
Problem Set #1 Ð Chem 391 - Solutions 
 
1. Note that the pKaÕs of the α-carboxylic acid and ammonium groups can be 
assumed to be roughly constant at 2.3 and 9.6 for all amino acids.  That means the 
carboxylate will be deprotonated at pH 5-9, and the ammonium group will be 
protonated in that pH range. 
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Note that the protonated form of histidine is arbitrarily drawn with a double bond to the ε nitrogen 
Ð it could just as well be drawn to Nδ.  The positive charge is distributed throughout the ring via 
resonance.  In the deprotonated state, histidine can exist as two, roughly isoenergetic tautomers Ð 
both are drawn here (at pH 7 and 9), but neither is necessarily preferred over the other in this 
peptide at either pH. 
 
2. For the following processes, identify whether the reaction is spontaneous and whether it is 
entropically or enthalpically favorable (assume the standard state for initial conditions). 
 
Reaction Spontaneous? Enthalpically 

Favorable? 
Entropically 
Favorable? 

a. 2 H2(g) + O2(g) → 2 H2O(l) Yes Yes!  Way 
exothermic 

No, 3 → 2 

b. C6H12(l) → C6H12 (aq) 
 

No Yes, better vdW for 
C6H12 

No, loss of solvent 
entropy despite gain 
of entropy for C6H12 

c. H2O(s) → H2O(l) Yes No, endothermic Yes, liquid more 
disordered than solid 

 
3. The C-H¥¥¥¥O=C debate. 
a. RANT:  In the figures given in the PS, it is clear that one obtains a much closer approach 
between the oxygens in an O-H¥¥¥¥¥O=C interaction than would be allowed by vdW radii.  The 
distance of approach is 2.8 •  or so, the combined radii of two oxygen atoms is 2.8 • , so the 



hydrogen atom gets just plain buried.  As for a C-H¥¥¥¥¥O bond, the distance of approach is much 
broader, reflecting a relatively shallow energy vs. distance profile, similar to a vdW contact (see the 
LJ potential plot), but is centered at about 3.8 • .  That exceeds the C/O  combined radii by 0.6 •  
(oxygen is 1.4 •  and carbon is 1.8 • ).  A schematic scale drawing is shown below.  Note that the 
distance between oxygen (red) and hydrogen (light blue) exceeds their vdW radii and places these 
atoms close to the vdW contact distances, where the vdW forces are optimized for the most 
energetically favorable contact.  
 

 
b. COUNTERRANT.  Sorry, I tried, but I just donÕt buy it.  These guys didnÕt convince me, 
but I chose the paper as a review article referenced in an article that was convinced we all believe in 
C-H¥¥¥O H-bonds now.  As they say in German, ÒQuatsch.Ó  Look at this figure: 

 
Note the N-H¥¥¥O H-bond.  2.8 •  separation from N to O.  Their combined vdW radii is 2.9 • .  
Now look above it to the 3.3 •  separation between the O and C (combined vdW radii: 3.2 • ).  
Granted, the hydrogen is buried in there, but letÕs look at the H-O distance, 2.3 •  vs. the 1.8 •  
distance between O and H in the N-H¥¥¥¥O H-bond.  Why is the O¥¥¥¥H distance longer when 
carbon is the donor?  Because it isnÕt an H-bond, itÕs a vdW contact.   
 
 
4. Consider molecules A & B below.   
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a. Identify heteroatoms (N & O) that can act as H-bond donors by circling them.  If they can 
act as acceptors, draw a square around them.  If they can both donate and accept, draw a diamond. 
b. Redraw A & B and orient them so that each molecule is both donating an H-bond to and 
accepting an H-bond from the other.  Be careful!  Make sure that the H-bond has a roughly 180û angle 
about the hydrogen atom.  Here are three approaches to the problem (there are more): 
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5.  Consider the following data for the transfer of a small organic molecule from the aqueous phase 
to a pure liquid phase at 298 K. 
 

Transfer ∆G 
(kcal/mol) 

K ∆H 
(kcal/mol) 

∆S  
(cal/mol•K) 

C2H6(aq) →C2H6(l)  -3.8  610 +2.4  +21 

C3H8(aq) → C3H8(l)   -5.0  4600 +1.9  +22  

C2H5OH(aq)→ C2H5OH(l)  -0.8  3.9 +2.4  +10  

 
a. K = e-! Gû/ RT which adds to table as above. 
b. In each case the transfer is unfavorable (endothermic), indicating that that the intermolecular 
forces between water and the various solutes are stronger than those occurring between solvent 
molecules in the pure organic phase.  For ethane and propane, this is probably because of stronger 



vdW forces taking place with water, due to enhanced induced dipole forces.  With ethanol, 
improved hydrogen bonding opportunities are also likely to be involved. 
c. In all cases, it is entropically favorable to transfer the organic molecule from the aqueous 
phase to the organic phase.  The entropic favorability is greater for ethane and propane because they 
are purely non-polar, and the importance of the hydrophobic effect (disruption of clathrates) will be 
more important for them. 
 
6. ANGELINA, in line drawing at last. 
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