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This print-out should have 30 questions.
Multiple-choice questions may continue on
the next column or page – find all choices
before answering. The due time is Central
time.

Sparks 30
13:02, general, multiple choice,< 1 min, fixed.

001
Arrange the molecules

NBr3, CO2, HF, NaI

in order according to their boiling point, from
lowest boiling point to highest boiling point

1. CO2, NBr3, HF, NaI correct

2. NBr3, CO2, HF, NaI

3. NaI, HF, NBr3, CO2

4. CO2, HF, NBr3, NaI

5. CO2, NBr3, NaI, HF

Explanation:

ChemPrin3e T07 51
15:12, basic, multiple choice, < 1 min, fixed.

002
Which one of the following statements is true?

1. Labile is a term that refers to the thermo-
dynamic tendency of a substance to decom-
pose.

2. A thermodynamically unstable com-
pound is a compound with a positive standard
free energy of formation. correct

3. Spontaneous reactions always have
∆S◦

r > 0.

4. Spontaneous reactions always have
∆G◦

r > 0.

5. Spontaneous reactions always have
∆H◦

r < 0.

Explanation:

ACAMP FE 0005
15:12, general, multiple choice,> 1 min, fixed.

003
In order for an endothermic reaction to be
spontaneous

1. the entropy increase in the system must
be greater than the entropy decrease in the
surroundings. correct

2. nothing special is required; they are al-
ways spontaneous.

3. heat must be supplied to the system.

4. endothermic reactions are never spontan-
teous.

5. the entropy increase in the system must
equal the entropy decrease in the surround-
ings.

Explanation:
The Second Law of Thermodynamics states

that in spontaneous reactions, the universe
tends toward a state of greater disorder.
When the entropy increase in the system is
greater than the entropy decrese in the sur-
roundings, the entropy of the universe will
increase.

Msci 15 1212
15:12, general, multiple choice,> 1 min, fixed.

004
Which one of the following statements is the
best statement of the Second Law of Thermo-
dynamics?

1. The absolute entropy of a perfect crystal
at 0 K would be 0.

2. For any spontaneous process, the entropy
of the system must increase.

3. For any reversible process, the entropy
change of the universe must be positive.

4. For any spontaneous process, the total
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entropy of the universe must increase. cor-
rect

5. For any spontaneous process, the change
in entropy of the universe must be negative.

Explanation:
The Second Law of Thermodynamics states

that in spontaneous changes, the universe
tends toward a state of greater disorder.

Msci 15 1223
15:13, basic, multiple choice, > 1 min, fixed.

005
Which of the following is the best definition
of entropy?

1. Entropy is a state function such that a
change in entropy is given by the flow of heat
into a system in a reversible process divided
by the temperature at which it occurs. cor-
rect

2. Entropy is a state function that is directly
proportional to the degree of order in the
system.

3. Entropy is a state function that is directly
proportional to the logarithm of the degree of
order in the system.

4. Entropy is the change in Gibbs free energy
during a process divided by the temperature
at which it occurs.

5. Entropy is a state function which achieves
a maximum value when a reversible reaction
comes to equilibrium.

Explanation:
The units of entropy are

Heat

Temperature
=

J

mol ·K
,
cal

g ·K
, etc.

Entropy is a state function, so ∆S = Sf − Si.

ChemPrin3e T07 40
15:13, basic, multiple choice, < 1 min, fixed.

006
Calculate ∆S◦

surr at 298 K for the reaction

6C(s) + 3H2(g)→ C6H6(`)

∆Hr
◦ = +49.0 kJ·mol−1 and ∆S◦

r = − 253
J·K−1

·mol−1.

1. +164 J·K−1
·mol−1

2. − 417 J·K−1
·mol−1

3. +253 J·K−1
·mol−1

4. − 164 J·K−1
·mol−1 correct

5. − 253 J·K−1
·mol−1

Explanation:

Msci 15 1226 alt
15:13, general, multiple choice,< 1 min, fixed.

007
What is the change in entropy when one mole
of methane (CH4) is frozen to a solid at its
normal melting point of −182◦C?
The heat of fusion of CH4 is 0.92 kJ/mol.

(Careful – watch your signs.)

1. 10.1
J

K ·mol

2. −10.1
J

K ·mol
correct

3. 5.05
J

K ·mol

4. −5.05
J

K ·mol

5. None of these

Explanation:
∆H = 0.92 kJ/mol
T = −182◦C+ 273 = 91 K

0.92 kJ/mol

91 K
= 0.0101099

kJ

K ·mol

Freezing increases the order of the system, so

the entropy change is −10.1099
J

K ·mol
.

ChemPrin3e T07 55
15:14, basic, multiple choice, < 1 min, fixed.

008
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Consider the following compounds and their
standard free energies of formation:

cpd energy

1 C6H12(`) 6.4 kJ·mol−1

cyclohexane

2 CH3OH(`) −166 kJ·mol−1

methanol

3 N2H4(`) 149 kJ·mol−1

hydrazine

4 H2O2(`) −120 kJ·mol−1

hydrogen peroxide

5 CS2(`) 65.3 kJ·mol−1

carbon disulfide

Which of these liquids is/are thermody-
namically stable?

1. 2 and 4 only correct

2. 2 and 3 only

3. 1, 3, and 5 only

4. 1 only

5. 3 only

Explanation:

ChemPrin3e T07 58
15:15, basic, multiple choice, < 1 min, fixed.

009
For the reaction

2C(s) + 2H2(g)→ C2H4(g)

∆H◦
r = +52.3 kJ· mol

−1 and ∆S◦
r = − 53.07

J· K−1
·mol−1 at 298 K.

This reaction will be spontaneous at

1. no temperature. correct

2. all temperatures.

3. temperatures below 985 K.

4. temperatures above 985 K.

5. temperatures below 1015 K.

Explanation:

Entropy Change Water
15:13, general, multiple choice, > 1 min, .

010

The entropy of vaporization of water is

+109
J

K ·mol
and the enthalpy of vaporiza-

tion of water is 40.7 kJ/mol at 100◦C.
What is ∆Stotal for the vaporization of wa-

ter at 100◦C?

1. −4070
J

mol ·K

2. 0
J

mol ·K
correct

3. −109
J

mol ·K

4. +4070
J

mol ·K

5. +109
J

mol ·K

Explanation:

Msci 14 0102
14:01, general, multiple choice,> 1 min, fixed.

011
Water causes many electrolytes to dissociate

1. because water molecules are dipoles and
the dipoles orient in an energetically favorable
manner to solvate the ions. correct

2. because it undergoes hydrogen bonding
to large halide ions.

3. because the dispersion forces between ion
and solvent are strong.

4. because of repulsive interactions between
ions in the crystalline state.

Explanation:
The more negative end of the water

molecule orients toward the cation and the
more positive end orients toward the anion;
the ions remain apart.
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ChemPrin3e T08 26
13:08, general, multiple choice,< 1 min, fixed.

012
The phase diagram for a pure substance is

given below.

Solid

Liquid

Vapor50

100

150

200

250

300

100 200 300 400
Temperature, K

P
re
ss
u
re
,
at
m

The substance is stored in a container at 150
atm at 25◦C.
Describe what happens if the container is

opened at 25◦C.

1. The liquid in the container freezes.

2. The solid in the container sublimes.

3. The solid in the container melts.

4. The vapor in the container escapes.

5. The liquid in the container vaporizes.
correct

Explanation:

ChemPrin3e T08 21
13:08, basic, multiple choice, < 1 min, fixed.

013
The phase diagram for a pure substance is

given below.

Solid

Liquid

Vapor50

100

150

200

250

300

100 200 300 400
Temperature, K

P
re
ss
u
re
,
at
m

What is the critical temperature?

1. 0 K

2. 250 K

3. 300 K

4. 400 K correct

5. 200 K

Explanation:

Mlib 65 7087
13:07, general, multiple choice,> 1 min, fixed.

014
The specific heat of water is 1.00 cal/g·◦C, the
heat of vaporization of water is 540 cal/g, and
the heat of fusion of water is 80 cal/g.
How much heat would be required to con-

vert 10 grams of ice at 0◦C to 10 grams of
water at 75◦C?

1. 1.55 kcal correct

2. 155 cal

3. 15.5 cal

4. 61.5 kcal

5. 6150 cal

Explanation:
10 g

H2O(s)
0◦C

step 1
−→

10 g

H2O(`)
0◦C

step 2
−→

10 g

H2O(`)
75◦C
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Step 1:
80 cal

g
(10 g) = 800 cal

Step 2:
1 cal

g ·◦ C
(10 g)(75− 0)◦C = 750 cal

Total = 800 cal + 750 cal

= 1550 cal

= 1.55 kcal

Mlib 04 4013
14:01, general, multiple choice,> 1 min, fixed.

015
For gases that do not react chemically with
water, the solubility of the gas in water gen-
erally (decreases, increases) with an increase
in the pressure of the gas and (decreases, in-
creases) with increasing temperature.

1. increases; decreases correct

2. decreases; increases

3. increases; increases

4. decreases; decreases

Explanation:
An increase in pressure means that you

have increased the concentration of gas above
the solvent surface, thereby increasing the
concentration of the gas in the solvent. In-
creasing the temperature will decrease the
solubility of the gas.

Msci 14 5001
14:01, general, multiple choice,> 1 min, fixed.

016
Which one of the following statements is false?

1. Carbon tetrachloride (CCl4) is more mis-
cible with hexane (C6H14) than it is with a
polar solvent such as methanol (CH3OH).

2. Gases are generally more soluble in water
under high pressures than under low pres-
sures.

3. As temperature increases, the solubilities
of some solids in liquids increase and the sol-
ubilities of other solids in liquids decrease.

4. Gases are generally more soluble in water
at high temperatures than at low tempera-
tures. correct

5. Water dissolves many ionic solutes be-
cause of its ability to hydrate ions in solu-
tion.

Explanation:
The polarity of water allows it to hydrate

the individual ions in the ionic solute.
CCl4 is non-polar and will be miscible with

another non-polar liquid and not with a polar
one.
Increasing temperature makes salts with

exothermic ∆Hsol more soluble, but salts with
endothermic ∆Hsol less soluble.
Gases are generally more soluble in water

under high pressures than under low pressures
because of Henry’s Law; as the pressure of a
gas above a liquid increases, the concentration
of the gas in the solution increases.

Mlib 75 0163
14:01, general, multiple choice,> 1 min, fixed.

017
Which of the following is likely to be LEAST
soluble in water?

1. C6H6 (benzene). correct

2. CH3OH (methanol).

3. C6H12O6 (glucose).

4. HCHO (formaldehyde).

Explanation:

Msci 14 0901
14:05, general, multiple choice,> 1 min, fixed.

018
The vapor pressure of a volatile component
in a solution decreases as its mole fraction
decreases.
This is known as

1. Raoult’s Law. correct
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2. Henry’s Law.

3. Bragg’s Law.

4. LeChatelier’s Principle.

Explanation:
According to Raoult’s Law, the vapor pres-

sure of the volatile component of a solution
equals its mole fraction in the solution times
the vapor pressure of the pure solvent.

P = X P 0

ChemPrin3e T08 60
14:05, basic, multiple choice, < 1 min, fixed.

019
Calculate the vapor pressure at 25◦C of a
mixture of benzene and toluene in which the
mole fraction of benzene is 0.650. The vapor
pressure at 25◦C of benzene is 94.6 torr and
that of toluene is 29.1 torr.

1. 84.4 torr

2. 124 torr

3. 51.3 torr

4. 71.7 torr correct

5. 61.5 torr

Explanation:

ChemPrin3e T08 09
14:05, basic, multiple choice, < 1 min, fixed.

020
The vapor pressure of water at 37◦C is 47.1
torr and its enthalpy of vaporization is 44.0
kJ·mol−1.
Estimate the vapor pressure of water at

87◦C. Assume the enthalpy of vaporization of
water is independent of temperature.

1. 112 torr

2. 256 torr

3. 713 torr

4. 52 torr

5. 504 torr correct

Explanation:

Holt da 14 rev 35
14:07, highSchool, numeric, > 1 min, fixed.

021
Consider 0.01 m aqueous solutions of each of
the following.
a) NaI;
b) CaCl2;
c) K3PO4; and
d) C6H12O6 (glucose)
Arrange the solutions in order of freezing

point from lowest to highest. Assume that
each compound behaves ideally.

1. d, a, b, c

2. a, b, c, d

3. d, c, b, a

4. c, b, a, d correct

5. a, d, b, c

6. c, b, d, a

7. b, a, d, c

8. c, d, a, b

9. None of these

Explanation:
solvent is H2O m = 0.01 m
solutes are NaI, CaCl2, K3PO4, C6H12O6

FP depression of each solution = ?

∆tf = Kf m

a) For the solute NaI,

NaI(s) −→ Na+ + I−(aq)

each formula unit of NaI yields two ions in
solution:
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∆tf =
−1.86◦C · kg H2O

mol ions
·
0.01 mol NaI

kg H2O

·
2 mol ions

mol NaI
= −0.04◦C

b) For the solute CaCl2,

CaCl2(s) −→ Ca2+ + 2Cl−(aq)

each formula unit of CaCl2 yields three ions
in solution:

∆tf =
−1.86◦C · kg H2O

mol ions
·
0.01 mol CaCl2
kg H2O

·
3 mol ions

mol CaCl2
= −0.06◦C

c) For the solute K3PO4,

K3PO4(s) −→ 3K+ + PO3−
4 (aq)

each formula unit of K3PO4 yields four ions
in solution:

∆tf =
−1.86◦C · kg H2O

mol ions
·
0.01 mol K3PO4

kg H2O

·
4 mol ions

mol K3PO4

= −0.07◦C

d) For the solute C6H12O6 (glucose),

∆tf =
−1.86◦C · kg H2O

mol ions
·
0.01 mol C6H12O6

kg H2O

·
1 mol ions

mol C6H12O6

= −0.02◦C

Arranging these from lowest to highest,

−0.07◦C < −0.06◦C > −0.04◦C < −0.02◦C ,

so the order of increasing ∆tf is c, b, a, d.

Mlib 04 5017
14:07, general, multiple choice,> 1 min, fixed.

022
How many grams of methanol (CH3OH)
are needed to lower the freezing point of
400 mL of water by 2.5◦C? (Kf water =
1.86◦C/molality)

1. 17.2 correct

2. 18.3

3. 21.8

4. 9.71

5. 12.8

Explanation:
Kf H2O = 1.86

◦C/m Vwater = 400 L
FP depression = 2.5◦C

∆Tf = Kf ·m

m =
∆Tf

Kf
=

2.5◦C

1.86◦C/m
= 1.344 m

mH2O = 400 mL×
1.00 g

mL
×
10−3 kg

g

= 0.4 kg H2O

m =
nCH3OH

kg water
=

g CH3OH

MWCH3OH

kg water

g CH3OH = m (kg water) (MWCH3OH)

=

(

1.344 mol CH3OH

kg water

)

× (0.400 kg water)

×

(

32.0 g CH3OH

mol CH3OH

)

= 17.2 g CH3OH

Mlib 04 5021
14:08, general, multiple choice,> 1 min, fixed.

023
Many biological cells are killed if they are
placed in pure water because
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1. if nothing can pass through the cell wall,
the greater pressure inside than outside causes
the cell to burst open.

2. if nothing can pass through the cell wall,
the greater pressure outside than inside causes
the cell to collapse.

3. vital cell constituents dissolved in the cell
fluid pass through the cell wall causing the
cells to die.

4. the water in the cells passes out through
the cell wall causing the cell to shrivel and
die.

5.more water passes in through the cell wall
than passes out so the cells swell and burst.
correct

Explanation:
More solvent molecules pass through the

semi-permeable cell membrance into the cell
where the solvent concentration is low than
in the other direction. This process coninues
until pressure on both sides of the membrane
is equal or until the cell from the large volume
of excess water that enters.

ChemPrin3e T08 70
14:08, general, multiple choice,< 1 min, fixed.

024
Blood, sweat, and tears are about 0.15 M in
sodium chloride.
Estimate the osmotic pressure of these so-

lutions at 37◦C. The gas constant is 0.0821 L·
atm·mol−1

·K−1.

1. 3.8 atm

2. 11 atm

3. 0.91 atm

4. 1.8 atm

5. 7.6 atm correct

Explanation:

Mlib 06 0019
17:01, general, multiple choice,> 1 min, fixed.

025
What is the equilibrium expression for the
following equation?

A + 2B⇀↽ 3C + D

Assume that all species here are gases.

1.
[C]3 [D]

[A] [B]2
correct

2.
[A] [B]2

[C]3 [D]

3.
3 [C] [D]

2 [A] [B]

4.
2 [A] [B]

3 [C] [D]

Explanation:
Equilibrium expressions are written with

the products (raised to the powers of their co-
efficients) in the numerator and the reactants
(raised to the powers of their coefficients) in
the denominator.

ChemPrin3e T09 53
17:11, basic, multiple choice, < 1 min, fixed.

026
Consider the reaction

PCl5(g)→ PCl3(g) + Cl2(g) .

At a certain temperature, if the initial con-
centration of PCl5(g) is 3.0 M, at equilibrium
the concentration of Cl2(g) is 0.80 M.
Calculate the value of Kc at this tempera-

ture.

1. 0.21

2. 0.29 correct

3. 0.64

4. 3.4

5. 0.46

Explanation:
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ChemPrin3e T09 48
17:02, general, multiple choice,< 1 min, fixed.

027
Consider the reaction

Ni(CO)4(g)→ Ni(s) + 4CO(g) .

If the initial concentration of Ni(CO)4(g)
is 1.0 M, and x is the equilibrium concentra-
tion of CO(g), what is the correct equilibrium
relation?

1. Kc =
x4

1.0− 4x

2. Kc =
x

1.0−
x

4

3. Kc =
x4

1.0−
x

4

correct

4. Kc =
x5

1.0−
x

4

5. Kc =
4x

1.0− 4x

Explanation:

Msci 17 0210
17:01, general, multiple choice,> 1 min, fixed.

028
The reaction

A + B⇀↽ C+ 2D

has an equilibrium constant of 3.7 × 10−3.
Consider a reaction mixture with
[A] = 2.0× 10−2 M

[B] = 1.7× 10−4 M

[C] = 2.4× 10−6 M

[D] = 3.5× 10−3 M

Which of the following statements is defi-
nitely true?

1. The forward reaction can occur to a
greater extent than the reverse reaction until
equilibrium is established. correct

2. The system is at equilibrium.

3. The reverse reaction can occur to a
greater extent than the forward reaction until
equilibrium is established.

4. Heat will be evolved.

5. No conclusions about the system can be
made without additional information.

Explanation:

Q =
[C] [D]2

[A] [B]

=
(2.4× 10−6 M) (0.0035 M)2

(0.02 M) (0.00017 M)

= 8.64706× 10−6

Since Q < K the foward reaction is favored.

Msci 17 0616
17:04, general, multiple choice,> 1 min, fixed.

029
Consider the system

2N2O5(g)⇀↽ 2N2O4(g) + O2(g) + heat

at equilibrium at 25◦C.
If the temperature were raised would the

equilibrium be shifted to produce more N2O5

or more N2O4?

1. more N2O5 correct

2. more N2O4

3. There would be no effect.

Explanation:
This is an exothermic reaction and so in-

creasing temperature provides more heat to
the system, shifting equilibrium to the left
and producing more N2O5.

Msci 17 1101
17:10, general, multiple choice, > 1 min, nor-
mal.

030
Calculate the equilibrium constant at 25◦C for
a reaction for which ∆G0 = −3.45 kcal/mol.

1. 339.157 correct
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2. 678.314

3. 169.578

4. −339.157

5. 3391.57

Explanation:
T = 25◦C+ 273 = 298 K
∆G0 = −3450 cal/mol
At equilibrium

∆G0 = −R T lnK

−3450 = (−1.987 cal/mol ·K)

× (298 K)(lnK)

K = 339.157


