Half-life Problem Set #2

Solution Set
1.  
If a radioactive sample is known to disintegrate from 18,500 atoms to 4625 atoms in 38.2 minutes, what is the half-life for this element?    What is its decay rate constant?


ln(18,500 / 4625)  = k (38.2 min)    =>  k  = 0.0363 min-1;    0.693 = kt =>   t = 19.1 min 
2.
Fr-223 undergoes beta decay with a half-life of only 21.8 minutes.  How much of a 65.00-mg sample would be decayed after exactly two hours?  


0.693 = k(21.8 min)   =>  k  = 0.0318 min-1

ln(65.00 mg / X)  = (0.0318 min-1)(120 min) = 3.81

              X  = 1.43 mg; then the amount that decays is 63.57 mg


What is the resulting nuclide that results from the spontaneous decay of Fr-223?



87Fr223    (     -1eo   +  88Ra223
3.
Es-253 undergoes alpha decay with a half-life of 20.47 days.  How many days would it take for a 5.60-g sample to decay until only 7.72% remained?    What is the resulting nuclide?


99Es253    (     2He4   +  97Bk249

0.693 = k(20.47 days)   =>  k  = 0.03385 day-1

ln(100/ 7.72)  = (0.03385 day-1) t           t = 75.7 days 

4.
An artifact is measured and found to contain only 12.5% of the original amount of C-14 that it originally  contained.  If the half-life for C-14 is 5730 years, how old is the artifact?


100%  (  50%  (  25%  (  12.5%   =  (5730 yr) x 3 = 1.72 x 104 yr

or 0.693 = k(5730 yr) k = 1.21 x 10-4 yr-1  =>    ln(100/12.5) =1.21 x 10-4 yr-1 t



t = 1.72 x 104 yr
5.
What is the half-life of Xe-133 if it takes a 2.00-mg sample 56.00 hours to decay until only 0.775-mg remains?




ln(2.00 / 0.775) = 0.948 = k(56.00 hr)   => k = 0.0169 hr-1 =>  




t = .693 / 0.0169 hr-1  = 41.0 hr
6.
What percentage of Re-190 will disintegrate (decay) in 5.00 minutes if the half-life is known to be 38.95 seconds?     
 0.693 = k(38.95 sec)   => k = 0.0178 sec-1





ln(100 / X) = (0.0178 sec-1)(5.00 min.)( 60 sec / 1 min) = 5.34


 



 X = 0.481%;  so the amount that decays is 99.52%

7.
A 4.00-gram sample of F-18 remains after 8.00 hours.  If F-18 undergoes positron emission with a half-life of 109.8 minutes, what was the mass of the original sample?  


What was the resulting nuclide? 

9F18    (     +1eo   +  8O18

0.693 = k(109.8 min)   => k = 0.00631 min-1



ln(X/4.00) = (0.00631 min-1)(8.00 hr.)( 60 min / 1 hr) = 3.03




X = 82.7 grams originally
