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Potentially Useful Information

g=mecse AT ATi=ieKiem
AT, = ieKyem SgaszkH.PgaS
I:)solvent = Xsolvent b I:)Osolvent k = Ae “EeRT
[A]; 1 1

In = —kt o T T = Kt

<[A] [A]e  [Alo
[A] — [A]p = — kt In (k) —Fa (1_1)

k, R\T, T,
() - (L) ()= (2 )
K, R \r, T, P, R \1, T,
pH = -log [H507] pOH = -log [OH]
1 AHSyS
pH = pK, + log ({7) ASar ="
AG° = AH° - TAS® Ecello = Ered0 + ono
AE = B(l %) _-bx+b?-4ac
ng on = 2a

AG® = -nFe° Kw=1.0x10™
F = 96485 C/mol B =-2.18x10"%J
R = 0.08206 L atm/mol K; 8.3145 J/mol K Na = 6.022x10%
1.0kg=221Ib 1 atm = 101,325 Pa = 1.01325 bar
1.0in =2.54 cm 1J=1Nem=1kgem?es?=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 (Sectional) — 2014

According to the balanced reaction below, what volume of CHCI; can be produced by
reaction of 0.750 L of HCI gas with excess CH, at 20.0 °C and a pressure of 1.00 atm?

CH4(g) + 3HC|(g) > CHCIg(g) + 3H2(g)

A. 0.250 L B. 0.750 L C.1.00L D.225L E.3.00L

What is the maximum number of neutral species that can be present in a single isoelectronic
series of atom(s) and ion(s)?

A.0 B.1 C.2 D.3 E. There is no limit.

What color (A-E) of visible light is the most energetic?

Wavelength 7 x 107 6 x 107 5x107 4x107 Meters

I I
; Ultra
Infrared | Red | Orange |Yellow| Green | Blue | Violet

Violet

A. Red B. Orange C. Yellow D. Green E. Blue

When 100.0 g of CuO is reacted with excess carbon by the reaction below, 0.580 mole of
CO; are produced. What is the percent yield of this reaction?

2CUO(3) + C(S) > 2CU(S) + COQ(Q)

A.46.1% B. 58.0 % C.62.9% D.92.3% E. 100.0 %

What is the molar mass of calcium phosphate (Cas(POy),)?

A. 87.0 g/mol

B. 135.0 g/mol
C. 215.0 g/mol
D. 310.2 g/mol
E. 365.1 g/mol

Which reaction below is an oxidation/reduction reaction?

A. HNO3(aq) + KOH(aq) > KNO3(aq) + H20(|)

B. CH4(g) + 202(9) > COg(g) + ZHZO(g)

C. MgClyg) + 2NaOH(aq) > Mg(OH)z) + 2NaCliag)
D. NHgg) = NHg

E. C&Clg(s) - Ca +(aq) + ZC|_(aq)

A sample of 1000 atoms of a particular element weighs 2.61 x 10™° g. Identify the element.

A. H B. Gd C.Tb D. Ra E. Ac
2014 Sectional



10.

11.

12.

13.

14.

Chemistry — 2

Given the information below, find the value of AH;.

Pag) + 6Clag) > 4PClgyg) AH; = -1148 kJ
PClsg) = PClsg) + Clyg AH, = +115kJ
P4(s) + 1OC|2(g) -> 4PC|5(g) AH3 =9

A. -1608 kJ B. -1263 kJ C. -1033 kJ D. -688 kJ E. -460 kJ

How many milliliters of 0.863 M H,SO, are required to completely react with 35.00 mL of
0.418 M Ca(OH),?

A. 8.48 mL B.17.0 mL C.33.9mL D. 36.1 mL E. 72.3mL

How many oxygen molecules are there in a 60.0 g sample of oxygen gas?

A. 3.75 molecules

B. 1.13 x 10** molecules
C. 2.26 x 10** molecules
D. 4.52 x 10** molecules
E. 6.02 x 10* molecules

Under what conditions is a gas expected to show the greatest deviations from ideality?

A. High temperature, high pressure
B. High temperature, low pressure

C. Low temperature, high pressure
D. Low temperature, low pressure

E. Gases always behave ideally

A 5.39 g sample of a particular compound is prepared in the laboratory. It is found to
contain 3.37 g of carbon. A 4.79 g sample of the same compound is isolated from a plant
specimen. How many grams of carbon does this second sample contain?

A.0.625g B.2.02 g C.2.99g D.3.37g E.4.79g

Which of the following molecules is isoelectronic with CO,?

A.CO B. O; C. SiS; D. N5* E. NO,"

Which of the following must be true concerning a one-step, reversible, exothermic reaction?

A. The activation energy of the forward reaction must be less than the activation energy of
the reverse reaction.

B. It must obey a first-order rate law.

C. The dissociation of chlorine gas into chlorine atoms is a good example of this type of
reaction.

D. It must be a gas phase reaction.

E. It must form only slightly-stable intermediates.

2014 Sectional



Chemistry — 3

15. Which of the following compounds is predicted to have the greatest vapor pressure at room
temperature? Assume all are liquids at room temperature. Lone pairs have been omitted
for clarity.

OH
H2 H2 J: H2 H2
A Hc—Cc —0—C —CH, B. HC—C—CH; C. Hec—c —c —cCH,
CH,
Hy Hp Hp H, H, H
D. H,C—C —C —C —OH E. Hc—C—C—C—F

16. A particular gas at 25 °C and a pressure of 0.500 atm has a density of 2.99 g/L. What is the
molecular weight of the gas?

A. 12.3 g/mol B. 73.1 g/mol C. 134 g/mol D. 146 g/mol E. 621 g/mol

17. Which of the following solutions has the greatest total concentration of dissolved ions?

A. 0.700 M NaCl

B. 0.600 M CaS0O,
C. 0.500 M MgCl,
D. 0.400 M Na.3PO4
E. 0.300 M CazN,

18. For a solution of a non-volatile, nonelectrolyte, how many of the following will affect the
boiling point of the solution?
I.  The concentration of the solute
II. The identity of the solute
lll. The identity of the solvent
IV. The molecular geometry of the solute
A.0 B.1 C.2 D.3 E.4
19. In a 1%-order decay process, what percentage of the original sample remains after 5 half-

lives have passed?

A.3.13% B. 5.00 % C.125% D. 20.0 % E. 50.0 %

20. Which molecule below contains an atom with an sp®-hybridized central atom?

A. PCls B. SCI, C. SFe D. CO; E. SO,

2014 Sectional



21.

22.

23.

24.

25.

Chemistry — 4

When 2.0 moles of H, and 1.0 mole of N, are mixed and allowed to react by the reaction
below, what is the maximum mass of ammonia that can be formed?

3Hz(g) + Nagg) 2 2NHs()

A.13g B.20g C.23g D.32g E.34¢g

In which of the following compounds does sulfur have the lowest (least positive or most
negative) oxidation number?

A. SO, B. S;0; C. H;S,06 D. H,SO, E. H,SO3

Select the balanced equation representing the following reaction: gallium metal is heated
with oxygen gas to form solid gallium(lIl) oxide.

A. Ga(s) + Og(g) > 68.203(5)
B. Ga(s) + 30(9) > G&Og(s)
C. 6Ga(s) + Og(g) > 2G33O(s)
D. 2Ga(s) + 30(9) > Ga203(s)

E. 2Gag) + %Oz(g) > GayOs

A patrticular element has a very negative first electron affinity and a very positive first
ionization energy, and it's most stable ion is the X ion. To which group on the periodic table
does this element belong?

A. Chalcogens

B. Halogens

C. Alkaline earth metals
D. Noble gases

E. Alkali metals

The of an instrument determines how closely its measurements match the
true value; the of an instrument determines how closely repeated
measurements match each other.

A. precision; precision
B. accuracy; accuracy
C. precision; accuracy
D. accuracy; precision
E. None of the above

2014 Sectional



26.

27.

28.

29.

30.

31.

Chemistry — 5

A chemist finds a bottle of aqueous CaCl, on a shelf, but the concentration is not marked.
To a small portion of this solution, she adds 0.250 g of CacCl,, resulting in some solid on the
bottom of the flask. She isolates this solid and finds it weighs 0.150 g. From this she can
tell that the original solution was , and what she tested is now ,
respectively.

. unsaturated, saturated

. unsaturated, unsaturated
. Saturated, unsaturated

. Saturated, saturated

. Supersaturated, saturated.

mooOw>

In a particular reaction container, Pco = 2.5 atm, Py,= 0.0530 atm, and Pgy, oy = 0.935 atm.

The compounds are related by the reaction below. Is this mixture at equilibrium? If not,
which direction will it shift to achieve equilibrium?

CO(g) + 2H2(g) <> CH30H(g) Kp =50.0
A. Not at equilibrium, will shift toward reactants
B. Not at equilibrium, will shift toward products
C. At equilibrium, no shift

D. Not at equilibrium, no shift
E. Insufficient information given to determine

What is the approximate bond order of the bond in NO™?

A.0 B.1 C.15 D.2 E. 25

What is the mass percent of carbon in caffeine (CgH1gN4O,)?

A. 6.19% B. 27.9% C. 33.3% D. 49.5% E. 96.0%

VHF television stations broadcast in the range of 30 to 300 MHz. If a station operates at
165 MHz, what wavelength is it broadcasting?

A. 1.82 Mm B. 1.82 km C.1.82m D.1.82cm E. 1.82 mm

In naming the following compounds, which one would require a numerical prefix on both
elements?

A. P205 B. Ca3N2 C. MgCIZ D. NH; E. A|203

2014 Sectional



Chemistry — 6

32. The specific heat capacity of water is 4.184 J/g*°C. How much energy is needed to raise a
357 g sample of water from 15.0 °C to 83.0 °C?

A. 0.285 kJ
B.22.4kJ
C.24.3KkJ
D. 102 kJ
E. 124 kJ

33. Given the following structures, how many of the molecules are polar?

T '.é.l.' -_é.l: :él:
C'”’”/H o : .I._'Je_'i : ZC].—..Je—.éh
H/\ L\ - o - o
H \CI || ll
N . :Cl: : K

A. 0 (none are polar)
B.1

C.2

D.3

E. 4 (all are polar)

34. Which of the structures below shows a carboxylic acid? Note lone pairs are omitted for
clarity.

(@)

| (0]

O

A HC— ~TCHj, B, HiC——O0——CH, C. He€C—C—H

D. H——ClI E H3C—C—OH

35. For which of the following species is the molecular formula the same as the empirical
formula?

A. H,O; B. C3HsO3 C. CH;CO.H D. CeHs E. CsHsN
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36.

37.

38.

39.

40.

Chemistry — 7

Some CHy, is introduced into an empty flask and allowed to decompose by the reaction
below. At equilibrium the concentration of CH, is 0.296 M. What is the equilibrium
concentration of H,?

CHy) €2 C) + 2Hyq K=1.15x 10"

A. 0.000 M

B.3.40x 10 M
C.1.84x10°M
D.3.68x10°M
E.8.80 x 10* M

Some amount of HCIO; is dissolved in pure water, producing a solution with a pH of 2.37.
What is the concentration of ClO, in this solution? The K, of HCIO, is 1.2 x 107,

A.15x10°M
B.4.3x10°M
C.5.8x10°M
D.1.2x10%M
E.2.4M

Which of the following intermolecular forces is not present in a sample of dimethyl ether
(CH3-O-CHj)?

A. London dispersion forces

B. Hydrogen bonding

C. van der Waals forces

D. Dipole-dipole forces

E. All of the above are present in a sample of dimethyl ether.

Given the rate law below, if the initial concentration of A is doubled, and the initial
concentration of B is tripled, what will happen to the initial rate of the reaction?

Rate = k[A][B]?
A. It increase by a factor of 2.
B. It will increase by a factor of 3.
C. It will increase by a factor of 6.

D. It will increase by a factor of 18.
E. It will not change.

How many electrons are in p-orbitals in a ground state Si atom?

A.0 B.2 C.4 D.8 E. 14
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