
Chemistry 485

Spring, 2o1o Final Exam
100 Points
Distributed: Mon., 3 May 2o1o, 12:45 Due: Mon., 3 May 2o1o, 2:45 pm

The questions in this exam may require information that can be found in the attached
figure, the table, or the equation sheet. Scored on 100 point basis, 10 pts. extra credit.

1. Ten Short Answers (5 points each).

(a) What is the atomic number, Z, of the beta-stable isotope with A=101?

(b) Write a (completely) balanced reaction for the β+ decay of 50Mn.

(c) The half-life of 50Mn is 0.28 seconds, and must be produced in a nuclear
reaction each time it is needed. What fraction of a sample of 50Mn will
remain 1.00 second after it is produced?

(d) Write a balanced nuclear reaction for the production of 50Mn from the
stable isotope 46Ti with a 6Li beam.

(e) Make an estimate of the geometrical cross section for the reaction of 46Ti
with 6Li.

(f) Calculate the Coulomb barrier in the center of mass system for the reaction
of 46Ti with 6Li.

(g) The cross sections for ALL neutron induced reactions increase at very low
energies with the same slope on a log-log graph. What is the underlying
cause for this uniform increase in the cross sections for neutron induced
reactions at very low energies.

(h) Give an explanation for the enhanced stability of 4He nuclei based on the
simple shell model.

(i) Make an estimate of the typical (or average) mass number of krypton
fragments (before decay) produced by fission of 236U.

(j) What is the common feature of the three fissile nuclei: 233U, 235U, and
239Pu that allows them to be fissionable with thermal neutrons that is
distinctly different from 238U, for example?

2. (20 points) The 201Tl isotope is often used in a nuclear medical procedure to
study blood flow in the heart. This nucleus has a nuclear angular momentum
and parity of I=1/2+ and decays by electron capture. The ground state nuclear
angular momentum of the daughter (201Hg) is I=3/2− The decay leads to a
I=1/2− excited state at 0.167 MeV in the daughter. The decay of the excited
state is observed as part of the blood flow study. (A) What is the lowest
multipolarity and character of this transition from the excited state to the
ground state in 201Hg? (B) What is the single particle decay rate (/s) for this
transition?



3. (20 points) The Fermi-2 nuclear power plant operates near Detroit with a typical
thermal efficiency of approximately 30% to produce approximately 1100 MW of
electrical power (MWe). (A) Make an estimate of the number of fission reactions
occurring per second in the operating reactor if the thermal energy output is
195 MeV/fission of 236U. (B) What is the mass of 235U that is consumed by this
reactor operating continuously for 1.00 year at the 1100 MWe power level?

4. (20 points total, 4 points each) Indicate whether each of the following questions
about nuclear reactions in space is true or false.

(a) The main reaction occurring in our Sun involves the production of positrons.

(b) The Sun produces elements up to iron by nuclear reactions.

(c) Most of the elements in the solar system were produced in one general
nuclear reaction.

(d) The s-process can only produce nuclei with Z < 83 (bismuth) by the slow
capture of neutrons.

(e) The ratio of isotopes in two different chemical elements are often used to
determine the age of meteorites and other objects in the solar system.



Table 1: Table of single particle decay rates for nuclear transitions, for an energy in
MeV.

Angular Electric Magnetic
Momentum ∆π λSP (s−1) ∆π λSP (s−1)

1 yes 1.03x1014A2/3E3
γ no 3.15x1013E3

γ

2 no 7.28x107A4/3E5
γ yes 2.24x107A2/3E5

γ

3 yes 3.39x101A2Eγ7 no 1.04x101A4/3E7
γ

4 no 1.07x10−5A8/3E9
γ yes 3.27x10−6A2E9

γ



Potentially Useful Constants 26 Apr 10

h = 6.626 x 10−34 J sec c = 2.99792 x 108 m sec−1

NA = 6.0221 x 1023 mole−1 hydrogen mass = 1.67263 x 10−27 kg = 938.7906 MeV

1 MeV/c2u = 931.50 neutron mass = 1.67493 x 10−27 kg = 939.5731 MeV

1. u = 1.6605 x 10−27 kg electron mass = 9.1094 x 10−31 kg = 0.511 MeV

e2/4πε0= 1.439 MeV-fm electron charge = 1.60218 x 10−19 Coul

ε0 = 8.8542 x 10−12Coulomb2 J−1 m−1 1 eV = 1.602x10−19J

1 Ci = 3.7x1010 Bq, 1 Bq = 1/s kB = 1.380x10−23J/K

1 yr = 365.25 d = 8766 hr = 525,960 m = 3.156x107 s h̄ c = 197.49 MeV-fm

Potentially Useful Equations

r = 1.2 fm A1/3 Vsphere = 4π r3/3 Asphere = 4π r2

A = λN λ = 1/τ = ln2/T1/2 λ = 0.693/T1/2

F(x) = − d
dx

V(x) ρ(R) = ρ0/(1 + e(r−R)/a)

Fcoulomb = −q1q2e
2/4πε0r

2 Vcoulomb = q1q2e
2/4πε0r Vcoulomb = Z1Z21.439MeVfm/r

E = mc2 E2
total = (m0c

2)2 + (pc)2 Etotal = γm0c
2

λdeB = h/p = h/mv p = m v TnonRel = 1
2

m v2 = p2/2m

Ephoton = h ν λ ν = c Ephoton = p c

BE(Z,A) = [Z ∗M(1H) + N ∗M(1n)−M(Z,A)]c2 ∆(Z,A) = M(Z,A)− A
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Z2
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