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1. This exercise will explore the use of temperature-composition (T-χ) diagrams in the study of biological (lipid)
systems.

(A)  In  numerous  experimental  study  of  model  membrane-like  assembly,  a  T-χ phase  diagram  of
dielaidoylphosphatidylcholine (DEL) and dipalmitoylphosphatidylcholine  (DPL)  is  often used  as  an example
‘ideal’ miscible binary system.   A schematic T-χ phase diagram is reproduced from Atkins as Fig. 1 below.
Explain what happens as a liquid mixture of composition χDEL=0.5 is cooled from 45oC to 0oC.  (5 pts)

(B) One of the best ways to better understand a topic is to go back to the experimental (or computational) studies
and its associated data analysis and interpretation.   The experimental T-χ phase diagram for DEL:DPL was first
published by C. Grant et. al., Biochimica et Biophysica Acta, 363 (1974) 151-158.   Figure 2 from this publication
is reproduced below (as Fig. 2). Explain what happens as a fluid (‘liquid’) mixture of composition  χDEL=0.5 is
cooled from 45oC to 0oC.  (5 pts)  

Fig. 1 – Schematic phase diagram (Atkins, 3.40) Fig. 2. Experimental phase diagram (Grant, et. al.)

(C) This binary lipid system (DEL:DPL) has been extensively studied and is one of several that commonly gets
used  as  model  system  for  understanding  lipid  phase  transitions  and  phase  diagrams.   There  are  many
thermodynamic values and physical properties that can be determined directly or indirectly from phase diagrams.
Its really useful to try and estimate (or calculate) as many different thermodynamic parameters of DEL and DPL
as possible using the above experimental phase diagram (Fig. 2).  However, to be specific for exam purposes,
estimate (or calculate) the change in enthalpy (ΔH, latent heat of ‘melting’ or ‘fusion’) expected for this phase
transition (for both components).   This is  one of the  most  useful  and molecularly insightful  thermodynamic
energies you can determine from a standard T-χ binary phase diagram.   Also, report your estimate of the phase
transition temperature for each component (lipid).  (15 pts)
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2.  A thermodynamic treatment  allows  predictions  of  the  stability  of  DNA.   Thermodynamic parameters  for
calculating double-strand stability typically provide the standard Gibbs free energies (ΔG), enthalpies (ΔH) and
entropies (ΔS) of formation at 310 K of short sequences of base pairs as two polynucleotide chains come together.
These  thermodynamic  parameters  vary  significantly  with  pH,  ionic  strength  and  other  common  solution
conditions.   An  example  of  a  table  of  thermodynamic  parameters  for  calculating  double-strand  stability  is
provided in the thermodynamic data and tables link at biopchem.education.  To estimate the standard Gibbs free
energy of formation of a double-stranded piece of DNA, ΔDNAGө, we sum the contributions from the formation of
the sequences and add to that quantity the standard Gibbs free energy of initiation of the process.

ΔDNAGө = ΔinitGө +  ΔseqGө(sequences)

Similar procedures lead to ΔDNAHө and ΔDNASө.
(A) Provide a molecular explanation for the fact that  ΔinitGө is most commonly found to be positive and ΔseqGө

values are always found to be negative. (5 pts)
(B) Estimate the Gibbs free energy, enthalpy and entropy changes as well as the ‘melting’ temperature for the
following reaction:

5´-A-G-C-T-G-3´  +  5´-C-A-G-C-T-3´  →  5 ´−A−G−C−T−G−3 ´
3 ´−T−C−G−A−C−5´

and please cite the source of any standard thermodynamic parameters. (5 pts)
(C) Estimate the equilibrium constant for the above reaction. (5 pts)
(D) Add one additional nucleotide at any position in both single-strand 5 nucleic acid molecules used in the
reaction above (left  side),  with the goal  of  making the resultant  DNA complex (right  side) have the highest
possible  stability.   Show  the  resulting  DNA  complex  formed  from  the  new  6  nucleotide  molecules  and
thermodynamically determine the additional stability.  (10 pts)

3. Show graphically the variation with pH of the composition of a 1.0 millimolar (1.0 mM) aqueous alanine (5
pts) and a 1.0 millimolar (1.0 mM) aqueous glutamic acid (10 pts) solution. Try to minimize assumptions and
calculate all concentrations as accurately as possible (5 pts). Show all your work and state any assumptions (5
pts).

4.  (A)  Use  the  Boltzmann  distribution  to  describe  the  molecular  features  that  determine  the  magnitude  of
equilibrium constants and their variation with temperature (10 pts). (B) Provide a detailed molecular equilibrium
example  that  helps  illustrate  your  explanation.   Include  a  graphical,  visual  or  animated  component  in  your
example. Your example can’t be the same or similar to examples, brief illustrations or case studies shown in
Atkin’s textbook, chapter 4. (15 pts)

5. Find a paper in the scientific literature that expands on one of the above exercises/projects (5 pts).  Use the
additional  experimental,  computational  or  theoretical  thermodynamic information to  further  expand upon the
thermodynamic concepts in one of the problems above (15 pts). Please provide a proper scientific citation and
link for the chosen journal article. (5 pts)
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Useful Information – Problem 1
The two lipids are often abbreviated differently from above (and your textbook); dielaidoylphosphatidylcholine
(DEPC) and dipalmitoylphosphatidylcholine (DPPC).  The DEPC:DPPC (i.e., DEL:DPL) system has been well
studied  and is  often  used  as  a  model  binary  system that  displays  complete  miscibility  in  the  solid  state  (or
sometimes called the gel state).  It is easy to calculate and plot a T-χ binary phase diagram similar to Fig. 1.  Then
you can vary the latent heat of melting to graphically see its effect on the shape and structure of a T-χ binary phase
diagram.   As is obvious by looking at Fig 1 and 2 side-by-side, the schematic phase diagram is significantly
different from the experimental phase diagram. 

Useful Information – Problem 5
Examples of topics to search (google scholar, web of science) to help students make the first steps toward picking
and exploring ways to extend problems and concepts on the exam, and please be creative and follow your own
interests.

For example, in problem 1, a binary system with complete miscibility in the liquid and solid phases is shown.  You
could find a paper that adds a third component like cholesterol (which makes this model system more interesting from a
human health perspective) to introduce ternary phase diagrams and more complex non-ideal lipid thermodynamics.  
Another example, would be to find an experimental or computational study of the equilibrium constant in a molecular
system where the Boltzmann distribution of  energy  levels  is  explicitly determined or  discussed.  Hence,  extending
information and examples for problem 4.

All  of  the  above  problems  represent  starting  points  for  advanced  biophysical  chemistry  and  molecular
thermodynamic topics.  Therefore, it should be easy to find scientific journal articles that expands a little (or a lot)
on all of the biochemical systems and/or thermodynamic concepts in each of the above problems.  

Extra Credit: After your exam is turned in, it will be put into an anonymous peer review system (in Canvas) and
students will  have 1-2 days to peer review three randomly assigned exams.  Students who provide insightful
comments will  receive 15 extra credit  points (5 pts/exam).  These points will  only be given to students that
provide detailed corrections and comments on each of the 3 assigned exams and for each problem within the
submitted  exam.   I  think  it  is  possible  to  leave  comments  directly  in  the  Canvas  LMS.   However,  it  is
recommended that the peer reviewer directly comment on the students pdf exam document. 
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