
CH 233H

First Midterm Exam Friday, April 22, 2016

Name____________________________________________________________

Please show your work for partial credit.  If you need more spacefor an answer, use the 

back of the page and indicate where we should look.

You may not use notes or other materials with chemical information without the 

instructor’s approval; necessary information is provided on pages at the back of the 

exam.  Please do not use ipods or other music players.



1.  (15 points)  Provide a concise definition in terms of energy for each of the three laws of 
thermodynamics.

First Law:
Energy is neither created nor destroyed.

Second Law:
In any spontaneous physical or chemical process, the entropy of the universe 
increases.

Third Law:
The entropy of a (pure) perfect crystal at 0K is 0.

2.  (20 points)  A reaction you saw  briefly was the formation of benzene (C6H6) from acetylene
(C2H2):

A.  What is Hr°?

Hr° = Hf°(products) - Hf°(reactants) = 82.6 kJ/mol – 3(226.7 kJ/mol) 
= -597.5 kJ/mol

B.  What is Sr°?

Sr° = S°(products) - S°(reactants) = 269.3 J/(mol-K) – 3(200.9 J/mol-K) 
= -333.4 J/(mol-K) 



2.  (continued)  C.  At what temperature does a total pressure of 1.000 atm show an 
equilibrium partial pressure of 0.3167 atm benzene?

Keq = Pbenzene = 0.3167 = 0.9927
Pacetylene

3    (0.6833)3

Gr° = -RTlnKeq = Hr° - TSr°; we know Keq, Hr° and Sr°, so we can solve for T.

-8.314 J/(mol-K) T ln (0.9927) = -597.5 kJ/mol – T(-333.4 J/(mol-K))

0.0610 T (J/mol-K) - 333.4 T (J/mol-K) = -597,500 J/mol

T = -597500 J/mol = 1792 K
333.3 J/(mol-K)

D.  Because of the thermodynamics of this reaction, acetylene is never handled as a 
compressed gas but rather as a moderately (1.5 atm) pressurized solution (from which it 
easily vaporizes). Explain why you think this is more because of enthalpy or because of 
entropy.   

Enthalpy is going to be dominant at the “normal” temperatures under which we 
might want to work (298K or room temperature; certainly never >350 K or 75°C.  
We have to get to extremely high temperatures for Keq to approach unity.



3.  (24 points)  Many watch batteries or other “button” type batteries use the following 
reaction for the electrochemical cell:

A.  Write the two half-cell reactions responsible for generating electrons in this battery.

Zn (s) → Zn+2 (aq) + 2 e- E° = +0.763 V

Ag+ (aq) + e- → Ag (s) E° = + 0.800 V

B.  Specify which metal will represent the anode, and which the cathode.  Explain your 
reasoning.

Oxidation occurs at the anode, so Zn will be the anode.

Reduction occurs at the cathode, so Ag will be the cathode.

C.  What is the maximum voltage this cell can produce?

The cell voltage is the sum of the half cells; +1.563 V.



4.  (21 points)  We saw a demonstration where we bubbled CO2 through a saturated solution 
of Ca(OH)2.

A.  Write a balanced chemical equation for the reaction that occurred, and point out how the 
product that forms leads to a visible change in appearance.

Ca+2 (aq) + 2 OH- (aq) + CO2 (g)  → CaCO3 (s) + H2O (l)

The clear solution of Ca(OH)2 generates solid CaCO3, which precipitates to form a 
milky white suspension.

B.  If enough CO2 is bubbled through the solution, it becomes clear again.  Use the following 
equilibria to explain what happens.

Calcium carbonate can be transformed into soluble calcium bicarbonate—Ca(HCO3)2

—by the action of (acidic) H2CO3.  The net reaction is

CaCO3 (s) + H2O (l) + CO2(g) ⇌  Ca+2 (aq) + 2 HCO3
- (aq)

This is eq. 1 + eq. 2 – eq. 3, so Keq = Keq(1) x Keq(2) / Keq(3) = 2.62 x 10-5

C.  Many of the world’s historic artwork, monuments and architecture are made of marble, 
which is mostly crystalline CaCO3.  Based on the chemistry you describe in (B), explain 
whether you think it appropriate to keep a historically significant sculpture in an outdoor 
setting.

Since CO2 is always part of the atmosphere, rain water will always contain some 
carbonic acid.  This will,over time, dissolve the calcium carbonate in marble.  
However, due to the low net Keq we see above, this will never happen all at once.  
But over time, this will erode the stone.  It is fortunate that much historical 
stonework (particularly sculpture and statuary) are housed indoors and not 
exposed to the elements.  (This is also the process that leads to natural formations
in the Oregon Caves and other subterranean cave systems.)

The phenomenon has been exacerbated by industrial pollution; nitrogen and sulfur 
oxides make rain much more acidic and accelerate the process. This has been seen 
as a particular problem in Greece, where many of the works on the Parthenon are 
eroding, and in Rome, where a lot of historical stonework shows extreme damage.



5.  (20 points) Write the expected products for each of the following (possible) reactions.  If 
you do not expect any reaction, write “NR.”



Selected data that may be of use:

Physical constants:
g = 9.8 m/s2 Gravitational Constant
ε0 = 8.85419 × 10-12 C2/(Nm2) Electric susceptibility of a vacuum
c = 2.99792458 × 1010 cm/s Speed of light
R = 0.08206 L-atm/(mol-K) = 8.314 J/(mol-K) Gas constant
N = 6.022 × 1023 Avogadro’s Number
k = 1.381 × 10-23 m2kg/(K-s2) Boltzmann constant
h = 6.626 × 10-34 m2kg/s Planck’s constant
F = 96485 C/mol Faraday’s constant

π = 3.14159
e = 2.71828

Properties of State

Species H°f S°

N2 (g) 0 kJ/mol 191.6 J/(mol-K)

O2 (g) 0 kJ/mol 205.1 J/(mol-K)

NO (g)  90.25 kJ/mol 210.8 J/(mol-K)

C (s) (graphite) 0 kJ/mol 5.74 J/(mol-K)

C2H2 (g) 226.7 kJ/mol 200.9 J/(mol-K)

C6H6 (g) 82.6 kJ/mol 269.3 J/(mol-K)

CO2 (g) -393.5 kJ/mol 213.7 J/(mol-K)

Ag (s) 0 kJ/mol 42.55 J/(mol-K)

Ag+ (aq) 105.6 kJ/mol 72.68 J/(mol-K)

K+(aq) -254.4 kJ/mol 102.5 J/(mol-K)

Zn (s) 0 kJ/mol 41.63 J/(mol-K)

Zn+2 (aq) -153.9 kJ/mol 112.1 J/(mol-K)

Li (s) 0 kJ/mol 29.12 J/(mol-K)

Li2O (s) -595.8 kJ/mol 37.89 J/(mol-K)

Cu (s) 0 kJ/mol 33.15 J/(mol-K)

Cu2O (s) -170 kJ/mol 93 J/(mol-K)



Electromotive series:


