Name ____________________________________ Period _________ Date ____________________________________

Modeling Relative Atomic Mass

Learning Target:  Using a Periodic Table of the Elements, mass numbers and natural abundance of isotopes, I can model an element’s relative atomic mass.
· Go to the University of Colorado – Boulder PhET website at http://phet.colorado.edu
· Click “Play with Sims”

· Seek and click on “Chemistry” on the left-hand panel

· Find and click on “Isotopes and Atomic Mass”

· Toggle the “Mix Isotopes” Tab.

Finding Relative Atomic Mass of Elements with Two Isotopes
1) From a Periodic Table of the Elements, find and record the relative atomic mass of hydrogen, in a.m.u. 

______________.  This relative atomic mass results from nature’s mix of isotopes.

2) There are only two stable isotopes of hydrogen:  hydrogen – 1 and hydrogen – 2.  The dark area is a virtual balance pan, suitable for massing atoms.

a.  Drag a hydrogen -1 atom into the balance pan and record the mass of the isotope, in a.m.u. _________

b. Return the hydrogen – 1 atom to the original bin.  

c. Repeat for a hydrogen – 2 atom and record the isotope’mass, in a.m.u.: __________

d. Place one atoms of each isotope on the balance pan, and record the mass: _____________

i. What must you do to bring the total mass of isotopes to the observed relative atomic mass reported in the Periodic Table:  increase the number of hydrogen -1 atoms or the number of hydrogen – 2 atoms? ______________________________________

ii. Add as many atoms as necessary to approximate the value for nature’s mix of isotopes.  If you need more atoms, press “More” and change the number of atoms, up to 99, until you reach the best mix.  Record the final count of hydrogen – 1 and hydrogen -2 atoms and calculate the percentage of the counted atoms of an isotope relative to the total number of atoms (This percentage is your “relative abundance” or percent composition.) Show calculation.

                                            Atom Count                 Percentage of Total Atoms (Percent Composition) 

Hydrogen - 1               ____________              _______________________  =   _____________

Hydrogen – 2               ___________               ________________________  =  ____________

iii. Click on “Nature’s mix of isotopes” and record the percent composition of hydrogen -1 and hydrogen -2 isotopes. 

                      Percentage of Hydrogen -1 _________    Percentage of hydrogen – 2 ___________

e. Using “Nature’s mix of isotopes” percentages and the relationship:

(Mass Number of Isotope 1)(% abundance 1) + (Mass Number of Isotope 2)(%  abundance 2)  = relative

                                                                         100                                                                                      atomic mass

Calculate the relative atomic mass of hydrogen:

f. Repeat the calculation using the relative mass of each isotope, in a.m.u., listed in 2.a. and 2.c, above.

(relative mass of Isotope 1)( % abundance 1) + (relative mass of Isotope 2)(% abundance 2)  =      relative

                                                                         100                                                                                           atomic mass

g. Which calculation is more accurate? ___________________________________________________

Hydrogen – 3 is not included in the calculation of relative atomic mass, because its natural abundance is very small.  Other very unstable radioactive isotopes have fleeting existence or are not found in nature and are not included in relative atomic mass calculations, either.
Identifying the most abundant isotope from relative atomic mass data of elements with two isotopes:

3) Using a Periodic Table of the Elements, record the relative atomic mass of helium, in a.m.u.: ______________

4) Toggle the helium symbol on the Periodic Table found on the simulation page.

a. Mass a helium – 3 atom and record its mass:  ______________

b. Mass a helium  - 4 atom and records its mass:  ______________

c. Which isotope would you expect to be the most abundant? ______________

d. Estimate the natural abundances, as percentages, of helium – 3 ________  and helium – 4 ___________

e. Click on “Nature’s mix of isotopes” to find the observed answers.  Then, click on “Reset All”.

5) Using a Periodic Table of the Elements, find and record the atomic mass of lithium, in a.m.u.: _____________

a. Predict which isotope of lithium should be most abundant: ___________________

b. Click on “Nature’s mix of isotopes” to find the observed answers.

c. Using the relationship:

(Mass Number of Isotope 1)(% abundance 1) + (Mass Number of Isotope 2)( % abundance 2)  =  relative atomic mass

                                                                         100          

 Calculate the relative atomic mass of lithium:

d. Repeat the calculation using the relative mass of each isotope, in a.m.u., found by massing one atom of each isotope.

(relative mass of Isotope 1)(% abundance 1) + (relative mass of Isotope 2)(% abundance 2)  =      relative

                                                                         100                                                                                          atomic mass

e. Has the difference (error) between to the calculated relative atomic mass diminished compared to the error in the calculation for hydrogen? (Yes/No)

NOTE:  The accuracy of relative atomic mass estimates obtained by the use of isotope mass numbers and natural abundances increases as the mass number of isotopes increases.

Beryllium

6) Toggle Beryllium in the Periodic Table of the Elements on the simulation.

a. How many isotopes are shown? __________ Why? _________________________________________

b. What is the natural abundance (percent composition) of the isotope? _____________

c. Why aren’t other isotopes shown? ______________________________________________________

7) Identify the four other elements, among the first eighteen elements with a single isotope?

a. ____________________  b.  _________________ c. _________________ d. ___________________

e.  The relative atomic mass of beryllium  and these elements, as shown in the Periodic Table of the

                    Elements, and the mass of the isotope, in a.m.u, are the same. (True/False)

Using relative atomic mass and mass numbers to model Nature’s mix:

8) Using a Periodic Table of the Elements, find and record the relative atomic mass of nitrogen: _____________

9) To find an estimate of the relative abundance of the two nitrogen isotopes, we will modify the relationship:  

(Mass Number of Isotope 1)(% abundance 1) + (Mass Number of Isotope 2)(% abundance 2)  =   relative atomic mass

                                                                         100                                                                                      

Let:  the abundance of isotope 1 = x, and

         the abundance of isotope 2 = 100 – x; then:

(Mass Number of Isotope 1) (x) + (Mass Number of Isotope 2)(100 - x)  =     relative atomic mass

                                                                         100                                                     

Using the relative atomic mass of nitrogen and the mass numbers of nitrogen -14 and nitrogen-15, determine the estimated relative abundances (percent composition) of both isotopes.

10) Assume you have a total of 100 atoms.  Click the “More” button and place the relative number of nitrogen - 14 and nitrogen -15 atoms indicated by your calculated percentages in the virtual balance.  
11) Record your “My mix of isotopes” relative atomic mass: _____________ Check your work in “Nature’s mix of isotopes”. 

Relative Atomic Mass with three or more isotopes:
12)  The relative atomic mass of an element with three or more isotopes is the sum of the products of the isotope relative atomic mass (or the mass number, as an approximation) and the natural abundances (or, percent composition).  As a check for accuracy, the sum of these products should be essentially 100%.

13) On the Periodic Table in the simulation, toggle magnesium.

14) Using a Periodic Table of the Elements, find and record the relative atomic mass of magnesium: ___________

15) Predict which is the most abundant isotope on this mixture: ____________________________

NOTE -  A word of caution:  If the relative atomic mass is close to the central mass number, you cannot safely conclude that the middle isotope is most abundant.  By chance, large percentages of high and low mass numbered isotopes might result in a weighed relative atomic mass close to the central isotope mass, leading to an incorrect prediction. 
16) Without looking at “Nature’s mix of isotopes”, mix the three isotopes until you arrive at a close number for the relative atomic mass. If you need more atoms, up to 99, press “More” and refine your mix.  Record your predicted percentages:

                                                            Predicted Percentages                  Nature’s Mix of Isotopes Percentages                       

Magnesium  – 24                      __________________                                       _________________
Magnesium  – 25                       _________________                                        _________________
Magnesium – 26                        _________________                                         _________________

Mathematical Reasoning:

a) Is it possible to have a relative atomic mass less than 24 or more than 26? (Yes/No)  Explain.

b) Why is your “My mix” predicted percentage different than “Nature’s mix”, even when the average relative atomic mass numbers are very close?

c) If, at the start of the experiment, you knew relative atomic mass of magnesium and that the percent composition of magnesium -24 was 78.99%, show the equation that you would use to calculate the two remaining percentages.

d) Test your equation to find the percent composition of magnesium – 25 and magnesium – 26. Show work.

· Exit the simulation.
