Exam1l Chem 3045x Friday, October 1, 1999

ANSWER KEY':
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1 (10 Points).  Congder the composition CH,N,. Draw the Lewis structures of 5

condtitutional isomers which possess this compostion. The structures must obey the
octet rule and explicitly indicate the forma charges on any of the atoms.

HL——N==N < ™ Hc=—=n=N. RESONANCE FORMS
Ha
N/C\N Hal—C=W, HY==C==WH
= HN=N——Ci{
/<H:\ HAN=C, R
—NH )
Y H\,;——N==CH

2. (15 Points).  Condder the reaction of formic acid (A) with aproton. The proton
could be imagined to add to either of the oxygen atoms (1 or 3) or to the carbon atom

2.
1o
T —
H™ 2 “OH
3
A

@ Draw the Lewis structures resulting from each possibility and draw a circle around the
Lewis structure that you believe would be the most likdly (most stable).
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(b) Give your reasoning for selection of the most stable structure.

O1 protonation most stable because it is resonance stabilized.

Exam 1. C3043. Friday, October 1, 1999 p. 3



3. (15 Points).  Condder the composition Co,HgO. There are two congtitutiona
isomers which are condgstent with this compogtion.

@ Draw the Lewis structures for each these two isomers.

s Ho
03 C H
/ \
HC CH, e \.o,/
C
B

(b) In fact, two substances and only two substances possessing the composition are know
to exist and are quite stable. One of these substances (B) boils at 78 °C and the other
substance (C) is a gas at room temperature (20 °C). Draw acircle around the structure
you have written above for the isomer that boils a 78 °C and label it B.

(© Explanwhy B hasamuch higher bailing point than C.
Both molecules have smilar shapes and sizes. C does not possess hydrogen bonding
ability. B can hydrogen bond, like water. Intermolecular hydrogen bonding causes

grong intermolecular interactions for B and a higher boiling point.
(seep. 127 Text)
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4. (15 Points).  Consider the substance 1,2-dichloroethane.

@ Draw the Newman projection for the most stable and the next most stable conformer of
1,2-dichloroethane.

Cl

|

Next Most Stable

Exam 1. C3043. Friday, October 1, 1999 p.5



(b) At room temperature 1,2-dichloroethane is reported to possess a dipole moment of
approximately 1 Debye. However, at very low temperatures (near — 273 °C), it is
reported that the dipole moment of 1,2-dichloroethane is gpproximately 0 Debye units.
Assuming that both reports are correct, use your knowledge of conformationd analyss
to explain why the dipole moment of 1,2-dicloroethane isfinite (1 Debye) at room
temperature and O at very low temperature.

At Room Temperature, asmall population of gauche dichloroethane exigts ( since the therma
energy is high enough to dlow some of this higher energy conformation). Thisform hasa
dipole moment.

At very low temperature, only the anti-form exists. This form has zero dipole moment.
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(@)

(b)

(10 Points).  Draw the structure of the mgor product expected from each of the
following reactions. Y ou do not need to draw a mechanism, just the Lewis Structure of
the major product:

Br .
OH
HC| c
>
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Bro
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Light
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6. (10 Points).  Condder the two isomeric 1,3,5-trimethyl cyclohexanes (D and E)
whose wedge—dash structures are shown below.

O
m

@ Draw clearly the most stable conformation of D and the most stable conformation of E.
Labd the methyl groups as axia or equatorid in each drawing.

e

All equatorid.

D, most stable conformer

2eg. 1 axidl.
E) most stable conformer

(b) Which of thetwo isomers, D or E is more stable? Explan.

D ismore stable sncein this conformation al methyl groups are equatoria, compared to E, in
which 1 methyl group is axid.
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7.

@

H3C

(b)

(©

(20 Points).  Congder the reaction of (CHz)sCOH with HBr.

Draw the Lewis structure of the mgor product expect from reaction.

CHg CHs

CHg CHj

Draw an energy diagram of the reaction profile for dl of the dementary stepsleading
from reactants to products, indicating clearly energy maximaand minima.and their
relative energies. Draw the structures of any reactive intermediates and transitions
above the appropriate energy postionsin the energy diagram.

SeeText p. 141, Figure4.11

Would you the addition of NaBr to influence the rate of the reaction? Explain.

Thisisan Snl reaction. The rate determining step involves breaking the carbon-oxygen
bond of the oxonium ion. This step does not involve Br-, therefore no effect of added
NaBr.
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8. (20 Paints). The mogt stable structure of amethyl carbonium ion could theoreticaly be
ether planar or non-planar.

@ Draw clearly the most stable structure of the methyl carbonium ion and indicate whether
it is planar or non-planar.

BN
o
H P

anar

(b) Discuss briefly the reason(s) for your sdection of the planar or non-planar structure.

1) sp2 bonds stronger than sp3 , planar conformation has 3 $p2 bonds.

2) planar conformation puts al s-character into bonds which have eectrons.

3) planar conformation has less steric hindrance between bonds (VSEPR), C-H bond eectrons
come closer to the nucleus.
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