BCC, Fall 2012

Chem 1B, Test #3

Name:________________________

 Grades distribution:

page 2 __________/20 

page 3 __________/22 

page 4 __________/18 

page 5 __________/17 

page 6 __________/18 
page 7 __________/30
_____________________

Total __________/125 pts

________________________________________________________________________

Please read the following instructions before starting:

1.
This exam contains seven (7) pages and a periodic table. If any of the pages is missing, please inform your instructor.

2.
Part A contains 30 multiple-choice questions; each has only ONE correct answer. Part B contains problems that require written responses. Be sure to show all calculations and/or explanations clearly wherever applicable. Otherwise points will be deducted.  

3.
All numerical answers MUST be given in correct significant figures and accompanied by appropriate units.  Failure to do so will result in the loss of points.

4.
Please show all work in the space provided. If there is not enough room, continue on the back page or on separate sheets, and be sure to write the problem numbers.

5.
If you find typographical errors, please inform your instructor.

________________________________________________________________________

Relevant information & Constants:  

· Avogadro’s No., No = 6.022 x 1023/mol;

· Planck’s constant, h = 6.626 x 10-34 J.s; 
speed of light, c = 2.998 x 108 m/s;

· 1 u = 1.6605 x 10-27 kg;
1 MeV = 1.602 x 10-13 J;
(J = kg.m2/s2)
· Ideal gas equation: PV = nRT;
(R = 0.08206 L.atm/mol.K)
· Molar volume of ideal gas at STP = 22.414 L

· First order kinetics: ln(At/Ao) = -kt;
First order rate constant, k = 0.693/t1/2 
· Radioactivity: 1 Bq = 1 disintegration (count) per second;    1 Ci = 3.7 x 1010 Bq;
· Radiation doses: 1 Gy = 1 J/kg; 1 rad = 10-2 J/kg;  1 rem = 1 rad x RBE
Part A: For the following multiple-choices questions (1 – 25), choose only ONE answer for each question.
1.
Nuclide 
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Be is not stable. What is its most probable mode of decay?



(a) alpha decay;
(b) beta emission
(c) positron emission
(d) neutron capture
2.
Which of these radioactive nuclides will undergo alpha () decay?



(a) 
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Au

(b) 
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At

(c) 
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Pb

(d) All of them
3.
What is the product of an electron capture process of 
[image: image5.wmf]181

74

W?



(a) 
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W–

(b) 
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Re

(c) 
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Ta

(d) 
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Ta
4.
Identify the missing product in the following nuclear transmutation process:
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He  (  ?_______  + 2 
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(a) 
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Am
     
(b) 
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Cm

(c) 
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Cm

(d) 
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5.
What is the missing nuclide in the fission reaction: 
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(a) 
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Ba
     
(b) 
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Ba
   
(c) 
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Xe   

(d) 
[image: image24.wmf]141

53

I
6.
Nuclide 
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U captures a neutron (
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n) and then undergoes two successive decays by -emission. What is the final product? 



(a) 
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(b) 
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Th

(c) 
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U

(d) 
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7.
The half-life of isotope carbon-14 (
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C) is 5730 years. If a tree dies and lies undisturbed for 18,400 years, what percentage of 
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C remains?



(a) 19.2%

(b) 17.4%

(c) 10.8%

(d) 8.43%

8.
Copper-64 decays by positron emission to form nickel-64. If 5.31% of the original sample of copper-64 decays per hour, what is the half-life of copper-64?


(a) 12.7 hours

(b) 18.8 hours

 (c) 29.9 hours

 (d) 9.42 hours
9.
A 0.20-mL isotonic solution containing tritium (
[image: image33.wmf]3
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H) with an activity of 4.5 x 103 cps is injected into the bloodstream of an animal. After allowing circulatory equilibrium to be established, a 0.20-mL sample of the animal’s blood is withdrawn and analyzed. If the blood sample shows a radioactivity of 25 cps, what is the blood volume of the animal? 
(a) 180 mL

(b) 360 mL 

(c) 36 mL

(d) 9.0 x 102 mL
10.
A laboratory mice weighing 265 grams is subjected to a dose of 3.4 x 107 cps of -radiation for 2.0 minutes. If each  particle has energy of 9.3 x 10-14 J and a relative biological effectiveness (rbe) of 1.0, what is the amount of absorbed doses in mrem (millirem)?

(a) 1.4 x 10-1 

 (b) 1.4 x 102 

(c) 6.3 x 10-1 

(d) 1.2  
11.
Which atom has the highest second ionization energy (I2)?


(a) Al

(b) K

(c) Mg
  
    (d) Na
12.
Choose the correct trend (in increasing order) for the reactivity of following elements.

(a) Al < Mg < Na;
(b) Li < Na < K;
(c) Br < Cl < F;
(d) All the above
13.
Given the following reactions:



(I)   M  + Cl2  (  MCl2;


(II)   M  +  O2  (  MO2 


 (III)  4M + O2  (  2M2O;

(IV)  6M + N2  (  2M3N


In which reaction(s) could “M” represent a Group IA element?



(a) III only

(b) II and III

(c) II, III, and IV
    (d) All of them
14.
Identify a compound that contains nonpolar covalent molecules.



(a) BeCl2

(b) MgCl2

(c) CaCl2

(d) BaCl2
15.
Which of these oxides will form the strongest acid solution when dissolved in water?



(a) Al2O3

(b) B2O3

(c) Br2O3

(d) Cl2O3
16.
Sodium metal reacts with oxygen gas to form what product?


(a) Na2O

(b) Na2O2

(c)  NaO

(d) NaO2
    

17.
Potassium reacts with oxygen gas to produce potassium superoxide, which has the formula:



(a) K2O


(b) KO


(c) KO2


(d) KO3 
18.
When the following equation is completed and properly balanced, the products are:




Li(s)  +  H2O(l)  (  ?



(a) 2LiOH(aq)  +  H2(g)

(b) Li2O(s)  +  H2(g)  


(c) 4LiH(aq)  +   O2(g) 

(d) 2LiH2(s)  +  O2(g)
19.
When the following equation is completed and properly balanced, the products with coefficients would be: ______.



        
  Al(s)  +    HCl(aq)   (  ?


(a) AlCl2(aq)  +   H2(g)


(b) 2AlCl3(aq)  +   3H2(g) 



(c) 2Al2Cl3(aq)  +  3H2(g) 

(d) 2AlH3(s)  +  3Cl2(g) 

20.
Which of these oxides is amphoteric?



(a) Li2O

(b) BeO


(c) B2O3 

(d) MgO
21.
Choose a pair that shows an acidic oxide and most basic oxide, respectively, of Group 3A elements.


(a) B2O3 & Tl2O
(b) B2O3 & In2O3 
(c) B2O3 & Al2O3 
(d) Al2O3 and In2O3 
22.
One of these compounds is used in the municipal water treatment plants.


(a) Al(NO3)3

(b) Al2(SO4)3

(c) CaSO4

(d) CaCO3 

23.
The dry type fire extinguishers use this compound.



(a) NaHCO3 

(b) Na2CO3 

(c) CaCO3

(d) NH4NO3 

24.
What the two major ingredients (compounds) are used in glass manufacture?



(a) NaHCO3 & Na2CO3
        
(b) Na2CO3 & SiO2




(c) NaHCO3 & SiO2

(d) Na2CO3 & KO2

25.
Which of these compounds is used as an oxidizer in the rocket booster fuel?


(a) KClO3
    
(b) NH4ClO4
  
(c) Al2O3

(d) N2H4  

26.
The compound SiO2 does not exist as a discrete molecule while CO2 does. This is because:



(a) The Si—O bond is unstable.





(b) The SiO2 is a solid while CO2 is a gas.



(c) The Lewis structure of SiO2 has an even number of electrons.



(d) The 3p orbital of the Si cannot form an effective side-wise overlap with the 2p of the O.

27.
All of the following contribute to nitrogen-fixation except ____________.


(a) lightning


(b) bacteria on the roots of legumes



(c) the Haber process

(d) the Ostwald process


28.
Choose the molecule with the largest bond strength.



(a) F2 

(b) Cl2 

(c) Br2 

(d) I2 

29.
Which types of hybridizations are found on carbon atoms in graphite and diamond, respectively?


(a) sp and sp2

(b) sp2 and sp3

(c) sp and sp3

(d) sp2 and sp3d
30.
In which of these molecules the central atom has sp3d2 hybridization?



(a) GeF4

(b) SeF4

(c) SiF4


(d) XeF4 
___________________________________________________________________________________________
Part B. 

B1.
(7) A wooden artifact found at an archaeological excavation site in Bulgaria showed a carbon-14 activity of 11.0 cpm/gC (counts per minute per gram carbon). If the original carbon-14 activity was 15.0 dpm/gC, determine the age of the artifact at the time it was discovered? 

(
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C has a half-life, t1/2 = 5730 years)

B2.
(10) Strontium-90 (
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38

Sr) is a beta-particle emitter and has a half-life of 28.8 years. 

(a) Write the decay equation by beta-particle emission for strontium-90. 


(b) Calculate the decay constant and specific activity, respectively, for strontium-90. 


(Decay constant is the rate constant for radioactivity, normally in unit s-1. Specific activity is rate of decay per gram sample, which may be given in cps/g or in Ci/g. Assume atomic mass of strontium-90 = 90. g/mol; 1 year = 365 days and 1 hr = 3600 s; 1 Ci = 3.7 x 1010 cps;) 

B3.
(8) Envision that the world’s energy problem can be solved by the following fusion reaction:
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How much energy (in kJ) is produced from fusion reaction that results in 1.00 mole of isotope 
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He? (Atomic Masses: 
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B4.
(10) The major industrial source of hydrogen gas is the reaction of methane and water at high temperatures (800 – 1000°C) and pressure between 10 and 15 atm, with nickel as a catalyst.



CH4(g) + H2O(g) 
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 CO(g) + 3H2(g)

(a) If 1.00 kg of CH4 and 1.00 kg of H2O are reacted at 945°C and 12.0 atm, how many liters of hydrogen gas are produced under the above experimental conditions of temperature and pressure? 

(b) What is the volume of H2 gas at STP?
B5.
(8) Yellow sulfur (S8) can be produced from H2S by the following two steps redox reactions, which use Fe2O3 as catalyst. Balance these equations using the smallest integer coefficients.



  (I) ___H2S(g)  +  ___O2(g)  (  ___S8(s)  +   ___SO2(g)  +   ___H2O(g)



(II) ___ H2S(g)  +  ___SO2(g)  (  ___S8(s)  +  ___H2O(g)
B6.
(12) Draw Lewis structures for the following molecules. For each molecule, propose orbital hybridization on the central atom, predict the molecular shape, and indicate whether polar or nonpolar. 



(a)  SO2



(b) SF4   


(c) SF6 
B7.
(10) One of the major uses of chlorine gas is for the production of household bleach solution, NaOCl(aq), which is produced by the following reaction:




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

(a) How many cubic meters (m3) of Cl2 gas, measured at STP, are needed to produce 907 kg of NaOCl? (Assume that the yield in 100%)

(b) If household bleach solution contains 5.25% (my mass) of NaOCl and has density = 1.06 g/mL, how many liters of bleach solution can be produced from 907 kg of NaOCl? 

 
(Please continue your calculations on the back if you run out of space here.)
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