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Chemistry 1311 C

Test 3

November 23, 2006

Please keep your work covered and keep your eyes on your own paper!  Cheating or any appearance of cheating will result in an F in the course and possible expulsion from the University.

There are 7 questions in this exam.  A periodic table and formula sheet are provided at the end.  You may rip these two pages off of the exam and use them to cover your work during the exam.

Any scratch work should be on the back of the exam pages and should be handed in with your exam.

Please show all work to receive partial credit.

You have 80 minutes to complete the exam.

For each question, please write your final answer in the space provided.
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1.  You want to determine if a solution prepared mixing 5 ml of 12 M HCl with 75 ml of 1.0 M sodium acetate, NaCH3COO is a buffer.   ka for acetic acid, CH3COOH is 1.8 x 10-5.

a) (1 point)  Is HCl a strong or weak acid?

strong
b) (1 point) Is the acetate anion, CH3COO-, a strong or weak base?

weak
c) (1 point) Write the chemical equation for the reaction of  HCl (acid) with acetate anion, CH3COO- (base).  

H3O+ + CH3CHOO- ( CH3COOH + H2O  (goes to completion!!!!)
d) (5 point) Determine the equilibrium concentrations of H3O+, CH3COO- and CH3COOH.  Show relevant chemical equation.

Moles HCl = 5 ml x 12 M = 0.06 moles
Moles CH3COO- = 75 ml x 1 M = 0.075 moles

H3O+ + CH3CHOO- ( CH3COOH + H2O  

0.06         0.075
-0.06      -0.06             0.06                moles
   0             0.015         0.06                 moles

CH3COOH + H2O ( ( CH3COO‑ +         H3O+
0.06/80 ml                   0.015/80 ml          0

-x                                    +x                      x
0.75-x                          0.1875+x               x 
Ka = x(0.1875+x)/0.75-x = x(0.1875)/0.75        x = 7.2 x 10-5 M

[H3O]+ = 7.2 x 10-5 M; [CH3COO-] = 0.19 M [CH3COOH] = 0.75

Alternatively you can use HH equation in place of second ice table to calculate H3O+ concentration. 
e) (1 point) What is the pH of the solution?

4.14
f) (1 point) Is the resulting solution a buffer?  Explain briefly.

Yes, contains weak acid, CH3COOH, and conjugate base, CH3COO-, in appreciable quantities.
g) (4 point) You now add 1.4 g of solid NaOH to the solution.  What is the resulting pH?

1.4 g NaOH = 0.035 moles
OH- + CH3COOH ( CH3COO- + H2O (goes to completion!!!)
OH- reacts with CH3COOH to reduce the moles of acid in solution from 0.06 to 0.06-0.035 moles = 0.025 moles (0.3125 M); concentration of CH3COO- increases to 0.015 + 0.035 = 0.05moles (0.625 M);  Since this is a buffer you can use the HH equation to calculate pH
pH = pKa + log [0.625]/[0.3125]

      =5.04
2. You are asked to titrate 0.15L of 0.5 M acetic acid, CH3COOH, with 2.5 M KOH.

ka for acetic acid, CH3COOH is 1.8 x 10-5
a) (1 point) Do you expect the pH at the equivalence point to be greater than or less than 7?  Why.

>7, strong base/weak acid the strong base wins
b) (1 point) How many moles of base must you add to reach the equivalence point?

Moles base = moles acid at equivalence pt = .15 l x 0. 5 M = 0.075 moles
c) (1 point) What volume of base must you add to reach the equivalence point?

V = moles / concentration of base = 0.075/2.5 M = 0.03 l or 30 ml
d) (1 point) Write the chemical reaction for the neutralization of acetic acid, CH3COOH, with NaOH.

CH3COOH + OH- ( CH3COO- + H2O (goes to completion!!!!!)
e) (6 point) What is the pH at  the equivalence point?

At equivalence pt all you have is CH3COO – which hydrolyses in H2O

CH3COO - + H2O ( ( CH3COOH + OH-
0.075 moles/0.18 l              0            0

-x



    x
        x

0.075-x


     x           x

Kb = x2/ 0.417-x = Kw/ka = 10-14/1.8x10-5 = x2/0.417  (0.417 –x = 0.417 because kb * 100 <<0.417)

X = 1.52 x 10-5 =[0H]

[H+]= 6.5x10-10  (=10-14/1.52 x 10-5 )

pH = 9.18  - this makes sense, it is larger than 7

3. (3 point)  Acetonitrile is produced from propene, ammonia and oxygen by the following balanced chemical equation:

2 C3H​6 + 2 NH3 + 3 O2 ( 2 CH2CHCN + H2O

Write the expressions that relate the rates of reaction of starting materials and products.

Rate = - ½ ([ C3H​6] / (t = - ½ ([ NH​3] / (t = - 1/3  ([ O2] / (t  

        = ½ ([ CH2CHCN] / (t =  ([ H2O] / (t

4. What is the oxidation state of:

a) (1 point) oxygen in KO2
- ½ 

b) (1 point) nitrogen in NH4+
-3

c) (1 point) manganese in KMnO4
+7

d) (1 point) Cl in ClF3
+3

e) (1 point) Cu in CuS

+2

f) (1 point)  S in HSO4-

+6

5. The reaction of CO with Cl2 gives phosgene (COCl​2), a nerve gas.  Even though the stoichiometry of the reaction is simple, the mechanism has several steps:

Proposed mechanism: 
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a)  (2 point) What is the Net reaction proposed by this mechanism?

2Cl2 + CO ( 2 Cl + COCl2
b) (3 point) What rate law does this mechanism predict (expressed in terms of reactant concentrations)?

Rate = k3[CO][Cl]

k1[Cl2] = k2[Cl]2;  [Cl] = (k1/k2)1/2 [Cl2]1/2
Rate = k3(k1/k2)1/2 [Cl2]1/2 [CO]

c) (2 point) What is the order of the rate law with respect to Cl2(g) concentration and CO(g) concentration?  What is the overall order of the rate law?

CO: 1

Cl2:  ½

Overall: 1.5
d) (2 point) Identify any reaction intermediates?  Explain why they are intermediates. 

COCl because it is formed in one step and consumed in another and doesn’t appear in the net equation.

6.  On discharge, the active materials in a Ni-Cd battery, nickel oxy-hydroxide, NiOOH and cadmium metal are converted to their respective oxides, Ni(OH)2 and Cd(OH)2.  The Ni-Cd battery electrolyte is KOH.   For the following unbalanced chemical reaction:

NiOOH  +   Cd ( Ni(OH)2 + Cd(OH)2
a) (1 point) Which species is being oxidized?

Cd

b) (1 point) Which species is being reduced?

NiOOH

c) (3 point) Balance the oxidation reaction.

Cd + 2OH- ( Cd(OH)2 + 2e-
d) (2 point)  Balance the reduction reaction.

e- + H2O + NiOOH ( Ni(OH)2 + OH‑
e) (2 point) Write the balanced net reaction.

Cd + 2OH- ( Cd(OH)2 + 2e-
(e- + H2O + NiOOH ( Ni(OH)2 + OH‑)x2
Net: 2H2O + 2NiOOH + Cd( Ni(OH)2 + Cd(OH)2
7. (2 points)A chemical reaction is A+B ( X + Y is found to be fairly fast and slightly exothermic.  Which of the following potential surfaces fit this description?  Label Ea and (H on the potential surface that best fits the description.
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EQUATIONS SHEET

Horxn = nHof (products) – mHof (reactants)
Gorxn = nGof (products) – mGof (reactants)

Sorxn = nSo (products) – mSo (reactants)
PV = nRT



G = H - TS

Go = -RTlnK

rms = (3RT/MM)1/2



E = q + w


G = Go + RTlnQ
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q = msT


q = CT
w = -PV



[A] = -kt + [A]o 

t1/2 = 0.693/k
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1/[A] = kt + 1/[A]o 

ln[A] = -kt + ln[A]o






t1/2 = 1/k[A]o


t1/2 = [A]o /2k
PA = XAPAo 
PA = XAPTotal

Ptotal = P1 + P2 + ... 


KP = KC(RT)n
pH = -log[H3O+] 



pOH = -log[OH-] 

pH + pOH = 14


Kw = Ka x Kb
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Constants:







Conversion Factors :

Avogadro’s Number  (NA)

6.02 x 1023


1 A = 1 C s-1

Faraday’s constant (F) 

96,500 C/mol e-

1 C = 1 J V-1 mol-1

Universal Gas Constant (R) 
8.314 J mol-1 K-1






8.314 kg m2 mol-1 K-1 s-2
0.08206 L atm mol-1 K-1
1 nm = 10-9 m

Planck’s constant (h) 

6.626 x 10-34 J s

1 atm = 760 torr 

Rydberg Constant (RH)

2.18 x 10-18 J



= 760 mmHg 

Speed of light(c)


3.00 x 108 m/s


= 101.3 kPa
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