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Multiple Choice – Choose the answer that best completes the question. Use an 815-E 

Scantron to record your response. [2 points each] 

1. What is the oxidation state of carbon in C2O4
2−

? 

A) +2 B) +3 C) +4 D) +5  E) +6 

 

2. In a voltaic cell, which is true at the cathode? 

A) loses mass  B) cations are produced C) source of electrons 

D) cations flow towards it E) oxidation occurs 

 

3. Determine the cell notation for the redox reaction given below. 

 3 Cl2(g) + 2 Fe(s) → 6 Cl⁻(aq) + 2  Fe
3+

(aq) 

 

A) Cl2(g) ∣ Cl⁻(aq) ∣ Pt || Fe(s) ∣ Fe
3+

(aq) 

B) Cl⁻(aq) ∣ Cl2(g) ∣ Pt || Fe
3+

(aq) ∣ Fe(s)   

C) Fe
3+

(aq) ∣ Fe(s) || Cl⁻(aq) ∣ Cl2(g)  ∣ Pt 

D) Fe(s) ∣  Cl2(g) || Fe
3+

(aq) ∣ Cl⁻(aq) ∣ Pt 

E) Fe(s) ∣ Fe
3+

(aq) || Cl2(g) ∣ Cl⁻(aq) ∣ Pt 

 

4. Which of the following is the weakest oxidizing agent? 

A) H2O2(aq) 

B) Fe
3+

(aq)  

C) ClO2(g) 

D) F
−
(aq) 

E) Fe(s) 

 

5. Identify the characteristics of a spontaneous reaction. 

 

A) ΔG° < 0 

B) ΔE°cell > 0 

C) K > 1 

D) all of the above 

E) none of the above 

 

6. How many electrons are transferred in the following reaction?  (The reaction is unbalanced.) 

 

 I2(s) + Fe(s) → Fe
3+

(aq) + I
−
(aq) 

 

A) 1 

B) 2 

C) 3 

D) 4 

E) 6 
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7. Which of the following statements is TRUE? 

A) Gamma rays have the lowest ionizing power of any radioactivity. 

B) Alpha radiation has the highest penetrating power of any radioactivity. 

C) Beta emitters will do more damage than alpha emitters within the body. 

D) Beta radiation has the highest ionizing power of any radioactivity. 

E) None of the above are true. 

 

8. Which of the following nuclides are most likely to decay via beta decay?   

A) I-131 

B) Ar-40 

C) F-18 

D) Zr-90 

E) Pb-206 

 

9. Which of the following statements is TRUE? 

A) Positrons are similar in ionizing power and penetrating power to beta particles. 

B) A positron is the antiparticle of the electron. 

C) Beta decay occurs when a neutron changes into a proton while emitting an electron. 

D) An alpha particle is a helium 2+ ion. 

E) All of the above are true. 

 

10. Use the standard half-cell potentials listed below to calculate the standard cell potential for 

the following reaction occurring in an electrochemical cell at 25°C.  (The equation is 

balanced.) 

Sn(s) + 2 Ag
+
(aq) → Sn

2+
(aq) + 2 Ag(s) 

 

Sn
2+

(aq) + 2 e⁻ → Sn(s)  E° = −0.14 V 

Ag
+
(aq) +  e⁻  → Ag(s)   E° = +0.80 V 

 

A) +0.66 V 

B) +0.94 V 

C) +1.46 V 

D) −0.94 V 

E) +1.74 V 
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Calculations – Write your initials in the upper-right corner of every page that contains 

work.  For full credit show all work and write neatly; give answers with correct significant 

figures and units.  Place a box around your final answer. 

11. Balance the following reaction in basic solution using the half-reaction method:  [6] 

 

Cr(OH)4
−
(aq) + ClO

−
(aq)  → CrO4

2−
(aq) + Cl

−
(aq) 
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12. A concentration cell is created from zinc metal in 0.500 M zinc nitrate solution and iron 

metal in iron(II) nitrate solution.  The potential of the cell is measured to be +0.322 V.  What 

is the equilibrium concentration of Fe
2+

?  [5] 
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13. Consider a voltaic cell composed of aluminum metal in aluminum nitrate solution and 

magnesium metal in magnesium nitrate solution. 

 

a. Sketch the voltaic cell including the location of all metals and solutions.  Label the 

cathode and anode; show the direction of electron flow and the movement of cations.  [4] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b. Calculate E°cell for the cell.  [2] 

 

 

 

 

 

 

 

c. Calculate the standard free energy of the cell.  [2] 

 

 

 

 

 

 

 

d. Calculate the equilibrium constant of the cell.  [2] 
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14. Write nuclear equations for the following:  [3 points each] 

 

a. Lead-214 undergoes beta decay 

 

 

 

 

 

 

b. Chlorine-36 undergoes electron capture 

 

 

 

 

 

 

c. Fluorine-18 undergoes positron emission 

 

 

 

 

 

 

 

 

15. Strontium-90 is a byproduct in nuclear reactors fueled by the radioisotope uranium-235. The 

half-life of strontium-90 is 28.8 yr. What percentage of a strontium-90 sample remains after 

75.0 yr?  [5] 
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16. Determine the binding energy per nucleon of an Mg-24 nucleus.  The Mg-24 nucleus has a 

mass of 23.98504 amu.  A proton has a mass of 1.00783 amu and a neutron has a mass of 

1.00866 amu.  [5] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

17. A rock contains 0.313 mg of lead-206 for each milligram of uranium-238.  The half-life for 

the decay of uranium-238 to lead-206 is 4.5×10
9
 yr.  How long ago was the rock formed?  [5] 
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18. How many grams of chromium metal are plated out when a constant current of 8.00 A is 

passed through an aqueous solution containing Cr3+ ions for 320. minutes?  [5] 

 

 

 

 

 

 

 

 

 

 

 

 

19. Briefly describe two uses of radionuclides in nuclear medicine.  Be specific and include the 

isotope(s) used. [3 points each] 
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20. Briefly explain the following concepts as they pertain to the neutron-induced fission of 

uranium-235 in nuclear reactors and weapons:  [3 points each] 

 

a. Why is 
235

U able to produce a self-sustaining chain reaction? 

 

 

 

 

 

 

 

 

 

 

 

b. Why must uranium be enriched before it is suitable for use? 

 

 

 

 

 

 

 

 

 

 

 

c. What is meant by the term “critical mass”? 

 

 

 

 

 

 

 

 

 

 

 

Extra Credit: What famous scientist was in charge of the Manhattan Project?  [2 points] 
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Scratch Page 

(to be handed in) 
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Formulas & Constants 

M = 
          

               
 m = 

          

          
    = 

     

           
  

         
  R = 0.08206 

     

     
 R = 8.314 

 

     
 

ΔTf = m·Kf ΔTb = m·Kb Π = MRT 

ΔTf = i·m·Kf ΔTb = i·m·Kb Π = i·MRT 

K = °C + 273.15 1 atm = 760 torr = 760 mmHg Sgas = kH·Pgas 

ΔHsol’n = ΔHhydration − ΔHlattice  f = e
−Ea/RT 

k = Ae
−Ea/RT

 

  
  

  
  

  

 
(

 

  
   

 

  
)

 
      

  

 
(

 

 
) + ln A 1 V = 1 J/C 

Kp = Kc(RT)
Δn 

Kw = 1.0×10
−14 

Ka × Kb = Kw 

Kw = [H3O
+
][OH

−
] pH = pKa + log 

      

      
 pH = −log[H3O

+
] 

pOH = −log[OH
−
] ΔG = ΔG° + RT ln Q ΔG° = ΔH° − TΔS° 

∆S°rxn = ∑n(S°prod) − ∑n(S°reac) ∆H°rxn = ∑n(∆H°prod) − ∑n(∆H°reac) K = e
−ΔG°/RT

 

ΔG° = −nFE° ∆G°rxn = ∑n(∆G°prod) − ∑n(∆G°reac) F = 96,485 J/V·mol 

S = k ln W k = 1.38×10
−38

 J/K 1 A = 1 C/s 

E°cell = E°cathode − E°anode E = E° − (0.0592/n) log Q E = E° − (RT/nF) ln Q 

Rate = kN       
     

 
   

  

  
      

  
     

     
      c = 2.99792458×10

8
 m/s  E = mc

2
 

931.5 MeV = 1 amu 1 amu = 1.66054×10
27

 kg

Order in [A] 
Rate 

Law 

Integrated Form, 

y = mx + b 

Straight 

Line Plot 

Half-Life 

t1/2 

zero-order 

(n = 0) 
rate = k [A]

0
 = k [A]t = −kt + [A]0 [A]t  vs.  t    = 

    

  
 

first-order 

(n = 1) 
rate = k [A]

1 ln[A]t = −kt + ln[A]0 ln[A]t  vs.  t     
   

 
  

     

 
 

second-

order 

(n = 2) 
rate = k [A]2 

 

    
     

 

    
 



1

[A]t
  vs.  t     
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