
 
              

             
   

 

 
 
 
 
 
 
 
 
 
 
 
   

   

   

   

   

   

   

   

   

   

   

   

   

 

 

 
      

  
 

     
 

3.091 OCW Scholar – Fall 2010 

Final  Exam  
Prof .  Donald  R.  Sadoway,  Ins t ructor  

A complete exam consists of 11 questions. 


Write your answers on these pages. 


State your assumptions and show calculations that support your conclusions. 


RESOURCES PERMITTED: PERIODIC TABLE OF THE ELEMENTS, TABLE OF 
CONSTANTS, AID SHEET (ONE PAGE 8½" × 11"), CALCULATOR. 

NO BOOKS OR OTHER NOTES ALLOWED. 

USE OF WIRELESS COMMUNICATIONS DEVICES STRICTLY FORBIDDEN. 

#1 26 points 
#2 9 points 
#3 10 points 
#4 19 points 
#5 23 points 
#6 22 points 
#7 13 points 
#8 12 points 
#9 11 points 

#10 12 points 
#11 13 points 

Total 170 points 

% Score 
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Problem #1 (26 points) 
Answer the following questions about the hydrogen peroxide (H2O2). 

(a) Draw the Lewis structure of H2O2. (b) Draw a representation of the 3-dimensional 

geometry of the molecule. 


4 4 

(c) Name the geometry of the electron distribution about the oxygen atoms.  

1 

(d) Determine the per cent ionic character of the O–H bond.  

4 

(e) Is the molecule polar or nonpolar? Explain. 

3 

(f) Calculate the maximum wavelength of a beam of α-particles (He nuclei) capable of breaking the 
O–H bond in H2O2. 
DATA:  Average Bond Energies (kJ/mol) 

O–O 142 
H–H 432 

10 
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Problem #2 (9 points) 
(a) Sketch the unary phase diagram (pressure vs temperature) of germanium (Ge). Indicate the normal 

melting point (P = 1 atm), normal boiling point, triple point, and critical point. Label all phase fields. 
On the diagram label one example of each: (i) one-phase stability; (ii) two-phase coexistence; (iii) 
three-phase coexistence. For clarity, do not draw to scale. 

DATA: at the melting point, the density of the solid, ρs = 5.32 g cm–3 

the density of the liquid, ρ = 5.63 g cm–3 

critical point: P = 8600 atm, T = 8600ºC 
triple point: no data – estimate its position on the diagram based on available information 

NOT TO SCALE 
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Problem #3 (10 points) 
(a) To a beaker containing water at neutral pH the phospholipid,  

phosphatidylethanolamine, (chemical formula given at right) 
is added in sufficient quantity to enable interaction between 
phospholipid molecules. Draw a cartoon depicting one possible  
molecular arrangement that results. You may stylize parts of the  
phosphatidylethanolamine molecule, e.g., let represent 
a hydrocarbon chain. 

(b) To the beaker described in part (a) an equal volume of octane (C8H18) is added. The mixture of 
H2O - C8H18 containing the phosphatidylethanolamine is then subjected to vigorous agitation for 
several minutes and then allowed to equilibrate. Draw a schematic representation depicting one 
possible molecular arrangement that results. At 20ºC the values of density are 0.912 g cm−3 for C8H18 
and 0.998 g cm−3 for H2O. 

(c) To the beaker described in part (b) a small amount of sodium chloride (NaCl) is added and the 
mixture is then subjected to vigorous agitation for several minutes and then allowed to equilibrate. 
Draw a schematic representation depicting one possible molecular arrangement that results. Indicate 
the fate of the NaCl. Explain what you expect to observe. 

4 
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Problem #4 (19 points) 

site 

site 

site 
site 

(a) The sketch above is a schematic of a protein. On the sketch, label one example of each of the three 
types of secondary protein structures. 

3 

© Pearson Education.  All rights reserved. This content is excluded from our  
Creative Commons license. For more information, see http://ocw.mit.edu/fairuse 

(b) On the sketch, label one example of each of four types of interactions that establish the tertiary 
structure of this protein. 

4 
(c) At each numbered site, name one chemical change to the environment (no change of temperature) of 

the protein that would destabilize the associated feature of the tertiary structure. Explain the relevant 
chemistry. 



12 
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Problem #5 (23 points) 
The phase diagram of the binary system, zirconia - calcia (ZrO2 - CaO) is given below. 

50 
CaZrO3 

CaZrO3 

liquid 










© source unknown. All rights reserved. This content is excluded from our  
Creative Commons license. For more information, see http://ocw.mit.edu/fairuse 

CaO 

(a) For the lines labeled on the diagram above as  and  (i) name the line, and (ii) write the 
6 equilibrium it represents. 





 (b)At each of the temperature-composition pairs labeled on the diagram above, (i) identify all phases 
9  present at equilibrium and (ii) give the composition of each phase present, expressed in mole % CaO.  



 

 

http://ocw.mit.edu/fairuse


  

     

         

     

 

 

 

 

 

 

 

 

3.091 Fall Term 2010 Final Exam 	 page 7 

Problem #5 (continued from previous page) 
(c) The phase diagram on the previous page shows only the ZrO2-rich half of the composition range. 

Rationalize the fact that the melting point of ZrO2 exceeds that of CaO. 

DATA:	 ion Ca2+  Zr4+  O2–
 

ionic radius (Å) 1.00 0.88 1.38 


4 

(d) The dominant defect in ZrO2 is the Schottky disorder. Write the defect incorporation reaction 
associated with the dissolution of CaO into ZrO2. 

4 
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Problem #6 (22 points) 
The skeletal structures of the two amino acids, methionine and arginine, are given below along with the 
values of the relevant acid dissociation constants (pKa). 

pKa  =  12.48 

methionine (Met) arginine (Arg) 

(a) For an aqueous solution of methionine (Met) alone, calculate the value of pH at which the ratio of the 
concentration of neutral Met zwitterion to the concentration of protonated cation is 3.091 × 102. 

4 

(b) Draw the skeletal structure of arginine (Arg) when it is solvated in an aqueous solution under each of 
the following conditions. 

6 (i) pH = 1.5 

(ii) pH = 14 

(iii) pH = pI, the isoelectric point 



5 
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Problem #6 (continued) 
(c) Calculate the value of pH at which arginine (Arg) exists as the neutral zwitterion. 

(d) Draw the skeletal structure of the dipeptide, Arg-Met, when it is solvated in an aqueous solution of 
extreme acidity. 

3 

(e) The substituent or R-group of asparagine (Asn) is  . Draw both enantiomers of Asn. You  
need not be able to label them.  

4 
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Problem #7 (13 points) 
2-Chlorobutene, ClHC=CH−CH2−CH3, can be reacted to form isotactic polychlorobutene (PCB).  

(a) Does the reaction occur by addition or condensation? Circle your answer. 
1 

(b) Draw a trimer of isotactic PCB. 

2 

(c) What is the value of the degree of polymerization, n, of isotactic PCB with a molecular weight of
3.091 × 105 g mol–1? 

3 

(d) Is isotactic PCB a thermoset or a thermoplastic? Explain. 

3 

(e) On the graph below, draw a schematic representation of the temperature dependence of the molar 
volume of linear isotactic PCB and of branched isotactic PCB, assuming both to be of comparable 
molecular weight. Label the glass transition temperature, Tg, of each substance. 

4 
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Problem #8 (12 points) 

For each of the following types of defect, (1) give one example, (2) name one material property that is 
affected, and (3) briefly explain how the chosen defect causes the effect. 

(i) 0-dimensional defect 

(ii) 1-dimensional defect 

(iii) 2-dimensional defect 

Problem #9 (11 points) 
(a) The normal boiling point is 100°C for H2O and –33.3°C for NH3, even though the two molecules 

have almost identical atomic weights. Explain this discrepancy, using narrative or cartoons or both, 
making reference to the operative chemical bonding. 

(b) Indium antimonide (InSb) is a compound semiconductor with a band gap energy, Eg, of 0.17 eV. The 
value of Eg can be increased by forming a solid solution of InSb and a compound semiconductor that 
has a larger band gap energy. Name one such compound semiconductor and justify your choice by 
making reference to the operative chemical bonding. 

5 
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Problem #10 (12%) 
(a) (i) In the cubic unit cell below sketch (103) . (ii) In the cubic unit cell below sketch [103]. 

6 

x 

y 

z 

x 

y 

z 

(b) Named after Salvadore Dali, dalium (Da) is BCC. Its molar volume is 9.99 cm3 mol. Calculate the 
linear packing density along [011] in Da. Express your answer in atoms cm–1 . 

6 

Problem #11 (13%) 
(a) Draw the energy-level diagram of the target 


(anode) of an x-ray tube operating at a plate 

voltage great enough to generate the 

characteristic lines. Indicate the features 


8 	 associated with emission of  Kα,  Kβ, 
 Lα, and  Lβ radiation. The drawing need 
not be to scale but should reflect qualitative 
distinctions in magnitudes of transition 
energies. 

(b) An x-ray tube fitted with tantalum (Ta) target is emitting radiation at a wavelength of 1.52 × 10–10 m. 
Is this the wavelength of the Kα line or the Lα line? Support your answer with calculations. 

5 
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