Chem 1B, Test Review #3

1.
Balance the following redox reactions:



(a) MnO4–(aq)  +  H2C2O4(aq)  +  H3O+(aq)  (  Mn2+(aq)  +  CO2(g)  +  H2O



(b) Al(s)  +  OH–(aq)  +  H2O(l)  (  Al(OH)4–(aq)  +  H2(g)

2.
Given the following Reduction Potentials:
NO3–(aq)  +  4H+ + 3e–  (  NO + 2H2O

Eo =  0.96 V

   Ag+(aq)  +  e–  (  Ag(s),

Eo =  0.80 V
                I2(aq)  +  2e–  (  2 I–(aq),  

Eo =  0.54 V
Cu2+(aq)  +  2e–  (  Cu(s),  
   
Eo =  0.34 V

 2H+(aq)  +  2e–  (  H2(g),  
   
Eo =  0.00 V
Zn2+(aq)  +  2e–  (  Zn(s),  
   
Eo =  -0.76 V


Predict whether or not the following g redox reactions are spontaneous.
(a) 3Ag(s)  +  NO3–(aq)  +  4H3O+(aq)  (  3Ag+(aq)  +  NO(g)  +  6H2O(l);

(b) Cu(s)  +  2H+(aq)  (  Cu2+(aq)  +  H2(g);
(c) H2(g)  +  2Ag+(aq)  (  2H+(aq)  +  2Ag(s);
(d) Zn(s)  +  Cu2+(aq)  (  Zn2+(aq)  +  Cu(s);

(e) Cu(s)  +  I2(aq)  (  CuI2(aq);
3.
Consider the following standard reduction (half-cell) potentials:




Al3+(aq)  +  3e–  (  Al(s);
Eo  =  -1.66 V




Cu2+(aq) +   2e–  (  Cu(s);
Eo  =  +0.34 V


(a) Sketch the cell diagram using KNO3 as salt bridge. (b) On the diagram label the anode and cathode half-cells, indicate the direction electron flows in the external circuit, and the direction positive and negative ions flow in the salt bridge.  (c) Write the net ionic equation for the cell reaction and calculate the standard cell potential (Eocell) and Go for the overall reaction at 25 oC. (d) What is the cell potential (Ecell) at 25oC if the electrolyte concentrations are: [Al3+] 0.10 M and [Cu2+] = 0.010 M? (e) How much energy (in kJ) can be obtained from the reaction of 5.00 g of aluminum at an average cell potential of 2.00 V?  
(Answer: (c) Eocell = 2.00 V; Go = -579 kJ; (d) Ecell = 1.96 V;  (e) 107 kJ)

4.
An aqueous solution containing metal sulfate, MSO4, is electrolyzed using  an electrolytic cell that operate at 3.0 V and a constant current of 25 A. After 30.0 minutes, 15 g of metal M is deposited at the cathode. Identify the metal. 
5.
Aluminum is produced by electrolysis of molten Al2O3-Na3AlF6 mixture using a series of electrolytic cells that operates at a total voltage of 3.0 V and a constant current of 2.5 x 105 A? How many kilograms of aluminum can be produced 1.0 hour of continuous electrolysis? How much energy (in kWhr) is consumed just for the production of aluminum?  (Answer: 84 kg;  750 kWh)

6.
(a) Write a balanced equation for the reaction that occurs in a car battery: (i) during ignition; (ii) while you drive the car (assuming the alternator is working). (b) How many grams of lead are consumed to produce a constant current of 650 A for 5.0 seconds? (c) How much energy (in kJ) is produced if the battery operates at an average potential of 12 V? (Answer: (b) 3.5 g Pb; (c) 39 kJ)

7.
Naturally occurring iron contains three stable isotopes, namely, 56Fe, 57Fe, and 58Fe, with isotope 56Fe, being the most abundant. Isotopes 54Fe and 59Fe are radioactive; the latter does not occur naturally. Propose the mode of decay for isotopes 54Fe and 59Fe, respectively, and write a decay equation for each isotope.
8.
Calculate the nuclear binding energy in iron-56 nucleus (
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Fe). Express the binding energy in Joule per nucleus and in MeV per nucleon. 

(Atomic masses (in amu):  
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Fe = 55.93494;  
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p  = 1.00728;  
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n  = 1.00867, and 
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-

e = 0.00055; 

1 amu = 1.66054 x 10–27 kg; c = 2.9979 x 108 m/s; 1 MeV = 1.602 x 10–13 J)


(Answer:  7.89 x 10–11 J/nucleus;  8.80 MeV/nucleon)
9.
Calculate the energy produced in the following nuclear fusion reaction: (a) in MeV per He-atom; (b) in kJ/mol He.
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Atomic masses (in amu):  
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H = 2.0140;  
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H = 3.01605;  
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He = 4.00260;   
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n  = 1.00867.


(Answer: (a) 2.80 x 10–12 J per He-atom formed;  (b) 1.69 x 109 kJ/mol of 4He)
10.
If 4.23% of a sample of calcium-45 (45Ca) decays in 10.0 days, what is the rate constant for the decay of calcium-45? Calculate the half-life of 45Ca.  (Answer: k = 4.32 x 10-3 d-1;  t1/2 = 160. days)
11.
A rock contains 270 mol of 238U (t1/2 = 4.5 x 109 yr) and 110 mol of 206Pb. Assuming that all the 206Pb comes from 238U, estimate the age of the rock.  (Answer: 2.2 x 109 years)
12.
A worker at a nuclear plant is exposed for 5.00 minutes to 1.00 Ci of beta radiation from 90Sr, each with energy of 0.546 MeV. (a) How many beta particles does he absorbs? (b) If he weighs 70.0 kg, how many rads (radiation absorbed dose) does he receive? (c) If the RBE is 1.0, how many mrems of radiation dose is absorbed? (Answer: (a) 1.1 x 1013  particles; (b) 1.39 rads;  (b) 1390 mrems)
13.
(a) The atomic size of elements in Group 1A increases down the group. How does this trend influence the ionization energy, the hardness, and the chemical reactivity of the alkali metals? (b) Among the alkali metals lithium has the highest ionization energy (520 kJ/mol) in the gaseous phase. Yet it has the most negative reduction potential (-3.05 V) in solution. Explain this discrepancy. 


(For metals higher ionization energy is normally associated with less negative reduction potentials. For example, the ionization energy for Na and K are 495 kJ/mol and 419 kJ/mol, respectively. The reduction potentials for Na and K are -2.71 V and 2.92 V respectively.)

14.
Classify each of the following oxides of elements in the third period as strongly acidic, weakly acidic, weakly basic, strongly basic, or amphoteric. 



  Na2O,  MgO,   Al2O3,   SiO2,   P4O10,   SO3,  and  Cl2O7.

15.
Complete and balance the following equations for reactions involving metal oxides:



(a)     Na2O2(s)  +    H2O(l)  (  ?


(b)     KO2(s)  +     CO2(g)  (  ?


(c)     MgO(s)  +     HCl(aq)  (  ?



(d)     CaCO3(s)  +     HCl(aq)  (  ?



(e)     Al2O3(s)  +    H2SO4(aq)  (  ?


(f)     Al2O3(s)  +    NaOH(aq)  (  ?
16.
Complete and balance the following equations:


(a)   NO2(g)  +     H2O(l)   →  ?



(b)   N2O3(g)  +    H2O(l)   →  ?



(c)   P4O10(s)  +    H2O(l)   →  ?



(d)   PCl5(l)  +     H2O(l)   →  ?



(e)   Cl2O7(s)  +     H2O(l)   →  ?



(f)   ClF3(g)  +     H2O(l)   →  ?
17.
Write the Lewis structures of the following molecules, predict the molecular shapes, and indicate whether the molecules are polar or nonpolar.


(a)  SiF4

(b) SF4

(c)  XeF4
    (d)  XeO2F2

(e)  XeO3F2 

18.
(a) Seawater contains approximately 0.055 M MgCl2. How many liters of seawater are required to produce 1.00 kg of magnesium metal?  (b) The final step of the extraction of magnesium involves the electrolysis of molten MgCl2. How many liters of Cl2 (measured at STP) are produced for every kilogram of Mg extracted? (c) If the electrolysis is carried out using cells that operate at 1.0 x 104 A and 3.0 V, how long will it take to produce 1.0 kg of Mg and how much electrical energy (in kJ) is consumed?   (Answer: (a) 748 L of sw;  (b) 921 L of Cl2;  (c) 13 min and 14 s,  2.4 x 104 kJ)
19.
Phosphorus is extracted from phosphate rock, which contains Ca3(PO4)2, using the following reaction. Balance this equation.  A 1.00-kg sample of phosphate rock is found to yield 145 g of phosphorus. If it is assumed that all of the phosphorus in Ca3(PO4)2 is converted to P4, what percentage of the phosphate rock is Ca3(PO4)2? 
(Answer:  72.6%)



     ___Ca3(PO4)2(s)  +  ___SiO2(s)  + ___C(s)  →  ___P4(s)  +  ___CaSiO3(s)  +  ___CO(g) 

20.
Nitric acid is manufactured in the Oswald process, which involves the catalytic oxidation of ammonia according to the following equations:


(i)  4 NH3(g)  +  5 O2(g)  →   4 NO(g)  +   6 H2O(g) 

(ii)  2 NO(g)  +   O2(g)  →    2 NO2(g);

(iii)  3 NO2(g)  +   H2O(l)  →   2 HNO3(aq)  +  NO(g);


How many gallons of 70.0% (by mass) of concentrated HNO3 solution (density = 1.48 g/mL) can be  produced from 1.00 metric tonne (1.00 x 103 kg) of ammonia gas? Assume a 100% yield. 

(1 gall = 3.7854 L; 1 gallon of concentrated HNO3 weighs 5.60 kg)

(Answer: 629 gallons)

21.
Write all chemical reactions involved in the production of sulfuric acid starting from sulfur. How many gallons of concentrated sulfuric acid (98.0% by mass; density = 1.84 g/mL) can be produced from 1.00 metric tonne (1.00 x 103 kg) of sulfur? Assume 95.0% efficiency. 


(Answer: 426 gallons)
22.
Bleach solution is produced by the following reaction:



    Cl2(g)  +  2NaOH(aq)  →  NaOCl(aq)  +  NaCl(aq)  +  H2O

Household bleach solution is 5.25% (by mass) in NaOCl and has density of 1.06 g/mL. How many liters of chlorine gas, measured at STP, are required to produce 1.00 gallon of bleach solution. (Assume NaOH is in excess and the yield is 100%)
(Answer: 63.4 L of Cl2)
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