

8.83x 107" m
1.02 x 102 m
498 x10% m
1.13x10°m

moow»

8. Following is a list of reduction potentials of a number of ions. Based on the given values,
predict which of the following metals will be the easiest to oxidize.

Au**(aq) + 3 e —> Au(s) E°=1.50V Ni2*(ag) + 2 e —> Ni(s) E°=-0.25V
Pd?*(aq) + 2 e~ —> Pd(s) E°=0.987 V Sn?*(ag) + 2 e~ —> Sn(s) E°=-0.14V
Zn**(aq) + 2e~ — Zn(s) E°=-0.763V

A. Au B. Ni C. Pd D. Sn E. Zn

9. The molecule 1-propene has the structure Hs;C—CH=CH, where the symbols "-" and "="
signify a single and double bond, respectively. How many of the carbon atoms in this
molecule are sp? hybridized?

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

10. What might the reason be for the boiling point of H,O being so much higher than that of
H.S?

Water does hydrogen bonding and hydrogen sulfide does not.

Water has lighter molar mass than that of hydrogen sulfide.

Oxygen uses 2s orbital for bonding and sulfur uses 3p orbitals for that purpose.
The two examples use different hybridization schemes.

None of these answers are correct.

moowy

11. The vapor pressure of pure hexane (CsH14) is 100. torr at 15.8 °C. Calculate the vapor
pressure of a solution containing 20.0 g of naphthalene (CioHs) dissolved in 50.0 mL
hexane. The density of hexane is 0.877 g/mL.

A. 87.7 torr B. 86.5 torr C. 32.6 torr D. 105. torr E. 76.5 torr

2016 Sectional



Chemistry — 3

12. What mass of solute is present in 340. mL of a 5.50 M solution of KOH?

A. 1059 B. 1.05¢ C. 1.87g D. 74.8 ¢ E. 56.1g

13. Which of the following Lewis structures best represents the bonding in NOF based on
minimizing the formal atomic charges?
‘F—N=0 F=N—0:  F—N—0: 5 *F—N—0: p F=N=0

A. B.

14. Exposing a certain substance to an electric field produces carbon and chlorine. This
substance cannot be:

a compound

an element

a mixture

a pure substance

any of the above answers

moow>

15. Acetanilide has a solubility of 5.5 g/100. mL in 100 °C water. An amount of 3.5 g of
acetanilide was added to 42.0 mL of 100 °C water and the undissolved acetanilide collected.
What is the percent recovery of the collected acetanilide?

A. 239 B. 34% C. 343 % D. 64 % E. 642%

16. Which of the following has the highest boiling point?

A. R B. C|2 C. Br» D. | E. Ar

17. An indication that a system at equilibrium favors the products is a

large Keq

positive AH

one step mechanism

low activation energy

equal forward and reverse rates of reaction

moow»
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18.

19.

20.

21.

22.

Chemistry — 4

The correct name for N2Os is

nitrogen pentoxide
pentaoxygen dinitride
dinitrogen tetroxide
dinitrogen pentoxide
nitrous oxide

moow»

For irreversible chemical reactions, the rate will be affected by changes in all of these
factors except:

A. concentration of reactants

B. concentration of products

C. presence of catalyst

D. surface area of solid reactants

E. temperature

Identify the acid, base, conjugate acid, and conjugate base in the following reaction.
NHs; + H20 <> NHs" + OH~

Acid : Base Conj. base : Conj. acid

A. NHs: HO: OH™: NH4*

B. NHs": OH™ NHs : H.O

C. none : NH3 OH™ : none

D. none : HO NH4* : none

E. H>O : NHs OH™ : NH4*

A 52.6 mL of 0.724 M solution of potassium hydroxide solution is titrated with a 0.439 M

solution of a nitric acid solution. What is the expected volume of nitric acid at the
equivalence point according to the following reaction?

KOH (aq) + HNOs(aq) — KNOs(aq) + H20(l)

A. 52.6 mL B. 86.7 mL C. 43.4mL D. 21.7 mL E. 724 mL

Which of the following gases would have the greatest density at a given temperature
(consider pressure and volume to be constant)?

A. CO2 B. H: C. NHs D. CO E. Ne

2016 Sectional



23.

24,

25.

26.

27.

28.

Chemistry — 5

Five metal spoons are dipped in a bowl of hot soup. Use the specific heat capacities (cp)
given in parenthesis to identify the spoon that will heat up faster for a given mass.

Aluminum (0.897 J/g.K)
Copper (0.385 J/g.K)
Silver (0.235 J/g.K)
Gold (0.129 J/g.K)
Nickel (0.445 J/g.K)

moow»

What is the percentage of oxygen in caffeine, CgHioN4O>?

A. 49.5% B. 28.9% C. 16.5% D. 32.7% E. 8.33%

Which of the following represents the ground state electron configuration of a neutral
calcium atom?

1s22s?2p®3s2 3p°
1s22s22p83s23p°®

1s22s? 2pf 3s23pf4s2
1s22s? 2p® 3s2 3p® 452 3d°
1s22s22p63s23p° 3d?

moowp

What is the balanced net ionic equation for the reaction of aluminum sulfate with sodium
hydroxide?

2 Na*(aq) + SO+*(aq) — NazSOu(s)

Alx(SO4)s(aq) + 6 NaOH(aq) — 2 Al(OH)s(aq) + 3 NaxSOu(s)
AP*(aq) + 3 OH~(ag) — Al(OH)s(s)

Al(SO.)s(aq) + 6 NaOH(aq) — 2 Al(OH)s(s) + 3 Na2SOu(s)
3 Al(s) + 3 OH~(ag) — AI(OH)s(s)

moowp»

Which of the following combinations of two elements is most likely to produce highly ionic
bonds?

nitrogen and oxygen
nitrogen and fluorine
boron and nitrogen
lithium and fluorine
hydrogen and fluorine

moowy

lodine and frozen carbon dioxide pass directly from the solid phase to the gas phase
(skipping the liquid phase) if heat is applied. What is this phase transformation from solid to
gas called?

A. sublimation B. deposition C. freezing D. boiling E. condensation

2016 Sectional



29.

30.

31.

32.

33.

Chemistry — 6

Which of the following statements about atomic structure is incorrect?

Protons and neutrons in the nucleus are tightly packed.

Most of the mass of an atom is concentrated in the nucleus.

Electrons are located in quantized energy levels.

The number of protons and neutrons are always equal.

The space occupied by electrons is larger than the volume of the nucleus.

moow»

Which ion(s) participates as a spectator ion(s) in the precipitation of MgSO3 from combining
aqueous solutions of Na,SO3; and MgCl,?

A. Na' only B. Mg?* only C. Na*and CI- D. SOs;? and CI- E. Mg?" and SOz*

Two students, Lisa and Mark, determined the mass of an object. Lisa measured the object
and received the values of 1.135 mg, 1.131 mg, 1.138 mg, and 1.137 mg. Mark measured
the same object and received 0.913 mg, 0.811 mg, 0.990 mg, and 0.798 mg. The accepted
mass of the object is 0.825 mg. Which statement(s) best describes the results obtained by
Lisa and Mark.

Lisa’s results were more precise.

Lisa’s results were more accurate.

Mark’s results were more accurate.

Lisa and Mark’s results were equally precise.
Answers A and C.

moowp

Which statement about noble gases is correct?

They form highly colored compounds.

They are highly reactive with halogens and metals.
Their abundance in nature is low.

Readily form ions.

They exist as single atoms rather than as molecules.

moow>

Consider the following equilibrium:

Ha(g) + 12(9) = 2 HI(9)

At equilibrium, the [Hz] = 0.015 mol/L, [Iz] = 0.015 mol/L and [HI] = 0.23 mol/L. What is
the value of the equilibrium constant?

A. 43x10°3 B. 1.6 x 107 C. 2.3x10? D. 1.5x10? E. 1.0x 10

2016 Sectional



Chemistry — 7

34. What is the correct formula for cesium sulfate?

A. CsSOq B. Cs2S0s3 C. Cs2S0q4 D. Cs2S0s E. SexS0Oq

35. If you use 12 mol of H2 and 7 mol of O to form H->O, which is the limiting reagent and why?

2H, + O, > 2 HO

0., because 7 mol O is lower in number than 12 moles H..

H2, because all of H, will be used up and some of O, will remain as excess.
O, because you will need additional 5 mol.

Hz, because you will have 5 mol left over.

0., because it is very reactive.

moowp

36. The chemical equation for the reaction of nitrogen oxide, NO, and chlorine, Cl», is:

2 NO + Cl, — 2 NOCI

The initial rates of reaction for various concentrations of the reactants were measured and
recorded at constant temperature as follows:

Experiment [NOT (M) [Clo] (M) ~“A[ClL)/At (M/hr)
1 0.10 0.30 0.50
2 0.10 0.60 2.01
3 0.20 1.20 16.05

Calculate the numerical value for the rate constant (k) in L?mol?- hr.

A. 56 B. 17 C. 40 D. 8.0 E. 10

37. Which sketch represents an orbital with the quantum numbers n =4, 1=0, m; = 0?

N .

38. What is the percent KCIO4 by mass in a 2.00 molal agueous solution?

A. 12.2% B. 13.8% C. 18.5% D. 21.7% E. 54.2%

2016 Sectional



39. Which set of quantum numbers is not allowed?

mooOw>
5 53353535
I\)OO_LI)I'II\)-b
-
NP RMON

40. Atoms that gain or lose electrons are called

A. non-metals

B.

ions

C.

isotopes

D. molecules

Chemistry — 8

E. metals

2016 Sectional





