Nuclear Chemistry Worksheet 1
1. Write balanced nuclear equations for the following reaction:

(A) Alpha emission by antimony-121

(B) Proton absorbed by uranium-238

(C) Alpha emission by aluminum-27

(D) Beta emission by sulfur-32

(E) Positron emission by arsenic-72

2. Uranium-238 undergoes the following series of decays to form Polonium-218: α, β, β, α, α, α, α.

Write out each step of this decay process.

3. Polonium-210 radioactivity decays by the emission of alpha particles. Its half-life is 138 days.

(A) Write out the decay reaction.

(B) Calculate the rate constant for the decay reaction.

(C) How long will it be before only 5% of the original isotope remains?

4. Phosphorous-32 undergoes beta-decay and has a half-life of 14.3 days.

(A) Calculate the rate constant for this reaction.

(B) How long will it be before 10% of the original amount of Phosphorous-32 remains?

5. Calculate the mass loss and energy change in joules when 1 gram of thorium-230 (229.9837) undergoes alpha decay (4.00150) to produce radon-226 (225.9771).

Nuclear Chemistry Worksheet 2
1. Write balanced nuclear equations for the following reactions:

(A) Alpha emission by Ytterbium-266

(B) Beta emission by Radium-224

(C) Positron emission by Krypton-77

(D) Beta absorption by Neptunium-235

(E) Alpha emission by magnesium-28

2. During the formation of a star, two reactions take place. Compare the energy given off per gram of reactant for each of these processes:

(A) deuterium (2.01355) fuses with a hydrogen nucleus (1.00728) to produce helium-3 (3.01550)

(B) two helium-3 (3.01550) atoms combine to form an alpha particle (4.00150) and two protons (1.00728).

3. An alpha particle is emitted from a molecule and thorium-231 produced. Thorium-231 is radioactive and undergoes beta decay. Write out each of these reactions and make sure to determine the parent nucleus and daughter product of Thorium-231.

4. The half-life of barium-131 is 12.0 days. How many milligrams of barium-131 remain after six half lives when the initial amount was 20 mg?

5. The half-life of tritium is 12.3 yr. Estimate the age of a bottle of wine that has a tritium content 0.75 that of the water in the area where the wine was produced.

Nuclear Chemistry Worksheet 3
1. The sun has a mass of approximately 2 x 1033 g and emits about 4 x 1026 J/s due primarily to the following two processes:

i. deuterium (2.01355) fuses with a hydrogen nucleus (1.00728) to produce helium-3 (3.01550)

ii. two helium-3 (3.01550) atoms combine to form an alpha particle (4.00150) and two protons (1.00728).

How long would it take for the sun to lose 90% of its mass of hydrogen nuclei at this rate of energy emission?

2. Consider the fusion of two deuterium atoms (2.01355) to form an alpha particle (4.0015).

(A) Calculate ΔE in kilojoules per gram of deuterium fused.

(B) How much energy is potentially available from the fusion of all the deuterium atoms in seawater?

The percentage of deuterium in water is about 0.015%. The total mass of water in the oceans is 1.3 x 1027 g.

(C) What fraction of the deuterium in the oceans would have to be consumed to supply the annual energy requirements of the world (2.3 x 1017 kJ)?

Nuclear Chemistry Answer Key
Worksheet 1

1) a) 121Sb -----> 4He + 117In b) 238U + 1H + -----> 239Np

c) 27Al -----> 4He + 23Na d) 32S -----> 0e - + 32Cl

e) 72As -----> 0e+ + 72Ge

2) 238U -----> 4He + 234Th alpha

234Th -----> 0e- + 234Pa beta

234Pa ------> 0e- + 234U beta

234U -----> 4He + 230Th alpha

230Th -----> 4He + 226Ra alpha

226Ra -----> 4He + 222Rn alpha

222Rn -----> 4He + 218Po alpha

3) a)27Al -----> 4He + 23Na b) rate constant = 5.81 x 10-8s-1
c) time = 596 days

4) a) rate constant = 5.61 x 10-7s-1 b) time = 47.5 days

5) mass loss = 8.47 x 10-27 g; energy = 2.00 x 109 J

Worksheet 2

1) a) 224Yb -----> 4He + 220Er b) 224Ra -----> 0e- + 224Ac

c) 77Kr -----> 0e+ + 77Br d) 235Np + 0e- -----> 235U

e) 28Mg -----> 4He + 24Ne

2) a) E = 1.59 x 108 kJ b) E = 1.34 x 109 kJ

3) 235U -----> 4He + 231Th and 231Th -----> 0e- + 231Ac

4) .31 mg 5) time = 5.11 years old

Worksheet 3

1) i) E = 4.79 x 1011 J ii) E = 1.34 x 1012 J

2) a) E = 1.14 x 109 kJ/g  b) E = 2.23 x 1032 kJ  c) 1.03 x 10-13 %
