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Chemistry 233-002
Exam 1

Fall 2017

Instructions: The first 16 questions of this exam should be answered on the provided Scantron. You
must use a pencil for filling in the Scantron sheet. Ensure all erasures are complete. Any questions
left blank will be marked incorrect. Any question with multiple answers selected will be marked
incorrect. Answer the remaining questions on the exam itself. Show all work and provide complete

explanations.

Please write your name on:
e The first page (Exam Cover Page)
e The second page (Grading Page)
e The Scantron Sheet - Circle your Last Name

Please bubble in your WVU Student ID Number on your Scantron sheet.

MI

Dr.J. Osbourn
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Multiple Choice
Choose the one best answer for each of the following questions. Using a pencil, record this answer
on the provided Scantron sheet. (2 points each)

1. What is the hybridization of the indicated atom in the structure below?
®

: O:—
/\)l\
a. sp
b. s
c. sp?
d. p
e. sp3
2. The approximate pKa values of protons I and Il are and , respectively.
I —HO
\E> ——H = ]
a. 16,35
b. 11,35
c. 16,25
d. 11,45
e. 12,25

3. How many hydrogen atoms are present on the indicated carbon atom?

80 o
o
=
o

4. The molecule shown below has c-bonds and lone electron pairs.

~

~

~

('DP..O_CY'QJ
N OV 00 O Ul
DN U1 U1 U1 Ol

~
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5. Which of the following pairs of structures represent resonance structures?

®0

/\)l\

@)

PN

d

S ..
0 ® O and
)\/\ /\)J\

c.
more than one of
the pairs represent
®
/\]/ and

® resonance structures

an
a.

d and “ Y e.
b. d.

6. Which one of the indicated C-C single bonds is the shortest?
w
bt
b

a

Q

7. If the molecule below were reacted with a strong base, which proton would the base react with

preferentially?

b.

| e
| OH NH 2’/
H =

OH=—UGd.

8. Consider the three resonance structures shown below. Which would be the major contributor to
the resonance hybrid?

s s s
@ > >
| O
O O O
a. b. c.
9. Which molecule below contains both a thiol and an alkyne functional group?

N N
/ /
i D D s
a. b. c. d.
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10.

11.

12.

13.

What type of orbital overlap is present in the indicated bond?

N

T

a. Csp3-Csp3

b. Csp?-Csp?

c. Csp?-Csp? and Cp-Cp

d. Csp?-Csp?

e. Csp?-Csp3? and Cp-Cp

Using the orbital picture shown below, determine the type of orbital overlap that is present in

the indicated o-bond.

N\

a. p-sp?
b. s-sp?
c. s-sp3
d. p-sp?
e. sp3-sp?
Which compound below would you expect to be the strongest base?
O Cl O
\/\O@ \)]\O@ \)\O@ \)]\O@
a. b. cC. d.

Evaluate the legitimacy of the Lewis structure shown below.
H :0-H
c=c=C/

H H

a. The structure is legitimate.
b. The structure is not legitimate because the oxygen does not have an octet.

c. The structure is not legitimate because the formal charges are not shown.

d. The structure is not legitimate because the middle carbon lacks an octet.

e. The structure is not legitimate because the leftmost carbon is missing a lone pair.
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14. Consider the structure shown below, which is called a free radical and contains an unpaired
electron on the carbon. What is the formal charge on the carbon atom?

HsC—C—CH
3 H, 2

a. 0

b. +1

c. -1

d. +2

15. Which two carbon atoms participate in the longest C-C 6-bond?

X
23|

5 7

C1-C2
C2-C3
C3-C4
C6-C7
C7-C8

® o0 o

16. Rank the compounds below in order of increasing acidity.

HCI HBr H,0 NH,4
| Il 1} v
a. IV<Ill<I<Il
b. llI<IV<I<II
c. lII <IV<Il<lI
d IV<Il<I<Il
e. I<II<IV<III
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Completion Section

Answer the remaining questions in the spaces provided. Show all work and provide complete
explanations.

17. Provide the formula (CxHy), name, and skeletal (bond-line) structure for the straight chain
alkanes containing 4 carbon atoms and 6 carbon atoms. (3 points each)

#C Formula Name Skeletal Structure
4

18. For each compound shown below, complete the table by drawing the missing skeletal or
condensed structure. (2 points each)

Condensed Structure Skeletal Structure

: A
OH

b CH;CH,CHCI(CH,),CO,H

¢ /\/\(\Br

19. Below is the structure of tetracycline, an antibiotic used to treat a number of infections with skin

infections being the most common. Identify the five indicated functional groups in the molecule.
(5 points)
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20. Draw a valid uncharged Lewis structure or skeletal structure for a compound with the
molecular formula C4He. (4 points)

21.Use the molecule shown below to answer the following questions. (2 points each)

c D a. What is the hybridization of nitrogen A?

o) l l
) RN . . . .
SN:<——p b. In what orbital does the lone pair on nitrogen B reside?

c. What is the geometry at carbon C?
d. What is the approximate bond angle at carbon D?
e. How many total n-bonds are present in the molecule?
f. What is the molecular formula of the molecule?
22.For each reaction shown below, draw in curved arrows in the reactants to show electron flow

and predict the product(s). (2 points each)

a. -~ NH, + BFs —

23. Determine the formal charge on each of the indicated atoms. (1 point each)
ok

O /\é_ I

l H SO
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24.For each structure shown below, complete the following: (12 points)
e Draw all relevant resonance structures. (2 pts each structure)
e Use curved arrows to show electron flow. (1 pt)
e C(ircle the “best” resonance structure (the major contributor to the resonance hybrid). (1 pt)

H
a. \@(j/go -~ -~

b. /\)Q ~ .~
HoN X

25. For the acid/base reaction below: 1. Draw the correct products; 2. Label the acid (A), base (B),
conjugate acid (CA), and conjugate base (CB); 3. Circle the set of equilibrium arrows that best
represents the direction in which the reaction lies. (4 points)

/w/NHQ + /\@ or +

26.Rank the indicated protons in the molecule below from most acidic (1) to least acidic (4). (4 pts)

TRy sue

)

27.For each pair, circle the molecule that is more acidic and provide a very brief explanation for
your choice. (3 points each)

“OH o Y TOH SNHz o S NH2
F Br
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