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ONLY THESE TWO PAGES WILL BE GRADED IN THIS SECTION

School Team #
1 7 13. 19.

2. 8 14, 20.

3 9 15. 21

4 10 16. 22 (TB#1)
5 11 17. 23

6 12 18.

#2428 Br, + SO,ereemeremes > B ' 50,

24. oxidation reaction:

25. reduction reaction:

26. overall reaction

27. oxidizing agent:

28. reducing agent;

#29-34 Fe** (aq) + H,(g) —» Fe’*(aq) + H'(aq)

29. What is the anode?

30. What is the cathode?

31. What is the overall reaction in acidic solution.

32.What does the vertical line represent in the line notation for a cell such as that in

problem #20..(TB#2)

33-34. Write the correct line notation for this reaction.(2pts)




OXIDATION REDUCTION -PART I -50 points

1-6 What is the oxidation number for the underlined element in these compounds and ions?

~3 -2
1. 4s0, 2. C4H50 3. KO, 4. Crry Oy 5. Br, 6. OH"
7. The sum of the oxidation numbers of all the atoms in the tetrathionate ion, S 406“2 is

a. -2 b. +2 c.+2.5 d. +4 e.+5

8. Calculate the oxidation number of phosphorus in sodium dihydrogen phosphate.
a.+1 b. -3 c. +3 d. +7 e. +5

9. Which of the following has an oxidation number of +6?
a. chlorine in CIF, d. platinum in PtClg®~
b. gold in KAuCl, e. all of the above
c. tungsten in WO~

10. Calculate the cell voltage for this reaction and determine if it is spontaneous or not.

2
2Ag + CU ceceeeee > Cu + 2 Ag"
a. -0.46v yes f.+1.14v no k.-1.26v yes
b.-0.46v no g - 1.14v yes l. +1.26v no
c.+0.46 yes h.-1.14v no
d.+0.46 no i. +0.64v yes
e. +1.14v yes j. -0.64v no
1. In which of the following is reduction occurring? ,
-2 g +
a. SO, ----- >80, ¢. HO,--> OH e. Mn  ----> Mn,O,
b. KO, ----- > 0, d. SO, ----> HSO3~

#12-13 For the questions #10 and # 11 consider the balanced reaction:
6I'(aq) +4HO0() + MnO:(aq) ----- > 8OH (aq) + 2MnO,(s) + 3L,(aq)

12. The product in the reduction half reaction is:

al b. MnO, ¢ OH d. I e. MnO,
13. The reducing agent is .
al b. Mno4“ c. H,0 d. K e. MnO,

14. Balance the following half-reaction, in acid solution, using smallest whole number
oefficients. "
MnO2 ------- > Mn

What is the coefficient of H+ in the balanced equation?
a. 1 b. 2 c. 3 d 4 e. 8




— il

15. Iron (IT) chloride reacts with chlorine gas according to the following equation:
2 FCCIZ + C12 — 2 FeCl3
a. FeCl, is reduced, and Cl; is oxidized.
b. FeCl, is the reducing agent, and Cl; is the oxidizing agent.
c. Cl is the reducing agent, and FeCl, is the oxidizing agent
d. Cl, is both the reducing agent and the oxidizing agent.
e. This is not a redox reaction

16. Sodium metal reacts with water to evolve hydrogen gas:
2Na(s) + 2H,0() —» 2NaOH (aq) + H: (g)
Which of the following is correct?
a. Na is oxidized, and O is reduced.
b. H is oxidized, and Na is reduced
¢. H is oxidized, and O is reduced
d. Ois oxidized, and H is reduced
e. Na is oxidized, and H is reduced

17. Which change represents an oxidation?
a. NO” >N, (C)ClO™ > CL
b. VO** > VO (D) CrOs* > Cr,07”

18. What is the coefficient for H' when the half equation is balanced with the smallest

whole number coefficients?
_ §¥+_ _H0>_SOy+_H'+_e-
a. 2 b. 4 c.6 d. 8 e 14

19. Write a balanced ionic equation for the following redox reaction in basic

solution:
Br; (I) —» BrO; (aq) + Br (aq)

12 0H' +6Brn, —)2Br03 +6H20+10Br
6 H,0 +6Br; 92Br03 +12 H+'+10Br
3H20 + Br, BrO3 '+ 6H" + Br

6 OH' + Br, > BrO3 +3 H,O0+ B’
none of the above

oo o

20 In the line notation for thls electrochem1cal cell, what is the cathode?
Mg (s) | Mg (aQ) I Al (aQ) | Al (s)

a. Mg b. Mg* c. Al d. Al
21. What is the E° value for the voltaic cell constructed from the half-cells?
Zn* +2¢ > Zn E° —0.762V
Tl+ + e— > T1-0.336 E° -0.336V

a. 0090V b. 0426V c.1.098V d. 1434V




22. A solution of aqueous CuSO4 is electrolyzed with a 1.50 ampere current for 30.0
minutes. What mass of copper metal is deposited? (TB #1)
a. 0.889¢g b. 1.19g c. 1.78¢ d. 3.56g

23. During the electrolysis of a dilute solution of sulfuric acid, what substance is
produced at the anode?
a. hydrogen b. hydrogen sulfide . oxygen d. sulfur dioxide

FOR THE FOLLOWINING QUESTIONS
WRITE ANSWERS ON ANSWER SHEET--SPACE HERE IS FOR YOUR
CONVENIENCE AND WILL NOT BE GRADED.

#24-28. Balance the following equation in a<2:idic solution:
-~ + -
Br, + SO cee-cememmnnns > Br

2 2 SO4
24. oxidation reaction:

25. reduction reaction:
26. overall reaction

27. oxidizing agent: 28. reducing agent:

#29-34 Consider the following spontaneous redox reaction:

Fe*" (aq) + Ha(g) —» Fe’’(aq) + H'(aq)

Assume the half reactions are separated into two compartments. Platinum electrodes are
immersed in an iron solution and in an acid solution. Which of the following is correct?

29. What is the anode?
30. What is the cathode?
31. What is the overall reaction in acidic solution.

32.What does the vertical line represent in the line notation for a cell such as that in
problem #20..(TB#2)

33-34. Write the correct line notation for this reaction.(2pts)
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School name Team #

KENSTON SCIENCE OLYMPIAD INVITATIONAL 1-15-11
CHEMISTRY LAB—AQUEOQUS SOLUTIONS—50 points

i = --.:.T
F—- Nay SOy 0H,0O/Na,50,

Solubility vs.Temperature s nNaCl
for a variety of salts - Ba(NO;)
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The solubility curves above are for some solid inorganic salts. Use the chart to answer
the following questions. (1 point each) USE ANSWER SHEET

1. How much Ba(NQ3); is soluble in exactly 100g of water at 75°C

2. How much Na,HAsO, is soluble at 45°C in 400 g water?

3. What does the slope of the Ce2(S04);9H,0 graph indicate?

4. Give an explanation for the graph of the Na;SO410 H,O/NaSO,. (TB#3)

5. At what temperature does the solubility of Na;SO4 '10 H,0 in100g of water equal the

solubility of Ba(NO3); at 70°C ?

6. How much more NayHAsO; is soluble in 200g water at 80°C than NaCl at the same
temperature and volume of water? SHOW WORK ON YOUR ANSWER
SHEET FOR CREDIT.

. What type of solution (saturated, unsaturated or supersaturated) would result if 16.0 g
of Ba(NO3), was dissolved completely in 50g of water at 55 °C?

. What is the molality of Na;HAsO4 (MM = 186g/mol) in 100g water at 20 °C?
SHOW WORK!

~

(o<}




MULTIPLE CHOICE (1 point each)

9. What is true of a supersaturated solution?

. More solute can dissolve

. The solution is unstable and may explode.

_ More solute added will cause crystallization until the solution becomes saturated

. The solute will become unsaturated.

More solute added will cause crystallization until the solution becomes unsaturated.

0 a0 op

10. Which compound forms a colorless solution when dissolved in H,O? (TB #4)
a. Co(NO;), b. Na)Cr 04 c. KMnO, d. ZnCl,

11. What is the percent by mass concentration for a 0.500 M KI solution? (Assume the density

is 1.10 g/mL.)
a.7.55% b. 0.550 % c. 9.13% d. 1.33% e. 8.30%

12. What is the molal concentration for 5.00 g of sodium carbonate in 100 g of water?
a. 0.602m b. 0.573 m c. 00476 m d. 0472 m e. 0.449m

13. What is the molarity of K1 in a solution that is 5.00% KI by mass and has a density of 1.038

g/ml?
a. 0.0301 M b.0313 M c.0.500 M d. 0.625 M

14. What is the concentration of the solution that results from mixing 40.0 mL of 0.200 M TiCl
with 60.0 mL of 0.100 M NaOH? (You may assume the volumes are additive.)
a. 0.150 M NaCl
b. 0.0200 M NaCl and 0.0200 M HCI
c. 0.0200 M NaCl and 0.0600 M HCI
d. 0.0600 M NaCl and 0.0200 M HCI

15. A 0.1 M solution of which salt will have a pH less than 7?
a. NaCl b. NH,Br c. KF d. NaO,CCH;

16. A 2.5 kg sample of groundwater was found to contain 8.26x10”° moles of Zn">. What is the
concentration of Zn*? in parts per million?
a.2.2 ppm b. 9.9 ppm ¢.330 ppm d. 0.0033 ppm . 3.0 ppm

17. A 100. mL portion of 0.250 M calcium nitrate solution is mixed with 400, mL of 0.100 M
nitric acid solution. What is the final concentration of the nitrate ion?
a. 0.180 M b.0.125M c. 0.0900 M d. 0.0625M

18. Aqua regia, the reagent that can be used to dissolve gold, is a 3:1 mixture of which acids?
a. hydrochloric and sulfuric acids c. hydrochloric and nitric acids
b. hydrofluoric and nitric acids d. perchloric and sulfuric acids

19. Which is the net ionic equation for the reaction when 0.10 M solutions of silver nitrate and
sodjum sulfide are mixed?
a. Ag'(aq)+S7(aq) — AgS(s) c. Ag''(aq) +S(aq) — AgSi(s)
b. Ag™*(aq) + S"(aq) — AgS(s) d. 2Ag"(aq) + 5"aq) = AgS(s)




CHEMISTRY LAB—Aqueous Solutions Answer Sheet

Kenston Science Olympiad Invitational January 15. 2011

School Team #

1.

o

6. SHOW WORK

7.

8. SHOW WORK.

9 12 15. 18
10 13 6. 19
11 14 17.

20-24. #20-24. Turmeric, a natural compound, is added to mustard for flavor and color. It
(Spts) changes color from yellow to red at a pH of 7.4. Mustard also contains acetic acid
(CH3COOH). A 0.50 gram sample of mustard is titrated with 5.0 ml ofa
0.050 M NaOH. Determine the mass percentage of acetic acid in mustard.

SHOW WORK.
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PROBLEMS ------- SHOW ALL WORK FOR CREDIT.
Unsupported answers will NOT BE GIVEN PTS!

#20-24. Turmeric, a natural compound, is added to mustard for flavor and color. It
(Spts) changes color from yellow to red at a pH of 7.4. Mustard also contains acetic acid
(CH;COOH). A 0.50 gram sample of mustard is titrated with 5.0 ml of 2

0.050 M NaOH. Determine the mass percentage of acetic acid in mustard.
SHOW WORK FOR CREDIT ON ANSWER SHEET--(No work, No credit)

USE THIS AREA FOR PRACTICE WORK

#25-28. It takes 26.23 mL of a 1.008 M NaOH solution to neutralize a solution of 5 gof
(3pts) an unknown monoprotic acid in 150.2 mL of solution. What is the molecular
weight of the unknown?.

SHOW WORK FOR CREDIT ON ANSWER SHEET--(No work, No credit)

USE THIS AREA FOR PRACTICE WORK

#29-32 Determine the boiling point and freezing point of a solution that contains
(4pts) 25.0 g of CaCl, (111 g/mol) in 200.g of H,O? Assume the calcium chloride
ionizes completely. [HINT : AT = i Kym or AT=iKym]
K,=1.86°C/m K;=0.51°C/m

USE THIS AREA FOR PRACTICE WORK




DRY LAB—How much sugar is in a can of 7-Up ? (18 pts)

Materials nceded: ruler, non-programmable calculator
Other than water, high fructose corn syrup is one of the main ingredients in all non-diet
sodas. In this lab a refractometer was used to analyze 7-Up soda for its sugar content. In
this device, light from an outside source was passed through the solution and, as it slows
down a little, it bends. This bending of light is proportional to the density of the solution
that determines its specific gravity. The greater the concentration of the fructose
solution, the greater its density, and its specific gravity, the greater is the angle of

refraction.

The data collected is shown in this chart. Trials are summarized below:

Trial | 0.400 M C¢H,,0; H,0 C(:’f"cé“ga‘(i;“ Specific
Number (mL) (mL) (mgm’f) ¢ Gravity
1 0.00 20.0 ? 1,000
2 5.00 15.0 ? 1011
3 10.0 10.0 ? 1022
4 15.0 5.00 ? 1033
5 20.0 0.00 ? 1043
7-Up | 10mL 7-Up 10 mL H,0 ? 1034

—

_Calculate the concentration of fructose for each solution and complete the data table. (5pts)

2. Construct the graph plotting Fructose Concentration (x axis) vs. Specific Gravity (y axis).

Circle all data points and label the graph. Make the best line possible.

(V8]

diluted sample. (1 pt)

4. What is the concentration of the undiluted 10ml sample of 7-Up? (1pt)

5 Calculate the number of moles of C¢H;20¢ from the known volume (10.0 mL) of the

fructose/7-Up solution. (1pt)

6. Calculate the number of grams in the 10ml sample. (1 pt)

(5 pts)

. Using the specific gravity of the 7-Up, determine from the graph the fructose molarity of the

7. If 8 fluid ounces are equivalent to 240. mL, how many milliliters are equivalent to a 12 ounce
can of soda? (1pt)

8. How many grams are in a 12 ounce can of soda? (1pt)

9.If | teaspoon is 4 grams, how many teaspoons of sugar are in each can? (1pt)

10. Since it is reported that a 12-ounce can of 7-Up contains 39.0 grams of sugar, calculate the
percent error based upon your answer to question #8. (Ipt)




#25-28. It takes 26.23 mL of a 1.008 M NaOH solution to neutralize a solution of 5 g of
(3pts) an unknown monoprotic acid in 150.2 mL of solution. What is the molecular

weight of the unknown?
SHOW WORK.

# 29-32 Determine the boiling point and freezing point of a solution that contains
25.0 g of CaCl, (111 g/mol) in 200.g of H,0O? Assume the calcium chloride
ionizes completely. [ HINT : AT = i Kym or AT=iKym]

SHOW WORK.

DRY LAB--KEY
The data collected is shown in this chart. Trials are summarized below:

Trial | 0.400 M C¢H,:05 H,0 o Specific
Number (mL) (mL) (mol /;j) ¢ Gravity
I 0.00 20.0 ? 1.000
2 5.00 15.0 ? 1.011
3 10.0 10.0 ? 1.022
4 15.0 5.00 ? 1.033
5 20.0 0.00 ? 1.043
7-Up 10 mL 7-Up 10mLH,O |? 1034

1. Calculate the concentration of fructose for each solution and complete the data table. (Spts)

2. Construct the graph plotting Fructose Concentration (x axis) vs. Specific Gravity (y axis).
Circle all data points and label the graph. Make the best line possible. (5 pts)

3. Using the specific gravity of the 7-Up, determine from the graph the fuctose molarity
of the diluted sample. (1 pt)




4. What is the concentration of the undiluted 10ml sample of 7-Up? (1pt)

5. Calculate the number of moles of C¢H,0¢ from the known volume (10.0 mL) of the

fructose/7-Up solution. (1pt)
SHOW WORK.

6. Calculate the number of grams in the 10ml sample. (1 pt)
SHOW WORK.

7. If 8 fluid ounces are equivalent to 240. mL, how many milliliters are equivalent to a

12 ounce can of soda? (1pt)
SHOW WORK.

8. How many grams are in a 12 ounce can of soda? (1pt)
SHOW WORK.

9. If 1 teaspoon is 4 grams, how many teaspoons of sugar are in each can? (1pt)
SHOW WORK.

10. Since it is reported that a 12-ounce can of 7-Up contains 39.0 grams of sugar,
calculate the percent error based upon your answer to question #8. (1pt)
SHOW WORK.
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