CHEM 220 Nuclear Chemistry Problem Set
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1. What is the difference between 27 {3Al and 27Al43?
2. Complete the following decay reactions

27AI13 + 2H1 — + 4H62
TLiz + — 2 4Hep

9Be4 + 4Hez — 12C6 +
23Naqq + 2Hq — 24Naqq +

81Kr36 +0e 4 >

104Ag47 — Oeq +
73Gagq — Oe_q +
104Cdyg — 104Ag,7 +
+ Oe_1 — 54Cr24

135|53 N 135Xe54 +

245Bkg7 — 4Heo +

238g, + 12Cg — 246Cfgg +
. 96M042 + 2H1 - 1n0 +
184Hggy — 184Au79+
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3. What is the significance of the “Band of Stability”?
4. What is the difference between fission and fusion?

5. For each of the decay reactions you completed in #2, above, write the kind
of decay each reaction represents.

6. List 3 characteristics for “usual” chemical reactions and 3 for nuclear
chemical reactions.

7.Cobalt-60 has a half-life of 5.26 years. If 1.25 g of 60Co was allowed to

decay, how much would be present after a) one half-life, b) 5 half-lives
and c) 10 half-lives?

8.Selenium-75 has a half-life of 120 days. If we began with 10 g 753e, how
much would remain after a) 60 days, b) 360 days, c) 600 days and d)
1200 days?

9. The rate constant for the decay of 45Ca is 4.23*10-3 days"'. What is the
half life of 49Ca?

10.The rate constant for the decay of 36Cl is 2.30*10-6 yr-1; what is the half
life of 36CI?

11.The half-life of 91Cr is 27.72 days. What is the rate constant for the decay
of 91Cr?

12. The half life for the decay of 109¢d is 470 days. What is the rate constant
for this decay?

13.A sample of rock was found to contain 2.07*10-9 mole of 40K and
1.15*10-9 mol of 40Ar. If we assume that all of the 40Ar came from the
decay of 40K, what is the age of the rock (t14, = 1.3*109 years for 40K)?



14.The 14C content of an ancient piece of wood was found to be one-eighth
of that in living trees. How old is this piece of wood? (t1, = 5770 years for

14C)?

15. A rock contains 0.955 g of uranium-238 and 0.275 g of lead-206. No other
isotopes of Pb are present. How long ago did the uranium first begin to

decay? (ti, = 4.5*109 years for 238U) CHECK THE ANSWER KEY ON
THIS ONE BEFORE DOING IT.

16. Technitium-99m (which has a history of being used as a radiotracer to
study the heart, lung and liver for damage) has a half-life of 6 hours.

Calculate the rate constant for 99mTc.





