Brooklyn College--Department of Chemistry

Chemistry 2 Second Lecture Exam Spring 2003
Name
Circle the name of your lab instructor: Kazimierska, Girotto, Voloshchuk Gibbs

Before you begin the exam, write your name on this page and on the answer booklet.

WARNING There are questions on BOTH sides of each page. Do NOT tear off this page.

Answer Questions 1-12 on the question sheet. Do questions 13-23 in the exam booklet.

For questions 13-23, show all work. Express answers with the proper units and to the correct
number of significant figures. You have 90 minutes. Do not spend too much time on one question.

This exam has 4 pages. Make sure you have all of them. Calculators may be inspected.
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R =0.08206 L atm/mol-K =8.314 J/mol-K

F =96,500 C/mol

- 0.0592V

E=E° logQ at25°C

AG® =-nFE®° AG°=-RT InK AG =AG°+RTInQ
Answer Questions 1-13 on these sheets.
1. (2 pts) In thermodynamics, the symbol AS means

(a) AS of the system  (b) AS of the surroundings  (c) AS of the universe

2. (8 pts) State whether each of the following is True or False.

(a) In an unsaturated solution, Q is less than Kgp.
(b) In every spontaneous process, the entropy of the system must increase.
(c) The total entropy of the universe remains constant (is conserved) in all processes.

(d) When a complex ion is formed, the ligands act as Lewis bases.

3. (3 pts) The solubility of PbCl, in Pb(NO3)»(aq) is
(a) less than (b) the same as (c) greater than

its solubility in pure water.

4. (7 pts) Give the oxidation number of the underlined element in each of the following:

(@) SO;”  (b) KaG04 (c) H20» () O

5. (3 pts) What is the normality of a 0.40 M NiCly(aq) solution used in the reaction
Fe + NiCly(aq) — FeCly(aq) + Ni(s).

6. (5 pts.) Give the formula of

(a) hexaamminenickel(II) ion
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(b) potassium tetrachlorodiaquacobaltate(II).

7. (3 pts) Which one of these compounds is more soluble in HCl(aq) than in water?

(a) AgCN (b) PbCly (c) NaNOs3

8. (2 pts) If AG® for a reaction is negative, which of these has the larger standard-state Gibbs free energy:

(a) the reactants (b) the products

9. (4 pts) State whether AS is positive, negative, or zero for each of the following processes:
(a) 46 g of liquid water goes from 60°C to 50°C at 1 atm pressure.
(b) 7 g of Nj(g) goes from 50°C and 2.0 atm pressure to 50°C and 1.0 atm pressure.

10. (2 pts) The equation AG = AH — T AS is correct
(a) for all processes
(b) only for processes that occur at constant temperature
(c) only for processes that occur at constant temperature and constant pressure.

(d) for no processes

11. (4 pts) The dashed line represents a mirror that is perpendicular to the plane of the paper

/\P/F
\ L\ /

(a) At the right of the dashed line, draw the mirror image of the square-planar molecule at the left.

(b) Is the mirror image the same molecule or a different molecule than the original molecule?

12. (3 pts) For a reaction that has a negative value of AS°, which statement is true at equilibrium?

(a) At very low temperatures, reactants are present in greater amounts than products.
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(b) At very low temperatures, products are present in greater amounts than reactants.

(c) At very high temperatures, reactants are present in greater amounts than products.

(d) At very high temperatures, products are present in greater amounts than reactants.

Answer Questions 13-23 in the answer booklet. Show all work.

13. (? pts) A student adds HCl(aq) to her cation unknown and observes a precipitate. There are several
possible reactions that could have produced the precipitate. Write net ionic reactions for each
possible reaction that might have occurred.

14. (2 pts) Find the equivalent weight of Ca for a reaction in which Ca(s) is oxidized to Ca”' -

15. (6 pts) A certain current flows for 125 minutes through an electrolytic cell containing molten Cal, and
deposits 5.85 g of Ca metal. Find the value of this current.

16. (6 pts) Shirley adds 200 mL of 0.020 M Pb(NO3)>(aq) to 300 mL of 0.010 M of HCl(aq) at 25°C.
Will a precipitate form? Show work. For PbCla(aq), Kgp = 1.7 % 10 at 25°C.

17. (5 pts) A galvanic cell uses the reaction
2103 (aq) + 5 Cu(s) + 12 H+(aq) — Ix(s)+5 Cu2+(aq) + 6 HyO(l)

For this cell, E° = 0.858 V at 25°C. If the ionic concentrations in the cell are 0.500 M for IO3_(aq),

1.20 M for Cu” (aq) and 0.600 M for H (aq), find the emf (voltage) of this cell at 25°C.
18. (7 pts) A galvanic cell has the spontaneous reaction

Cu2+(aq) +7Zn — Cu(s) + Zn2+(aq)
This cell consists of Cu(s), CuSOg4(aq) and Zn(s), ZnBry(aq) half-cells, and an NaCl salt bridge.
(a) When the cell operates, which electrode (Cu or Zn) do electrons flow out of?

(b) When the cell operates, does the mass of the Cu electrode increase, decrease, or stay the same?

(c) When the cell operates, do bromide ions move toward the Zn electrode, away from the Zn
electrode, or neither toward nor away from the Zn electrode?

(d) Which electrode is the anode? (Reminder: answer in the exam booklet.)
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19. (6 pts) Find the equilibrium constant at 25°C for the reaction

2NOz(g) — N2Og4(g)

given the following data at 25°C:
AH? AG? Se

NO»(g) | 33.8 kJ/mol | 51.8 kJ/mol | 240.4 J/mol-K
NyO04(g) | 9.7 kJ/mol | 98.3 klJ/mol | 304.3 J/mol-K

There is more than one way to do this problem. Do it the faster way so as to save time.

20. (6 pts) Consider a cell that consists of an Ag, AgNOs3(aq) half-cell, a Cu, CuSOg4(aq) half-cell, and a
salt bridge. For Ag+(aq) +e — Agat25°C,E°=0.80V.
For Cu2+(aq) +2¢ — Cuat25°C, E°=034V.

(a) Write the spontaneous cell reaction.
(b) Find E° for this cell at 25°C.

(c) Find AG® for the spontaneous cell reaction.
21. (2 pts) Use information near the beginning of the exam to find the charge in coulombs on one electron.

22. (8 pts) Balance the following reaction in acidic aqueous solution using the method of half-reactions.
You must use the method of half-reactions.

2- +
anJr + CrnO; — CI’3 + MnO,

23. (3 pts) Balance this half-reaction in basic solution (note the charge on the ion on the left):

MnO; — MnO,
Extra credit — Answer in the exam booklet, not on this page

EC1 (1 pt) Which of the two men Gibbs and Boltzmann had beards?
(a) Only Gibbs  (b) Only Boltzmann (c) Both (d) Neither (Answer goes in booklet.)

EC2 (2 pts) The Lewis structure of C;Fg has the three carbons in a row, has three F atoms bonded to each
of the end carbons and two F atoms bonded to the central C. All bonds are single and there are no
unpaired electrons on the carbons. Assign all the electrons in each bond to the more electronegative
element to find the oxidation number of each carbon atom in this molecule.



