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Chemistry II-AP





      Atomic Theory / Nuclear Chemistry 

Practice Test  Solution Set
1.  Cu
An isotope with a mass number of 63 has five more neutrons than protons.  This is an isotope of what element?    63  = x + (x+5)  => x = #p = 29;  #n = 24
2.   92.51%
There are two naturally-occurring isotopes of lithium, with masses of 6.01513 and 7.01601 amu.  Given that the average atomic mass of lithium is  6.9410, what is the percent abundant of the heavier isotope?


6.9410  = 7.01601(x)  +  6.01513 (1.000 - x)


0.9259   =  1.00088x


  x = 0.92508

3.  C    Thorium-226 is unstable because of its low neutron-to-proton ratio.  What type of transmutation is expected?


A) beta emission;    B) positron emission;   C) K (electron) capture;     D) alpha decay.

   [Technically, it could also be positron emission, but since Th-226 is so heavy, C is a better choice.]

Use the following information to answer the next set of questions:

 Nb-94 spontaneously decays by alpha emission and has a decay rate constant of 4.88 x 10-3 days-1.  

4.    39Y90                 What is the resulting nuclide?





41Nb94   (  2He4    +       39Y90
5.    142 days      What is the half life (in days) for this isotope?



0.693  = kt        t = 0.693 / 4.88 x 10-3 days-1     = 142 days
6.   284 days        Starting with a 9.44-mg sample of Nb-94, how many days will it take until only 2.36-mg remain?   


9.44 (  4.72  (  2.36  (goes through 2 half lives)  ( 2(142) = 284 days

or  ln(9.44 / 2.36)  = 4.88 x 10-3 days-1 t   (   t = 284 days
7.    5.35%               If a 4.00-gram sample is allowed to decay for exactly 600 days, what percentage of the original sample will remain?




First, the 4.00-gram info is not necessary!



ln(100 / X)  = 4.88 x 10-3 days-1 (600 days)  = 2.928




100 / X  = 18.69    X  = 5.35 
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Complete the following reactions:

8.   Fm-255        Es-253 (  , D ) __?__

9.     2n                   Co-61 (+ ,  ?  ) Ni-59

10.  1.23 x 10-12 J      Calculate the binding energy per nucleon for the Pb-206 nuclide.  


     The measured mass is 205.97446 amu.  


      (In case you don't have it in your calculator, 1 amu = 1.66 x 10-27 kg)



    82(1.007276 amu) =  82.596632 amu +124(1.008665 amu)  = 125.07446 amu


              = 207.671092 amu     m = 1.69663 amu x 1.66 x 10-27 kg = 2.82 x 10-27 kg




E = mc2   = (2.82 x 10-27 kg)(3.00 x 108 m/sec)2  = 2.53 x 10-10 J




2.53 x 10-10 J / 206  = 1.23 x 10-12 J
11.  What is the purpose of the control rods in a nuclear reactor?  Be very specific - generalizations won't count!


The control rods absorb the neutrons that are generated during the nuclear fission reaction, thus controlling the rate of the reaction.  Often, the rods are made of an alloy of cadmium because this material is a good neutron absorber.  In a typical fission reaction of uranium, for every single neutron that is used to initiate a reaction, three neutrons are released as expelled particles.  These particles could then be used to bombard other uranium nuclei, if they were not regulated, thus causing a rapid chain reaction, or explosion!
12.  Predict whether or not any of the following nuclides are radioactive.  Justify your response.

       Sn-118,                         Mg-24,                            At-215,                                    Fr-224

       no, both #n &
  no, both #n &
         yes, Z# > 83


yes, Z# > 83

#p are even; Z# is 
   #p are even

          Z# is odd


both #n & #p 
a magic number 








are odd
13.  
An element has a Z# of 62 and an A# of 150.  (A) What element is being described and (B) how many neutrons are in this nuclide?


(A)____Sm___      (B)____88_____
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14.  Te 
Identify this element.  It is a member of the chalcogen family.  Its -2 anionic form contains 54 electrons.

15.  Explain why nuclear density is so much greater than atomic density.


Density is based on the mass-to-volume ratio of a substance.  For both atomic and nuclear density, the mass is determined by the nucleus since the mass of electrons is negligible.  For an atom’s density, though, the volume is determined by the distance from the nucleus out to the furthest electron and the space in between contains no matter.  For nuclear density, the volume of the nucleus consists of solid matter - neutrons and protons that occupy almost all of the space, leaving little free space. 

16.    D
  Beta particles:


A) have a mass of 4 and a charge of +2;      B) are more penetrating than X rays;


C) are repelled by a positively-charged plate;    D) are high-speed electrons.

17.  Np-231
What is the resulting nuclide if Am-248 undergoes 3 alpha decays, 4 beta decays, and the emission of 5 neutrons?

18. 
List one advantage and one disadvantage of the fusion reactor compared to the fission reactor, given today's technology.


Adv.:  1.   no radioactive wastes,



       2.
 more abundant fuel

Disadv.  1. cannot sustain the temperature needed to generate the reaction



          2.  once initiated, we do not have a containment vessel to control the rxn.
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19.   gluons
The strong force, not charge-related and only effective at very short distances, is postulated to involve the exchange of what type of particles

20. Consider the following information:

a. The layer of dead skin on our bodies is sufficient to protect us from most -particle radiation.

b. Plutonium is an -particle producer.

c. The chemistry of Pu+4 is similar to that of Fe+3.

d. Pu+4  +  4 e-  ---------->  Pu        Eo = -1.28 V

Why is plutonium one of the most toxic substances known? 

If it gets into the bloodstream, it can cause serious damage due to its ability to be incorporated into the red blood cells and into the hemoglobin molecules.  As an alpha emitter, it can do serious damage at that close range on the inside.
Answer one of the following: (10 points)

A. 
Cite the pieces of evidence (experiments) that most convincingly established that electrons are fundamental particles of all matter.  Why was each contribution so important?

- work of Michael Faraday

- development of the cathode ray tube

- Thomson’s work

- Millikan’s oil-drop experiment

B. 
Why couldn't the same methods that were used to characterize electrons be used to isolate and detect neutrons?


It’s a neutral particle so it would not be affected by electric or magnetic fields.  

