
Exam 1 – Fall 2018 
BCH 341 - Physical Chemistry with a Biological Focus 

Professor Jeff Yarger 
 

Aug 26-27, 2018 
DUE Monday, Aug 27, 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. 

 
 
Name: ___________________________________________________ (as recorded on ASU Canvas)   

 
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. Please 
completely fill in ONE bubble per multiple choice question and fill in the blank with the numerical 
answer(s) and the associated units in the spaces below for the numerical problems (write N/A, if there is 
not a numerical answer associated with a specific problem). 
 
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): _________ 
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1. State the condition(s) under which the following equation can be applied: dH = T	dS 

 

a) Constant Pressure 
b) Reversible Process 
c) Constant Temperature 
d) None of the above (a-c) 
e) All of the above (a-c) 

 
 
 

2. Calculate the molar heat capacity of methane (CH4) computationally (http://molcalc.org/ or some 
similar ab initio computational chemistry program) at standard temperature and pressure (STP).  What 
molecular ‘degree of freedom’ contributes the most to the total heat capacity of methane at STP?   
 

a) Vibrational 
b) Rotational 
c) Translational 
d) None contribute 
e) All contribute equally 

 
 
 
 

3. Estimate (or calculate) the change in enthalpy (DH) of the process of carbon dioxide gas (CO2 (g)) 
expanding from an initial volume of 20.0 liters at a temperature of 25oC to a final volume of 25.0 liters 
at a temperature of 100oC.  Assume the gas obeys the idea gas equation of state under these conditions 
and that the gas is expanding under constant pressure conditions. 
 

a) 0 kJ/mol 
b) -1.6 kJ/mol 
c) 1.6 kJ/mol  
d) -2.5 kJ/mol 
e) 2.5 kJ/mol 
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4. The melting of ice (H2O (s)) at 0oC and 1 atm is 

 
a) Endothermic 
b) Exothermic 
c) Isoenthalpic 
d) Zero 
e) none of the above 

 
 
 
 
 
5. Which of the following combinations of conditions most influences a gas to behave ideally? 
(i.e., follow the ideal gas equation of state, PV=NRT) 

 
a) low pressure and low temperature 
b) high pressure and low temperature 
c) low pressure and high temperature 
d) high pressure and high temperature 

 
 
 
 
 

 
6. Predict whether the change in entropy (DS) is positive, negative or near zero for the hydrolysis of the 
dipeptide glycylglycine (Gly-Gly) at 5oC. 

 
a) Positive 
b) Negative 
c) Near Zero 
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7. The shells of many marine organisms contain CaCO3 (s), largely in the crystalline form known as 
calcite.  There is a second crystalline form of CaCO3 (s) know as aragonite.  (A) Based on known 
thermodynamic and physical properties of these two crystalline forms, what conditions (pressures and 
temperatures) are required to make the direct conversion from calcite to aragonite spontaneous?  (B) Are 
there any known places in the ocean where the aragonite crystalline form of CaCO3 (s) would be expected 
to be the stable phase?  [Report pressures in gigapascal, GPa, and temperatures in degrees Celsius (oC).  
Put a box around your Temperature-Pressure conditions for part-A] 
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8. Alcoholic fermentation by microorganisms typically involves the breakdown of glucose into ethanol 
and carbon dioxide by the reaction 
 

C6H12O6 (s) ® 2 CO2 (g) + 2 C2H5OH (l) 
 
Controlling the temperature and pressure conditions of this reaction is critical in most alcoholic 
fermentation processes.  Hence, being able to estimate how much heat is absorbed or liberated in this 
process is extremely important.  (A) Calculate the amount of heat (q) liberated (or adsorbed) in a yeast 
brew upon fermentation of 100 g of glucose at 25oC and a pressure of 1 bar (STP).  (B) There are numerous 
‘simple sugars’ (monosaccharides) that can be substituted in place of glucose in this fermentation process.  
Assuming any monosaccharide can be catalytically broken down into ethanol and carbon dioxide in a 
similar manner as glucose (microorganisms), suggest an alternative monosaccharide to glucose if the goal 
is to reduce the amount of heat liberated during the alcoholic fermentation process, and where the starting 
amount of material (sugar) is always 100 grams.  Show the calculations of heat (q) in support of your 
suggestion for a new monosaccharide to use in this new reduced heat liberation process. 
[Express your answers for heat in units of kilojoules, kJ.  Put a box around your numerical answers and 
the chemical formula, name and structure of your proposed monosaccharide alternative] 
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9. Determine the standard enthalpies (energies) of gaseous trans-2-butene and cis-2-butene using a 
computational chemistry program (e.g., http://molcalc.org/ or any other ab initio computational chemistry 
package you want to use).  (A) Calculate the thermodynamic enthalpy attributed to the steric repulsion in 
the cis compound relative to the trans compound (i.e., enthalpy of isomerism, DHiso).  Replace the methyl 
groups with several common functional groups, atoms or molecular moieties (R-groups) to (B) minimize 
and (C) maximize the DHiso.  [Report all enthalpies (DH) in kJ/mol. Put a box around your numerical 
answers (DH) and the chemical formula, name and structure of your proposed cis and trans compounds 
that (B) minimize and (C) maximize the enthalpy of isomerism]   
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10. The thermodynamic properties of foods can be discussed in terms of the enthalpy of combustion per 
gram of food.  Do you get more energy from the metabolism of one gram of ‘sugar’ or one gram of ‘fat’? 
Answer this question quantitatively and with as much thermodynamic detail as possible.  Use two of the 
following three methods to quantify your answer: (A) arithmetic method, (B) calorimetry, and/or (C) 
computational.   The best way to quantitatively answer this question is to pick a simple ‘sugar’ and a 
simple ‘fat’ and perform exact thermodynamic calculations of the change in energy when undergoing 
‘metabolism’ (or an idealized chemical reaction that represents metabolism). 
[Report all thermodynamic values in SI units. Underline all assumptions and put a box around the 
calculated thermodynamic energies] 
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11. Adenosine triphosphate (ATP) is a complex organic molecule that provides energy to drive many 
processes in living cells, often referred to as the ‘molecular unit of currency’ of intracellar energy transfer.  
When consumed, ATP converts either to adenosine diphosphate (ADP) or to adenosine monophosphate 
(AMP).   A person will typically use a kilogram (1 kg) of ATP per hour or more.  So, to get an idea of 
how much energy this can transfer, estimate the following:  If all the energy from the hydrolysis of 1 kg 
of ATP into ADP was used to heat up your body, how much would your temperature increase?   
[Report the temperature increase in degrees Celsius. Underline all assumptions and put a box around your 
final answer] 
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12. Find and read a paper in the scientific literature that sounds interesting to you.  It needs to be a 
scientific paper in which common thermodynamic parameters (i.e., DH, DS, DG, or Cp …) have been 
measured or computed. (A) Record the reference (citation) to this scientific paper. (B) Summarize the 
purpose of the paper and why it was worthwhile in one paragraph. (C) List the thermodynamic 
parameters determined and what methods were used to measure or compute the thermodynamics 
presented in the paper. 
 

 


