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Chem 121                                       Name  __________________________________ 
Exam 4 –May 3, 2006       Form A -- 100 points 

Multiple Choice:  Complete the following, clearly circle the correct answer. (4 pts ea.) 

1. Fluoride ion ranks low in the spectrochemical series and produces a weak crystal field in 
complex ions. Based on this, predict the number of unpaired electrons in CoF63–. 

a)  0  b)  1  c)  2  d)  3  e)  4 

2. Breeder reactors are used to convert the nonfissionable 
238

92 U to a fissionable product. 
Neutron capture of the 238

92 U is followed by two successive beta decays. What is the final 
fissionable product? 

 
a) 239

94 Pu b)  235
88 Ra c)  235

92 U d)  238
94 Pu e)  239

93 Np 

3. The acids HC2H3O2 and HF are both weak but HF is a stronger acid than HC2H3O2.  HCl 
is a strong acid.  Order the following according to base strength. 

a)  C2H3O2– > F– > Cl– > H2O  d)  C2H3O2– > F– > H2O > Cl– 

b)  Cl– > F– > C2H3O2– > H2O  e)  none of these  

c)  F– > C2H3O2– > H2O > Cl– 

4. Calculate the [H+] in a 0.010 M solution of HCN, Ka = 6.2 x 10–10. 

a)  1.0 x 10–7 M b)  3.6 x 10–3 M c)  6.2 x 10–10 M 

d)  2.5 x 10–6 M e)  none of these 

5. Which is the correct order for increasing pHs for 0.10 M solutions of HNO3, KCl, NH4Cl, 

KOH, and NaC2H3O2? (Ka for HC2H3O2 is 1.80 x 10–5, Ka for NH4+ is 5.56 x 10–10). 

a)  KCl, NH4Cl, HNO3, KOH, NaC2H3O2 

b)  HNO3, KCl, NH4Cl, KOH, NaC2H3O2 

c)  NH4Cl, HNO3, KCl, KOH, NaC2H3O2 

d)  HNO3, NH4Cl, KCl, NaC2H3O2, KOH 

e)  none of these 

6. A solution contains 0.450 M HA (Ka = 2.0 x 10-7) and 0.250 M NaA.  Calculate the pH after 
0.050 mole of NaOH is added to 1.00 L of this solution. 

a) 6.83  b)  6.44 c)  6.57 d)  6.70 e)  none of these 

7. Which of the following compounds has the lowest solubility in mol/L in water? 

a)  Al(OH)3,  Ksp = 2 x 10–32 c)  CdS,  Ksp = 1.0 x 10–28 

b)  PbSO4,  Ksp = 1.3 x 10–8  d)  Sn(OH)2,   Ksp = 3 x 10–27 
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8. If 30 mL of 5.0 x 10–4 M Ca(NO3)2 are added to 70 mL of 2.0 x 10–4 M NaF, will a 

precipitate occur? (Ksp of CaF2 = 4.0 x 10–11) 

a)  No, because the ion product (Q) is greater than Ksp. 

b)  Yes, because the ion product (Q) is less than Ksp. 

c)  No, because the ion product (Q) is less than Ksp. 

d)  Yes, because the ion product (Q) is greater than Ksp. 

e)  Not enough information is given. 

9. Use the following initial rate data to determine the rate law for the reaction below. 

CH3COCH3 + Br2  ⎯⎯ →⎯
+H   CH3COCH2Br + H+ + Br- 

[CH3COCH3] 0 [Br2] 0 [H+] 0 (M/s) 
t

]2Br[

∆

∆
 

1.00 1.00 1.00 4.0 x 10–3 
2.00 1.00 1.00 8.0 x 10–3 
2.00 2.00 1.00 8.0 x 10–3 
1.00 2.00 2.00 8.0 x 10–3 

 

a)  Rate = k[Br2][H+]   d)  Rate = k[CH3COCH3][Br2] 

b)  Rate = k[CH3COCH3][H+] e)  Rate = k[CH3COCH3][Br2][H+] 

c)  Rate = k[CH3COCH3][Br2][H+]2 

10. If the reaction 2HI → H2 + I2 is second order, which of the following will yield a linear plot? 

a)  log [HI] vs time b)  1/[HI] vs time c)  [HI] vs time  d)  ln [HI] vs time 

11. The reaction:  2A + B → C  has the following proposed mechanism: 

   Step 1: A + B  D (fast equilibrium) 

   Step 2: D + B → E 

   Step 3: E + A → C + B 

 If step 2 is the rate-determining step, then the rate of formation of C should equal: 

a)  k[A]  b)  k[A]2[B]2 c)  k[A][B]2 d)  k[A]2[B]  e)  k[A][B] 

12. The rate constant for a reaction increases from 10.0 s-1 to 100. s-1 when the temperature is 
increased from 300° K to 400° K.  What is the activation energy for the reaction in kJ/mol?   

a)  23.0 b)  12.7 c)  5.00 d)  18.3 e)  45.6 
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Transition Metals and Coordination Chemistry. Complete two (2) of problems 13-15. Clearly 
mark the problem you do not want graded. (14 points each) 

13. Briefly compare and contrast each of the terms in the following pairs: 

a. weak-field ligand vs. strong field ligand 

 
 
 
 
 
 
 

b. low-spin complex vs. high-spin complex 

 
 
 
 
 
 
 

14. Consider the salt Na[Cr(en)(NH3)2I2] 

a. Name the anion in this salt. 

 

 

b. What is the oxidation state for chromium in this ion?  What is the electron configuration 
for the chromium in this complex ion? 

 

 

c. What is the geometry around the chromium ion?  What is the coordination number? 
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15. Consider the two complexes:  [MnCl6]4- and [Mn(CN)6]4-. 

a. Given that CN- is a strong-field ligand and Cl- is a weak-field ligand, sketch the orbital-
energy level diagram for each ion.  How many unpaired electrons are in each ion? 

 

 

 

 

b. One of the compounds absorbs red light at 650 nm while the other absorbs blue light at 
about 450 nm.  Which of the ions absorbs red and which absorbs blue?  Justify your 
answer. 

 

 

 

 

 

Nuclear Chemistry. Complete two (2) of problems 16-18. Clearly mark the problem you do not 
want graded. (14 points each) 

16. Tritium (3H) decays with a half-life of 12.1 years.  The age of a bottle of wine was 
determined by monitoring the tritium level in the wine.  The activity of tritium was found to be 
8.3% of that of a sample of fresh grape juice from the same region from which the wine was 
bottled.  How old is the wine? 
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17. Sketch a diagram of a nuclear power plant and describe the importance of each of the 
components.  What key component is a safety feature whose primary job is to keep the 
reaction from getting out of control?  How does this safety feature do its job? 

 

 

 

 

 

 

 

 

 

 

 

18. Identify at least two types of processes that are likely to occur when the neutron-to-proton 
ratio in a nucleus is too low?  Justify your response. 



 A-6
Possibly Useful Information 

 
R = 8.314 J mol-1 K-1 NA = 6.02 x 1023 mol-1 R = 0.0821 L atm mol-1 K-1 

oC = K – 273.15 
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