
CH 233H

Final Exam Thursday, June 9, 2016

Name______KEY_______________________________________________
Please show your work for partial credit.  

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.  (30 points)  Poly(vinylchloride) is a polymer made from a free radical reaction of chloroethene (also 
called vinyl chloride).

A.  Vinyl chloride is made in two steps in the gas phase:

Calculate the equilibrium constant for each step of the reaction at the temperature indicated.

Step 1.  ΔH°r = -132.0 kJ/mol -(52.4 kJ/mol + 0) = -184.4 kJ/mol
ΔS°r = 303.5 J/(mol-K) -{219.3 kJ/(mol-K) + 223.1 kJ/(mol-K)} = -138.9 J/(mol-K)
ΔG°r = ΔH° - TΔS° =  -186400 J/mol -423K{-138.9 J/(mol-K)} = -125.6 kJ/mol 
ΔG°r = -RT lnKeq, so Keq = e+35.7 = 3.24 x 1015 

( ΔG°r is large and negative; Keq is therefore large.)

Step 2.  ΔH°r = (-92.31 kJ/mol + 22.0 kJ/mol) - {-132.0 kJ/mol} = +61.7 kJ/mol
ΔS°r = {189.6 J/(mol-K) + 264.0 kJ/(mol-K)} – 303.5 J/(mol-K) = +147.4 J/(mol-K)
ΔG°r = ΔH° - TΔS° = 61700 J/mol -773K{147.4 J/(mol-K)} = -52.3 kJ/mol
ΔG°r = -RT lnKeq, so Keq = e+8.14 = 3422

B.  Explain how ΔS°r for each reaction says whether we need to run the reaction at as high a temperature 
as practical, or as low a temperature as possible.

For step 1,  ΔS°r is negative.  As temperature rises, T ΔS°r becomes more positive, disfavoring the reaction. 
This is balanced by a very negative  ΔH°r; practically it does not matter, but as a general rule we want to 
run the reaction at the lowest temperature possible.

For step 2, the signs on  ΔH°r and  ΔS°r are both positive.  For the reaction to be favored,  ΔG°r must be 
negative, so we need entropy to dominate and therefore a high reaction temperature is mandatory.



C.  The polymer structure is shown below.

One concern with this polymer is that, during a fire, it can emit HCl.  Describe the chemical origin of this 
and predict whether this is always a risk during thermal decomposition, or if there is a temperature at which
it starts to be a problem.

This is an elimination reaction that creates double bonds along the chain.  It looks a lot like the second step
in the vinyl chloride synthesis, so we expect that there will be some temperature at which  ΔH°r = T ΔS°r.  
We would need more information about the thermodynamic properties of the polymer to determine what 
temperature that is; the entropy of the polymer in particular will be much different.



2.  (40 points)  One of the major components of silver tarnish is silver sulfide, Ag2S.  Other than abrasion 
(undesirable because of the removal of silver), the main function of most silver cleaners is to reduce the 
silver sulfide to silver metal.  The half cell reaction is:

Ag2S (s) + 2 e- → 2 Ag (s) + S-2 (aq)  E° = -0.691 V 

One approach is as follows:

A tarnished silver spoon is placed in direct contact with a commercially available metallic product in a glass 
baking dish.  Boiling water, to which some baking soda (NaHCO3) has been added, is poured into the dish 
to completely cover the spoon and the metal object. Within a short time, the tarnish is removed as the silver
sulfide is reduced to silver.

A.  Based on the electrochemical tables provided, what metal or metals might be present in the metallic 
object?
The oxidation potential must be >+0.691 V for reduction of silver sulfide to occur.  Aluminum, zinc and 
magnesium are the most practical candidates; Na, K, Li and Ca all fit the electrochemical restriction but are
too reactive with water to work well.  (Even Mg is a concern.)

B.  For one of these (the one you'd select if you were in charge), write the half cell reaction for oxidation, 
and demonstrate that the overall process is thermodynamically favorable.

Al (s) → Al+3 (aq) + 3 e-     E° = +1.676 V
Ag2S (s) + 2 e- → 2 Ag (s) + S-2 (aq)  E° = -0.691 V 

E°cell = +0.985 V

C.  Why is NaHCO3 added?

If there is too much [H3O+], the electropositive metal will reduce protons to H2. NaHCO3 acts as a base to 
suppress that.

D.  One of these metal objects has been marketed for $50, making several claims:
-You more than pay for the object in the value of the recovered silver;
-It avoids using any chemicals;
-The product will never need to be replaced.

Explain whether you believe the claims (and why), and whether you would think this is a good deal that 
justifies the expense (assuming you have a fair amount of silver that regularly needs cleaning).

We'll accept pretty much anything that you say that illustrates how you incorporate the chemistry into your 
judgment. My judgment is that the claims are generally bogus: 
-a 2-cent piece of aluminum foil works as effectively;
-This is a chemical process (though largely benign);
-Practically never needing replaced? Yes.  However, you are consuming the aluminum (or other 
electropositive metal) in proportion to the silver sulfide reduced.



3.  (40 points) Nickel mining and refining involves reversible formation of nickel carbonyl, using carbon 
monoxide.  The raw ore (a combined mixture of iron and nickel sulfides) is reduced to a mixture of iron and 
nickel metals, then CO is used to convert the nickel to nickel carbonyl, a liquid compound that can be 
distilled away from the iron.  Once separated, nickel carbonyl can then be heated to a higher temperature, 
causing thermal decomposition to the free metal.

A.  This metal complex is tetrahedral.  The d-orbital energy level diagram for a tetrahedral complex is 
shown below.  Show where the valence electrons are. (Two hints:  nickel in this complex is considered to 
be in the 0 oxidation state; in compounds like this, the 3d orbitals are all lower in energy than the 4s or 4p 
orbitals, which is not the case for a free atom.)

B.  Metal carbonyl complexes exhibit two kinds of bonding to the d orbitals.  Two important orbitals for CO 
are shown below; describe (using words and pictures) how each forms a new MO when bonding to the 
metal orbital (d or sp3 hybrid).  Be sure to factor in which orbitals are filled and which are empty. 
(Use the back of the page if you need space.)

Calculated
MO shapes:



Two major interactions are at play.

1.  The CO lone pair needs to interact with an empty orbital at the metal: an sp3 hybrid (for a tetrahedral 
metal) works.  This forms a sigma bond.

2.  There is a “backbonding” interaction between metal d orbitals (full) and the empty antibonding pi orbital 
of CO.  This forms a pi bond.

Note that since the pi orbital of CO is full, there is no empty orbital on the metal with which it can form a net 
bonding interaction.



C.  Gold refining involves creating a similar complex between Au(I) and cyanide (CN-).  Describe how the 
MOs in cyanide are similar to those in carbon monoxide.

Cyanide is isoelectronic with CO, and although the precise energy levels will change, the overall bonding 
picture between CN- and a metal is identical to that between CO and a metal.

(Note also that Au(I) will have a similar d10 electron configuration.)

D.  Draw the structure (including net charge) of the gold-cyanide complex ion you expect to form in the gold
refining process.

(tetrahedral, 4-coordinate, net charge -3)



4.  (30 points)  The structure of a compound from stevia is shown below.  This is many hundreds of times 
sweeter than sucrose, and as such it is used as a naturally occurring low-calorie alternative to sugar.

A.  Circle the glucose residues.

B.  Describe the functional group(s) that link the saccharides to the core of the molecule.

One is an ether linkage (formally an acetal); the other is an ester. (Two of the glucoses are linked by an 
ether/acetal link.)

C.  The core is a terpenoid molecule; in the structure below, trace out the isoprene units.



5.  (30 points)  As we discussed during demonstrations, the product Crisco® was invented as a substitute 
for animal fats, and was initially prepared from cottonseed oil.  Saponification of cottonseed oil gives 54% 
linoleic acid, 22% palmitic acid, and 19% oleic acid along with other minor components.  A triglyceride of 
these three fatty acids is shown here:

A. Name the major physical difference between animal fats and vegetable oils that Crisco® and similar 
products attempt to mimic.

Animal fats are generally solid at room temperature; the saturated chains pack efficiently.  Vegetable oils 
are usually liquids at room temperature (or below).

B.  What kind of chemical reaction is used to make this product?

Hydrogenation:  addition of H2 across the C=C double bond.

C.  Through the years, the vegetable oil used in this process has changed based on a combination of 
nutritional and health concerns coupled with fluctuation in commodity prices.  Since 2004, Crisco® has 
been made from palm oil, which upon saponification gives 45% palmitic acid, 40% oleic acid and 10% 
linoleic acid.  Aside from the influence of minor components (which may in fact be significant), would you 
expect the change in the source material to significantly change the product?  Explain your reasoning

Generally, no; the object is to hydrogenate the alkene bonds as completely as possible.  The actual 
difference will be the small degree to which this is not accomplished, as well as the degree to which any 
remaining alkene bonds are isomerized from cis to trans.



6.  (30 points)  A small protein LysM (48 amino acids) was isolated from E coli and characterized by X-ray 
crystallography.  This turns out to be a common domain in bacterial proteins that is used for molecular 
recognition of oligopeptides and peptidoglycans.

The primary structure is ASP SER ILE THR TYR ARG VAL ARG LYS GLY ASP SER LEU
SER SER ILE ALA LYS ARG HIS GLY VAL ASN ILE LYS ASP 
VAL MET ARG TRP ASN SER ASP THR ALA ASN LEU GLN PRO 
GLY ASP LYS LEU THR LEU PHE VAL LYS

A.  Identify the amino acid at the N-terminus and that at the C-terminus.

N-terminus:  Aspartic acid

C-terminus:  Lysine

B.  Examine the illustration of the structure of the protein below.  The side chains are the light lines; the 
peptide backbone is illustrated in “cartoon” fashion.

Name the two dominant elements of secondary structure this illustrates.

There are α-helices (two of them—the magenta curlicues) and a β-sheet (the yellow arrows).



C.  One of these elements of secondary structure is shown below.  Circle the hydrogen bonds that hold this
piece together.

D.  Trypsin is a protease enzyme that cleaves amide linkages containing the carboxyl group of either lysine 
(LYS) or arginine ( ARG ).  List the fragments that would be formed from trypsin digestion of LysM.

ASP SER ILE THR TYR ARG 
VAL ARG 
LYS 
GLY ASP SER LEU SER SER ILE ALA LYS 
ARG 
HIS GLY VAL ASN ILE LYS 
ASP VAL MET ARG 
TRP ASN SER ASP THR ALA ASN LEU GLN PRO  GLY ASP LYS 
LEU THR LEU PHE VAL LYS



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 DH°f S°

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

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

Cl2 (g) 0 kJ/mol 223.1 J/(mol-K)

NO (g)  90.25 kJ/mol 210.8 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)

C2H4(g) 52.4 kJ/mol 219.3 J/(mol-K)
(ethylene)

C2H4Cl2(g) -132.0 kJ/mol 303.5 J/(mol-K)
(1,2-dichloroethane)

C2H3Cl (g) 22.0 kJ/mol 264.0 J/(mol-K)
(chloroethene)

HCl(g) -92.31 kJ/mol 186.9 J/(mol-K)



Electomotive series:




