CHM 2046 Exam 1 - September 24, 2013
Name ______________________________

U#_______________________ Section # 901, Dr. Sandi

Fill in your name and U# on this test booklet. Fill in and bubble in your name, U#, and section (901) on the scantron form.

D

Your TEST FORM CODE is “ ”. Read the items carefully. Mark the best answer after reading all possible choices. Use a
#2 pencil and make clean erasures to insure proper scoring. When finished, turn in your scantron sheet and your answers
to the essay questions (last page). Show this booklet and your USF ID or DL to the proctor and sign the attendance sheet.
The only questions you may ask are related to the legibility of this document or test taking protocol and procedures. Please, refrain
from asking questions about content. Any problem with the questions will be addressed only after all students have finished the
exam. You may not share materials (including calculators). Please, turn off and put away your phone. Good luck.

1. You have one sample of each of the following
materials.
Material Cs (J/g°C)
Aluminum 0.903
Silver
0.235
Lead
0.128

3. The figure below represents a chemical reaction
taking place in the gas phase and at constant
pressure (p = 1.0 atm). The initial volume (Vi =
28.27 L) and final volume (Vf = 19.08 L) are
depicted in the figure below.

The samples are all of different mass. If each
sample absorbs 100 J of heat, which one
experiences the largest change in temperature?
A. Silver
B. Aluminum
C. Lead
D. The change in temperature is the same for all
samples
E. There is not enough information to answer

2. Choose the correct option:
A. Thermal energy is a kind of kinetic energy
associated with the motion of atoms and molecules.
B. Heat is the transfer of thermal energy.
C. Temperature is a measure of the thermal energy.
D. Chemical energy is a form of potential energy.
E. All of the above are correct

Choose the correct option:
A. The energy of the surroundings remains constant.
B. The system does work on the surroundings.
C. The internal energy of the system increases.
D. According to the laws of thermodynamics, there is
no energy exchange in this process.

4. Dry-Heat sterilization for a certain clinical
procedure requires a temperature of 160°C. Find the
heat required to raise the temperature of a piece of
stainless steel with a mass of 1.55 g from 20.0°C (room
temperature) to 160°C.
Cp for stainless steel is 0.528 J/°C g.
A. -140 J
B. 1.15 x 103 J
C. 330 x 104 J
D. 115 J
E. 675 J

Turn to next page for more questions!
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5. Choose the correct option:
A. In general, metals have higher heat capacity than
water.
B. The heat capacity is the change in temperature of a
substance when 1.0 joule of energy is added to it.
C. The greater the specific heat capacity, the greater
the change in temperature when heat is added to a
sample.
D. The intrinsic capacity of a substance to absorb heat
is its specific heat capacity.

8. The destruction of the ozone layer by CFCs
(chlorofluorocarbons) can be described by the
following reactions:
ClO(g) + O3(g) → Cl(g) + 2 O2(g)
2 O3(g) → 3 O2(g)

ΔH° = -29.90 kJ
ΔH° = +24.18 kJ

Use the standard reaction enthalpies given above to
determine ΔH° rxn for the following reaction:
Cl(g) + O3(g) → ClO(g) + O2(g)
A.
B.
C.
D.
E.

54.08 kJ
- 83.91 kJ
24.10 kJ
- 5.72 Kj
83.91 kJ

6. Consider the energy profile below and choose the
correct option.

A. Heat evolves from this reaction.
B. Surroundings gain energy from the system.
C. The change in energy of the universe is positive.
D. Energy is transferred from the surroundings to the
system.
E. All of the above are correct

7. Cinnamaldehyde (C9H8O, M = 132.0 g/mol) is one
of the compounds in cinnamon. The complete
combustion of 1.200 g of cinnamaldehyde in a bomb
calorimeter produced an increase in temperature of
12.8°C. How much heat is produced during the
complete
combustion
of
one
mole
of
cinnamaldehyde?
Ccalorimeter = 3.640 kJ/°C.
A.
B.
C.
D.
E.

4.20 x104 kJ
5.21 x104 kJ
3.52 x10-3 kJ
5.12 x103 kJ
6.78 kJ

9. Use the table below to calculate the standard heat of
reaction for the following methane-generating reaction
of methanogenic bacteria.
4 CH3NH2(g) + 2 H2O(l) 
3 CH4(g) + CO2(g) + 4 NH3(g)
Substance
CH3NH2(g)
H2O(l)
CH4(g)
CO2(g)
NH3(g)
A.
B.
C.
D.
E.

ΔH°f (kJ/mol)
-22.97
-285.8
-74.8
-393.5
-46.1

- 138.8 kJ
49.7 kJ
- 196.5 kJ
- 328.1 kJ
438.0 kJ
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10. For which of the following reactions does ΔH°rxn
represent a heat of formation?
A.
B.
C.
D.
E.

12. The figure below shows the diagram for a bomb
calorimeter.

CO2(g) + C(s)  2 CO(g)
CO2(g) + H2(g)  H2O(g) + CO(g)
2 CO(g)  CO2(g) + C(s)
2 H2(g) + C(s)  CH4(g)
None of the above

This device is built so that:
A. The pressure of the system remains constant.
B. The energy transfer occurs only in the form of heat.
C. All the energy transferred between the system and
the surroundings occurs as work.
D. There is no heat transfer between the system and
the surroundings.

11. Consider the following reaction:
H2O2 + 2I-  H2O + I2 + ½ O2
A group of gen chem. students runs a kinetics
experiment to determine the order of reaction in terms
of H2O2. They produce the following results:
Trial
1
2
3

[H2O2]
0.211
0.422
0.844

[I-]
0.077
0.077
0.077

Rate (1/t)
0.045 s-1
0.095 s-1
0.196 s-1

13. A coffee cup calorimeter contains 100.0 mL of
1.00 M HCl at 22.4°C. A sample of 0.243 g of Mg
metal is added and the following reaction takes
place:
Mg(s) + 2 HCl(aq)  MgCl2(aq) + H2(g)

Which proposition is consistent with these data?

This reaction causes the temperature of the solution
to increase to a final temperature of 33.4°C.

A.
B.
C.
D.
E.

Assume that the density of the solution is 1.01 g/mL
and its specific heat capacity is 4.184 J/g°C. (The
final volume of the reaction mixture is 100.0 mL)
Determine ΔH°rxn for this reaction.

Reaction is zero order in terms of H2O2.
Reaction is first order in terms of H2O2.
Reaction is second order in terms of H2O2.
The overall order of reaction is 1.
The overall order of reaction is 2.

A. – 4.65 kJ
B. – 4.184 kJ
C. – 27.9 kJ
D. 55.7 kJ
E. 105.1 kJ
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14. Which of the following is a direct implication of
the First Law of Thermodynamics?
A.
B.
C.
D.
E.

ΔESystem = - ΔESurroundings
ΔEUniverse > 0
Δwork = Δheat
ΔEUniverse < 0
A perpetual motion machine is theoretically
possible.

15. Consider the chemical equation and choose the
correct option:
2 N2O5(g)  4 NO2(g) + O2(g)
A. Rate of reaction = - Δ[O2]/ Δt
B. - ½ Δ[N2O5]/ Δt = Δ[O2]/ Δt
C. - Δ[NO2]/ Δt = 4 Δ[O2]/ Δt
D. Δ[N2O5]/ Δt = Δ[NO2]/ Δt = Δ[O2]/ Δt
E. O2 is produced twice as fast as N2O5 is consumed.

17. Consider the hypothetical reaction:
A + B  AB
The plots below show the initial rate of reaction as
a function of the initial concentrations of A and B:

Choose the correct option:
A. The overall order of reaction is 2.
B. The reaction is second order in A and second order in B
C. The overall order of reaction is 1.
D. There is not enough information to find the overall order
of reaction

18. Based on the experimental data plotted below,
choose the correct option:

16. You are given the following information for a
second order reaction: (h = hour)
k = 1.04 h -1 M-1
[A]0 = 0.0793 M
How long will it take for the concentration of A to
be one half of its initial value?
A. 1.01 h
C. 23.7 h

B.
D.

12.1 h
2.39 x103 h

A. The reaction is zero order in the reactant.
B. The reaction is first order in the reactant.
C. The reaction is second order in the reactant.
D. No conclusions can be made about the order of
reaction in terms of the reactant.
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19. The plot below shows how 1/[NO2] changes with
time. Consider the chemical equation and choose
the correct statement:
2 NO2(g)  2 NO(g) + O2(g)

21. A proposed mechanism for a multi-step reaction is
shown:
Step 1:

H2O2 + I–  HOI + OH–

Step 2:

HOI + I–  I2 + OH–

Step 3:

2 OH– + 2 H3O+  4 H2O

The overall reaction is:
H 2 O 2 + 2 I– + 2 H 3 O +  I2 + 4 H 2 O

A. The reaction is first order since there is only one
reactant.
B. The initial concentration is 5.0 mol/L
C. The integrated rate law indicates this is a second
order reaction
D. The half-life for this reaction is constant.

Which statement is true?
A. H2O2 is a catalyst.
B. H3O+ is a catalysts.
C. HOI and OH– are both intermediates.
D. HOI is an intermediate and OH– is a catalyst
E. OH– is an intermediate and a catalyst.

22. Consider the diagram below. Choose the correct
option.

20. Choose the correct statement: What is the half-life
of a reaction?
A. The time required to reach equilibrium.
B. The concentration of the reactant after half of it has
reacted.
C. The time it takes to react half of the initial amount
of reactant.
D. Half of the time necessary to complete the
reaction.
E. Half of the time required to reach equilibrium.

A. Labels 1 and 3 indicate intermediates
B. The reaction is endothermic
C. The first step is the rate-determining step.
D. The energy difference between 3 and 5
corresponds to the activation energy
E. Labels 2 and 4 indicate transition states
(activated complexes)

Turn to next page for questions 23 and 24!
Page 5 of 8

23. Choose the correct option.
When dynamic equilibrium is established:
A. The concentrations of reactants are numerically
identical to the concentrations of the products.
B. The concentrations become 1.
C. No more reactants are transformed into products.
D. Two opposite reactions occur at the same rate.

24. Which is the correct equilibrium expression for the
following reaction?
I2(g) + 3Cl2(g) ⇌ 2ICl3(g)
A.
B.
C.
D.
E.

Did you bubble in your TEST FORM CODE?
Your TEST FORM CODE is “D”.
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NAME: _________________________________________ U#: ___________________ CHM 2046 091 09.24.2013
Short answer: Your answers need to be well written and clear, hopefully with very few grammatical errors and
legible. Please, be succinct.
25. “In the collision model, a chemical reaction occurs after a sufficiently energetic collision between two reactant
molecules […]. In collision theory, therefore, each approach to the activation barrier is a collision between the reactant
molecules. Consequently, the value of the frequency factor should simply be the number of collisions that occur per
second. However, the frequency factors of most (although not all) gas phase chemical reactions tend to be
smaller than the number of collisions that occur per second.” (Tro, p.586) Arrhenius Equation: k = Ae-Ea/RT
(A) Explain the concept in the above paragraph using your own words. (You may pretend you are explaining the
concept to a student taking General Chemistry 1).

(B) Provide an explanation for the bolded sentence (What factors may keep molecules that collide with enough energy
from reacting?). You may use the reaction and representation below in your explanation.

26. Pick a topic from the material covered for this exam (Thermochemistry, Kinetics, Introduction to Chemical
Equilibrium) and explain it. You may define, describe, use/give examples, address the relevance of the topic, how it
relates to your major, why you find it interesting, etc. This is an open-ended question; there is no minimum or limit of
words. You may use the back of this sheet if necessary but please do not write unnecessarily long responses.
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USEFUL INFORMATION
Chapter 6 Thermochemistry
ΔE = q + w

w = - p ΔV

q = C x ΔT

ΔE = qv

qcalorimeter = Ccalorimeter x ΔT

ΔH = ΔE + p ΔV

ΔHºrxn = ΣnpΔHºf (products) - ΣnrΔHºf (reactants)

q = m x Cs x ΔT

ΔH = qp

Chapter 13 Kinetics
Arrhenius Equation: k = Ae-Ea/RT
Reaction order

ln k = - (Ea/R) (1/T) + ln A

Integrated rate Law

Half-life expression

0

[A]t = -kt + [A]0

t1/2 = [A]0/2k

1

ln [A]t = -kt + ln [A]0

t1/2 = 0.693/k

2

1/[A]t = kt + 1/[A]0

t1/2 = 1/ k[A]0

k = pz e-Ea/RT

Chapter 14 Intro to chemical equilibrium
Hypothetical reaction:

aA + bB ⇌ cC + dD

Expression of equilibrium constant:

Ke = [C]c[D]d/[A]a[B]b

Short answer questions are on the back of the formula sheet.
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