CHEM 112 

Midterm Exam 3, 2003
Last Name ___________________________  First ______________________________

Date_________________________   Your Box Number  _________________________

Do not open this test until instructed.

1).  This examination is worth 100 points.  There are 6 pages including this cover page.  

2).  You will have exactly one hour and thirty minutes to complete the exam.

3).  You may use a calculator.

4).  Academic dishonesty during the exam is grounds for failing the course.





R = 8.3145 J / mol K

G = Go + RT ln Q



E = Eo – (0.0591/n) log Q
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Multiple Choice Section/Short Answer (35 pts):  Please answer each question to the best of your ability.

1).  (5 points)  In your own words, define a buffered solution:
A buffered solution contains a weak acid/conjugate base or weak base/conjugate acid and resists pH from the addition of strong acid or base.  
2).  (5 points)  What is the pH of a weak acid/strong base titration at the equivalence point?

(a).  Greater than 7


(b).  Less than 7


(c).  Equal to 7


(d).  Cannot answer without more information

3).  (5 points)  In your own words, describe the Second Law of Thermodynamics.
The second law of thermodynamics indicates that the entropy of the universe is increasing.  
4).  (10 points)  Using the solubility rules, predict if each of the following compounds are soluble or insoluble in aqueous solution:
(a).  NaNO3: _soluble
_________

(b).  PbI2: _____insoluble________
(c).  Ag2S:  _____insoluble__________
(d).  NH4Cl:  ___soluble________



(e).  AlCl3:  _____soluble_______
5).  (5 points)  Write the Ksp for Bi2(CO3)3 dissolving in aqueous solution:



Ksp = [Bi3+]2[CO32-]3
6).  (5 points)  What do the terms “cathode” and “anode” refer to in a galvanic cell?
Not covered on our Exam #3
7).  (15 points)  50.0 mL of 0.200 M propionic acid (HC3H5O2, Ka = 1.3 x 10-5) is titrated with 0.150 M NaOH.  What is the pH at the equivalence point of the titration?

Reaction is a weak acid/strong base titration
Stoichiometric step:
OH- (aq)  +  HC3H5O2 (aq)  (  H2O (l)  +  C3H5O2- (aq)


S:
10 mmoles 
10 mmoles
X

0


C:
-10

-10

X

+10





F:
0

0

X

+10 mmoles

Note:  the mmoles of NaOH is equal at the equivalence point.  This is derived from the definition of equivalence point.  We do need to know the volume of NaOH added though to calculate the final concentration of [C3H5O2-].

(0.010 mmoles NaOH)(1 L/0.150 moles NaOH) = 0.067 L added

Final volume of solution = 50.0 mL  +  67 mL = 117 mL


Concentration of C3H5O2- = 0.010 moles/0.117 L = 0.085 M

ICE box Step:



C3H5O2- (aq)  +  H2O (l)  ⇄  HC3H5O2 (aq)  +  OH- (aq)


I:
0.085

     X

0

    0


C:
-x

     X

+x

    +x


E:  
0.085-x
     X

+x

    +x
Kb = Kw/Ka = 7.69 x 10-10
 X= [OH-] = 8.08 x 10-6
pH = 8.91

8).  (15 points)  (10 points)  A galvanic cell is based on the following half reactions:


Anode:  
Cd (s)  (  Cd2+ (aq)  +  2e-

Cathode:
Ni2+ (aq)  +  2e-  ( Ni (s)

The Eocell = 0.170 V.  What is the concentration of Cd2+ (aq) if [Ni2+] = 1.0 M and Ecell = 0.240 V?  Sketch the cell.  
Not covered on this exam

9).  (10 points)  11).  (10 pts)  Calculate the solubility of Sr3(PO4)2 if Ksp = 1.0 x 10-31.


Ksp = [Sr2+]3[PO43-]2

1.0 x 10-31 = (3x)3(2x)2
1.0 x 10-31 = 108x5

x = solubility of Sr3(PO4)2 = 2.47 x 10-7 moles/L

10)  (10 pts)  High levels of ozone (O3) gas in the lower atmosphere makes rubber deteriorate, green plants turn brown, and persons with respiratory disease have trouble breathing.  Ozone is formed from the combination of an oxygen radical (O) with oxygen gas in the following reaction:



O2 (g)  +  O (g)  (  O3 (g)
Ho O (g) = 249.2 kJ/mol; So O (g)   = 160.9 J/mol K; So O2 (g) = 205.0 J/mol K; Ho O3 (g) = 143.1 kJ/mol; So O3 (g) = 238.9 J/mol K
(a).  When is the formation of ozone spontaneous:

(1)  ALWAYS
    (2)  NEVER
    (3)  HIGH T
(4)  LOW T
(b).  What is the Go for this reaction at 298 K?
Ho = [143.1]-[249.2] = -106.1 kJ/mol

So = [238.9]-[160.9  +  205.0] = -127 J/mol K

Go = (-106.1 kJ/mol)-(298 K * -127 J/mol K) = -68.15 kJ/mol
(c).  What is the G for this reaction in urban smog where [O2] = 0.21 M, [O] = 4 x 10-10 and [O3] = 5 x 10-7 at 298 K?
K = [O3]/[O][O2]
G = Go +RT ln K

G = (-68.15) + (8.3145)(298)(ln 5952)



G = -46.61 kK/mol
11)  (15 points)  What is the pH during the titration of 20.00 mL 0.1000 M butanoic acid (CH3CH2CH2COOH; Ka = 1.54 x 10-5) with 0.1000 M NaOH solution after the following volumes of NaOH have been added:  (a).  0.00 mL   (b).  10.00 mL  (c).  15 mL   (d).  20 mL  (e).  25 mL.
A. ICE box with only weak acid present; pH = 2.90
B. Buffer with equivalent amounts of acid/conj.base; pH = pKa = 4.81

C. Buffer with more base than acid; pH = 6.26

D. Equivalence point; only conjugate base present; ICE box; pH = 8.75

E. Past equivalence point; pH depends on excess OH-; pH = 12.05
Bonus).  (10 points)  Partial will not be given on this problem.  To receive credit, you must show all of your work and answer both parts successfully.  

Cytochrome, a complicated molecule we will represent as CyFe2+, reacts with air to supply the energy required to synthesize ATP.  At a physiological pH, the following half reactions pertain to the oxidation of CyFe2+.


O2 (g)  +  4H+ (aq)  +  4e-  (  2H2O (l)
Eo = 0.82 V


CyFe3+ (aq)  +  e-  (  CyFe2+ (aq)

Eo = 0.22 V

What is the Go of the oxidation of CyFe2+ by air?  (b)  If the synthesis of one mole of ATP from ADP requires Go = 37.7 kJ/mol, how many moles of ATP are synthesized per mole of O2?
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