Chem 1B

Chapter 19 Exercises 


Exercise #1:

Nuclear Decay processes

Isotope symbols for nuclear particles:
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The following table summarizes the types of radioactive decays.
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Type of Decay
Radiation

    Nuclear  Change___

Type of Nuclide






Atomic No.
Mass No.
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heavy isotopes, Z > 83
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excited nucleus
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Radioactive materials decay by first-order rate law:  

Rate = kN;  (where  N = number of radioactive nuclides).

ln(Nt/N0)  =  - kt;    (N0 = activity at time t = 0 and Nt = activity at time t)

__________________________________________________________________________

Exercise-#1
1.
Write the isotope symbols for each of the following nuclides:
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2.
Write balanced equations for the following nuclear reactions:

(a) Nuclide carbon-14 undergoes beta decay:  
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(b) Uranium-238 decays by alpha particle emission:   (
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(c) Carbon-11 decays by position emission:  
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(d) Cobalt-60 decays by gamma radiation:
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(e) Gold-195 decays by electron capture:
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3.
Complete the following nuclear equations.  Indicate the symbol, the mass number, and the atomic number of the unknown particle.  (Answers in parentheses)
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4.
Predict the probable mode of decay for each the following nuclides and write their equations.

(a) Aluminum-28 (
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 (b) Chromium-51 (
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 (c) Iron-59 (
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 (d) Iodine-131 (
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 (e) Plutonium-239 (
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5.
Uranium-235 undergoes a series of decays that finally forms lead-207. How many  and  particles are produced in one decay series?


(Answer: 7  and 4 )
6.
If radium-226 undergoes a series of decays that produce five  and four  particles, what is the final product?



(Answer: Lead-206)
7.
Strontium-90 is a beta particle emitter and has a half-life of 28.1 yrs.  (a) Write the decay equation for strontium-90. (b) Calculate rate constant (__/s) and the specific activity (decay rate in dps or cps) of strontium-90 (atomic mass ~ 90 g/mol). (Specific activity is the decay rate of a 1.00-gram sample of the substance.)


(Answer: (a)  
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;  (b) 7.82 x 10–10/s;  specific activity = 5.23 x 1012 cps)
8.
Iodine-131 has a half-life of 8.0 days. If a person ingests 2.5 mg of NaI labeled with iodine-131, how much of the radioactive isotope remains in the body after 30. days?


(Answer: 0.158 mg of Iodine-131 or 0.186 mg of Na131I)
Exercise-#2

Radioactivity – Rates of Nuclear Decay

1.
Iodine-131 has a half-life of 8.0 days.  What are the rates constant for this radionuclide in s-1 ? 
What is the rate of decay (also call activity) in Becquerels (Bq = disintegration per second) of a 25.0 g sample of isotope iodine-131? What is the activity in Curie (Ci)? 

(Assume atomic mass ~ 131 g/mol; 1 g = 10–6 g;  1 Ci = 3.7 x 1010 Bq)


(Answer: rate constant = 1.0 x 10–6/s;  Activity = 1.2 x 1011 Bq (cps) =  3.1 Ci
2.
The half-life of strontium-90 is 28.1 years. How long does it take for a 10.0-g sample of 90Sr to decompose to 0.10 g?


(Answer: 187 yrs)
3.
The half-life of uranium-238 is 4.5 billion years. What will be the 238U/206Pb atomic ratio in a rock that is 5.0 billion years old? (Assume that isotope lead-206 was not present initially)


(Answer: 238U/206Pb atomic ratio = 0.862; the rock contains 862 238U atoms for every 1000 206Pb)
4.
Fresh rainwater or surface water contains enough tritium (3H) to show 5.5 disintegration per minute (dpm) per 100. g of water. A vintage wine showed a tritium level of 0.50 dpm in 100. g of the wine sample. If the half-life of tritium is 12.3 years, estimate the age of the wine.


(Answer: 43 yrs old at the time isotope analysis was done)
Carbon Dating

5.
What is the age BP of a bone fragment that shows an average of 2.9 dpm/gC in 2005? The carbon in living organisms undergoes an average of 15.3 dpm/gC, and the half-life of 14C is 5730 years.


(BP = Before Present, with the year 1950 used as the reference; dpm/gC = disintegrations per min. per gram Carbon)


(Answer:  14,000 yrs BP)
6.
A small sample of wood from an archeological site in Clovis, New Mexico, was burned in O2, and the CO2 produced was bubbled through a solution of Ba(OH)2 to produce a precipitate of BaCO3. When the BaCO3 was collected by filtration, 1.000 g sample was found to have an activity of 4.0 x 10-3 Bq. The half-life of 14C is 5730 years and living organisms have a radioactivity due to 14C of 15.3 dpm/gC. Assuming that the analysis was carried out in 1960, what is the age BP of the Clovis site?


(Answer:  11,200 yrs BP)
Exercise #3:

Nuclear Energy 

1.
Calculate the nuclear binding energy per nucleon in each of the following nuclei:

(a) 4He (nuclear mass = 4.001506 u); (b) 12C (nuclear mass = 11.996708 u); (c) 56Fe (nuclear mass = 55.92068 u), and (d) 235U (nuclear mass = 234.9935 u). The rest mass of proton and neutron are 1.007276 u and 1.008665 u, respectively. 


(Answer:  (a) 1.13 x 10–12 J/nucleon;  (b) 1.23 x 10–12 J/nucleon;  (c)  1.4 x 10–12 J/nucleon;



(d) 1.22 x 10–12 J/nucleon)
2.
How much energy is released (in kJ) in the following fusion reactions to yield 1 mol of 4He or 3He? 


(a) 2H + 3H  (  4He  + 1n;



(b) 2H  +  2H  (  3He  +  1n;


(The atomic masses are: 1H = 1.00782 u; 2H = 2.01410 u; 3H = 3.01605 u; 3He = 3.01603 u; 

   4He = 4.00260 u, and 1n = 1.008665 u)


(Answer:  (a) 1.70 x 109 kJ/mole;
(b) 3.15 x 108 kJ/mol)
3.
A positron has the same mass as an electron (9.109 x 10-31 kg) but an opposite charge. When the two particles encounter each other, annihilation occurs and two  rays, going in opposite direction, are produced. Calculate the total energy produced, and the frequency and wavelength of each -radiation.


(Answer:  1.640 x 10–13 J;  gamma frequency, = 1.237 x 1020 Hz)
4.
It has been estimated that 3.9 x 1023 kJ/s is radiated into space by the sun. What is the rate of the sun’s mass loss in kg/s?


(Answer:  4.3 x 109 kg/s)
5.
How much energy (in kJ) is produced in the fission reaction of 1.0 mol of uranium-235 according to the following equation.





235U  +  1n  (  142Ba  +  91Kr  +  3 1n


(The atomic masses are: 235U = 235.0439 u; 142Ba = 141.9164 u, 91Kr = 90.9234 u; 1n = 1.00867 u) 

If solar radiation energy absorbed by Earth is 1.05 x 1019 kJ/day, what mass of uranium-235 is required to produce 1.0% of this amount of energy per day?


(Answer:  energy from nuclear fission = 1.68 x 1010 kJ/mol;  mass of 235U required = 1.47 x 106 kg)
Exercise #4

Radiation Dose

1.
A laboratory rat is exposed to 8.7 mCi alpha radiation. (a) What is the activity of the radiation in cps?   

(b) The rat weighing 250 g is exposed to the radiation for 2.0 minutes, in which 65% of the radiation energy is absorbed. If each radiation has an energy of 5.7 MeV (1 MeV = 1.6 x 10-13 J). Calculate the absorbed dose in grays and in rad. (c) If the radiation has an RBE of 9.5, calculate the absorbed dose in Sievert (Sv) and in rem.


(Answer:  (a) 3.2 x 108 cps;  (b) 0.14 Gy = 14 rad;  (c) 1.3 Sv = 130 rem)
2.
A 70-kg worker is accidentally exposed for 2.0 minutes to a 21-mCi source of beta radiation from a sample of strontium-90. (a) What is the activity of the radiation source in cps?  

(b) Suppose that each beta particle has an energy of 0.547 MeV (1 MeV = 1.609 x 10-13 J) and 45% of the radiation is absorbed. Assuming that the absorbed radiation is spread over the person’s entire body, calculate the absorbed dose in rads and in grays. (c) If the beta particles has an RBE of 1.0, what is the effective absorbed dose in mrem and in sieverts? 


(Answer:  (a) 7.8 x 108 cps;  (b) 5.2 x 10-5 Gy = 5.2 x 10-3 rad;  (c) 5.2 x 10-5 Sv = 5.2 mrem)
Using radioisotope to determine the blood volume
3.
A 0.20 mL sample a saline solution containing 59Fe is injected into the animal. Before the injection the sample has an activity of 1.0 x 104 cps. After a sufficient time for the blood to be thoroughly mixed, 0.20 mL of the blood is removed and its activity measured. If the blood sample shows an activity of 95 cps, calculate the blood volume of the animal.


(Answer:  21 mL)
4.
A blood-volume determination was carried out on a patient by injection with 20.0 mL of blood that had been radioactively labeled with Cr-51 to an activity of 4.10 Ci/mL. After a brief period to allow for mixing in the body, blood was drawn from the patient for analysis. Unfortunately, a mixup in the laboratory prevented an immediate analysis, and it was not until 17.0 days later that a scintilation measurement on the blood was made. The radiation level was then determined to be 0.00935 Ci/mL. If 51Cr has t1/2 = 17.7 days, what is the volume of blood in the patient?


(Answer:  4.51 L)
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