
Exam 2 – Fall 2018 

BCH 341 - Physical Chemistry with a Biological Focus 

Professor Jeff Yarger 
 

DUE Monday, Sept 10, 2018 by 11:59 PM (UTC-7).  Turn in completed exam as a single PDF document into 
the assignment link on ASU Canvas.  Please make sure the completed exam is organized, self-contained 
and legible. 

 
 

Initials: ____   Email: __________________  ASU Student ID: _____________________ 
 

 

To aid in the anonymous peer review process, you do NOT need to include your full name, just your first 
and last initials, email address (for contact purposes) and student ID number.  The exam consists of 8 
numerical problems. The first 4 problems are worth 10 pts each and the last 4 problems are worth 15 pts 
each.  Hence, the exam is worth a total of 100 points.  You are required to explicitly show all equations, 
numerical calculations and associated units.  All assumptions need to be clearly and concisely stated.  If 
thermodynamic parameters are used, the citation, reference or link to where this thermodynamics data 
came from must be stated.  Whenever possible, put a box around your final answer(s). 

 

1. (A) Calculate the pH of a 2.0x10-4 M solution of aniline hydrochoride, C6H5NH3Cl. 

(B) Calculate the pH in an aqueous 0.120 M nitrous acid solution. 

 

2. (A) For a solution of 50 mM sodium chloride and 100 mM magnesium acetate, determine the ionic 

strength and the average activity coefficient for the Na+/Cl- ions.  

(B) Calculate the mean ionic activity coefficient of a solution that is 10 mM Ca(NO3)2 (aq) at 298K. 

 

3. What is the change of entropy for (A) 1/2 mol of nitrogen gas being mixed with 1/2 mol of oxygen 

gas at standard temperature and pressure (STP)?  (B) One third (1/3) mole each of nitrogen, oxygen and 

carbon dioxide gases mixed at STP? 

[Express answer in units of J/K or J/Kmol, since both (A) and (B) total 1 mole.] 

 

4. Sulfur dioxide gas (SO2 (g)) can react with the oxygen gas (O2 (g)) in air to create sulfur trioxide gas 

(SO3 (g)). Find the equilibrium ratio of sulfur trioxide to sulfur dioxide gas at standard conditions in air 

at 25oC and 1 atm.  You can assume that air is 20% oxygen and 80% nitrogen gas by volume. (B) SO3 

(g) can further react with water vapor to form sulfuric acid, H2SO4 (g).  Air that is in equilibrium with 

liquid water at 25oC has a partial pressure of H2O (g) of 0.05 atm.  Find the equilibrium ratio of partial 

pressures of H2SO4 (g) to SO3 (g) in air at 25oC. 

 

5. You want to make a pH = 7.4 phosphate buffer solution using potassium hydroxide (KOH) and 

phosphoric acid.   Starting with 1.0 L of 150 mM phosphoric acid, (A) how much solid KOH should you 

add to make the desired pH = 7.4 phosphate buffer solution? (B) Compute the concentrations of all buffer 

species. 

 

6. The K’eq for the fructose-1,6-diphosphate aldolase reaction at 25oC and pH=7 (written in the direction 

of triose phosphate formation), is about 10-4 M, G’ = 5456 cal/mol.  (A) Calculate the concentrations of 

fructose-1,6-diphosphate (FDP), dihydroxyacetone phosphate (DHAP), and glyceraldehyde-3-phosphate 

(GAP) at equilibrium when the initial FDP concentration is 1 M, 10 mM and 10-5 M. (B) So, what is the 

effect of concentration on the degree of dissociation? 

[Express answer in units of mM.] 
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7. A suggested homework questions asked, ‘what are the different protonation states of tyrosine?’ Lets 

explore this in more detail.  (A) What are the concentrations of all species in a 100 mM solution of tyrosine 

at a pH of 7.4?  (B) Using a spreadsheet application (google sheet, excel, numbers, etc.) or a scientific 

data analysis package (plotly, matlab, mathematica, origin, kaleidagraph, etc.) plot the concentration of 

the different protonation states of tyrosine as a function of pH (over the pH range 0-12). 

[Express answer in units of mM.  For the plot in part B, it should have a similar format and labeling to 

figure 4.12 in the 5th Ed of Tinoco’s book (which is the concentration of histidine species as a function of 

pH)] 

 

8. (A) For a dicarboxylic acid where the two groups are ‘far apart’, using statistical methods show that the 

ratio of the acid dissociations constants is expected to be 4.   

(B) What does it mean to be ‘far apart’ and why is this a requirement?  Let’s explore these concepts in 

more quantitative detail and try to get at the molecular underpinnings of this expected statistical ratio for 

the acid dissociation constants. Using computationally and/or experimentally determined dissociation 

constants for a series of dicarboxylic acids, determine how ‘far apart’ the two acid groups need to be in 

order for them to be reasonably close to the expected statistical ratio.   

[(A) Clearly show all steps in the statistical method showing the expected ratio for the acid dissociation 

constants. (B) Show all tabulated data and plots.  Reference all sources of data used.  The final quantitative 

answer should basically be a ‘greater than’ distance in nanometers (>___ nm).  However, one or two 

sentences should also be given about the molecular R-group requirements associated with this ‘far apart’ 

restriction and what it means from a molecular standpoint.] 

 
 

 

 


