
Exam 3 – Fall 2018 

BCH 341 - Physical Chemistry with a Biological Focus 

Professor Jeff Yarger 

 
September 23-25, 2018 

DUE Tuesday, Sept. 25, 2018 by 11:59 PM (UTC-7).  Turn in completed exam as a single PDF document into the 

assignment link on ASU Blackboard.  Please make sure the completed exam is organized, self-contained and legible. 
 

 

Name: _________________________________________________ (as recorded on ASU Blackboard)   

 

ASU Email: ___________________________________    ASU ID: ____________________________ 

 
 

There are 6 multiple-choice questions and 6 numerical problems. Pick 5 multiple-choice questions and 5 

numerical problems to work on this examination, for a total of 10 questions.  The exam is worth a total of 

100 points.  Each multiple-choice question is worth 5 points and each numerical problem is worth 15 

points.  Please record your answers in the summary area on this first page of the exam. IF you do provide 

more than 5 answers on the multiple-choice section, then the first 5 answered will be graded.   IF you 

provide more than 5 answers on the numerical section, then the first 5 will be graded. Please completely 

fill in ONE of the bubbles below for the multiple-choice questions and fill in the blank with one numerical 

answer and the associated units in the spaces below for the numerical problems. 

 

Answer Summary 
 

1. ⓐ ⓑ ⓒ ⓓ ⓔ    Multiple Choice Points (25 possible): _______ 

2. ⓐ ⓑ ⓒ ⓓ ⓔ   (Answer 5 of the 6 questions) 

3. ⓐ ⓑ ⓒ ⓓ ⓔ 

4. ⓐ ⓑ ⓒ ⓓ ⓔ 

5. ⓐ ⓑ ⓒ ⓓ ⓔ 

6. ⓐ ⓑ ⓒ ⓓ ⓔ 

 

7.   _________________   Numerical Problem Points (75 possible): _______ 
 

       (Answer 5 of the 6 questions) 

8.   _________________    
 

 

 

9.   _________________ 
 

 

 

10.   _________________ 
 

 

 

11.   _________________ 
 

 

 

12.   _________________ 

 

 

Total Points (100 possible): _________ 



Page 2 

1. If you increase the length of the hydrocarbon chain of a detergent, which of the following would also 

be expected to happen?  

 

a) The tendency to form micelles in water will increase and the critical micelle concentration will increase.  

b) The tendency to form micelles in water will increase and the critical micelle concentration will decrease. 

c) The tendency to form micelles in water will decrease and the critical micelle concentration will increase. 

d) The tendency to form micelles in water will decrease and the critical micelle concentration will decrease. 

e) None of the above. 

 

 

2. The oxidation of ethanol to acetaldehyde at standard temperature and pressure (STP) is spontaneous.  

Therefore, the electrochemical potential for this reaction is 

 

a) positive 

b) negative 

c) near zero 

d) not able to be determined 

 

 

3. Estimate the potential of the cell 

 

Ag(s) | AgCl (s) | KCl (aq, 0.025 mol/kg) || AgNO3 (aq, 0.01 mol/kg) | Ag (s) 

 

a) -0.6 V 

b) -0.4 V 

c) 0.0 V 

d) +0.4 V 

e) +0.6 V 

 

 

 

 

4. What is the pH of pure water when it is supercooled to -25oC? 

 

a) 6.1 

b) 7.0 

c) 7.1 

d) 8.0 

e) 14.0 
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5. A protein solution containing 1.553 g of protein per 100 mL of solution has an osmotic pressure of 

157.0 mm H2O at room temperature.  What is the molecular weight of the protein? (kDa is a kilo-Dalton) 

 

a) 25 kDa 

b) 50 kDa 

c) 69 kDa 

d) 100 kDa 

e) 169 kDa 

 

 

6. The conversion of β- hydroxybutyrate (β-HB-) to acetoacetate (AA-) is an important biochemical redox 

reaction that uses molecular oxygen as the ultimate oxidizing agent: 

 

  β-HB-  +   ½ O2 (g)    →    AA-
    +   H2O      

 

Calculate the equilibrium constant for this system at pH 7 and 25oC. 

 

a) 1.3 x 1043 

b) 1.1 x 1041 

c) 1.8 x 1039 

d) 2.2 x 10-5 

e) 2.1 x 10-43 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Page 4 

7. (i) Calculate the standard potential of the cell 

Pt (s) | cysteine (aq) , cystine (aq) || H+ (aq) | O2 (g) | Pt (s) 

(ii) Calculate the standard Gibbs energy and Enthalpy of the cell reaction at 25oC. 

(iii) Estimate the value of the Gibbs energy of the cell reaction at 35oC. 

 

 

8. 10 mL of a 20 mM solution of ascorbate in a buffered solution at pH 7 at 25oC is mixed with 10 mL 

of a 20 mM Mn3+ solution. Write a balanced chemical equation for the reaction, and figure out the 

equilibrium concentration of dehydroascorbate, ascorbate, Mn3+ and Mn2+. 

 

9. Calculate the standard Gibbs free energy change and the equilibrium constant for the oxidation of a 

formate ion to carbon dioxide at pH=7 and room temperature.  

 

10. The binding of a ligand A to a macromolecule was studied by equilibrium dialysis.  In each 

measurement a 1.5 M solution of macromolecule was dialyzed against an excess amount of a solution 

containing A.  After equilibrium was reached, the total concentration of A on each side of the dialysis 

membrane was measured.  The following data were obtained: 

Total concentration of A (M) 

Inside Dialysis Outside Dialsis 

[A], µM [A], µM 

1.2 1.0 

11.6 10.2 

22.2 20.1 

55.5 52.2 

108.8 105.0 

204.0 200.0 

Using this data, determine (i) the intrinsic equilibrium constant K and (ii) the total number of sites per 

macromolecule, if the ‘independent-identical sites model’ appears to be applicable. 
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11. (i) Plot the data and calculate the midpoint potential for a protein cofactor that was measured to have 

the following redox data.  The parameter R is the ratio of the reduced form divided by the total amount of 

protein. (ii) Propose a redox cofactor that is consistent with the data and calculated midpoint reduction 

potential. (iii) There are a lot of different redox cofactors with similar reduction potentials.  Propose an 

experiment or set of experiments to further resolve what redox cofactor is being measured from the below 

given data. 

 

Potential (mV) Fraction Reduced (R) 

-500   0.99 

-400   0.97 

-300   0.90 

-250   0.70 

-200   0.40 

-150   0.10 

-100   0.02 

-50   0.01 

0   0.01 

100   0.008 

300   0.005 

500   0.002          

 

 

 

 

12. (i) Calculate the expected boiling point of water at the top of Mt. Everest.  (ii) State all assumptions 

used in your formulation and/or calculation of the expected boiling point of water.  (iii) Also, in one 

paragraph, explain your calculated result and why/how the boiling point of water changes will altitude 

on earth. 

 

 

 

 

Extra Credit. (10 pts) 

There is at least one suggested homework problem in Tinoco’s textbook (Chapters 6 or 7) that has a 

mistake in the solution set provided by the publisher.  The mistake is more than just a typo, it leads to an 

incorrect solution of the problem.  Find the suggested homework problem solution that is incorrect and 

provide the correct worked solution.  

 

 


