CHEM 101 CONFERENCE Intermolecular Forces & alLittleLab Practice
NovEMBER 14/15, 2007

1. For the following molecules, circle those groups that are potential H-bond donors and put
those groups that are potential acceptors in squares. Which of these molecules are capable of
hydrogen bonding with other molecules of the same compound?
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Note that the —SH group is neither an H-bond donor or acceptor. H,S has exactly the boiling
point one would expect based on vdW forces. The S-H bond dipole is about the same as the C-H
bound dipole.

2. Which in each of the following sets of compounds would you expect to have the highest
boiling point? Briefly rationalize your answer.

H Cl Cl Cl

T S G LN

Cl H H H

The molecule on the left is non-polar, while the cis-isomer has a molecular dipole and can
interact via dipole-dipole interactions.

b) FBr or NaBr
NaBr is an ionic compound and has full charges on Na® and Br, which allow ion-ion
interactions.

C) CH3CH(CH3)2 or CH3CH2CH2CH3
Although they are isomers, the molecule on the right has more surface area.
d) CH3CH20H or HOCHzCHzOH or CH3CH2CH3

The molecule in the middle (ethylene glycol, which is used in antifreeze) has the most
opportunities for H-bonding.
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This molecule can hydrogen bond with itself.




f) CH3CH2$H or CH3CH2CH3

Sulfur is a larger, more polarizable atom and has stronger dispersion forces that carbon.
g) Aror Xe
Again, Xe is a larger, more polarizable atom, and has stronger dispersion forces.
4. Four component “bases” of DNA are shown below. A makes two H-bonds with T, and

G makes three H-bonds with C. Redraw them and show to show how the interactions take place.
(It might help to label H-bond donors with a “d” and acceptors with an “a”.)

5. What will be the dominant intermolecular forces taking place in samples of each of the

following molecules? van der Waals / dipole-dipole / H-bonding / ion-ion? Which compound
will have the highest melting point?
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3. Human depot fat (the stuff that makes love handles) is described in the following table.
Fill in the missing formulae and molecular weights to complete the table (it might help to
complete part “a” first, though).

Fatty acid Percent of | Formula Mol. Wt.
Human Fat (g/mol)
16:0 6.0 C,H;,0, 256.4
18:0 8.0 C,;H;O, 284.5
18:1cisA-9 69.0 C;H,,0, 282.5
18:2 cisA-9,12 17.0 C,;H;,0, 280.5
a. Draw the structure of the 18:0 and 18:2cisA-9,12 fatty acids.
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b. What is average molecular weight of a triglyceride found in human depot fat? (R,, R,

and R, are fatty acid hydrocarbons present in the proportions described above. (See back of this
page for some helpful hints.)

6.0"(MW 16:0) +8.0"(MW 18:0)+69.0"(MW 18:1) +17.0"(MW 18: 2)

ave GAW fatty acid= 100
n g n L \l
ave GAW fatty acic= 6.0"(256.4%,,) +8.0"(284.5%..) ;06:0 (282.5%,,) +17.0"(280.5%,,) _280.8,

ave. GAW triglyceride = MW (glycerol) — 3*(MW H,0) + 3* ave. MW fatty acids
ave. GAW triglyceride = 92.1 ¢/, — 3*(18.0 ¥/,,,) + 3*(280.8 ¢/,,.,) = 88059,

c. How many moles of H, are needed to react with all the double bonds in one mole of
human fat to saturate it?

Ave. # double bonds/mole fatty acid = 0.69 mol(1 db) + 0.17 mol(2 db) = 1.03 mol db/mol fa
With three moles fa/mole triglyceride, that means 3.1 mol db/mol triglyceride

That means 3.1 moles of H, are needed per mole of human fat.

d. How many moles of hydrogen would be necessary to completely react with 10.0 g of
human depot fat?

mol H, = (moles fat)(1.03 mol H,/mol fat) = (10.0 g / 880.5 ¢/, )(3.1 ™"/ __ ) = 0.035 mol H,

mol faf



