CHEM 3311 Exam#1  Name K"/‘Qf
Dr. Minger June 10, 2013

Please read and sign the Honor Code statement below:

| pledge that on my honor, as a University of Colorado at Boulder

student, | have neither given nor received unauthorized assistance on
this exam.

Signature

General Instructions: There are 25 questions. Be sure you have them all. Read each
question carefully so that you know exactly what is being asked.

Each multiple choice question (1-25) is worth 4 points and has only one correct
answer. Bubble in your answers to these questions on the Scantron provided. Only the
Scantron will be graded, not anything that you write on the exam.

At the end of the exam, turn in your Scantron and this signed cover sheet. You may
keep the rest of the exam to check your answers against the key later.

Good luck!
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1. Dimethyl fumarate, shown below, was approved in March 2013 by the
Food and Drug Administration for the treatment of patients with muitiple

sclerosis.

Which of these statements about dimethyl fumarate is true?

a
b.
C.

@
e.

N :0:
esder
dimethyl fumarate

s{;’ se esier

3

SP

All the carbon atoms are sp hybridized.
All the carbon atoms are sp® hybridized.
Dimethyl fumarate contains at least one carboxylic acid.
Dimethyl fumarate contains at least one ester. ¢
There are six (6) hydrogen atoms in dimethyl fumarate, T42+¢ 47¢

2. What is the overall charge on this chemical species?
@.D.0
N=N=N
a. 2-
&> -
C. 0
d. 1+
e. 2+
3. Which of these structures is not a constitutional isomer of the others?
OH
N OH NN
A B © D E

Has 5 ¢
— The oHurs
have 4



4. Curved arrows are used to convert one resonance contributor (resonance
structure) to another. In this picture, X and Y are contributors to the same
resonance hybrid:

Which of these structures shows the correct arrows to convert X to Y?

oM
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9. Here are three resonance structures that belong to the same resonance
hybrid:
O =)
HoX Hok
©
P Q R

In these structures, all the lone pairs of electrons are shown, but the
formal charges are not calculated. You will have to draw them in.

Which of these statements about the structures is correct?

P is the most minor contributor and R is the major contributor
P is the most minor contributor and Q is the major contributor
R is the most minor contributor and P is the major contributor
Q is the most minor contributor and P is the major contributor
R is the most minor contributor and Q is the major contributor

.‘DQF’F’?’



6. Which of these structures contains an oxygen atom with sp® hybridization?

HoH e i @
NN /\OH /U\ :C=0¢
w X o Y X z X
a. W
@ W and X
C. W, Xand Y
d. X
e. Y
7. What do these three structures have in common?
CHj Jok ;'T':
/k /H\ B
HsC™ @ CH, HaC CHa ‘F F:
— L4 /-
Xa.  There is tetrahedral geometry around the central atom. ! "‘j“‘al plana
)( b. All three structures have at least two other reasonable resonance

structures (e.g., structures with minimized formal charges)
', Each structure has at least one atom with an unhybridized p orbital.

X d. All three structures are polar.
X e. The three structures do not share any of the common features
listed in choices “a” through “d".

8. Consider the ion He,*. How many electrons are in the antibonding orbital
for this ion?
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Questions 9, 10 and 11 relate to Seroquel, a medication prescribed as an anti-
psychotic. Here is the structure of Seroquel:

aw M

\ e

: :<< HO alco‘/"’

Seroquel (Quetiapine)

9. What is the geometry around the carbon indicated by the arrow?
a trigonal planar
b. linear
C © tetrahedral
d. octahedral
e bent
10.  What is the hybridization of the atom indicated by the arrow?
a SP,
b. sp
= © s
d. The indicated atom is not hybridized.
11.  Which of the following functional groups is present in Seroquel (i.e., which
of these names would be a reasonable way to classify this structure)?
a. ester
12 (> ether
C. ketone
d. carboxylic acid
e amide
_ ¥
12.  What is the bond order for Hy*? ¢
( ‘u \ - O g
a. 0 1 / \ H — T O'
B @® o5 e\t %
C. 1.0 Sy /
d. 1.5 \\'} )
e. N R

one of these \



13.

14.

Here is the structure of cantharidin, a poisonous compound excreted by
blister beetles. Although it has medicinal uses for humans when applied
appropriately, it has also been used historically (and illegally) as an
aphrodisiac.

Cantharidin

What is the percentage s character in the hybrid orbitals on the oxygen
indicated by the arrow? Note that the lone pairs are not shown in this
structure, but all atoms are neutral (zero formal charge).

a 25% It s Sf be(au% DF e sonauce
. By )
® 33.3% P
c 50% ,< &
d  66.7% L\}§3 > [ %o
e 75% i \g
T0! O

How many nodes are there in this orbital? (The picture represents one
orbital.)
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Questions 15, 16 and 17 involve the structure of carvone. Carvone is a naturally
occurring oil found in spearmint, caraway and dill. It is used extensively in food
because of its flavor. (According to Wikipedia, Wrigley's spearmint gum is soaked
in carvone and coated with sugar.) Use the numbering system on the structure to
answer questions.

9 1011

carvone

15.  What orbitals overlap to form the pi bond between C1 and O-27?

pandp
b.  sp®and sp®
c. pandsp’
d. sp®andsp’
e. sp’andsp®

16.  What orbitals overlap to form the sigma bond between C1 and C3?

a. pandp

b.  sp®and sp?

c. pandsp’
@  sp’and sp®

e. sp’andsp’

17.  Each of the lone pairs on O2 is contained in what type of orbital?

a S

b p

C. sp
P’

e. sp
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18.  Here is a molecular orbital diagram for CO, carbon monoxide. The atomic
and molecular orbitals are labeled. Even though it is more complicated
than the diagrams you have seen, the same principles apply.
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Carbon
atom ‘H“ 2s
a1 -H-. Oxygen

alom
Carbon monoxide

CO

According to this diagram, what is the HOMO in CO?

.ms:-.o@sv

01

0.3

2p
TT*
None of these

19.  For the major resonance contributor for CO, what are the formal charges?

a.
®
C.
d.
e.

@D

L J
[}

+ on carbon, ~ on oxygen S

1 on oxygen, #~on carbon e C =0
zero on carbon, zero on oxygen ¢

+ on carbon, zero on oxygen

zero on carbon, + on oxygen



20. How many hydrogen atoms are on the carbon indicated by the arrow in
this structure?

a. Zero
@ One
C. Two
d. Three
e. Not enough information

21.  Which of these structures is a secondary aicohol?

OH

a) B c D E

22. Some of the carbons in this structure are labeled. Which of them is a
tertiary carbon?

23. How is this amine classified?

/\/\NH2

A Primary
b. Secondary
C. Tertiary
d. None of these



24.

25.

o 2o oly

Sabinene and limonene are compounds called “terpenes” that are
commonly produced by plants. For example, sabinene is isolated from oak
and spruce oils and is also responsible for some of the flavor of black
pepper. Limonene is isolated from the rind of citrus fruits and is used in
perfumes and cleaning products.

<o Mg
Cioty,
sabinene limonene

Are sabinene and limonene constitutional isomers?

Yes
b. No

Justinbieberone is a toxic compound produced by the pet monkeys of teen
pop stars. Exposure to this compound causes obnoxious behavior.
Unfortunately, its effects are permanent.

o)
H 0]
N

OH
0

Which of the functional groups listed below does NOT appear in this
compound?

ester

amine
epoxide
ketone
carboxylic acid





