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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.

First Law Thermo 01

19:04, general, multiple choice, < 1 min, .
001

What is true about the first law of thermody-
namics?

1. ∆Euniv = 0 correct

2. ∆Esys = 0

3. ∆Esys > 0

4. ∆Euniv > 0

5. ∆Esys < 0

6. ∆Euniv < 0

Explanation:

Msci 15 0506

19:03, general, multiple choice, > 1 min, .
002

For an endothermic reaction in which more
moles of gas are produced than are consumed,
(at constant pressure) ∆H is

1. equal to ∆E.

2. less than ∆E.

3. greater than ∆E. correct

4. unrelated to ∆E.

Explanation:

∆E = q + w

q = ∆H

w = −P ∆V = −(∆n)R T

For the described situation we have +∆n.

∆E = ∆H − (∆n)R T

Since ∆H = ∆E + (∆n)R T , ∆H > ∆E.

Freeze Wood to Glass

20:50, general, multiple choice, > 1 min, .
003

A favorite thermodynamics demonstration in-
volves the freezing of a block of wood to
a beaker that contains a paste formed from
solid barium hydroxide and ammonium ni-
trate. The smell of ammonia around the
room is an unpleasant side effect of the reac-
tion. Given this description of the reaction,
what are the values for ∆G, ∆H, ∆S, and w,
respectively, when this reaction occurs?

1. −, +, +, − correct

2. −, +, +, +

3. −, +, −, +

4. −, −, +, +

5. +, −, −, +

6. +, +, +, −

7. +, −, +, −

8. +, +, +, +

Explanation:

Heat is absorbed, so ∆H > 0. The
reaction is spontaneous, so ∆G < 0.
Smelling ammonia means a gas is formed:

solid + solid→ solid + gas
∆n > 0 so w = −∆nR T < 0.

Msci 15 0202

19:04, general, multiple choice, > 1 min, .
004

Which of the following is true of a general
thermodynamic state function?

1. The change in the value of a state func-
tion is always negative for a spontaneous re-
action.

2. The value of a state function does NOT
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change with a change in temperature of a
process.

3. The change of the value of a state func-
tion is independent of the path of a process.
correct

4. The change in the value of the state func-
tion is always positive for endothermic pro-
cesses.

5. The value of the state function remains
constant.

Explanation:

A change in a state function describes a
difference between the two states. It is inde-
pendent of the process or pathway by which
the change occurs.

Mlib 05 0025

19:15, general, multiple choice, > 1 min, .
005

In which of the following reactions would
∆Hrxn NOT be equal to ∆Hf for the product?

1. C(graphite) + 2 H2(g)→ CH4(g)

2. CO(g) +
1

2
O2(g)→ CO2(g) correct

3. H2(g) +
1

2
O2(g)→ H2O(g)

4. 2 Fe(s) +
3

2
O2(g)→ Fe2O3(s)

Explanation:

∆H0
rxn =

∑

n∆H0
f prod −

∑

n∆H0
f rct

∑

n∆H0
f rct = 0 for all except CO +

1

2
O2 →

CO2, so

∆H0
rxn =

∑

n∆H0
f prod .

But for CO +
1

2
O2 → CO2,

∆H0
rxn = ∆H0

f CO2
−H0

f CO

Heat Capacity Comparison

19:12, general, multiple choice, < 1 min, .
006

Water has a heat capacity per gram of sub-
stance that is about a factor of ten higher
than copper metal. Assume 100 J of energy
is deposited into equal masses of the two ma-
terials. What is true about the change in
temperature that results?

1. The temperature change for Cu will be
10-fold higher than that for water. correct

2. The temperature change for water will be
10-fold higher than that for Cu.

3.The temperature changes will be the same
since each receives the same amount of heat.

4. The answer cannot be determined with-
out knowing the initial temperatures of the
two materials.

5. The answer cannot be determined with-
out knowing the actual masses of the two
materials.

Explanation:

Calorimeter Calibration

19:09, general, multiple choice, > 1 min, .
007

You just received a new bomb calorimeter.
The factory calibration states that the heat
capacity of the calorimeter itself is 50 J/K
(Ccal = 50 J/K). You decide to check for your-
self what Ccal is; you fill the calorimeter with
2 L of water, and detonate 1 g of sugar which
you know releases 4000 calories of heat. You
then measure a temperature change of 1.9881
K. What value of Ccal do you calculate for
your new calorimeter and is this value within
5 J/K of the factory value? The specific heat
capacity of water is 1 calorie · g−1

·K−1, the
density of water is 1 g ·mL−1, and 1 calorie =
4.184 J.

1. Ccal = 11.97 calories/K; yes correct

2. Ccal = 23.8 calories/K; no
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3. Ccal = −23.8 calories/K; no

4. Ccal = 11.97 calories/K; no

5. Ccal = 47.32 calories/K; yes

6. Ccal = −11.97 calories/K; no

Explanation:

∆H = mC∆T + Ccal∆T

Ccal =
∆H −mC∆T

∆T
=
∆H

∆T
−mC

=
4000 cal

1.9881 K
− (2000 g)(1 cal · g−1

·K−1)

= 11.9712 J/K

ChemPrin3e T06 50

19:05, basic, multiple choice, < 1 min, .
008

If the standard enthalpy of combustion of oc-
tane (C8H18(`)) at 298 K is −5471 kJ ·mol

−1,
calculate the standard enthalpy of formation
of octane. The standard enthalpies of for-
mation of carbon dioxide and liquid water are
−393.51 and−285.83 kJ ·mol−1, respectively.

1. −249 kJ · mol−1 correct

2. 249 kJ · mol−1

3. −2490 kJ · mol−1

4. 2490 kJ · mol−1

5. 24.9 kJ · mol−1

Explanation:

Enthalpy for Ethanol

19:14, general, multiple choice, < 1 min, .
009

Calculate the reaction enthalpy for the com-
bustion of ethanol

CH3CH2OH+ 3O2 → 2CO2 + 3H2O

given the data

C2H2 +
5

2
O2 → 2CO2 +H2O

∆H◦

rxn = −1300 kJ/mol
C2H2 +H2 → C2H4 ∆H◦

rxn = −175 kJ/mol
C2H4 +H2O→ CH3CH2OH

∆H◦

rxn = −44 kJ/mol

H2 +
1

2
O2 → H2O ∆H◦

rxn = −286 kJ/mol

1. −1367 kJ/mol correct

2. −1761 kJ/mol

3. −1717 kJ/mol

4. −1800 kJ/mol

5. None of these is correct.

Explanation:

Kinetic Energies

20:50, general, multiple choice, > 1 min, .
010

For a single CHCl3 molecule, how much ki-
netic energy is found in translational, rota-
tional, and vibrational degrees of freedom,
respectively?

1.
3

2
k T ,

3

2
k T ,

9

2
k T correct

2. 3 k T , 3 k T , 9 k T

3.
3

2
k T , k T , 5 k T

4.
1

2
k T ,

1

2
k T ,

1

2
k T

5.
3

2
k T ,

3

2
k T ,

3

2
k T

Explanation:

Mlib 75 0009

19:16, general, multiple choice, > 1 min, .
011

Estimate ∆H for the gas-phase reaction

NCl3 + 3H2O→ NH3 + 3HOCl ,

based on the bond energies N Cl : 190
kJ/mol; O H : 464 kJ/mol; N H : 391
kJ/mol; O Cl : 206 kJ/mol.
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1. +171 kJ/mol rxn correct

2. −171 kJ/mol rxn

3. −407 kJ/mol rxn

4. +407 kJ/mol rxn

5. None of these is correct within 10 per-
cent.

Explanation:

N Cl = 190 kJ/mol
O H = 464 kJ/mol
N H = 391 kJ/mol
O Cl = 206 kJ/mol

N ClCl

Cl

+ 3 O

HH

−−−−→

H N

H

H + 3 H O Cl

∆H0
rxn =

∑

BErct −
∑

BEprod

=
[

3 (N Cl) + 6 (O H)
]

−

[

3 (N H) + 3 (O H)

+3 (O Cl)
]

=
[

3 (N Cl) + 3 (O H)
]

−

[

3 (N H) + 3 (O Cl)
]

=
[

3 (190 kJ/mol) + 3 (464 kJ/mol)
]

−

[

3 (391 kJ/mol)

+ 3 (206 kJ/mol)
]

= +171 kJ/mol rxn

DAL 0301 01a

19:02, general, multiple choice, < 1 min, .
012

For the methanol combustion reaction

2CH3OH(`) + 3O2(g) −→
2CO2(g) + 4H2O(g)

estimate the amount of work done and tell
whether the work was done on or by the sys-
tem. Assume a temperature of 27◦C.

1. 2.5 kJ, work done on the system

2. 2.5 kJ, work done by the system

3. 7.5 kJ, work done on the system

4. 7.5 kJ, work done by the system correct

5. No work is done in this reaction.

Explanation:

T = 27◦C+ 273 = 300K
Considering only moles of gas,

∆n = nf − ni = (2 + 4)− 3 = 3 .

w = −∆nR T

= − (3mol) (8.314 J/mol ·K) (300K)

= − 7500 J = − 7.5 kJ

The system expands because ∆n is positive,
so the system does the work on the surround-
ings. Also, when w is negative, work is done
by the system.

Internal Energy Facts

19:03, general, multiple choice, < 1 min, .
013

Which statement about internal energy is
true?

1. The internal energy of a system is equal
to q at constant volume. correct

2. The internal energy of a system is equal
to w at constant pressure.

3. The internal energy of a system is equal
to w at constant volume.

4. The internal energy of a system is con-
stant at constant pressure.
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5. The internal energy of a system is con-
stant at constant volume.

6. The internal energy of a system is equal
to q at constant pressure.

Explanation:

Bomb Calorimetry

19:09, general, multiple choice, > 1 min, .
014

Which of the following is NOT a feature of the
bomb calorimetry apparatus used to measure
the internal energy of a reaction?

1. The thermometer is inserted directly into
the reaction vessel to measure ∆T of the re-
action. correct

2. The large heat capacity of water is benefi-
cial in measuring heat released by combustion
reactions.

3. The volume of the reaction vessel is
held constant to eliminate energy released as
work.

4. The heat capacity of the calorimeter
should be known to accurately correct for any
heat lost to it.

5. Large quantities of water surrounding the
reaction vessel absorb the majority of the heat
loss.

Explanation:

The thermometer is placed in the water
that surrounds the reaction vessel.

ChemPrin3e T06 18

19:03, general, multiple choice, < 1 min, .
015

A battery does 35 kJ of work driving an elec-
tric motor. The battery also releases 7 kJ of
heat. What is the change in internal energy
of the system?

1. −35 kJ

2. +42 kJ

3. −42 kJ correct

4. −28 kJ

5. +28 kJ

Explanation:

Rxn Entropy

20:03, general, multiple choice, < 1 min, .
016

Which chemical reaction is most likely to have
the smallest change in thermal entropy?

1. CH4(g) + 2O2(g)→ CO2(g) + 2H2O(g)
correct

2. CH4(g) + 2O2(g)→ CO2(g) + 2H2O(`)

3. 2H2(g) + O2(g)→ 2H2O(g)

4. 2H2(g) + O2(g)→ 2H2O(`)

Explanation:

Consider ∆n for the reactions:
CH4(g) + 2O2(g)→ CO2(g) + 2H2O(g)

∆n = 3− 3 = 0
2H2(g) + O2(g)→ 2H2O(g)

∆n = 2− 3 = −1
CH4(g) + 2O2(g)→ CO2(g) + 2H2O(`)

∆n = 1− 3 = −2
2H2(g) + O2(g)→ 2H2O(`)

∆n = 0− 3 = −3

Msci 15 1218

20:04, general, multiple choice, > 1 min, .
017

For the evaporation of water from an open
pan at 25◦C, the values of ∆S for the water,
the surroundings, and the universe must be,
respectively,

1. positive, positive, positive.

2. positive, negative, positive. correct

3. positive, negative, zero.
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4. negative, negative, negative.

5. None of these is correct.

Explanation:

The process is spontaneous, which means
∆Suniverse > 0 according to the Second Law
of Thermodynamics.
Entropy (S) is high for systems with high

degrees of freedom, disorder or randomness
and low for systems with low degrees of free-
dom, disorder or randomness.

S(g) > S(`) > S(s) .

The system is

H2O(`)→ H2O(g)

so ∆Ssystem > 0.
The entropy of the surroundings must be

negative. Energy is removed from the sur-
roundings to get the water to evaporate.

Second Law Thermo 01

20:05, general, multiple choice, > 1 min, .
018

How is ∆Suniv related to ∆Gsys?

1. ∆Gsys = −T ∆Suniv correct

2. ∆Gsys = ∆Suniv

3. ∆Gsys = T ∆Suniv

4. ∆Gsys = −∆Suniv

5. ∆Gsys = −
∆Suniv

T

6. ∆Gsys =
∆Suniv

T
Explanation:

Perfect Crystal

20:07, general, multiple choice, < 1 min, .
019

Which of the compounds
H2 HCl CCl4 CO O3 CO2

will form a perfect crystal at 0 K?

1. H2, CCl4, CO2 correct

2. H2, CCl4, O3, CO2

3. HCl, CO, O3

4. H2, CCl4, CO, O3, CO2

5. All compounds form perfect crystals at 0
K.

Explanation:

Positional Entropy Ammonia

20:04, general, multiple choice, > 1 min, .
020

Which statement about the positional en-
tropy of ammonia at 0 K must be true? (Hint:
Think about the kind of intermolecular forces
present in NH3.)

1. A mole of ammonia has a positional en-
tropy less than 11.5 J/mol ·K. correct

2. A mole of ammonia has a positional en-
tropy of 0 J/mol ·K.

3. A mole of ammonia has a positional en-
tropy greater than 9.13 J/mol ·K.

4. A mole of ammonia has a positional en-
tropy of 9.13 J/mol ·K.

5. A mole of ammonia has a positional en-
tropy of 11.5 J/mol ·K.

Explanation:

ChemPrin3e 07 25 26

20:03, general, multiple choice, < 1 min, .
021

Which one shows the substances in the in-
creasing order of their molar entropy?

1. C(s), H2O(s), H2O(`), H2O(g) correct

2. H2O(g), H2O(`), H2O(s), C(s)

3. C(s), H2O(`), H2O(g), H2O(s)
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4. C(s), H2O(g), H2O(`), H2O(s)

5. H2O(s), H2O(`), H2O(g), C(s)

6. None of these

Explanation:

For H2O entropy increases going from a
solid to a liquid to a gas. We would auto-
matically expect C(s,diamond) to have less
entropy than any liquid. Water is a molecu-
lar substance held together in the solid phase
by weak hydrogen bonds, and the carbons in
C(s,diamond) are more rigidly held in place
and will have less entropy.
The correct order is
C(s,diamond) < H2O(s) < H2O(`)

< H2O(g)

Entropy SiC59

20:07, general, multiple choice, > 1 min, .
022

Imagine that one carbon in buckminster-
fullerene (C60) is replaced by a silicon atom,
yielding SiC59. This molecule can then orient
in 60 different ways. What is the entropy of
one mole of SiC59 at T = 0 K?

1. 34.0 J/K correct

2. 5.65× 10−23 J/K

3. 27.3 kJ/K

4. 4.53× 10−20 J/K

Explanation:

n = 1 mol k = 1.38066× 10−23 J/k

W = 60 NA = 6.02214× 10
23 mol−1

S = nk NA lnW

= (1 mol)(1.38066× 10−23 J/k)

× (6.02214× 1023 mol−1) ln(60)

= 34.0425 J/K

Zeros in Thermo

20:50, general, multiple choice, < 1 min, .
023

Which of the following has a numerical value
not equal to zero?

1. The standard molar entropy of He at 298
K correct

2. All of these values are equal to zero.

3. The change in energy of an isolated sys-
tem

4. The heat of formation of O2(g) at 298 K

5. The positional entropy of CCl4 at 0 K

6. The free energy of a reaction at equilib-
rium

Explanation:

Combustion Entropy

20:04, general, multiple choice, > 1 min, .
024

What is the ∆Ssurr when a balloon filled with
8 grams of hydrogen is combusted at 8◦C?
The heat of combustion for a mole of H2 is
242 kJ/mol.

1. 3444 J/K correct

2. −3444 J/K

3. 121000 J/K

4. −121000 J/K

5. 861 J/K

6. −861 J/K

7. 30.25 J/K

8. −30.25 J/K

Explanation:

qsurr =
8 g

2 g/mol
· (242 kJ/mol) = 968 kJ

∆S =
q

T
=
968000 J

281 K
= 3444.84 J/K
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ChemPrin3e T07 13

20:03, general, multiple choice, < 1 min, .
025

Calculate the standard entropy of vaporiza-
tion of ethanol at its boiling point 352 K. The
standard molar enthalpy of vaporization of
ethanol at its boiling point is 40.5 kJ ·mol−1.

1. +40.5 kJ·K−1
·mol−1

2. +115 J·K−1
·mol−1 correct

3. − 40.5 kJ·K−1
·mol−1

4. +513 J·K−1
·mol−1

5. − 115 J·K−1
·mol−1

Explanation:

Second Law Thermo

20:50, general, multiple choice, > 1 min, .
026

What is ∆Suniv for the condensation of a mole
of water at 80◦C if S◦ of liquid water at 100◦C
is 87 J/mol ·K and if S◦ of water vapor at
100◦C is 197 J/mol ·K? Assume that the
calculated ∆Hvap and ∆Svap values are inde-
pendent of temperature.

1. 6.2 J/mol ·K correct

2. 0 J/mol ·K

3. 110 J/mol ·K

4. 116.2 J/mol ·K

5. −116.2 J/mol ·K

6. −110 J/mol ·K

7. 226.2 J/mol ·K

8. Water does not condense at 80◦C, so the
reaction does not occur.

Explanation:

Mlib 05 3017

20:06, general, multiple choice, > 1 min, .
027

A reaction for which ∆S is (negative, posi-
tive) and ∆H is (negative, positive) can only
be spontaneous at sufficiently high tempera-
tures.

1. positive; positive correct

2. positive; negative

3. negative; negative

4. negative; positive

Explanation:

For spontaneous process, ∆G must be neg-
ative. If ∆S = (+) and ∆H = (+), then

∆G = ∆H − T ∆S

= (+)− T (+)

= (+)− T, and

∆G will be negative only at high values of T .

ChemPrin3e 07 59c

20:06, basic, multiple choice, > 1 min, .
028

Assume that ∆H◦

r and ∆S◦

r are indepen-
dent of temperature to calculate ∆G◦

r for the
reaction

C(s, graphite)→ C(s,diamond)

at 80◦C for the data
S◦ ∆H◦

f

(298 K)
(

J
K·mol

) (

kJ
mol

)

C(s), graphite 5.74 0
C(s),diamond 2.377 1.895

What is the cutoff temperature at which
the reaction is spontaneous?

1. Nonspontaneous at all temperatures cor-

rect

2. Spontaneous at all temperatures

3. 475 K
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4. 327 K

5. 603 K

6. 875 K

7. 515 K

Explanation:

T = 80◦C+ 273 = 298 K
In order to find ∆G◦

r at a temperature other
than 298 K, we must first calculate ∆H◦

r and
∆S◦

r , then calculate ∆G◦

r .

∆S◦

r = S◦

C(s,diamond) − S◦

C(s,graphite)

=

(

2.377
J

K ·mol

)

−

(

5.74
J

K ·mol

)

= −3.363
J

K ·mol
.

∆H◦

r = ∆H◦

f, C(s,diamond)

= 1.895 kJ/mol .

∆G◦

r = ∆H◦

r − T ∆S◦

r

= 1.895 kJ/mol− (298 K)

×

(

−3.363
J

K ·mol

)(

kJ

1000 J

)

= 2.89717 kJ/mol .

Because ∆H◦

r is positive and ∆S◦

r is nega-
tive, the reaction will be nonspontaneous at
all temperatures. Note: This calculation is
for atmospheric pressure. Diamond can be
produced from graphite at elevated pressures
and high temperatures.

Diamond Stability

20:06, general, multiple choice, < 1 min, .
029

They say that diamonds last forever. But
given the facts that at 298 K, diamonds
have a molar enthalpy of formation of +1.89

kJ/mol, a molar entropy of formation of
+2.37 J/mol ·K and a free energy of forma-
tion of +2.9 kJ/mol, which of the following is
a better statement about diamonds?

1. Diamonds are unstable and over time
decompose to graphite. correct

2. Diamonds are stable and non labile.

3. Diamonds are stable and labile.

4. Diamonds are stable at any tempera-
ture.

5. Diamonds are unstable and labile.

6. Diamonds are stable at 298 K.

Explanation:

Msci 15 1422M

20:05, general, multiple choice, < 1 min, .
030

Calculate the standard Gibbs free energy at
298 K for the reaction

4NH3(g) + 7O2(g)→ 4NO2(g) + 6H2O(`)

Species ∆H0
f S0

kJ/mol J/mol · K

NH3(g) −46.11 192.3
O2(g) 0.0 205.0
NO2(g) +33.2 240.0
H2O(`) −285.8 69.91

1. −1152 kJ/mol rxn correct

2. +1152 kJ/mol rxn

3. −1643 kJ/mol rxn

4. +1643 kJ/mol rxn

5. −1398 kJ/mol rxn
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6. +1398 kJ/mol rxn

7. −825 kJ/mol rxn

8. +825 kJ/mol rxn

9. −180, 455 kJ/mol rxn

10. +244, 363 kJ/mol rxn

Explanation:

∆H0
rxn =

∑

n∆H0
f prod −

∑

n∆H0
f rct

=
[

6(−285.8 kJ/mol)

+ 4(33.2 kJ/mol)
]

− 4(−46.11 kJ/mol)

= −1397.56 kJ/mol

∆S0
rxn =

∑

n∆S0
f prod −

∑

n∆S0
f rct

=
[

6(69.91 J/mol ·K)

+4(240.0 J/mol ·K)
]

−

[

7(205.0 J/mol ·K)

+4(192.3 J/mol ·K)
]

= −824.74 J/mol ·K

= −0.82474 kJ/mol ·K

∆G0 = ∆H0
− T ∆S0

= −1397.56 kJ/mol

− (298 K) (−0.82474 kJ/mol ·K)

= −1151.79 kJ/mol


