2005 CLEARVIEW, OHIO, INVITATIONAL CHEM LAB

SCHOOL NAME TEAM NUMBER

PARTICIPANT NAMES: AND

General Safety Considerations

Wear protective glasses and an apron or clothing that covers down to your shoes (no open
toes) at al times. Avoid skin contact with solids and solutions. Dispose of al solutionsin
the contai ners provided by your teacher. Wash your hands before leaving the laboratory.
IF YOUR GOGGLES FOG UP—COME TO THE FRONT OF THE ROOM AND
ASK PERMISSION TO REMOVE YOUR GOGGL ES—otherwiseitisa DQ!

PART |: MULTIPLE CHOICE. Clearly write the |etter for the best answer on the blank

space provided on the answer sheet. F
/
1. Thehybridization of the central atom shown at theright is F-Xe-F
asp b. sp2 C. sp3 d. dsp3 e dzs,p3 \F
2. The resulting shape of the moleculein problem #1 is
a. trigonal planar d. linear g. trigona bipyramid
b. bent e. octahedral h. trigonal pyramidal
C. tetrahedral f. seesaw i. sguare planar

3. Atomshaving greatly different electronegativities (> 1.7) would be expected to form:
a. nobonds b. polar covalent bonds  c.ionic bonds d. nonpolar covalent bonds

4. Inwhich caseisthe bond polarity incorrect?

a H-F b. K-O c. Mg-H d Cl-I e S-S
& 8- 5+ o 5 8- & 8- 5+ 8-

5. Based on electronegativities, which of the following would you expect to be the
most ionic in character?
a N-Nin N, b. CaFinCaF C. C-OinCO2 d. C—HinCH4 e C-Fin CF,

F F
6. The hybridization of the central atom shown at theright is \
2 3 3 2 3

asp b. sp C. Sp d. dsp e dsp Cll
7. The resulting shape of the moleculein problem #1 is F

a. trigonal planar e. linear i. trigona bipyramid

b. seesaw f. square pyramid j. T-shape

c. bent 0. octahedral k. trigonal pyramidal

d. square planar h. tetrahedral

8. How many of the following molecules or ions contain double OR triple bonds?
NH, NH,+ HCN CO, NO, N, H.O

a0 b. 1 c.2 d.3 el ab. 5 cd. 6



9. Which of the following isavalid Lewis structure for CI3_1?
a[cl-cl -ci:].[:Ccl-Ccl-Cl:]* ¢ [Cl-CI-CI]! d[:Cl=Cl-Cl:]?

10. A covalent bond could best be described as
a. the overlap of two filled orbitals
b. the overlap of two filled valence orbitals
c. the overlap of two empty valence orbitals
d. the overlap of two half-filled valence orbitals
e. the overlap of ahalf-filled orbital and afilled orbital

f. Truelove:)
11. Which of the following species violate the octet rule?
. BF, Il. XeCl, 1ll. CO V. CHF V. SF, VI Br,
a I, 1lland VI b. land Il c. I, 1, VI d. I, I, VI e ILILV

12. Which of the following has a coordinate covalent bond?
a BF, b. XeCl, c. CO d. CHF, e. SF, f. Br,

13. When the following redox reaction is correctly balanced the sum of the final
coefficientsis:
1 +3

N — > Ag + Al
a4 b.7 c.8 d 9 e l1

+2
14. In an electrochemical cell, one haf cell contains, Mg metal in Mg ionsolution and the
other haf cell contains Pbin Pb+2 ion solution, which is the substance being oxidized?
+2 +2
a Mg b. Mg c. Pb d. Pb [see foot note for voltages)

15. In the electrochemical cell above, the voltage for the reactionis
a-250 v b. +250v C. +224v d -224v

16. When the following equation is balanced in basic solution, what isthe coefficient of the
water molecule? CN™ (ag) + MnO,™ (ag)-----> CNO™ (ag) + MnO, ()
al b. 2 c. 3 d 4 e b5

17. When water is electrolyzed, hydrogen gasis produced at
a. the cathode b. the anode ¢. midpoint between anode and cathode

18. Of thefollowing pairs, which isthe most likely to be reduced Silver metal or Tin metal ?
a Ag b. S c. Sn d. Ti

Arethefoll 2Qwi ng rezacti ons spontaneous3 (if so give the voltage) or not ( state NS)

19. Pb +Fe --—--- >SPb + Fe
a NS b. yes, +0.64 v c.yes, -0.90v d. yes, +0.90 v

-2 -1 +3
20. Cr207 +| ---->Cr + I2
a NS b. yes, + 1.87v c.yes, +1.25v d. yes, +0.79 v



PART II: LAB SIMULATION #1: COPPER RECYCLING!

Situation: a piece of copper is subjected to a series of redox, double replacement and
dehydration reactions with the recovery of pure copper. The stages of the reaction are
displayed in the test tubes placed throughout the room. Y ou may observe them at any
time, but DO NOT SHAKE the tubes.

TEST TUBE #1:
1. A 0.50 gram piece of clean copper wireis placed in atest tube.

PLACE ALL ANSWERS
ON ANSWER SHEET
TEST TUBE #2 This pageisnot scored!

1. 5.0 ml of concentrated nitric acid is added to the copper in afume hood and the
reaction is allowed to proceed. A brown gas, nitrogen dioxide, is given off
during this exothermic reaction.

Thisisthe unbalanced redox reaction:  Cu(s) + HNO, (ag) ------- > Cu(NO,), (aq) + NO, (9)

Q1. What substance is being oxidized?

Q2. What substance is being reduced?

Q3. Write the balanced net ionic oxidation half reaction in acidic solution.
Q4. Write the balanced net ionic reduction half reaction in acidic solution:
Q5. Write the balanced overall equation for this reaction.

TEST TUBE #3

1. 25 ml of 3M NaOH has been added to test tube #2 and stirred.
2. Thesolid materia formedis copper (11) hydroxide, Cu(OH)x(s).

Q6. Write the balanced net ionic equation for this reaction.
TEST TUBE #4

1. The contents of the reaction in test tube #3 has been heated to near boiling.

2. Thereaction is now complete and the contents have been allowed to
settle. The supernatant liquid was decanted. About 150 ml of hot
water was added with stirring and then the precipitate al lowed to settle.
This is done twice to wash the solid.

3. Thisproduct is copper (1) oxide, CuO(s).

Q. 7. What spectator ions was/were removed when the sample was washed?
Q. 8 What does the term “decanted” mean?

THIS PAGE ISNOT SCORED. PUT ANSWERS ON ANSWER SHEET!!!




QUESTIONS ANSWERED ON THIS PAGE WILL NOT BE GRADED.
USE THE AREA FOR SCRAP PAPER.

ANSWER ON THE ANSWER SHEET ONLY!!

TEST TUBE#5

1. Tothewashed solid in test tube #4, 25 ml of 3.0 M H,SO4 is added and the
contents stirred thoroughly.

Q. 9: What isthe net ionic reaction for this step in the procedure?

TEST TUBE #6

1. A precut piece of zinc (in excess) is added to the test tube and placed in acold
water bath because the reaction is so exothermic.

2. The products forming in this step are hydrogen gas. Zinc chloride and pure
copper.

3. The excess zinc was removed, the copper, washed and dried. It was found that
0.40 g of the copper was recovered.

Q.10: Write the balanced net ionic redox equation for the formation of the pure copper.

Q.11: Write the balanced net ionic equation for the redox reaction in the formation of the
hydrogen gas.

Q. 12: What isthe percent yield of this copper recycling process?



PART III: MOLECULAR MODEL PROBLEM #1

Observe the molecular model in the bag nearest you. Thisisto be shared by severa
groups. If any pieces are loose, please notify the event supervisor immediately.

The black pieces represent carbons atoms, the small whitish pieces represent hydrogen
and the blue piece represents oxygen. The connecting tubes represent covalent bonds.

1. Draw the Lewis Dot structure of the model in front of you on the answer sheet,
showing each atom.

H HH H An EXAMPLE is shown here
[
H-C-C-C-C-Cl: Show your drawing of the actual model on the
- answer sheet! (TB #3)
HHHH

2. What nameistheroot for the compound modeled in the bag?
a. pentane b. pentene  c. pentyne
d. hexane e. hexene f. hexyne

3. What is the name for the functional group attached to this molecule?
a. ketone b. carboxylic acid C. amine d. alcohal e. ester

4. What type of isomer is shown in this structure?
a trans b. cis C. No isomer present

5. How many isomers of this compound are possible?
a 05 b. 6-10 c. 11-15 d. 16-20 e 21-25 f. 26 or more

6. How many sigma bonds are present in this molecule?
a0 b1l c6 d1i0 ell f. 14 0. 15 h. 16

7. How many pi bonds are present in this molecule?
a0 bl c6 d1l0 e ll f. 14 g 15 h. 16

PART IV: MOLECULAR MODElLI NG PROBLEM #2 [USE ANSWER SHEET]
Consider the fulminateion, CNO (listed in order they are bonded to each other).
1. Draw the Lewis Dot structure for thision and show any resonance structures, if they

exist.
2. Give the hybridization of the central atom (N)

PART V: OXIDATION NUMBERS [USE ANSWER SHEET]

In each of these compounds or ions give the oxidation number of the bold, italicized
and underlined atom:

1.GaAsO 2. CH 3 NHC 4 s 5 0
4 2 6 4 8

- 4



PART VI: CHEMICAL CELLS [USE ANSWER SHEET]

A galvanic cell is constructed using a chromium electrode in a 1.00-molar solution of

Cr(NO,), and a copper electrodein a 1.00-molar solution of Cu(NO,),. Both solutions are

at 25°C.
1. Write abalanced net ionic equation for the spontaneous reaction that occurs as the cell operates.
A partia diagram of this cell is shown here:

l ll.OM Cu(NO
2. 1dentify the oxidizing agent. LOM Cr(NOg)s 1(NOJs

3. Identify the reducing agent.

4. Which metal isthe cathode?

5. What additional component is necessary to make the cell operate?

6. What isthe cell voltage produced?

7. How does the potential of this cell change if the concentration of Cr(NO,); is
changed to 3.00-molar at 25°C? (Multiple choice)
a increases b. decreases c.remansthe same

PART VII: FUEL CELLS
1. Select astatement that is NOT true of fuel cells.
a. Thereducing agent is consumed by the reaction.
b. The oxidizing agent is consumed by the reaction
c. A reducing agent and an oxidizing agent react to produce electrical energy.
d. No separation is required between the anode and cathode regions of the cell.

2. Fuel cellswerefirst described around the year .
a 1910 b. 1945 ¢ 1776 d.1840 e 1925

3. Fuelscel(s):
a. are renewed by refilling the reservoirs of reactants.
b. are only those voltaic cells that use a hydrogen anode and an oxygen cathode.
c. reactants are recycled by recharging the fuel cell with electricity.
d. are renewed by recharging with electricity



4. Inthisdrawing of aDirect Methanol Fuel Cell (DM FC), which statement is not true?
a Methanol is electrochemically oxidized at the anode

b. All the free energy associated with this reaction is converted to electrical

energy.

¢. The anode produces el ectrons which travel through the externd circuit to the
cathode where they are consumed together with oxygen in areduction reaction.

d. The circuit is maintained within the cell by the conduction of protonsin the
electrolyte.
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