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Start: Answer all questions on this day before stopping.

Note: NO CALCULATORS may be used for questions on this day.
You may use ONLY the Periodic Table provided on page 337

Note: For all questions, assume that the temperature is 298 K,
the pressure is 1.00 atmosphere and solutions are agueous
unless otherwise noted.

For Questions 1 through 5, consider the following system at equilibrium:
2N,0(g) <======> 2Na(g) + O)(g) AH = +163 Kl
and select from the following choices:

(A) to the right

(B) totheleft

{C) neither

(D) in both directions

(E) cannotbe determined from information provided

1. In which direction will the system move in order to reestablish
equilibrium if NO is added?

2. In which direction will the system move in order to reestablish
equilibrium if O is removed?

3. In which direction will the system move in order to reestablish
equilibrium if the volume is decreased?

4. In which direction will the system move in order to reestablish
equilibrium if the temperature is raised?

5. In which direction will the system move in order to reestablish
equilibrium if a catalyst is added?
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For questions 6 through 8 refer to the following configurations.

(A) 1s*2s?2p°

(B) 1s*2s*2p°3s’

(C) 1s*2s*2p®3s*3p’
(D) 1s2s22p®3s°3p°
(E) 1s?25*2p°3s” 3p°4s’

6. The configuration of an atom of a paramagnetic element.

7. The ground state configuration for both a potassium ion and a chloride
ion.

8. An atom that has this ground state electron configuration will have the
smallest radius of those listed.

Questions 9 through 12 refer to the following solutions.
(A) 250 mLof 0.50 M KNO; ( molar mass = 101)
(8) 400 mLof0.10M AI(NO3); (molar mass = 213)
(C) 500 mLof0.20M NH,NO; (molar mass = 80)
(D) 300mLof0.30M Pb(NOs); (molar mass = 170)
(E) 200 miof0.10M Ni(NOs); (molar mass = 183)

9. Is an appropriate reagent for a Beer's Law experiment.

10. Forms a precipitate when 0.50 moles of solid NaCl is added.

13. Given a molecule with the general formula AB,, which one of the
following would be the most useful in determining whether the

molecule was bent or linear?

(A) ionization energies
(B) electron affinities
(C) bond energies
(D) electronegativities
(E) dipole moments

14. The radioactive decay of Hwo

(A) beta emission

(B) alpha emission
(C) positron emission
(D) electron capture
(E) neutron capture

15. Which of the following statements about the energy diagram below is

incorrect?

Potential Enesgy
™~
{

to w F occurs by the process of

Reaction coordinate

11. Has the highest boiling point.

12. Has the highest [NO3™ 1.

(A) The overall reaction is endothermic.

(B) The reaction has two intermediates.

(C) Point 2 represents a transition state.

(D) Raising the energy of point 3 decreases the equilibrium
concentration of product.

(E) Raising the energy of point 2 decreases the rate of product
formation.
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16. In expanding from 5.00 to 6.00 liters at a constant pressure of
2.00 atmospheres, a gas absorbs 505.64 joules of energy
(101.32 joules = 1 liter . atm). The change in energy, AE, for the gas is

(A} 50.66
(B) 101.32)
(C) 303.00J
(D) 505.64)
(E) 606.00)

17. 2NH; > NH,” + NH;
In the reaction NH," acts as
(A) a catalyst
(B) both an acid and a base
(C) the conjugate acid of NH;
(D) the reducing agent
(E) the oxidizing agent

18. A molecule in which the central atom exhibits sp? hybrid orbitals has
which of the following molecular shapes?

(A) linear

(B) trigonal planar

(C) trigonal bipyramidal
(D) square planar

(E) tetrahedral

19. if AH is positive and AS is negative, then AG is always

(A) positive
(B) negative
)} negative at low temperatures; positive at high temperatures
-nicitive at low temperatures; negative at high temperatures
1 be determined from the information provided

20. Silver hydroxide will be LEAST soluble in a solution with a pH of

(A) 3
(8) 5
€7
(D) 9
{€) 11

21. Which of the following is an impossible set of quantum numbers ?
(A) 4,0,0,%/,
(8) 4,0,1,%/2
() 41,0,
(D) 41,1,
(E) 4,21,

22. A 96-g sample of methane reacts with fluorine gas to produce 96 g of
1-fluoroethane and hydrogen gas. What is the percent yield?
(A) 33%
(B) 66%
{C) 50%
{D) 100%
(E) 300%

23. Liquid A and liquid B form a solution that behaves ideally according to
Raoult’s law. The vapor pressures of the pure substances A and B are
75 mmHg and 25 mmHg, respectively. What is the vapor pressure over
the solution if 1.50 moles of liquid A is added to 5.50 moles of liquid B?

(A) 30.0 mmHg
(B) 35.7 mmHg
(C) 71.4 mmHg
(D) 125 mmHg
(E) 250 mmHg
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24. When an aqueous solution of potassium chloride is compared with
water, the salt solution will have

(A) a higher boiling point, a lower freezing point, and a lower vapor
pressure ,

(B) a higher boiling point, a higher freezing point, and a lower vapor
pressure

(C) a higher boiling point, a higher freezing point, and a higher vapor
pressure

(D) alower boiling point, a lower freezing point, and a lower vapor
pressure

(E)} alower boiling point, a higher freezing point, and a higher vapor
pressure

25. What is the mass of oxygen in 148 grams of a calcium hydroxide?

(A) 168
(B) 24¢
(C) 32¢
(D) 48¢g
(E) 64¢g

26. SnOy(s) + 2CO(g) - > Sn(s) + 2C0,(g)
Which of the following is a correct equilibrium constant expression for
the above reaction?

(A) Keq =
 5n0y] [COJ’
P {sn] _“nONH_M
(D) Ko = ASTLICOA.

[Sn0;] [CO]

[ Sn] {CO,°
® %= fEicon

27. In the titration of a weak acid of unknown concentration with a
standard solution of a strong base, the pH of the resulting solution was
monitored as the titration progresses. Which of the following is true for
this experiment?

(A} The pH is 7 at the equivalence point.

(B) The pH at the equivalence point depends on the indicator used.

(C) The graph of pH versus volume of base added rises gradually at first
and then much more rapidly.

(D) The graph of pH versus volume of base added shows no sharp rise.

{E) The [H+] at the equivalence point equals the ionization constant of
the acid.

28. Consider the reaction below.
H.0(g) ------> Hz0(l)

Which of the following is true of the values of AH, AS, and AG for the
reaction shown above at 25°C?

122 Copyright © 2012 E3 Scholastic Publishing, All Rights Reserved

OH aS AG
(A) Positive Positive Positive
(B) Positive Negative Negative
(C)  Negative Positive Negative
(D)  Negative Negative Positive
(E) Negative Negative Negative
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Questions 29 through 30 refer to an electrolytic cell that involves the
following half-reaction.

AuCl,” + 3 -——-—->Au + acr
29. Which of the following occurs in the reaction?

(A) Auis oxidized at the anode.
(B) AuCl,” is reduced at the cathode.

(D) CI” acts as a reducing agent.
‘(E) CI”is oxidized at the anode.

30. A steady current of 4.0 amperes is passed though a gold-production
cell for 30 minutes. Which of the following is the correct expression for
calculating the number of grams of gold produced?

(1 faraday = 96,500 coulombs)

(A) __(4)(30)(60)
(197) (96,500} (3)

(4) (30) (96,500)
(197) (60)

(B)

(© (4)(30) (60) (297)
*(3) (96,500)

(o)  (96:500) (197)
(3)(4) (60) (30)

(E) (3)(197)
(4) (60) (30) (96,500)

(C) Gold is converted from the -3 oxidation state to the 0 oxidation state.

31. Arrange the foliowing ions in order of increasing ionic radius:
Mg®, F~, and 0%

- 2+

(A) 0, F, Mg
() Mg*, 0%, F~
(C) Mg¥, F~, OF
(D) 0%, Mg, F~
(E) F,, 0%, Mg*

32. Which of the following pairs of solutions produce a precipitate if mixed?

(1) HBr(ag) and Ca(OH).(aq)
(1) Pb(NOs),(aq) and Lil{aq)
() (NH4)sPO4(aq) and MgClaq)

{A) tonly
{B) W only
(C) Wonly
(D) Land It only
(E) W and Il only

33, Which of the following systems would NOT experience a change in the
concentration of the substances present at equilibrium when the
volume of the system is changed at constant temperature?

(A) SO(g) + NO(g) -——> SOig) + '/2Nulg)
(B) Oig) + 2Hg) —-> 2H,0(g)

(C) Na(g) + 20,{g) —-—->2 NO(g)

(D) NyOu(g) -——---> 2 NOy(g)

(E) CHag) + 20a(g) -—=> COyfg) + 2H;0(g)

34. What number of moles of O, is needed to produce 25.5 grams of
Al,0; from solid AI? (Molecular weight Al,03 =102 g/mole)

(A) 0.125 mole
(B) 0.250 mole
{C) 0.375 mole
{D) 0.500 mole
{E) 1.00 mole
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35. Which of the following acids can be oxidized to form a stronger acid?

(A} HC0,
(B) HNO,
{C) H,80,
(D) HsPO4
(E) In~1w0~
i w,m _ﬂ“s\:_n: mn:mﬂ_o: Eoc_a you expect A£ and £H o
e Y D;,

(A) 2Hag) + ONGV - > 2H;0())
(B) GHilg) | + Hylg) +---> PILS

- (€) BrOs.{aq) + SBr={aq) + 6H+(ag) > 3B, {adl ¢ 3FL0()
. A InuoEna + Bryfaq)

| > 2H¥(ag) 3B (G§) + €oslg)
BY NiBHH] o5 Ngtd) ¥ otg)
85, Bupsjisi digshyl siRar aad Lritana) WHIEN of $h8 failewing sra
E8FPaeE

(A) Diethyl ether will have the higher boiling point.

(B) 1-butanol will have the higher boiling point.

(C) Because they contain the same number and types of atoms, they
will boil at the same temperature.

(D) Because they contain the same number of atoms, but different
types of atoms, more information is needed in order to determine
which one will boil at a higher temperature.

(E} Because they contain different numbers of atoms, but the same

type of atoms, more information is needed in order to determine
which one will boil at a higher temperature.

38. Which of the following gases would be expected to have a rate of
effusion that is one-third as great as that of hydrogen gas?

{A) Oxygen

(B) Nitrogen

{C) Helium

(D) Water

{E) Carbon dioxide
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39. The 0—N~—0 bond angle in the NO5’
(A) 90°
(8) 105°
(C) 109°
(D) 120°
(E) 180°

40, A student pipetted five 25.00-milliliter samples of acetic acid and
transferred each sample to a beaker, diluted it with distilled water, and
added a few drops of phenolphthalein to each. Each sample was then
titrated with a sodium hydroxide solution to the appearance of the first
permanent faint pink color. The following results were obtained.

Solution Volume of NaOH
Pirst Sample..ovivvere. 15,33 ML
Sacond Sarmple. i, 16,35 mL
Third Sample................  16.37 mL
Fourth Sample..............  16.40 mL

Fifth Sample.......cvveeee. 16,38 mL

Which of the following is the most probable explanation for the
variation in the student's results?

(A} More water was added to the first sample.

(B) - More phenolphthalein was added to the first sample.
(C) The first sample was titrated beyond the end point.

(D) The pipette was not rinsed with the acetic acid solution.
(E) The buret was not rinsed with the NaOH solution
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41. Given the following standard molar entropies measured at 25°C and
1 atm pressure, calculate AS°in (J. mol™ . K} for the reaction

2Al{s) + 3MgO(s} --—-—---> 3Mg(s) + AlOs(s)
Substances S
(. mol™. K%
Al(s) 28.0
Al,Os(s) 51.0
Mg(s) 33.0
MgO(s) 27.0

{A) —29.0 J/{mol. K)
(B) -13.0J/(mol.K)
(C) 13.01/{mol. K)
(D) 69.0J/(mol. K)
(E) 139 J/(mol. K)

42. An unknown substance is placed into a hot flame. The color of the
flame is bright red. Which of the following substances is most likely to
be the unknown?

(A) Cu(NO3),
(B) NaCi
(C) Kkci
(D) Ll
(E) Na(NOs),

atomic mass of copper is 63.55. Given that there are only two
ring isotopes of copper, 63¢y and ®>Cu, the natural
oz of BCuis approximately
SU %
2%

P I 74
LA

1y iiggiat © 2012 E3 Scholastic Publishing. All Rights Reserved

For Questions 44 and 45, use the following information:

A student prepared a 1.00 M acetic acid solution (HC;H30,). The student
found the pH of the solution to be 2.00.

44. What is the K, value for the solution?

(A) 3.00 x 107
(B) 2.00 x 10°
(C) 2.00 x 10°
(D) 1.00 x 107
(E) 1.00 x 107

45. What is the approximate % dissociation of the acetic acid? (Use the 5%
rule.)

(A) 0.050%
(8) 1.0%
(C) 1.5%
(D) 2.0%
(E) 2.5%
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46.

47.

48,

49,

Questions 46 through 50 refer to types of organic compound below.

(A) alcohol

(B) aldehyde

(C) carboxylic acid
(D) ester

(E) ether

SO
H H H H

Day 10

- "« Correct your answers and note how many correct @Owbﬂm
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START: Answer all questions on this day before stopping.

Note: You may use a calculator for questions on this day.
You may use any of the reference material provided on pg 337-340

CLEARLY SHOW THE METHOD USED AND THE STEPS INVOLVED IN ARRIVING
AT YOUR ANSWERS. It is to your advantage to do this, since you may obtain
partial credit if you do and you will receive little or no credit if you do not.
Attention should be paid to significant figures.

1. (10 points)

Hypochlorous acid, HOCI, is a weak acid that ionizes in water, as
represented by the equation below:

HOCl(aq) ====> H+{aq) + OCI-(aq)
Ko = 2.9 x 10°
(a) Calculate the [H+] in a HOCI solution that has a pH of 5.24.
(b) Using information provided above:

(i) Write the equilibrium expression (Kg) for the ionization of HOC!I
in water.

(ii) Calculate the concentration of HOCl{aq) in a HOCI solution that
has [H+] equal to 2.4 x 10 M.

(c) A solution of Ba{OH), is titrated into a solution of HOCI.

(i) Calculate the volume of 0.200 M Ba(OH).{ag) needed to reach
the equivalence point when titrated into a 75.0 mL sample of
0.150 M HOCl{aqg).

(ii) Write the equilibrium expression, K, for the titration reaction
that occurs.

(iii) Calculate k; of OCl-
(iv) Calculate the pH at the equivalence point.

(d) HCIO5 is a stronger acid than HOCI. Account for this fact in terms of
molecular structure.

146

Copyright ©2012 E3 Scholastic Poblishing. All Rights Reserved

Copyright © 2012 E3 Scholastic Publishing: All Rights Reserved 147



Day 11 Question 2: Space for Work and Answers

2. (10 points)

Electrical current is passed through a 1.0M solution of HCl(ag) by means

of two nonreactive electrodes immersed into the solution, with the

electrodes connected to opposing terminals of a voltage source.

(a) (i) Sketch an electrolytic diagram to show process described above.

(ii) Labels the anode and cathode on your diagram
{iii) Write the half-reaction occurring at each electrode on your diagram

(iv) Indicate direction of electron flow on your diagram.

{b) 4.5 amperes of current is applied to the reaction for 20 minutes.

i) How many Coulombs pass through the cell during that time?

ii) How many moles of electrons pass through the cell during that

time ?

iii) If the system is at STP, how much volume of hydrogen gas is
produced during that time?

(c) What happens to the pH of the solution as current passes through it

within the cell?

STOP. Correct your answers and note how many correct points
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Note: NO CALCULATORS should be used for questions on this day.
You may use any of the Reference Materials provided on pg 337-340

1, For each of the following three reactions, write a balanced equation for
the reaction in part (i) and answer the question about the reaction in part
(ii). In part (i}, coefficients should be in terms of lowest whole numbers.
Assume that solutions are aqueous unless otherwise indicated. Represent
substances in solutions as ions if the substances are extensively ionized.
Omit formulas for any ions or molecules that are unchanged by the reaction,
(15 points)

(a) Dinitrogen oxide is mixed with water?

(i) Balanced equation:

(i) Would the pH of the solution that is produced less than 7, equal to 7,
or greater than 7. Explain your answer.

(b) Carbon dioxide gas is heated in the presence of solid magnesium oxide.

(i) Balanced equation:

(i) How many grams of magnesium oxide must completely react with
11 grams of the carbon dioxide?

(c) Small pieces of aluminum are added to a solution of copper(ll) sulfate.

{i} Baianced equation:

{ii) Write the correct oxidation and reduction-half equations for
the reaction that occurs.

160
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Day 12 Question 2: Space for Work and Answers

Your responses to guestion 2 will be scored on the basis of the accuracy

and relevance of the information cited. Explanations should be clear and

well organized. Examples and equations may be included in your responses

where appropriate. Specific answers are preferable to broad, diffuse
responses. (8 points)

2. Use your knowledge of redox and electrochemistry to answer the

following questions.

{a) What is the function of a salt bridge in a galvanic cell, and why isit

necessary in order for the cell to work?

(b) Explain why, when a piece of nickel is placed in hydrochloric acid, a

reaction occurs, but when a piece of copper wire is placed in hydrchioric

acid, no reaction occurs.

()  Cu¥ + Pbls) —> Culs) + Pb¥

(i} Give the standard cell potential for the reaction above.

(i) What happens to the cell potential in (i} when [Pb®] is increased?

(ili) What is the value of AG® for the cell?

STOP. Correct your answers and note how many correct points
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