Radiometric Dating

Integrated Science (H)



The stability of the atomic nucleus is somewhat fragile. Too few neutrons and the repellant force between the positively charged protons creates instability. Too many neutrons and the neutrons themselves become unstable. Unstable nucleai spontaneously eject particles and release radiation, becoming more stable as a result. This is radioactive decay. 
Radioactive decay rates are measured in the unit half-life. A half-life is the time it takes for half of the radioactive atoms in the sample to decay. For example, uranium 235 decays into lead 207, with a half-life of 710 million years. So after 710my, 0.5g of a 1g sample of 235Ur will have decayed into 207Pb. By measuring the amount of radioactive ‘parent’ and stable ‘daughter’ atoms in a tissue or rock sample scientists can determine how long ago the rock was formed. This is called radiometric, or absolute, dating. 
In this model, the fictitious element Windsorium (150Wi60), decays into Healdsburgium (Hb) at the rate of 10% every 100 years.  
Follow Up – show all work
1. Windsorium undergoes first a beta minus decay event, then an alpha decay event en route to becoming Healdsburgium. What is the atomic mass and atomic number of Hb?
2. Represent both isotopes by the isotope name and symbol, using the conventions you worked with in the POGIL. 
3. Describe both Wi and Hb in terms of numbers of sub-atomic particles (p+, e-, n). 
4. Iodine-131 has a half-life of 8 days. If you had 60 grams of 131I, how much would remain after 24 days? How many half-life’s will have passed? Set up a table to show your work.
5. How much Windsorium would remain at 3500 years? At 4000 years? Knowing the original sample size (100g), the decay rate (.9), and the number of time intervals (35; 40 intervals of 100 years each) you can solve using algebra, and the exponent key (xy].


    
   Amount Wi remaining = original sample size (decay rate number of time intervals) 

6. The preserved body of a man was found at the bottom of a peat bog. Given the man’s style of dress and the weapons he carried, he was a reindeer herder, and belonged to a clan that maintains ancient customs today. Is he a modern or ancestral member of the clan? Soft tissues preserved by the cold environment allow for the use of Carbon-14  dating. 14C has a half-life of 5730 years. Living tissues maintain 10,000 14C atoms per 100,000,000 atoms. Upon death, no more 14C is taken in, and so the amount decreases over time. This mans tissue contains 1500 atoms of 14C per 100,000,000 atoms. Use the half- life of 14C and the number of 14C that remain in the tissue to estimate how long ago he lived. Finding his exact ‘age’ can be done using logarithms – see the lab for this optional extension. 
TEACHER NOTES: 

How is rate determined? By taking a large enough sample (were talking about atoms, so even a few grams is a large sample) and seeing how many decay in a second (use a geiger counter). The decay of radioactive elements is constant so, if one were able to measure how much decay occurred in 10 seconds, one could deduce how much decay will occur in 10 years. 

With a macroscopic amount of the pure isotope and knowing Avogadro's number and the mass of the sample (to determine the number of atoms), the decay rate (counted by a geiger) is proportional to the half-life. It would only take a long time to get a meaningful measurement if your sample was extremely small, like less than a million atoms. 

Uranium = 238 g/mol 

One mole is Avogadro number, or 6.02 * 10^23 atoms. 

So uranium is going to be 1 /238 of a mole: 

(6.02 * 10^23 atoms) * 1/238 = 

=2.53 * 10^21 atoms in a gram of Uranium

One does not need to observe the exponential time dependence to measure the half-life of a long-lived isotope, such as Uranium 238 (4.47 billion year half life). If you have one gram of U-238, about 3 million nuclei will decay every second. That's enough information to determine the half life.

If you have N atoms, and n of them decay every second, the half life is (N/n)*ln(2) seconds. This formula is only accurate for long half lives (>> 1 second).

ALTERNATE Q: 

Create pie charts showing the percent Wi and Hl for the oldest and youngest sample you analyzed.

The age of the Dead Sea Scrolls was also determined by C-14 dating. Would this isotope have been used if the carvings were made on stone tablets? Explain. 

