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Initials: ____________  Email: __________________________________________________________     

 
 

To aid in the anonymous peer review process, you do NOT need to include your full name, just your first 

and last initials, and an email address for contact purposes.  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.   
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1. True or False 

a. The entropy of an open system cannot decrease in a spontaneous process.  

 

T F 

 

b. Given that the equilibrium constant depends on the temperature only, the composition of the 

equilibrium mixture in a gas reaction is insensitive to the external pressure. 

 

T F 

 

c. A change in external pressure has no effect on the melting temperature of a pure substance. 

 

T F 

 

d. A chemical reaction for which the standard reaction Gibbs energy ∆𝐺𝑟
𝑜 is positive is impossible. 

 

T F 
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2. A very interesting comparison is that between a thermal engine and living systems, say us. Thermal 

engines operate under a temperature gradient, as a vapor locomotive, whereas we are essentially 

isothermal systems. Also, the second law of thermodynamics establishes that the entropy of the 

universe increases in any spontaneous process, eventually leading to equilibrium.  

 

Discuss the following aspects in qualitative terms: 

a. What is the source of useful work in biological systems?  

b. How do we maintain steady state?  

c. Are there biological processes that occur reducing entropy? If the answer is yes, how do we 

reconcile this fact with the second law of thermodynamics? 
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3. The figure below corresponds to a plot of a Carnot cycle consisting of the following operations with 

a gas as operating substance.  

• Path 1→2. Reversible isothermal expansion. 

• Path 2→3. Reversible adiabatic expansion. 

• Path 3→4. Reversible isothermal compression. 

• Path 4→1. Reversible adiabatic compression. 

 

 

 
 

(i) Draw a graph of entropy against temperature for the entire cycle.  

(ii) What is the entropy change in the cycle, for the system? And for the surroundings?  
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4. The molar mass of an enzyme was determined by dissolving it in water measuring the osmotic 

pressure at 20oC and extrapolating the data to zero concentration. The following data for the height 

of the column, containing the solution, and the concentration, were used: 

 

c/ mg cm-3 3.221 4.618 5.112 6.722 

h/cm 5.746 8.238 9.119 11.990 
 

 

Calculate the molar mass of the enzyme. Hint: Begin by expressing the equation given the osmotic 

pressure in terms of the height of the solution, by using =gh; take =1.000 g cm-3. 
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5. The figure below to the left, shows a schematic plot of the phase diagram for a typical pure 

substance, and the one to the right displays the phase diagram of water.  

 

 

 
 

There is a fundamental difference between the two diagrams, namely the slope of the solid-liquid 

equilibrium curve, which is negative for water and positive for most substances.  

 

(i) Use Clausius-Clapeyron equation to explain the origin of this difference.  

(ii) Use this result to explain the behavior of ice under pressure. How is this relevant for ice-skaters?  

(iii) Analyze the importance of this difference for the sustainability of life in our planet. In particular, 

discuss the behavior of water under freezing conditions on lakes and oceans. What would happen to 

fish during winter time if the solid-liquid phase line for water had positive slope? 
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6. Being able to control the pH, is essential in biochemical experiments.  

(i) Predict the pH region in which each of the following buffers will be effective, assuming equal molar 

concentrations of the acid and its conjugate base: (a) sodium lactate and benzoic acid. (b) sodium 

benzoate and benzoic acid. (c) hydroxylamine and hydroxyl ammonium chloride.  

(ii) Draw a plot of the pH curve of a solution containing 0.10 M NaCH3CO2(aq) and a variable amount 

of acetic acid.  
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7. The equilibrium constant of the reaction 2 C3H6(g) ⇌ C2H4(g) + C4H8(g) is found to fit the 

expression 

ln 𝐾 = −1.04 −
1.088 𝐾

𝑇
 +

1.51 𝑥 105 𝐾2

𝑇2
 

 

Between 300 K and 600 K. Calculate the standard reaction energy and standard reaction entropy at 

400 K.  

  



Page 9 

 

8. Under certain stress conditions, such as viral infections or hypoxia, plants have been shown to have 

an intercellular pH increase of about 0.1 pH. Suppose this pH change also occurs in the mitochondrial 

intermembrane space. How much ATP can now be synthetized for the transport of 2 mol H+, assuming 

no other changes occur? 

 


