Problem S #1 D Chem 391 - Solutions

1 Note that the pK @ of the a-carboxylic acid and ammonium groups can be
assumed to be roughly congtant a 2.3 and 9.6 for al amino acids That means the
caboxylate will be deprotonated & pH 5-9, and the ammonium group will be
protonated in that pH range
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Note that the protonated form of higtidine is arbitrarily dravn with a double bond to the & nitrogen
Dit could just as well be drawvn to N§. The positive charge is digributed throughout the ring via
resonance. In the deprotonated sate, higidine can exist as two, roughly isoenergetic tautomers B
both are drawvn here (& pH 7 and 9), but nether is necessarily preferred over the other in this
peptidea either pH.

2. For the following processes, identify whether the reaction is spontaneous and whether it is
entropicdly or enthdpicaly favorable (essume the sandard stae for initid conditions).

Reaction Spontaneous? Enthalpically Entropically
Favorable? Favorable?

a 2H,g+ O,y — 2H,0, Yes Yest Way No,3—2
exothermic

b. CHyzpy = CeH iz No Yes, better vdWfor  No, loss of solvent
CHy, entropy despite gain

of entropy for CH,,
c.H,04 — H,0 Yes No, endothermic Yes, liquid more

disordered than solid

3. The C-H¥0O=C debate.

a RANT: In the figures given in the PS it is clear that one obtains a much closer goproach
between the oxygens in an O-H¥#0O=C interaction than would be dlowed by vdW radii. The
digtance of gpproach is 2.8 ¢ or s0, the combined radii of two oxygen aoms is 28 ¢, s0 the



hydrogen atom gets just plain buried. As for a C-H¥#%O bond, the distance of gpproach is much
broade, reflecting a relatively shdlow energy vs. distance profile, smilar to a vdW contact (see the
LJ potentid plot), but is centered a about 3.8+ . Tha exceedsthe C/O combined radii by 0.6 ¢
(oxygen is 1.4« and carbon is 1.8 ). A schematic scde drawing is shown below. Note that the
distance between oxygen (red) and hydrogen (light blue) exceeds their vdW radii and places these
aoms close to the vdW contact distances, where the vdW forces are optimized for the most
energeticaly favorable contact.

b. COUNTERRANT. Sorry, | tried, but | just don®buy it. These guys didn® convince me,
but I chose the pgper as areview article referenced in an article that was convinced we dl believe in
C-H¥0 H-bondsnow. Asthey say in German, GQuatsch.O Look at this figure:

{a)

Note the N-H¥&0O H-bond. 2.8 ¢ separation from N to O. Ther combined vdW radii is 2.9 » .
Now look above it to the 3.3 « separaion between the O and C (combined vdW radii: 3.2 ¢ ).
Granted, the hydrogen is buried in there, but let® look a the H-O distance, 23 « vs the 1.8 «
digance between O and H in the N-H¥#0O H-bond. Why is the O¥#H distance longer when
carbon isthe donor? Because it isn®an H-bond, it@avdW contact.

4. Consdea molecules A & B below.
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a | dentify heteroatoms (N & O) that can act as H-bond donors by circling them. |f they can
act as acceptors, draw asguare around them. If they can both donate and accept, draw a diamond.
b. Redraw A & B and orient them so0 tha each molecule is both donaing an H-bond to and
accepting an H-bond from the other. Becardul! Make sure tha the H-bond has aroughly 1800 angle
about the hydrogen aom. Here are three goproaches to the problem (there are more):
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5. Condgde the following daafor the trandfer of a smal organic molecule from the aqueous phase
to apureliquid phase a 298 K.

Transfer AG K AH AS
(kC"‘l/ mol) (kcal/ mol) (Cal/ mol°K)
CzH 6(&‘1) —>C2H 6(|) '3.8 610 + 2.4 + 21
C3H 8(&‘1) i C3H 8(|) '5.0 4600 + 1.9 + 22
CZHSOH(H])e C2H5OH(|) '0.8 3°9 +2.4 + 10

a K = €' ®*R which addsto table as above.

b. In eech case the transfer is unfavorable (endothermic), indicating that that the intermolecular
forces between waer 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 teking place with water, due to enhanced induced dipole forces. With ethanol,
improved hydrogen bonding opportunities are dso likely to be involved.

C. In al cases, it is entropicdly favorable to transfer the organic molecule from the agueous
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 clathraes) will be
more important for them.

6. ANGELINA, in linedrawing & last.
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