
Name:________________________________         Section (circle):  1    2    3    4    5 
 

 
Chemistry 11, Fall 2006  
Cumulative Final Exam 

December 18, 2006 
9:00 AM – 12:00 PM 

 
As always, full credit will not be given unless you have written down the reasoning or calculations you 
used to obtain the correct answer.  Work on the back of pages will not be graded!  Pay attention to 
significant figures.  Please check now that your exam has seventeen pages (including this one).  A 
periodic table and a list of formulas and electronegativities are attached at the back of the exam. If you 
finish early, just leave your completed exam on the front desk.  If you have a question, someone will 
be checking in once every 30 minutes or so. You have three hours to complete this exam. While you 
are waiting to start, you may answer the extra credit question below:  
 

It is against the honor code at Amherst College to either give or receive help on this exam. 
The work you turn in must be yours and yours alone. 

 
Xtra credit:  What is your favorite element and why (write in the space below)? 

 
 
 
 
 
 
 
 
 
 
 
 

	   	  
	   	   	   	  
	  
 

 
 
 
 
 

Question  Points  Score  

XC 02  

I  25  

II  25  

III  21  

IV 25  

V 09  

VI 25  

VII 20  

Total  152   
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I.  Hybridization:  (25 points) 
 
Both of the chemicals in this question act to inhibit an enzyme responsible for the breakdown of the 
neurotransmitter, acetylcholine.  In the case of SARIN (structure below), the inhibition is so severe, 
even minute exposure causes death.  SARIN was used in the terrorist attacks in Tokyo, Japan in 1995 
that killed 12 commuters and injured nearly one thousand.  In the case of PARATHION (see next 
page for structure), this inhibition is mild and the compound can be used as an insecticide.  This 
question explores some of the similarities and differences between these two compounds. 
 
 

 
1. Draw in all lone pairs on the structure of SARIN.  Add 

formal charge if necessary, though the net molecule is 
neutral. 

 
 

2. What is the steric number __________ of the O atom between 
the P and C atoms and resultant geometry _____________ 

and P-O-C bond angles _______________? (note resonance is NOT a factor in determining the 
geometry of this structure)  

 
 
a. What hybrid orbitals does this O atom (the one between the C and the P) use to 

construct its sigma bonds in this molecule? _____________________ 
 
  
b. The P atom is tetrahedral, but it has a double bond.  Normally, the atoms we have 

considered use a left over p orbital to make a double bond.  Why is using a leftover p 
orbital a problem for this phosphorous atom?  
___________________________________________________________ 

 
 

c. Report the n and l quantum numbers of the extra valence atomic orbital that needs to be 
recruited to make the five bonds on the phosphorous atom  ______, ______ 

 
 
d. Identify the longest ___________ and shortest ______________ bonds in the molecule. 
 
 

 
 

 
 

P OO

CH3

F

C

CH3

CH3

H

A.  The chemical warfare agent, SARIN (10 points) 
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B. Now consider PARATHION (10 points):  
 
a. First, note that the N atom has 

single bonds to C and one of 
the O atoms, and one double 
bond to the other O atom.  
Draw in all implicit hydrogen 
atoms and lone pair electrons, 
and add formal charge as 
necessary.  Note that the 
molecule is net neutral. 

 
b. Indicate the shortest 

____________ and longest 
_____________ bonds in the 
molecule. (in your answer to this question, consider P-S bond to be a single bond) 

 
c. Focusing on the P as a central atom.  The geometry here is once again tetrahedral, predict the 

bond dipoles. 
 
 
 

 
d. Is any part of this molecule planar or aromatic? Y or N (circle one). Why? 

 
 
 

e. Is it possible to draw reasonable resonance structures for this compound? If yes, draw one such 
structure below. 

 
 
 
 
 
 

 
C.  Both SARIN and PARATHION bind covalently to the enzyme.  This event starts when an O 
atom on the enzyme (slightly negative) “attacks” the P atom in SARIN or PARATHION. The O 
atom’s lone pair seeks out the P atom because the P is a bit electropositive.  Use your knowledge of 
electronegativity, bond and molecular dipoles, and whatever else you can to determine which 
molecule, SARIN or PARATHION reacts more completely with the enzyme and why. 

 
 
 
 
 

O2N P

O

S

O

C

CH3

C CH3

H

H
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II.  Molecular Orbital Model (25 points) 
 
 

NO is a stable molecule that is found both as a neurotransmitter and as a component of smog in 
cities such as Los Angeles.  It was voted  « Molecule of the Year » by Science Magazine in 1993. 
 
1. Draw the Lewis structure for nitric oxide (including formal charge) and use it to answer the 

following questions. (6 pts) 
a. What is the predicted NO bond order (i.e. single, double, 

triple)? ________________ 
 

b. On which atom is the unpaired electron located? __________ 
 
 

c. Does adding an electron to form NO- strengthen, weaken or 
have no effect on the bond (underline the correct choice)? 

 
d. Does removing an electron to form NO+ strengthen, weaken, or have no effect on the bond 

(underline the correct choice)?  
 

2. Below, draw the molecular orbital diagram for NO assuming that there is no sp mixing.  
Include the atomic orbital levels of the N and O atoms, being sure to make clear their relative 
energies. Label the orbitals and distribute the electrons among the orbitals. (10 points) 

   
a. What is the predicted NO bond 

order?___________ 
 

b. On which atom is the unpaired 
electron localized? __________ 

 
c. Does adding an electron to 

form NO- strengthen, weaken 
or have no effect on the bond 
(underline the correct choice)?   

 
 

d. Does removing an electron to 
form NO+ strengthen, weaken, 
or have no effect on the bond 
(underline the correct choice)?  

 



   

 5 

3. The idealized molecular diagram you have sketched on the previous page is a bit wrong in the 
following way (please don’t take this personally, even the textbooks would get this one wrong).  
The unpaired electron makes the electron density asymmetric.  This splits the degeneracy of the 
π and π* orbitals and mixes things up a little bit.  Here is the resultant MO diagram for NO, that 
takes this into account. (9 points) 

 
In answering the questions below, use the 
terms MO8, MO7, etc, as used in the 
diagram at left, to designate a particular 
molecular orbitals, or MO. 
 

a. Identify the four bonding MOs 
__________, __________, 
__________, __________ 

 
 

b. Identify the four antibonding MOs 
__________, __________, 
___________, __________ 

 
c. Identify the two MOs that come 

about from combining the 2s atomic 
orbitals on N and O __________, 
__________ 

 
 
 

d. Identify the three bonding MOs that 
come about from combining the 2p orbitals on N and O __________, __________, 
___________ 

 
 

e. Identify the three antibonding MOs that come about from the combining the 2p on N and O. 
__________, __________, ___________ 

 
f. Put the valence electrons into these orbitals, following the regular rules. 
 
g. Normally, the lowest energy transition in a molecule is from the HOMO (highest occupied 

molecular orbital) to the LUMO (lowest unoccupied molecular orbital).  That is not the case in 
NO.  What IS the lowest energy transition? 

 
 
 

 
 



   

 6 

III. Transition Metal Chemistry (21 points, 3.5 pts each) 
 
 
1. What empty metal hybrid orbitals are used by the ligands  in cis-[Pt(II)Cl2(NH3)2] ? 

 
 

 
2. What empty metal hybrid orbitals are used by the ligands in [Pt(II)(NH3)6]Cl2 ? 
 
 
 
3. How do the energies of the metal’s d orbitals split in the the octahedral complex above and 

why? 
 
 
 
 
 
 

 
4. Sometimes, a molecule’s paramagetism depends upon the strength of the crystal field splitting 

of the ligands.  Why does it not matter for this molecule whether or not the NH3 is a strong or 
weak field ligand? 

 
 
 
 
 
5. How do you experimentally determine whether or not a complex IS paramagnetic? 
 
 
 

 
 

 
6. List all the possible linkage isomers for a transition metal complex that contains  1 Co(III) ion, 

6 NH3 molecules and 3 Cl- ions. 
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IV. Lab Based Question  (25 points) 
 

A student in Chemistry 11 synthesized trans-[Co(en)2Cl2]Cl in Lab Experiment VII by dissolving 
7.234 g of cobalt chloride hexahydrate (CoCl2·6H2O) in approximately 20 mL of distilled water.  To 
the solution, he added 29.95 mL of 10.0 wt % aqueous ethylenediamine solution (density = 0.990 
g/mL) with vigorous stirring.  After an additional 10 minutes of stirring, he added 10.0 mL of 7.50 wt 
% aqueous hydrogen peroxide (H2O2) solution (density = 1.03 g/mL).   Finally, he added 24.00 mL of 
concentrated aqueous hydrochloric acid (36.5 wt % HCl; density 1.18 g/mL), and heated the solution 
until it changed color and reduced in volume. He then cooled the sample down, washed it twice, and 
filtered it.  6.144 g of product material was collected.   

1. Write down the two balanced half reactions for this synthesis, indicating what is oxidized and what 
is reduced.  Since the reaction takes place in an acidic solution, you may add protons and water as 
necessary.  If a neutral molecule is involved, your redox equation should contain the entire 
molecule. If an ion is oxidized or reduced, consider ONLY the individual ion.  (4 pts) 

 
 

 
 

 
 

 
 

 
 

2. Write down the complete chemical reaction for this synthesis and make sure it is mass and charge 
balanced. (4 pts)  
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3. Identify the limiting reagent and calculate the percent yield of trans-[Co(en)2Cl2]Cl (molar mass 
285.549 g/mole) based on the amounts of starting materials used: 7.234 g CoCl2·6H2O (molar mass 
237.945 g/mole), 29.95 mL of 10.0 wt% aqueous ethylenediamine solution (density 0.990 g/mL, 
molar mass 60.098 g/mole), 10.0 mL of 7.5 wt % hydrogen peroxide (density 1.03 g/mL; molar 
mass 34.016 g/mole), and 24.00 mL of 36.5 wt % solution of hydrogen chloride (density 1.18 
g/mL, molar mass 36. 461 g/mole).   6.144 g of product material was collected.  Don’t forget those 
significant figures! (8 pts)
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4. Lab protocol:  (9 points total) 

Our chem. 11 student was very careful to make sure he had on his __________________ (piece of 
safety equipment worn on the eyes) before starting this experiment.  He first added the starting 
material to the beaker, added water, and he noticed that the solution was _______________ (color).  
Before adding peroxide and acid, he moved the beaker from his benchtop to the 
____________________ (place in the lab) because he wanted to make sure that fumes from the 
________________ (chemical name) would not be inhaled by anyone and cause harm.    After adding 
all the chemicals and stirring the solution for a long time, the solution turned to a _________ color, and 
he was happy he was almost finished. After the solution cooled a bit, he filtered the crystals on a 
__________________ funnel, and did a rinse first with ________________ and then with 
_________________ to dry the crystals.  Just to make sure he had the right compound, he placed 100 
mg of dry crystal into a volumetric flask, added water to exactly 25 mL, and then took a spectrum.  
This is what he saw:  

  
From this spectrum, he was able to calculate that: 
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________ 

 



   

 10 

V. Mass Spectroscopy (9 pts, 3 pts each) 
 
1.  The mass spectra for three compounds: iodoethane (C2H5I), bromobenzene (C6H5Br), and 
dichlorobenzene (C6H4Cl2) are shown below. On the NEXT page, assign each mass spectrum to the 
correct compound, and explain what information you used to make this determination.  (12 points) 
 
Things to know:  The peak observed at the highest molar mass is the parent mass in all cases and only 
z=+1 ions are created.  The natural abundances and masses of Br, Cl, and I are: 
 
   Natural Abundance (%) Mass (a.m.u.) 
Br isotopes: 79Br 50.69    78.92  
  81Br 49.31    80.92 
 
Cl isotopes: 35Cl 75.77    34.97 
  37Cl 24.23    36.97 
 
I isotopes: 127I 100.00    126.90 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Mass spectrum 1 

Mass spectrum 3 

Mass spectrum 2 
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Mass spectrum 1: ________________________How do you know this based in the parent peak alone? 
 
 
 
 
 
 
 
Mass spectrum 2: ________________________How do you know this based in the parent peak alone? 
 
 
 
 
 
 
 
 
 
Mass spectrum 3: ________________________How do you know this based in the parent peak alone? 
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VI.   Gas Laws:  (25 points, 5 points each) 
 
The sun is composed almost exclusively of hydrogen (H2) and helium gases, which, at the very center 
of the sun exist in a “plasma” state at temperatures of approximately 107 Kelvin and a pressure of 
2.501 x 1011 atm.  The central core of the sun is 36.00 % hydrogen (H2) and 64.00 % helium (He) by 
mass.   Some scientists believe, that this plasma can be described using the ideal gas law.  The 
following questions allow us to test that assumption. 
 
1. Determine the mole fractions and partial pressures of hydrogen (H2) and helium in the solar 

plasma.  
 
 
 
 
 
 
 
 

2. Use the relationship between the mole fraction and the individual molar masses to determine the 
apparent molar mass of the mixture of hydrogen (H2) and helium in the solar plasma. 

 
 
 
 
 
 
 
 

3. The density of the plasma has been determined to be 158.2 g/cm3.    Given a solar pressure of 2.501 
x 1011 atm calculate the central solar temperature assuming ideal gas behavior.  Remember, it is a 
good approximation that 1 cm3 = 1ml. 
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4. The density quoted above, 158.2 g/cm3, seems quite large (more that 10x density of mercury!) and 

you might be justifiably skeptical that we should use anything like a “gas” law to describe it.  This 
question tries to determine how close the atoms are in this plasma 

 
a. Simplify the plasma to contain only helium, how many particles are there in 158.2 g? 
 
 
 
b. If the helium atoms were behaving normally, they could be roughly approximated by a cube 1.000 
Ǻ x 1.000 Ǻ x 1.000 Ǻ, where 1 Ǻ = 10-8 cm.   With these dimensions, and the number of particles 
calculated above, determine the volume occupied by the helium atoms. 

 
 
 
 
c. If the He atoms were touching each other, and there were no spaces between the atoms, the volume 

in b. above would be the volume of the system.  Calculate this density under these circumstances.   
 
 
 

 
d. Determine the density of pure helium behaving ideally at STP.   

 
 
 
 
e. Compare these densities to determine if you think use of the ideal gas law is appropriate under 

these circumstances? 
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5. The a and b coefficients are H2: 0.244, 0.0266; He: 0.0341, 0.0237 respectively.  

 
a. Explain what each of these corrections is and how it is used in the real gas equation to correct 

the ideal gas law. 
 
 
 
 
 
 
 
 
 
 
b. A comparison of the relative sizes of these coefficients gives you information about the 

similarities and differences between these two compounds.  Explain. 
 

 
 
 
 
 
 
 
 
 
 
c. What are the units for each of these numbers? 
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VII Classical and Quantum Mechanics(20 points 4 pts each) 
 
1. When a sample of metallic lithium (work function 279.7 kJ/mol) is irradiated by blue light 

(423.0 nm), an electron is ejected. 
 
a.) Determine the velocity of the electron ejected from the metal. 
 
 
 
 
 
 
 
 
 
 
 
b.) Find the de Broglie wavelength of this electron. 
 
 
 
 
 
 
 
 
 
2. Use the Bohr equation to determine the energy of the 1s orbital in Lithium+2.   
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3. Ionization energy measures the energy required to remove an electron from a gaseous sample of a 

substance.  Lithium’s first ionization energy is 520.0 kJ/mole.  Use this information to determine 
the energy of the valence orbital in Lithium. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Lithium’s second ionization energy is 7297 kJ/mole and measures the amount of energy required to 

remove an electron from a 1s orbital in Li+1.  The third ionization energy can be determined from 
the data in question 2 on the previous page and also measure the energy to remove an electron from 
the 1s orbital.  What are the factors that go into making those two numbers so very different.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. What wavelength of light is necessary to excite an electron from the 1s orbital to the 2s orbital of 

Lithium?   
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 Assorted Equations, Constants, and Conversion Factors 
  

[M]	  =	  moles/liter	   	   NA	  =	  6.022137	  ×	  1023	  
	   pH	  =	  -‐log[H+]	   	   a0	  =	  0.52917725	  ×	  10-‐10	  m	  
	   pH	  +	  pOH	  =	  14	   	   π	  =	  3.14159	   	  
	   M1V1	  =	  M2V2	  =	  #	  moles	   	   c = 2.9979  × 108 m/s	  
	   PV	  =	  nRT	   	   h = 6.626 × 10–34 J·s 
 Pa = χaPtotal  me = 9.10939 × 10–31 kg 
 χa = na/ntotal  mp = 1.673 × 10–27 kg 
  [Pobs + a(n/V)2](V-nb) = nRT    mn = 1.675 × 10–27 kg 

  Fundamental charge:     e = 1.60218 × 10–19 C NA = 6.022 × 1023 mol–1 

 1 J = 1 N m = 1 kg m2 s–2  c = 2.9979 × 108 m s–1 
  1 kJ = 103 J      R	  =	  0.08216	  l·atm/(mole·K) 

E = hν	   	   	   	   	   	   	   R	  =	  8.3145	  J⋅mol-‐1	  K-‐1 

c = λν       STP≡	  1.000	  atm,	  273.15	  K 

	   deBroglie:	  λ	  =	  h/mv	   	   	   1	  atm	  =	  760	  mmHg	  =	  760	  torr 
 K.E. = ½(mev2) =  hν − hν0   1 nm = 10-9 m	  

Bohr:	  En	  =	  -‐2.178	  x	  10-‐18	  J	  (Z2/n2)	  	   	   	   1 kg = 103 g 

	   ΔE	  =	  Ef	  -‐	  Ei	  =	  -‐2.178	  x	  10-‐18	  J	  Z2	  (1/nf2	  -‐	  1/ni2)	   1	  cm3	  =	  0.001	  L	  
Heisenberg	  Uncertainty: ΔE(Δt)	  ≥	  h/4π  Δx(mΔv)	  ≥	  h/4π 
Formal Charge = Group Number – [1/2 Nbonding electrons + Nnonbonding electrons] 
Bond Order = ½ [Bonding Electrons – Antibonding Electrons] 
 
	   	    

H 
2.20       

Li 
0.98 

Be 
1.57 

B 
2.04 

C 
2.55 

N 
3.04 

O 
3.44 

F 
3.98 

Na 
0.93 

Mg 
1.31 

Al 
1.61 

Si 
1.90 

P 
2.19 

S 
2.58 

Cl 
3.16 

K 
0.82 

Ca 
1.00 

Ga 
1.81  As 

2.18  Br 
2.96 

Rb 
0.82 

Sr 
0.95 

In 
1.78  Sb 

2.05  I 
2.66 

Cs 
0.79 

Ba 
0.89      

Table I. Electronegativies of selected elements 
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