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1. Which substance is NOT paired correctly with its name?

(A) baking soda - potassium hydrogen tartrate

(B) chalk - calcium carbonate

(C) Epsom salt - magnesium sulfate heptahydrate

(D) Plaster of Paris - calcium sulfate hemihydrate

2. Which acid should be stored in plastic containers rather
than in glass ones? 

(A) hydrofluoric acid (B) nitric acid

(C) phosphoric acid (D) sulfuric acid

3. Which element does NOT occur as distinct allotropes at
temperatures between 0°C and 150°C?

(A) phosphorus (B) silicon 

(C) sulfur (D) tin 

4. Which gas is odorless? 

(A) CH4 (B) HCl (C) NH3 (D) O3 

5. Which technique is preferred for delivering a solid into a
pre-weighed beaker for weighing?

(A) Transfer more of the reagent than is needed to the
beaker. Return the excess to the bottle with  a 
spatula. 

(B) Transfer the desired amount of solid from the 
reagent bottle by holding the neck of the open bottle 
over the beaker and tapping the bottle. Then weigh 
the beaker and solid. 

(C) Weigh a spatula, scoop the desired amount of solid 
from the bottle, transfer it to the beaker and reweigh 
the spatula. 

(D) Weigh a piece of filter paper, tap the neck of the 
bottle to transfer solid to the filter paper, weigh the 
filter paper and transfer the solid to the beaker.  

6. Bronze is an alloy of

(A) copper and tin (B) copper and zinc 

(C) nickel and tin (D) nickel and zinc 

7. What is the molarity of KI in a solution that is 5.00% KI
by mass and has a density of 1.038 g ·cm-3?

(A) 0.0301 M (B) 0.313 M 

(C) 0.500 M (D) 0.625 M 

8. What is the concentration of the solution that results
from mixing 40.0 mL of 0.200 M HCl with 60.0 mL of 0.100 
M NaOH? (You may assume the volumes are additive.)

(A) 0.150 M NaCl

(B) 0.0200 M NaCl and 0.0200 M HCl

(C) 0.0200 M NaCl and 0.0600 M HCl

(D) 0.0600 M NaCl and 0.0200 M HCl

I. freezing point depression 
II. osmotic pressure

Mole fractions are 
typically used to 
calculate which  III. vapor pressure

9. 

properties for solutions containing nonvolatile solutes? 

(A) I only (B) III only 

(C) I and II only (D) II and III only 

10. An unknown anion in solution is to be identified by
adding Ag+ and Ba2+ ions to separate portions of it.
Which anion would produce the results listed for it?
(+ indicates the presence of a precipitate)

Ag+ Ba2+ 

 (A) carbonate + – 

 (B) hydroxide – +

 (C) iodide + –

 (D) sulfide – –

11. A 1.0 L portion of a 0.30m solution of which of the
following would be most effective at removing ice from a
sidewalk?

(A) C6H12O6 (B) NaBr 

(C) KNO3 (D) CaCl2 
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12. C6H6 + Br2 r C6H5Br + HBr 
In an experiment to prepare bromobenzene according to 
the equation, a student reacted 20.0 g of C6H6 with 0.310 
mol of bromine. If 28.0 g of C6H5Br was obtained, what 
was the percentage yield? 

 (A) 31.5 (B) 40.3 (C) 57.6 (D) 69.7 

I. CH3(CH2)3CH3 
II. CH3CH2CH(CH3)2

When the substances are 
arranged in order of increasing 
boiling points, which III. C(CH3)4

13. 

order is correct?  

(A) I < II < III (B) II < III < I 

(C) III < II < I (D) III < I < II 

Vapor Pressure at 25 °C A 225 mL sample of H2 is 
collected over water at  H2O 24 mmHg 

14. 

25 °C and 735 mmHg pressure. Which expression 
represents the set-up to find the volume of dry H2 at 0 °C 
and 1 atmosphere?  

 (A) 
V =

225 × 735 − 24( )× 273
760 × 298

(B) V = 225 × 760 × 298
735 − 24( )× 273

(C) V = 225 × 273 × 760
735 + 24( )× 298

(D) 
V =

225 × 735 + 24( )× 298
760 × 273

15. What is ? Hvap for the
substance whose vapor
pressure is represented by
the diagram?

(A) 4.8 kJ·mol-1 (B) 33 kJ·mol-1 

(C) 44 kJ·mol-1 (D) 50 kJ·mol-1 

I. Dispersion forces are overcome. 
II. Dipole-dipole forces are overcome.

What occurs 
when liquid 
CH2F2 III. Covalent bonds are broken. 

16. 

evaporates? 

(A) II only (B) III only 

(C) I and II only (D) I, II and III 

17. In the van der Waals equation for real gases, corrections
are introduced for both the pressure and the volume terms
of the Ideal Gas Equation. Identify the origin of both
correction factors and specify whether each is added to or
subtracted from the corresponding term.

Pressure Volume 

(A) attractive forces / 
subtracted 

molecular size / added 

(B) attractive forces / added molecular size / subtracted 

(C) molecular size / subtracted attractive forces / added 

(D) molecular size / added attractive forces / 
subtracted 

18. The structure of a unit
cell of an oxide of
niobium is depicted
here.  Niobiums are dark
and oxygens are light.
What is the empirical
formula of this
compound?

 (A) NbO (B) NbO2 (C) NbO3 (D) Nb2O3 

19. For a reaction that is exothermic and non-spontaneous at
25 °C, which quantity must be positive?

(A) ?E° (B) ?G° (C) ?H°  (D) ?S° 

20. Use the thermochemical data given to calculate ? Hf° for 
N2O5(g) in kJ·mol-1.
N2(g)  +  O2(g) r 2NO(g) ?H° =  +180.5 kJ 
2NO(g)  +  O2(g) r 2NO2(g) ?H° = –114.1 kJ 
4NO2(g)  +  O2(g) r 2N2O5(g) ?H° = –110.2 kJ 

(A) –332.8 (B) –43.8 (C) 11.3 (D) 22.6 

21. Bromine boils at 59°C with ?H°vap = 29.6 kJ·mol-1. What is
the value of ?S°vap in J·mol-1·K-1?

(A) 11.2 (B) 89.2 (C) 501 (D) 1750 

22. The Ksp of calcium fluoride is 3.2×10-11. Calculate the ?G° 
(in kJ·mol-1) for the dissolving of solid calcium fluoride at
25°C. 

(A) 2.18 (B) 5.02 (C) 26.0 (D) 59.9 

23. For which exothermic reaction is ?E more negative than
?H?
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 (A) Br2(l) r Br2(g) 

(B) 2C(s) + O2(g) r 2CO(g) 

(C) H2(g) + F2(g) r 2HF(g) 

(D) 2SO2(g) +  O2(g) r 2SO2(g) 

24. For a reaction at 25°C, ?G = 12.7 kJ when the reaction
quotient, Q = 10.0. What is the value of ?G° for this
reaction?

(A) –12.1 kJ (B) 7.0 kJ 

(C) 18.4 kJ (D) 37.5 kJ 

25. How can the rate of reaction at a specific time be
determined from a graph of concentration against time?

(A) concentration at that time divided by the time

(B) logarithm of the concentration divided by the time

(C) absolute value of the slope of the graph at that time

(D) logarithm of the slope divided by the time

26. The rate constant for the radioactive decay of C-11 is
0.0341 min-1. How long will it take for a sample of C-11 to
decrease to 1/4 of its original activity?

(A) 20.3 min (B) 29.3 min 

(C) 40.6 min (D) 58.6 min 

27. If a reaction A r B has the rate law k[A]2, which graph
produces a straight line?

(A) 1/[A] vs time (B) ln[A] vs time

(C) [A]2 vs time (D) 1/ln[A] vs time

28. Two unimolecular reactions, I and II, have the same rate
constant at 25 °C but Ea for reaction I is larger than Ea for
reaction II. Which statement about these two reactions is
correct?

(A) k reaction I is the same as k reaction II  at all temperatures. 

(B) k reaction I  is larger than k reaction II  at lower temperatures
but smaller at higher temperatures. 

(C) k reaction I is smaller than k reaction II at lower temperatures 
but larger at higher temperatures. 

(D) k reaction I is larger than k reaction II at temperatures both 
lower and higher than 25 °C. 

29. According to the reaction
profile given, which
reaction step is rate-
determining in the forward
direction?

(A) I r II (B) II r III 

(C) III r II (D) III r IV 

For the reaction;  
2H2(g)  +  2NO(g) r N2(g)  +  2H2O(g),  
rate = k[H2][NO]2. 
This mechanism has been proposed: 
step 1 H2 + NO r H2O  +  N 
step 2 N  +  NO r N2  +  O 
step 3 O  +  H2 r H2O 

30. 

Which statement about this rate law and mechanism is 
correct? 

 (A) This mechanism is consistent with the rate law IF 
step 1 is the rate determining step. 

(B) This mechanism is consistent with the rate law IF 
step 2 is the rate determining step. 

(C) This mechanism is consistent with the rate law IF 
step 3 is the rate determining step. 

(D) This mechanism can not be consistent with the rate 
law, regardless of which step is rate-determining. 

I. raising the temperature 
II. adding solid C

C(s) + CO2(g) s 2CO(g) 
If this system is at 
equilibrium, which  III. decreasing the pressure

31. 

change(s) will alter the value of Kp? 

(A) I only (B) II only 

(C) I and III only (D) II and III only 

32. A 0.10 M solution of a weak acid is 5.75% ionized. What
is the Ka value for this acid?

(A) 3.3×10-3 (B) 3.5×10-4 

(C) 4.2×10-5 (D) 3.3×10-5 

33. Which base is most suitable to prepare a buffer solution
with a pH = 11.00?

(A) ammonia (Kb = 1.8×10-5)

(B) aniline (Kb = 4.0×10-10)

(C) methylamine (Kb = 4.4×10-4)

(D) pyridine (Kb = 1.7×10-9)



Page 4 

H2CO3 Acid Ionization Constants 
K1a 4.4×10-7 

34. Calculate the pH of
a 0.10 M solution
of H2CO3. K2a 4.7×10-11 

 (A) 3.68 (B) 5.76 (C) 7.36 (D) 9.34 

35. Which saturated solution has the highest [OH-]?

(A) aluminum hydroxide (Ksp = 1.8×10-32)

(B) calcium hydroxide (Ksp = 8.0×10-6)

(C) iron(II) hydroxide (Ksp = 1.6×10-14)

(D) magnesium hydroxide (Ksp = 1.2×10-11)

Consider these mixtures: 

Mixture I. 100 mL of 0.006 M Pb(NO3)2 plus 50 mL 
of 0.003 M NaBr  

Mixture II. 100 mL of 0.008 M Pb(NO3)2 plus 100 mL of 
0.006 M NaBr 

Ksp 

36. 

Which statement is correct? 
PbBr2 6.6×10-6 

 (A) A precipitate will not form in either mixture. 

(B) A precipitate will form only in mixture I. 

(C) A precipitate will form only in mixture II. 

(D) A precipitate will form in both mixtures. 

37. The equation for one of the half-reactions in a lead
storage battery is: 

PbO2 + 4H+ + SO4
2- + 2e- r PbSO4 + 2H2O 

What happens to the properties of the electrolyte as this 
cell discharges? 

Density pH 

 (A) increases increases 

 (B) increases decreases 

 (C) decreases decreases 

 (D) decreases increases 

38. For the voltaic cell based on this reaction: 
2Ag+(aq) + Cu r Cu2+(aq) + 2Ag 

the concentrations of the aqueous ions and sizes of the 
electrodes can be changed independently. Which 
statement is correct? 

 (A) Increasing the [Cu2+] two-fold has the same effect on 
the cell voltage as increasing the [Ag+] four-fold. 

(B) Decreasing the [Cu2+] ten-fold has the same effect on 
the cell voltage as decreasing the [Ag+] by the same 
ratio. 

(C) Decreasing the [Cu2+] ten-fold has less effect on the 
cell voltage than decreasing the [Ag+] by the same 
amount. 

(D) Doubling the sizes of the cathode has exactly the 
same effect on the cell voltage as decreasing the 
[Cu2+] by a factor of two.  

39. 3Ni2+  +  2Al r 2Al3+  +  3Ni E° = 1.41 V 
For the reaction given, which expression gives the value
of ?G° in kJ·mol-1?

(A) −3× 96.5
1.41

(B) −6× 96.5
1.41

 

(C) −3× 96.5× 1.41 (D) −6 × 96.5× 1.41  

40. In which species is the oxidation number for hydrogen
different from those in the other three?

(A) AlH3 (B) H3AsO4 

(C) H3PO3 (D) NH3 

Standard Reduction Potential (V) 
Ni2+(aq) + 2e– r Ni(s) –0.236 
Sn2+(aq) + 2e– r Sn(s) –0.141 
Br2(aq) + 2e– r 2Br –(aq)   1.077 

A solution 
containing 
equimolar 
amounts of  NiCl2 
and SnBr2 is 
electrolyzed using  

Cl2(aq) + 2e– r 2Cl –(aq)   1.360 

41. 

a 9V battery and graphite electrodes.  What are the first 
products formed? 

 (A) Ni(s) at cathode, Cl2(aq) at anode 

(B) Ni(s) at cathode, Br2(aq) at anode 

(C) Sn(s) at cathode, Br2(aq) at anode 

(D) Sn(s) at cathode, Cl2(aq) at anode 
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42. True statements about
the system shown
after the passage of
one Faraday of
electricity include
which of those given?

I. The number of moles of Al formed is greater than 
the number of moles of silver formed. 

II. The final [Al3+] is greater than the final [Ag+].
III. The number of electrons reacting with Al3+ ions is

the same as the number reacting with Ag+ ions.

(A) I only (B) I and III only 

(C) II and III only (D) I, II and III 

43. When l = 3, what are the possible values for the quantum
number ml?

(A) 2, 1, 0 (B) 3, 2, 1, 0 

(C) 2, 1, 0, -1, -2 (D) 3, 2, 1, 0, -1, -2, -3  

44. The first ionization energy of cesium is 6.24×10-19 J/atom.
What is the minimum frequency of light that is required to
ionize a cesium atom?

(A) 1.06×10-15 s -1 (B) 4.13×1014 s -1 

(C) 9.42×1014 s -1 (D) 1.60×1018 s -1 

45. When the isoelectronic ions, Cl–, S2– and K+ are arranged
in order of increasing size, which order is correct?

(A) K+, Cl–, S2– (B) K+, S2–, Cl–

(C) S2–, Cl–, K+ (D) Cl–, S2–, K+

46. Which is most similar for the elements in a group in the
periodic table?

(A) physical state

(B) melting point

(C) first ionization energy

(D) ground state electron configuration

47. How many unpaired electrons are present in a gaseous
Co3+ ion in its ground state?

(A) 1 (B) 3 (C) 4 (D) 5 

48. Which nucleus is not radioactive?

 (A) K-38 (B) K-39 (C) K-42 (D) K-43 

49. When the species listed are arranged in order of
increasing bond angle, which order is correct?

(A) H2Se, H2S, H2O (B) H2S, H2Se, H2O 

(C) H2S, H2O, H2Se (D) H2O, H2S, H2Se 

I. Na(g) r Na+(g) + e– 
II. F(g) + e–  r F–(g) 

50. Which terms are
exothermic for the
formation of NaF(s)? III. Na+(g) + F–(g) r NaF(s) 

(A) I only (B) II only 

(C) I and III only (D) II and III only 

51. What is the shape of the TeF5
– anion?

(A) see-saw (B) square pyramidal 

(C) trigonal pyramidal (D) trigonal bipyramidal 

52. How many sigma and pi bonds are in maleic acid,
HO2CCHCHCO2H?

(A) 7 sigma, 2 pi (B) 8 sigma, 3 pi 

(C) 9 sigma, 2 pi (D) 11 sigma, 3 pi 

53. How many isomers exist for the octahedral compound,
Pt(NH3)2Cl4?

(A) 1 (B) 2 (C) 3 (D) 4 

54. What is the formal charge on the sulfur atom in SO2?
(Assume a Lewis dot structure in which all atoms obey
the octet rule.)

(A) +1 (B) +2 (C) –1 (D) –2 

55. How many structural isomers are possible for C6H14?

(A) 2 (B) 3 (C) 4 (D) 5 

56. Which is an ester?

(A) CH3COOCH2CH3 (B) (CH3)3COOC(CH3)3 

(C) CH3OCH3 (D) (CH3)3CCOOH 

57. Which type of reaction is typical of aromatic compounds? 

(A) addition

(B) free-radical substitution

(C) substitution by positively-charged reagents

(D) substitution by negatively-charged reagents

58. What is the IUPAC name of (CH3)2CHCH=CHCH3?
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 (A) 1,2-methyl-isopropylethene 

(B) 1,1-dimethyl-2-butene 

(C) 1-isopropylpropene 

(D) 4-methyl-2-pentene 

59. Which compound can exist in optically active forms? 

(A) CH3CH2CH2CH2OH (B) CH3CH2CH(OH)CH3 

(C) (CH3)2CHCH2OH (D) (CH3)3COH 

60. How many different tripeptides can be formed from the
amino acids glycine, alanine and valine if each is used
only once in each tripeptide?

(A) 3 (B) 4 (C) 5 (D) 6 



 KEY 

Number Answer 
 1. A 
 2. A 
 3. B 
 4. A 
 5. B 
 6. A 
 7. B 
 8. D 
 9. B 
10. C 
11. D 
12. D 
13. C 
14. A 
15. C 
16. C 
17. B 
18. A 
19. B 
20. C 
21. B 
22. D 
23. D 
24. B 
25. C 
26. C 
27. A 
28. C 
29. D 
30. B 

Number Answer 
31. A 
32. B 
33. C 
34. A 
35. B 
36. A 
37. D 
38. C 
39. D 
40. A 
41. C 
42. C 
43. D 
44. C 
45. A 
46. D 
47. C 
48. B 
49. A 
50. D 
51. B 
52. D 
53. B 
54. A 
55. D 
56. A 
57. C 
58. D 
59. B 
60. D 


