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This print-out should have 20 questions.
Multiple-choice questions may continue on
the next column or page — find all choices
before answering.

001 5.0 points
Carbon dioxide is a unique substance that
sublimes at atmospheric pressure. Assuming
no excess heat is supplied to the system at
constant pressure, what are the signs of A H,
A S, and w for the following phase change
reaction at -78.5°C?

COQ(S) — COQ(g)

1.AH<0,AS<0,w=0
2.AH>0AS8<0,w<0
3.AH>0,A8>0,w=0
4. AH>0,AS>0,w>0

5 AH>0AS5>0w<0

002 5.0 points

A 23 mL sample of liquid water at 39°C is
frozen and cooled to a final temperature of
-18°C. Calculate the heat of this process.

1.11440J

2.12300J

3. —12300 J

4. -8547J

5.-534.8J

003 5.0 points
For which of the following reactions is
AUsys > AHgys at constant external pres-
sure?

1. Sn0s(g) + C(s) — Sn(s) + COx(g)

2. Na(g) + O2(g) — 2NO(g)

AHqp = 38.3 —

3. 2NH3s(g) — 3Ha(g) + Na(g)

4. C2H4(g) —+ 302(g) — 2COQ(g) + 2HQO(1)

5. N205(1) + HQO(I) — 2HN03(aq)

004 5.0 points
Determine the boiling point of methanol using
the following thermodynamic phase data.

kJ J
ASyap, = 113
P mol - K

mol

1. 169 K

2.-339 K

3.678 K

4.-678 K

5.0.339 K

6. 339 K

005 5.0 points

A chemical reaction releases 86.9 kJ heat
while 27.7 kJ work is done by the system
via expansion. What is the change in the
internal energy (AU) for the system?

1.-120 kJ

2.59.2kJ

3.-64.2 kJ

4.-59.2 k]

5.-115 kJ

6.-142 kJ

006 5.0 points
A theoretical reaction has the following ther-
modynamic data:

AH® =11kJ/mol AS® = 87J/mol
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What is the AG® for this reaction? Is this
reaction spontaneous or non-spontaneous?
Assume this reaction is run at 25°C.

1. -14.9 kJ, non-spontaneous
2. 8.82 kJ, non-spontaneous
3. -14.9 kJ, spontaneous
4. -9.43 kJ, spontaneous

5. —25920 kJ, spontaneous

6. —14930 kJ, non-spontaneous

007 5.0 points
You have equal masses of each of the following
substances at room temperature:

J J
Chthium — 358 gOC CiI‘OIl — 0450 gO—C
C 1012i Chelium = 5.193 J
air — -+ gOC helium — 9- gOC
J
C’mercury =0.140 gOC

Assuming no phase change occurs, which
substance will have the highest final temper-
ature after 22.7 J heat is added to each?

1. Iron

2. Lithium

3. The temperature change will be equal for
each substance

4. Helium
5. Air

6. Mercury

008 5.0 points
The spontaneous vaporization of nitrogen at
room temperature is an endothermic reac-
tion. Which of the following statements is
true about this process?

1. None of the statements are correct

2. There is a positive A S for the system
(A Ssys > 0)

3. The magnitude of A S for the surround-
ings must be greater than the magnitude of
A S for the system (|A Sgurr| > |A Seys|)

4. There is no AS for the universe
(A Suniverse = 0)

5. There is a negative A S for the universe
(A Suniverse < 0)

009 5.0 points
For which of the following chemical equations
would AHP |, = AHP ?

1. 2C(s, graphite) 4+ Og(¢) — 2CO(g)
2. Ny (¢) + 3Cly(g) — 2NCl5(¢)
3. $Na(g) + 3Ha(g) — NHs(g)
4. CHy(g) — C(s, graphite) + 2Ha(g)

5. CH4(g) + 2Cly(g) — CCly(¢) + 2Ha(g)

010 5.0 points
Unlike state functions such as temperature,
volume, and pressure, we consider enthalpy
to be a "made-up” state function. Why is
enthalpy so important?

1. The change in enthalpy (A H) is a mea-
surement of heat at constant pressure and sets
an important reference point for reactions in
our atmosphere

2. The sign of the change in enthalpy (A H)
is a direct indication of the spontaneity of a
reaction

3. The change in enthalpy (A H) is a mea-
surement of heat at constant pressure, which
is directly measured by constant-volume gas
phase reactions
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4. The change in enthalpy (A H) is always
equal to the sum of all kinetic and potential
energy in a chemical system

5. Enthalpy is a measurement of heat at con-
stant volume, which is an important standard
for combustion reactions

011 5.0 points
Which of the following will NOT result in a
positive change in entropy for the system?

1. MgCl, is dissolved in water

2. Water is heated from room temperature
to just below its boiling point

3. Sweat evaporates on your skin

4. Two gases are mixed together in a con-
tainer

5. Half of the gas particles are removed from
a container

012 5.0 points
Calculate the ASgy,r for the following reaction
at 10°C and 1 atm.
CH3F(¢) - CH3F(g) AHP, = +16.9kJ
1.-59.7 J/K
2.-1.69 J/K
3.1690 J/K
4.1.69 J/K
5.-845 J/K

6.59.7 J/K

013 5.0 points
Consider a reaction that has a negative change
in entropy and a positive change in enthalpy.
Which of the following conditions will favor
spontaneity?

1. High Temperatures
2. Low Temperatures

3. This reaction is non-spontaneous at all
temperatures

4. This reaction is spontaneous at all tem-
peratures

014 5.0 points
The atmospheric photochemical oxidation of
nitrogen dioxide is an important contributor
to rising HNOj3 levels in coastal acid rains. To
simulate the first steps of this process, you
run the following reaction in a piston:

2NOs(g) + NaCl(s) — NOCI(g) + NaNOs(s)

If two moles of NOs gas are reacted with
excess NaCl to completion at 29°C, what is
the value of work for this reaction? Is work
done on or by the system?

1.-5024 J, by the system

2. 2512 J, on the system

3. 2512 J, by the system

4.-2512 J, on the system

5.-5024 J, on the system

6.-241.1 J, by the system

015 5.0 points
Which of the following statements is/are true
regarding the first law of thermodynamics?

[. The internal energy change of the system
is equal to the heat plus the work

Il AUy = —AUgu

ITI. A positive change in internal energy for
the system must be matched with a neg-
ative change in internal energy for the
universe

IV AUuniverse - AUsys + AUsurr
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1. I, I, IIT and IV
2. T and IV only

3. L II, and IV only
4. I only

5. IT only

6. I1T and IV only

7.1 and II only

016 5.0 points
Consider the following reaction and standard
heats of formation:

Agl(s) + 3Bra(g) — AgBr(s) + 115(s)
AH for Agl(s) =-61.9 kJ/mol
AH? for AgBr(s) = -100.4 kJ/mol
AH¢ for Bra(g) = 4+30.9 kJ/mol

What is the AHZ |7

rxn *
1. —146.9 kJ/mol
2. +69.4 kJ /mol
3. —54.0 kJ/mol
4. —69.4 kJ/mol

5. —61.9 kJ/mol

017 5.0 points
Calculate the value of work when a gas ex-
pands from 13.5 to 22.9 liters against a pres-
sure of 3.4 atm at constant temperature. Is
work done on or by the system?

1. +0.3154 J, on the system
2.-0.3154 J, by the system
3. -3238 J, by the system

4. -3238 J, on the system

5. +3238 J, on the system

6.-0.3154 J, on the system

018 5.0 points
The unknown element X is a metallic solid
that oxidizes at room temperature and pres-
sure to form X203. Given the following ther-
modynamic data, calculate the A G7.

Substance ~ AHP Se
kJ/ mol J/ mol K

X(s) — 38.3

O2(g) - 205

O(g) 249 161

XQO3(S) —860 92.2

1. 6.09 x 10% kJ mol~!
2. 1470 kJ mol !

3. 742.35 kJ mol !
4.-773 kJ mol~!

5. —5210 kJ mol ™!

6. —1470 kJ mol ™!

7. 773 kJ mol !

8. —742.35 kJ mol~!

019 5.0 points

When a 0.401 g sample of a clean-burning hy-
drocarbon (molecular weight = 42.05 g/mol)
is combusted in a rigid container, the temper-
ature increases from 24.987°C to 28.623°C.
The total volume of water is 0.746 L. The sum
of all hardware components of the calorimeter
have a heat capacity of 2.55 kJ/°C. Calcu-
late the internal energy of combustion for one
mole of this hydrocarbon.

1.-3.71799 kJ /mol
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2. +9277.90 kJ /mol

3. +51.4232 kJ /mol
4. +2162.35 kJ /mol
5. +3.71799 kJ /mol
6. -2162.35 kJ /mol

7. +20.6207 kJ /mol

8. -20.6207 kJ/mol

020 5.0 points
Consider the following balanced chemical re-
action:

H2S04(1) — SO3(g) + H20O(g)

To solve for the AH?, for this reaction,

you collect the following data in the lab:
Hy5(g) 4 202(g) — H2504(1),
AHY , =-232.3 kJ/mol

rxXxn

3H28(g) + Oa(g) — 550s3(g) + 3H20(1),

AHZ, =-102.8 kJ/mol

HyO(1) = H20(g),
AHS, = 51.9 kJ/mol
What is the AH?, of the overall balanced

reaction?
1. -386 kJ/mol
2. 490 kJ /mol
3. 181 kJ/mol
4.-516 kJ/mol

5. 78.6 kJ/mol



