Fall 2010

Chem 1B, Test Review #3

1.
Naturally occurring iron contains three stable isotopes, namely, 56Fe, 57Fe, and 58Fe. Isotope 56Fe, the most abundant isotope of iron, is believed to be the end-product of nuclear fusion reaction in the stars. Isotopes 54Fe and 59Fe are radioactive; the latter does not occur naturally. Propose the mode of decay for isotopes 54Fe and 59Fe and write the decay equations.
2.
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)
3.
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)
4.
A fabric remnant from a burial site shows a 14C/12C ratio that is 73.5% of the original value. How old is the fabric? (Half-life of 14C = 5730 years)  (Answer: 2550 yrs)
5.
The mass ratio for 238U/206Pb in a particular rock sample is found to be 0.949. Assuming that all of the lead-206 atoms originated from uranium-238 (half-life = 4.5 x 109 yrs), calculate the age of the rock.  


(Answer: 5.2 x 109 yrs)
6.
A small portion of the brain of a cancer patient is exposed for 5.0 minutes to cobalt-60 radiation that has an activity of 4.5 x 103 Bq. If the mass of the exposed brain tissue is 16.0 g and each  particle has energy of 5.05 x 10-14 J, what is the radiation dose in mrem received by the brain tissue? (Assume the -radiation has RBE = 1.0)
(Answer: 0.426 mrem)
7.
(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.)

8.
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.

9.
Rank the following chlorine-containing compounds from the most ionic to the most covalent:



  AlCl3, CsCl, KCl, MgCl2, NaCl, SCl2, and SiCl4;

10.
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)  (  ?
11.
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)   (  ?
12.
Write the Lewis structures of the following acids and predict their molecular shapes around the central atoms.


(a) H2CO3
(b) HNO2
 (c) H2SO4
(d) HClO4 
(e) B(OH)3
13.
(a) Phosphoric acid (H3PO4) is a triprotic acid (contains three ionizable H+), whereas phosphorous acid (H3PO3) is a diprotic acid (contains two ionizable H+). Draw the Lewis structures of these acids that are consistent with characteristics as oxyacids.
14.
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 

15.
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)
16.
Balance the following redox reactions involving HNO3 with metals:


(a)   Cu(s)  +    HNO3(aq)    (     Cu(NO3)2(aq)  +   NO2(g)  +    H2O(l)


(b)   Cu(s)  +     HNO3(aq)  (       Cu(NO3)2(aq)  +     NO(g)  +      H2O(l)


(c)    Zn(s)  +     HNO3(aq)  (      Zn(NO3)2(aq)  +     N2O(g)  +     H2O(l)

17.
(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 exracted? (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)
18.
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)
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.
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)
21.
The concentration of NaOCl in bleach solution is determined by titration with standard Na2S2O3 solution in the presence of potassium iodide in acidic solution. The reactions involve the oxidation of iodide to iodine and the iodine is reduced back to iodide by the reaction with sodium thiosulfate as follows: 




NaOCl(aq)  +  2 KI(aq)  +  2 HCl(aq)  (  I2(aq)  +  NaCl(aq)  +  2 KCl(aq)  +  H2O


  

I2(aq)  +  2 Na2S2O3(aq)  (  2 NaI(aq)  +  Na2S4O6(aq);


A 5.00-mL sample of a particular bleach solution is diluted to 100.0 mL with de-ionized water. Then, a 10.00-mL aliquot of the diluted bleach solution is mixed with an excess amount of solid potassium iodide and some dilute hydrochloric acid solution, and the I2 that is formed is quantitatively titrated with 0.0400 M Na2S2O3 solution using starch indicator. (a) If 21.25 mL of Na2S2O3 solution were required to reach end-point, calculate the molar concentration of NaOCl in the diluted bleach and in the original bleach solution. (b) What is the mass percent of NaOCl in the original bleach? The density of bleach solution is 1.06 g/mL.
(Answer: (a) 0.0426 M and 0.852 M;  (b) 5.97%)


2

_1238163359.unknown

_1350824690.unknown

_1350824722.unknown

_1350824765.unknown

_1238163461.unknown

_1350823735.unknown

_1238163411.unknown

_1238163082.unknown

_1238163115.unknown

_1144516427.unknown

_1145476259.unknown

