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DIRECTIONS

When you have selected your answer to each question, blacken the corresponding space on the answer sheet using a soft, #2
pencil. Make a heavy, full mark, but no stray marks. If you decide to change an answer, erase the unwanted mark very carefully.

There is only one correct answer to each question. Any questions for which more than one response has been blackened will not

be counted.

Your score is based solely on the number of questions you answer correctly. It is to your advantage to answer every question.

. A 20.0 g sample of mercury(II) oxide (HgO, M = 216.6)
is heated strongly, causing it to decompose to metallic Hg
and O, gas. What volume of O, gas is produced
(measured at STP)?

(A) 1.03L (B) 207L (C) 4.14L (D) 140L

2. When 30.0 mL of 0.10 M AgNO; is added to 30.0 mL of
0.10 M NaCl, aqueous NaNO; and solid AgCl are
formed. How much solid AgCl is produced?

(A) 0.0030 mol (B) 0.0060 mol
(C) 0.030 mol (D) 0.060 mol
. How much Sr(OH), * 8 H;O (M = 265.76) is needed to
prepare 250.0 mL of solution in which [OH™] = 0.100 M?
(A) 332g (B) 664g (C) 997g (D) 133g
. A 10.00 g sample of a compound containing only carbon,
hydrogen, and oxygen forms 23.98 g CO; and 4.91 g H,O

upon complete combustion. What is the empirical
formula of the compound?

A) CGHO (B) GH;0 (€) CH;0, (D) CeHeO

. Which of the following is a nonelectrolyte in aqueous
solution?
(A) H,S0,
(©) Ky CO;s

(B) N8C2H302
(D) CH,0O
6. An aqueous solution of potassium sulfate (K,SO,) has a

freezing point of —2.24 °C. What is its molality?
(K;=1.86°Com™)

(A) 0.401 m
(©) 1.20m

. Dissolution of which salt in water results in a decrease in
the temperature of the solution?

(A) KHSO,4 (B) NaOH
() AICkL (D) NH,NO;

(B) 0.602 m
(D) 417m

8.

10.

11,

12,

What is observed when equal volumes of 0.1 M aqueous
HCl and 0.01 M aqueous Na,SO; are mixed?

(A) Colorless solution and a white precipitate

(B) Colored solution and a white precipitate

(C) Colorless solution and a colored precipitate

(D) Colorless solution, no precipitate, and gas evolution
Which combination of dilute aqueous reagents will not
produce a precipitate?
(A) AgNO; + HCI
(C) BaBr; + Na,SO,

(B) NaOH + HCIO,
(D) Znl, + KOH

Which ca a colo ueous solution?
(A) Co* Ni o (D) Zn*

Which 50-mL container would be most suitable for
measuring and dispensing 37 mL of an aqueous solution?

W >

©
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13.

14.

15.

16.

17.

A sample of O, gas at a given temperature and pressure
has a density of 1.30 g L™'. What is the density of
gaseous propane (C;Hg) under the same conditions?

A) 1.30gL” B) 1.79gL”’

(©) 196gL”’ ®) 2.60gL”

Which statements about the behavior of gaseous H,
molecules in a container at 1 atm and 298 K are correct?
1. All H, molecules are moving at the same speed.

II. The H; molecules are colliding more frequently with
the walls of the container than they would in the same
container at 398 K.

(A) Ionly
(C) BothlandII

(B) I only
(D) Neither I nor II

Which species has a normal boiling point closest to the
normal boiling point of argon, Ar?

(A) H; B) N; (C) F, (D) ChL

A sample of methanol, CH;0H, is introduced into an
evacuated chamber with a movable piston. The pressure
is measured as a function of the volume of the container
while the temperature is maintained at 50 °C, and the
graph below is obtained.

400 -

350

P, mm Hg
g
Il

250

200 -

20 40 60 80 100 120
V.mt

Which statements are correct?

I. At volumes less than 60 mL, only liquid methanol is
present.

II. At volumes greater than 60 mL, only gaseous
methanol is present.

(A) Ionly

(C) Bothlandll

(B) 1lonly
(D) Neither I nor Il

How many nearest neighbors does
in solid Si?

Aa) 4

18.

19.

20.

21.

22.

Which sample contains the smallest number of atoms?
(A) 1.0L of Arat STP

(B) 1.0L of H, at STP

(C) 1.0L of Arat 25 °C and 760 mm Hg

(D) 1.0 L of H; at 0 °C and 900 mm Hg

The standard enthalpy of formation, AH®;, for HCOOH(/)

is equal to the standard enthalpy change for which
reaction?

(A) C(g)+2 H(g) + 2 O(g) —» HCOOH()
(B) C(s) + Ha(g) + Ox(g) > HCOOH(/))
(©) C(g) +Hy(g) + Ox(g) » HCOOH(/))
(D) CO(g) + Hy(g) - HCOOH()

40.0 mL of 0.200 M aqueous NaOH is added to 200.0
mL of 0.100 M aqueous NaHCO; in a flask maintained at
25 °C. Neglecting the effects of dilution, what is ¢ for
this reaction?

AH(, kJ mol™
OH(agq) -230
HCO;(aq) —692
CO;* (aq) 677
H,0()) -286
(A) 411 (B) -74] (C) -330J (D) -820)
In a well-insulated vessel, 50.0 g ice at 0.0 °C is added to

350. g water at 32.0 °C. What is the final temperature
when the mixture reaches equilibrium? (The heat of
fusion of ice is 334 J g™'.)

(A) 18.0°C (B) 20.6°C
(C) 22.0°C (D) 28.0°C
Which is thebest explanation for thegegative sign of AS®

in the followiNg reaction?

) + SOs™(ag)
Jmol™ K™

arranging the Ca®* and SO,
an in the crystal lattice.

(A) There are more wafs
(B) Solid CaSg@ is a network cdyalent solid, whereas it

©
d

blecules when the solid dissolves.

(D) Calcium sulfate dissolves exothermically, leading to a
net loss of entropy.
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24,

25.

26.

175 kJ mol™

(C) 70.6 kJ mol™ ®

The bond dissociation enthalples of the H-H bond and
the H-Cl bond are 435 kJ mol™ and 431 kJ mol‘
respectively. The AH®; of HCI(g) is 92 kJ mol™'. What
is the bond dissociation enthalpy of the C1-Cl bond?

(A) 88 kJmol”’ (B) 96 kJ mol™

(C) 188 kJ mol™ (D) 243 kJ mol™

Which statemgnt about chemical reaction mechanisms is
correct?
(A) The overall

1s the rate of the fastest
mechanism.

(B) The rate of are.

(C) The chemicgfequatioX for the sum of all the

(D) Sp

ntration of NO, decreased
over the course of 100. s.
isappearance of NO,(g)?

1.0x10°*Ms™!
5x10°Ms™

In one experiment, the
from 0.0100 M to 0.

27. What is the rate law for the following reaction?

\ A+2BAC+D
]O)

[Alo Initial rate,
Ms?!
0.050 0.100 0.085
o.oy \\ 0.200 0.170
}(oo 0.300 0.510

A) nﬁ: =k[A)
(C) Rate = A{A][B]

(B) Rate =4[B]
D) Rate = k{A][B)}

28.

29.

30.

31.

32.

What are
= XY™

A) Ms™!
(©) M's!

units of k& if the rate law of a reaction is rate

®) s

) k is dimensionless

Hydrogen peroxide, H,0,(ag), decomposes into water
and oxyggn. Adding a small amount of FeCl;(ag)

i #On in this reaction. What
role of FeCl;?

concentration o
concentration a

(€)' 0335 M D) o

A 60.0 g sample of CaCOs is heated to 950 Kina 1.00 L
container, where it reacts according to the

ned, the pressure of COz(g) is
e experiment is repeated using
% the equilibrium pressure P?

(D) P=60.0 mm Hg

Nitrous acid, HNO,, has K, = 4.5 x 10™. What i is the best

dominant species; much smaller
and NO, (aq) exist.

ts of HNO,(agq) exist.

HNO,(aq), H'(aq), and NO, (aq) are all present in
comparable amounts.
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33. silver sulfate, Ag;SO4 (M = 3J .87), has K, = 6.0 x 107, 40. In the galvanic cell
. . 0
What mass 2,80, ssolve per liter of water? Als) | AI’*(aq, 1M I Cu2+(aq, 1 M) | Cus)

(4) 0019 ®) 17¢ which of the
(©) 24¢g D) 77¢g potential?
1. Dilution of the

llowing changes will increase the cell

> solutiogfo 0.001 M
tion to 0.001 M
a of the Al(s) electrode

34. 1Br(g) isin equilibrium with I, d Bry(g) at 150 °C:
2 IBr(g) K=8.50x10" II. Dilution of the Cu

t 150 °C has a partial pressure III. Increasing the

of IBr 0of 0.350 a ial pressures of I, and Br;
each of 0.75Q e partial pressure of IBr (4) Tonly ) Ionly
once the jum? (C) IIonly (D) Iand Il only

@) 1. (B) 1.09am 41. What is the equilibrium constant for the following
(C) 1.56 atm (D) 1.82 atm reaction at 23 °C?
2 AgNgg) + Cu(s) — ;ﬂ*(aq) +2 Ag(s)
35. 20 mL of an approximately 10% gqueous solution of - BV
+0.80
+0.34
b
Y] 6.0( 107 (B) 3.6x10"
©) 3.6x10% (D) 4.2x10%

(C) Phenolphthalein, color change from pH = 8.0 to 10.0

(D) Alizarin yellow R, color change from pH = 10.0 to
12.0

M) 3x10°M (D) [Sn*"]=1.82M, [Cu*]=0.18M

43. Which of the following statements is best supported by
the data from Rutherford’s experiment of scattering alpha
particles with a thin metal foil?

(A) The mass and positive charge of an atom are
concentrated in its center.

@A) 1:1 (B) 2:1 © 3:1 (D) 3:2 (B) Electrons in atoms occupy only certain specific

38. When an agyeous solution o, is electrolyzed, what energy levels.

(C) Moving particles can also be described as waves.

© K (D) H,0 (D) Atoms of a given element do not all have identical
masses.
39. A current of 0.15 A is passe ugh an aqueous solution

of K,PtCl,. to deposit 1.00 g Pi(s) 44. What is the formula of the most stable oxide of francium?

M=195.1)? (A) Fr;0 B) FrO (€©) Fr,0; (D) FrO;

(A) 1600s 0s (C) 6600s (D) 13000s
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45.

46.

47.

48.

49.

50.

51.

52.

As atomic number increases from 11 to 15, the atomic
radii of the elements

(A) increase

(B) decrease

(C) increase, then decrease

(D) decrease, then increase

Nitrogen has a greater first ionization energy than

oxygen. What is the best explanation for this
observation?

(A) Nitrogen is more electronegative than oxygen.
(B) A nitrogen atom is smaller than an oxygen atom.

(C) The electron ionized from nitrogen experiences less
electron-electron repulsion than the electron ionized
from oxygen.

(D) The electron ionized from nitrogen is a 2s electron,
while the electron ionized from oxygen is a 2p
electron.

Which set of quantum numbers n, I, m;, m; is invalid?

A) 1,1,0,-% (B) 2,0,0,+%
(©) 3,1,0,+% D) 4,3,2,-%
What is the n from the isotope

uranium-238?

@) 2Np (D) P'Pa
Which molecule is nonpolar, yet contains polar covalent

bonds?

(A) CO, (B HCN () NH, (D) P,
The nitrite ion, NO;", can be represented as a resonance
hybrid of two significant Lewis structures. Which

statements about this are correct?

I. The two resonance structures contribute equally to the
structure.

II. The formal charge of nitrogen is zero in both
resonance structures.

(A) lonly
(C) BothlandIl

(B) II only
(D) Neither I nor I

Which is not a stable molecule?

(A) NF; (B) NF;s (©) PF; (D) PF;s

What is the molecular geometry of IF;?

(A) Trigonal planar
(C) T-shaped

(B) Trigonal pyramidal
(D) Tetrahedral

53.

54.

SS.

56.

57.

58.

59.

60.

N;, is a stable molecule and the N4 molecule is unknown.
P, is much more stable than molecular P,. Which is the
best explanation for this difference?

(A) N, has valence electrons only in bonding and
nonbonding orbitals, while P, has some valence
electrons in antibonding orbitals.

(B) The greater electronegativity of N compared to P
stabilizes compounds with lower molar masses.

(C) The greater size of P compared to N results in
decreased overlap in pi bonds.

(D) The preference of P to adopt smaller bond angles
than N favors formation of tetrahedral P, molecules.

Which contains sp’-hybridized carbon atoms?

(A) Benzene, C¢Hg (B) Ethane, C,H;

(C) Ethene, C;H, (D) Ethyne, C;H,

How many sigma bonds are in 2-butyne (CH;C=CCH,)?
(A) 3 B) 6 ©) 9 ®) 11

Which alcohol will undergo acid-catalyzed dehydration
O

(B) CH;CH,CH(OH)CH,
(CH;);COH

A 1.0 M aqueous solution of which compound has the
lowest pH?

(A) CH;CH,OH
(C) CH;CHO

(B) CH;COOH
(D) Cl,CCHO

A six-carbon organic compound containing oxygen is
suspected of being either a secondary alcohol or a ketone.

(B) CandT
Gand U

bonds in a protein?
(B) Amide bonds
(D) Ionic bonds
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KEY

Number Answer Number Answer
1. A 31. B
2. A 32. A
3. A 33. D
4, B 34. C
s. D 3s. B
6. A 36. D
7. D 37. B
8. D 38. B
9. B 39. C

10. A 40. A
11. D 41. B
12. D 42. D
13. B 43. A
14. D 44. A
15. C 45, B
16. B 46. C
17. A 47. A
18. C 48. B
19. B 49. A
20. C 50. C
21. A 51. B
22. C 52. C
23. A 53. C
24. D 54, B
25. C 55. C
26. C 56. D
27. C 57. B
28. A 58. D
29. D 59. A
30. A 60. B




