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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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Chemistry - 1

WYSE — Academic Challenge
Chemistry Test (State Final) — 2015

. Which of the following solutions will have the highest concentration of chloride ions?

0.20 M LiCl
0.40 M MgCly

0.30 M AICI3
0.20 M CacCl2
All of these solutions have the same concentration of chloride ions.

mo o w »

. What is the percent yield when 28.16 g of CO2 are formed from the reaction of 8.000 moles
of CgH1g with 4.000 moles of O2. The balanced chemical equation is:

2 CgH1g + 2502 — 16 CO2 + 18 H20O

A. 20.00% B. 25.00% C. 50.00% D. 12.50% E. 10.50%

The compound, CH3;—C=C-CHjs, can be classified as an

A. alkene B. alkyne C. ether D. alkane E. amine
Carbon-14 (a radioactive isotope of carbon) decays according to first-order kinetics, and has
a half-life of approximately 5,700 years. How long will it take a sample of *C atoms to

decay until 25% of the original sample remains?

A. 1,425years B. 2,850years C. 5700years D. 11,400years E. 17,100 years

What are the permissible values for the angular quantum number (I) when n = 4?

A 1,23, 4 B. 0123 C. 1,23 D. 0,1,2 E. 1,2

2015 State



Chemistry - 2

6. Use the data given to calculate the AH for the following reaction:

K(9) + Cl(g) — K*(g) + CI (9)

1) KCl(s) — K*(g) + CI(q) AH= +718 kJ
2) KCI(s) — K(s) + 1/2 Cly(g) AH= +436 kJ
3) K(s) + 1/2 Cl» (g) — K(g) + Cl(g) AH= +211 kJ

A. +71KkJ B. +1365kJ C. -1365kJ D. -71kJ E. +56 kJ

7. A helium balloon at a high altitude has 2.1 x 10* L of helium at 0.40 atm and —13°C. If the
balloon descends to an altitude where the atmospheric pressure is 1.0 atm and the
temperature is 20 °C, what will the volume of the balloon be at the lower altitude?

9.5x10°L
8.0x10%L
8.6 x10°L
1.3x10*L
2.3x10°L

moowp

8. The following reaction produces ammonia with an equilibrium constant, K, of 0.65 at 375°C.
N2(g) + 3 Hz(g) <> 2 NHs(g)

Initial concentrations of H,, N2, and NHz are 0.76 M, 0.60 M and 0.48 M, respectively. Which
of the following statements is correct?

The reaction will proceed from left to right.

The reaction will proceed from right to left.

Not enough information is available to make a prediction.
The reaction is already at equilibrium.

All of the above statements are correct.

moow>

9. The activation energy (Ea) of an uncatalyzed reaction is generally a catalyzed
reaction.

unrelated to
greater than
the same as
less than
none of these

moowz»
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Chemistry - 3

10. If you use 12.0 mol of H; and 7.00 mol of O, to form H2O, which is the limiting reagent and
why?

11.

12.

13.

moow»

H2, because you have 5 mol left over.

O,, because you use 6 mol O, with the 12 mol Ha.

0., because you have 2 mol O left over.

0>, because 7 mol Oz is lower than 12 mol Hz in number.

H», because 2 mol H; are used for every mole of O,, therefore all 12 mol H, will be used

up.

NH4SH, placed in a vessel at 22°C, decomposes to form NHs and H>S.

NH4SH(s) < NHs(g) + H2S(g)

Calculate the equilibrium concentration of NHz and H>S if 4 g of pure NH4SH is placed in a
closed vessel, given that K= 1.2 x 10 at 22°C.

moow>

[NHs] = 1.1 x 1072 M, [H2S] = 0.60 x 104 M
[NHs] = [H.S] = 0.60 x 10 M

[NH3] = [H2S] = 2.2 x 102 M

[NHs] = [H.S]=1.1x 102 M

[NH3] = 0.60 x 107 M, [H2S] = 1.1 x 102 M

The atomic masses and abundances of four isotopes of a newly discovered element,
utopiam, Up, are given below. What is the average atomic mass of Up?

Isotope Mass, amu  %Abundance

Up-204 203.9730 1.400

Up-206 205.9744 24.10

Up-207 206.9759 22.10

Up-208 207.9766 52.40

205.3 amu B. 206.2 amu C. 207.2 amu D. 208.0 amu E. 204.0 amu

An aqueous solution of HBr can be categorized as a

moowz»

strong base.
strong acid.
weak acid.
weak base.
None of these.

2015 State



Chemistry - 4

14. Which of the following hybridization involves bond angles of 120° and 180°?

A. sp B. sp3d C. sp? D. sp® E. sp3d?

15. How many milliliters of a 0.104 M solution of Ca(OH). will it take to titrate 7.34 mL of a
0.820 M solution of HBr?

A. 28.9mL B. 537 mL C. 57.9mL D. 116 mL E. 145 mL

16. What are the formal charges for each atom in this resonance structure for sulfur trioxide?
The values are in the order from the atoms marked starting with #1 and ending with #4.

#1 :8:
o0 | [ X ]
#20—S=—0 #2

#3

-1,0, +2, -1
-1,-1,+2,0
-1,0, -1, +2
-1,-1,-1, -1
-1, -1, +1, +1

moow>

17. For the reaction: 2 SO3(g) <« 2 SO»(g) + O2(g) you are given the following information.

AG® for SO,(g) = —-300.2 kJ/mol
AG® for SO3(g) = —-371.1 kJ/mol

Determine the value of AG° for this reaction and state whether the forward reaction is
spontaneous, nonspontaneous, or at equilibrium.

AG° = 141.8 kJ. The forward reaction is honspontaneous.
AG° = 141.8 kJ. The reaction is at equilibrium.

AG° =141.8 kJ. The forward reaction is spontaneous.
AG° =70.9 kJ. The forward reaction is honspontaneous.
AG° = —70.9 kJ. The forward reaction is spontaneous.

moowp
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18.

19.

20.

21.

22.

Chemistry - 5

What is the equilibrium expression for the following reaction?

AlR*(aq) + H20(l) <+ H*(aq) + AIOH?*(aq)

A. K =[AIOHZ]/[[ARY]

B. K= [H[AIOH*]/[[AR]

C. K=[AIOH*]/[AP*][H.0]

D. K = [H[AIOHZ]/[AF][H20]
E. K=[APF][HO)[H'][AIOH*]

Which of the following represents the net ionic equation of the combination of aqueous
solutions of aluminum hydroxide and hydrobromic acid?

Al(OH)s(aq) + 3 HBr(aq) — AlBrs(aq) + 3 HO(l)
Al(OH)s(aq) + 3 H*(aq) — AlBrs(aq) + 3 H20(l)
APP*(aq) + 3 Br(ag) — AlBrs(s)

Al(OH)s(aq) + 3 H*(aq) — AlF*(aq) + 3 H2O(l)

3 OH(aqg) + 3 H*(ag) — 3 H20(I)

moowp

Stannous ion is Sn%*. What is true about the stannic ion?

It will have a greater charge than the stannous ion.
It will have a lesser charge than the stannous ion.
It will contain a hydrogen atom.

It will contain an oxygen atom.

All of the above are true.

moow>

Calcium chloride, CaCl,, is sometimes used as a road de-icer. The solubility of CaCl, in cold
water is 74.50 g per kilogram of water. Determine the lowest temperature for which CaCl.
would be effective (k; for water is 1.86 °C/m). Assume Van’t Hoff factor to be 3.0.

A.-1.30°C B. 0°C C. -3.75°C D. -1.85°C E. 1.85°C

Which of the following is a suffix used when naming cations?

A. —ite B. —ide C. —eum D. —ate E. —ium

2015 State



23.

24,

25.

26.

Chemistry - 6

Which of the following is a correct statement of Hund’s Rule?

A. No two electrons may share the same set of quantum numbers.

B. The location and the momentum of an electron cannot be known simultaneously.

C. Electrons will occupy separate degenerate orbitals and maintain parallel spins before
pairing up.

D. Electrons in orbits further from the nucleus experience a lesser degree of nuclear
charge.

E. Electrons will begin filling the lowest energy orbitals first.

Two gas tanks, at the same temperature, are connected by a valve. One tank contains 15 L
of nitrogen at 7.2 atm of pressure and the other tank contains 8.3 L of helium at 4.1 atm of
pressure. If the connecting valve is opened, what is the final pressure of the two tanks
combined?

A. 0.48 atm B. 142 atm C. 6.1 atm D. 4.5 atm E. 23 atm

Consider the molecule below. What are the electron domain geometry names at each of the
two labeled carbon atoms?

H N
\C—c/u %H
I
AN
H F

C1 = tetrahedral, C2 = linear

C1 = trigonal planar, C2= bent

C1 = bent, C2 = trigonal planar

C1 = trigonal planar, C2 = tetrahedral
C1 = trigonal pyramidal, C2 = see-saw

moowp

If 30 g of potassium iodide, KiI, is dissolved in 250 g of water, what is the molality (mol solute
per kg solvent) of this solution?

A. 0.045m B. 0.72m C. 0.12m D. 0.65m E. 0.36m

2015 State



27.

28.

29.

30.

31.

Chemistry - 7

For the reaction, S;0s?*(aq) + 317(aq) — 2S0.*(aq) + I5~, which of the following rates of
changes of concentrations is not correct?

1A[SOf"] _  1A[7]
A. 2 At 3 At
All3 ] _ 3A[7]
B. At At
lA[SOﬁ_] _A[I5]
C. 2 At At
1A _A[szog—]
D. 3 At At
£ 1A[SOF] _ _ a[s;037]
2 At At

What is the pH of pure water at 40.0°C if the Kyy at this temperature is 2.92 x 10-14?

A. 6.767 B. 0.465 C. 7.000 D. 7.233 E. 8.446

Which of the following has only one lone (nonbonding) pair of electrons on the central atom?

A. IFs B. AsBrs C. XeF, D. 137 E. CHs4

What is [OH] for a solution with pH of 10.57?

5.89 x 1012 M
1.58 x 103 M
2.69 x 101t M
3.16 x 10*M
3.72x10*M

moowp

A saturated solution is

an immiscible mixture of solute and solvent.

a solution that has too much solute for a given temperature.

a mixture in which there is more solute than solvent.

a solution in which the solvent has dissolved the maximum amount possible of a given
solute at a given temperature.

none of the above describes a saturated solution.

OO0w»

m
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Chemistry - 8

32. Which of the following statements about the phases of matter is true?

33.

34.

35.

oowp

m

In both solids and liquids, the atoms or molecules pack closely to one another.
Solids are highly compressible.

Gaseous substances have long-range repeating order.

There is only one type of geometric arrangement that the atoms or molecules in any
solid can adopt.

Liquids have a large portion of empty volume between molecules.

Identify the characteristics of a spontaneous reaction.

moo wp

AG° <0

AE°cel> 0

K>1

all of the above
none of the above

Which of the following occurs as the wavelength of a photon increases?
A. the speed decreases
B. the energy increases
C. the frequency decreases
D. Planck's constant decreases
E. the distance between adjacent peaks of the wave decreases
In the modern periodic table, which of the following is true for the trend in the first ionization
energy?
Along a period from left to right Along a group from bottom to up
A. Increases Increases
B. Increases Decreases
C. Decreases Increases
D. Decreases Decreases
E. No change No change

2015 State



Chemistry - 9

36. Which of the following represents a balanced chemical equation for the reaction between
perchlorate ion and iodide ion in an acidic solution?

ClOs+I—Cl+ 1,

ClOs/+21"+2H" - Cl + 1, + 2 H,0O»
ClOs7+2I">Clh+12+20:;
ClOs+21I"—Cl +1;
ClOs7+8I"+8H"—-ClI-+4 1, +4H,0
ClOy7+2I">ClFr+21,+20;

moow>

37. Which of the following compounds is a ketone?

A. CH3CH2CH2CO2H

Q
CH3CH, CCH3

C. CH3CH2NH2

D_ 1l
CH3CH2C_O_CH3
0]
E. Il
CH3CH, CH

38. In nature the element oxygen exists as
A. O B. O, C. O3 D. 0% E. O

39. The plastic Lucite™ is 71.4% carbon, 9.59% hydrogen, and 19.01% oxygen. What is the
empirical formula of Lucite™?

A. CsHgO B. CgHOs3:1 C. C/HO: D. C71H10019 E. CeH100

40. How many significant figures are there in the number 10.050607?

A. 3 B.4 C. 5 D. 6 E. 7

2015 State



