CHEM 100 Name
Exam 3 Summer 2011

Due by 3:00 PM Tuesday, June 26
NO LATE PAPERS ACCEPTED!

Follow instructions on the attached exam. Clearly mark your answers. YOU MUST SHOW
YOUR WORK TO RECEIVE CREDIT.

Instructions

e This exam MUST be completed INDIVIDUALLY and in your own words. Group work or
plagiarism will result in a zero for the exam. You may not receive assistance from anyone
else.

o Before opening the exam, prepare for it like you would for a traditional, in-class exam.
Review concepts and examples from the text, as well as those discussed in class. This
preparation will help to maximize your effort on the exam and allow you to complete it more
efficiently. You should be able to complete the exam in 50 minutes or less.

e Once you have completed the exam, you may refer to your textbook or lecture notes for a
maximum of 20 minutes to verify and/or correct your answers. You MAY NOT use the
internet!! All answers must be in your own words, verbatim copying from the text will
result in a score of zero for the problem.

“Open Book” Portion Time Restriction

You may spend no more than twenty (20) minutes using your book or notes to aid you on this
exam. This must be in one continuous block of time. You are on your honor to adhere to this
restriction and record the time spent in the chart below.

Date Time Began Time Finished Total Time

Total Time Spent with Open Book

Pledge

| pledge on my honor that | have completed the exam in accordance with the above instructions
and that | have not provided or received unethical assistance. | realize that failure to comply
with these instructions will result in a score of zero on the exam.

Signature Date




CHEM 100 Name
Exam 3 Summer 2011

Part I. Multiple choice. Circle the correct answer for each problem. 3 points each

1. A compound containing only carbon and hydrogen and which has no double bonds between
atoms is classified as an
a. alkene. b. alkyne. c. aromatic. d. alkane.

2. In organic chemistry, compounds are generally classified by
a. state. b. color. c. functional group. d. odor.

3. Monomers are

a. ethylene. b. small polymers.
c. small building blocks of polymers. d. all of the above

4. The segment of a polymer shown below represents a
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a. polyester. b. polyamide. c. polyethylene. d. polystyrene.
5. H3O"is called the

a. hydroxide ion. b. hydrogen ion.
c. hydrate ion. d. hydronium ion.

6. The compound CH3NH, reacts with water to form CHsNHs;" and OH". In this reaction,
CH3NH; is acting as a(n)

a. salt. b. base. c. acid. d. solvent.

7. If the concentration of a dilute solution of nitric acid is 0.00010 M, what is the pH of that
solution?

a.14.0 b.7.0 c.4.0 d.5.0



8. The primary structure of a protein is determined by

a. the intertwining of protein molecules to form a "functional” protein.

b. the order of amino acids in the protein.

c. the hydrogen bonding that gives the protein three dimensional shape.
d. the amino acid composition.

9. The most important feature that distinguishes one DNA molecule from another is (are)

a. the type of phosphate bonds.

b. the order of the bases attached to the sugar phosphate backbone.
c. the type of sugar in each molecule.

d .all of the above features

10. Aspartame, shown below, is the artificial sweetener in Equal and Nutrasweet. What is the
molecular formula of aspartame?
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a. Ci13H16N205 b. C14H1sN20Os5 C. C14H16N205 d. C14H16N2O3

Part 1l. Complete each of the following. Point values are noted by each question.

11. Identify the functional group shown in each structure: (8 points)

o}
I O A. ether
_E_ HaC C A HsC CHjy B. ketone
NH CHj C. ester
') 0O D. carboxylic acid
|| I E. amide
—C e C —B_ L F. amine

o7 e, HaC™  “CHy



12. Briefly describe the similarities and differences between addition polymerization and
condensation polymerization. (8 points)

Similarities: Both build larger molecules from small, bifunctional molecules called
monomers.

Differences: In condensation polymerization, all of the atoms in the monomer appear in the
polymer. In addition polymerization, a small molecule like water is produced each time
monomers combine. Therefore not all of the atoms in the monomers appear in the polymer.

13. Define the following terms in a sentence or two each: (8 points)
a. active site: The location in a molecule (like an enzyme) at which the reaction occurs.
Often shape and intermolecular force specific.

b. base pair: Specific nitrogen bases in DNA that couple with one another by hydrogen
bonding in the DNA structure.

c. peptide bond: The amide linkage that connects amino acids in a protein.

d. secondary protein structure: Specific geometric shape of the protein caused by inter-
and intramolecular hydrogen bonding.



14. Calculate the hydroxide ion concentration ([OH], in moles OH" per liter) and pH for a
solution made by diluting 3.50 g of NaOH (molar mass = 40.00 g/mol) to 250 mL with water.

(8 points)
First to determine the concentration of OH:
35gNaOH x 1melNaOH x 1molOH = 0.0875 mol OH

40.00 g-NaoH 1 mol-NaOH
So, the concentration of OH™ = (0.0875 mol OH/0.250 L) = 0.350 M OH"

We need H" concentration to determine pH. We know that [H*][OH] = 1.00 x 10", so,
[H'] = 1.00 x 10™**/[OH]
[H*] = 1.00 x 10™%/0.350M
[H]=2.86x10"

Then, pH = -log(2.86 x 10™) = 13.54, which is basic, as we would expect for a solution of
NaOH.

Part 1ll. Complete the following 4 problems. YOU MUST DO ALL FOUR PROBLEMS! Each
problem is worth ten (10) points. You must show you work on calculations to receive partial
credit. Report numerical results to the correct number of significant figures and with the
appropriate units.

15. Hydrochloric acid (HCI) is classified as a strong acid, while acetic acid (CH3;COOH) is
classified as a weak acid. Explain what these terms mean. If you could examine a 0.10 M
solution of HCI and a separate solution 0.10 M of acetic acid on a molecular level, what
would you expect to see in each? How would the pH of each solution compare?

Key points to include:

e Strong acids dissociate completely. So, for a solution of HCI, an molecular-scale
investigation would find essentially no intact HCI in solution, but instead 0.10 M H;O"
and 0.10 M CI’

e \Weak acids do not dissociate completely. So, for a solution of CH;COOH, an
molecular-scale investigation would find a significant amount of intact CH;COOH in
solution, and only small amounts of H;O" and 0.10 M CH;COO'".

e Since the 0.10 MHCI solution is expected to have a larger concentration of H;O" than
the CH3COOH solution, the HCI solution should be more acidic and have a lower pH
than the acetic acid solution.



16. Compounds that can serve as monomers for polymerization reactions must have one key
property. What property is this? Show how this property manifests itself in both addition
and condensation polymerization.

Monomers must be able to react in two locations in order for the polymer to continue to
grow. For addition polymerization, the alkene produces a di-radical that can react in two
locations and continue to grow. For condensation polymerization, the monomers must have
two functional groups that can react independently. (Example structures would be useful
here.)

17. DNA and proteins are both polymers. Outline the similarities and differences in the two
materials. How do inter- and intramolecular forces lead to interesting shapes of each
polymer?

Similarities: Both form by combining a limited number of types of monomers. The order of
monomers determines the “identity” of the DNA or protein.

Differences: Proteins are formed by amino acids, of which there are 20. DNA is formed by
phosphate sugars that have nitrogen bases attached. There are only 4 nitrogen bases in
DNA. Functional DNA consist of two polymer strands associated with one another in a
double helix. Proteins can assume a much greater variety of structure.



18. Alcohols and carboxylic acids react to form compounds by the process shown below.

i I
R—C—OH T HN—FR' R—C—NH-R® T HO
a. What type of functional group is formed when alcohols and carboxylic acids react?

An amide is formed.

b. The compound para-aminobenzoic acid (PABA) has seen significant use as a
component of sunscreens. Complete the reaction of PABA with methyl amine.

O O]
_CHg
R — R H,0
HN H,N
c. Complete the reaction of PABA with acetic acid.
OH OH
No I 0 0
+ HC—C-OH I + H,0
H,N HsC” “NH

Bonus (4 points)

What is the molecular formula of PABA? (The structure of PABA is shown in above.) C;H;O;N



Possibly Useful Information

pH = -log[H"] [H*] = 10°"
[H][OH]=1.0 x 10 Na = 6.02 x 10% mol™
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