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Introduction 
At the beginning of the 19th century, John Dalton proposed a new atomic theory− all atoms of the same element 

are identical to one another and equal in mass. It was a simple yet revolutionary theory. It was also not quite right. 

The discovery of radioactivity at the beginning of the 20th century made it possible to study the actual structure 

and mass of atoms. Gradually, evidence began to build that atoms of the same element could have different 

masses. These atoms were called isotopes. How are isotopes distinguished from one another? What is the 

relationship between the atomic mass of an element and the mass of each isotope?  

 

Main Concepts  
● Isotope  

● Mass number 

● Percent abundance  

● Atomic mass 

 

Background 
 

Two lines of evidence in the early 20th century suggested the possible existence of isotopes. The first came from 

work by J.J. Thomson with “positive rays,” positively charged streams of atoms generated in gas discharge tubes. 

When these positive rays were bent or deflected in the presence of electric and magnetic fields and then allowed 

to strike photographic film, they left curved “spots” on the film at an angle that depended on the mass and charge 

of the atoms. In 1912, Thomson found that when the gas in the tube was neon, he obtained two curves or spots. 

The major spot corresponded to neon atoms with a mass of about 20 atomic mass units (amu). There was also a 

much fainter spot, however, corresponding to atoms with a mass of about 22 amu. Although these results were 

consistent with the existence of two types of neon atoms having different masses, they were not precise or 

accurate enough to be conclusive.  

 

The second line of evidence suggested the existence of isotopes came from studies of radioactivity. One of the 

products obtained from the radioactive decay of uranium is lead. When the atomic mass of lead deposits in 

radioactive uranium minerals was analyzed, it was found to be significantly different from the atomic mass of 

lead in lead ore. The actual composition of the lead atoms seemed to be different, depending on their origin. 

 

In 1913, Frederick Soddy, professor of chemistry at University of Glasgow, coined the term isotope to define 

atoms of the same element that have the same chemical properties but different atomic masses. The word isotope 

was derived from the Greek words meaning “same place” to denote the fact that isotopes occupy the same place 

in the periodic table (they are the same element) even though they have different masses. Soddy received the 

Nobel Prize in Chemistry in 1921 for his investigations into the nature and origin of isotopes.  

 

Conclusive proof for the existence of the isotopes came from the work of Francis W. Aston at Cambridge 

University. Aston built a modified, more accurate version of the “positive ray” apparatus that Thomson had 

earlier used to study ions. In 1919, Aston obtained precise measurements of the major and minor isotopes of neon, 

corresponding to mass numbers of 20 and 22, respectively. Aston received the Nobel Prize in Chemistry in 1922 

for his discovery of isotopes.  

 

The modern definition of isotopes is based on knowledge of the subatomic particle structure of atoms. Isotopes 

have the same number of protons but different numbers of neutrons. Since the identity depends only on the 

number of protons (the atomic number), isotopes have the same chemical properties. Isotopes are thus chemically 

indistinguishable from one another−they undergo the same reactions, form the same compounds, etc. Isotopes are 

distinguished from one another based on their mass number, defined as the sum of the number of protons and 

neutrons in the nucleus of the atom.   
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Chlorine, for example, occurs naturally in the form of two isotopes, chlorine-35 and chlorine-37, where 35 and 37 

represent the mass numbers of the isotopes. Each isotope of chlorine has a characteristic percent abundance in 

nature. Thus, whether it is analyzed from underground salt deposits or from seawater, the element chlorine always 

contains 75.8% chlorine-35 atoms and 24.2% chlorine-37 atoms. The atomic mass of an element represents the 

weighted average of the masses of the isotopes in a naturally occurring sample of the element. Equation 1 shows 

the atomic mass calculation for the element chlorine. The mass of each isotope is equal to its mass number, to one 

decimal place precision.  

 

Atomic mass (chlorine) = (0.758)(35.0 amu) + (0.242)(37.0 amu) = 35.5 amu   Equation 1 

 

Experiment Overview 

 

The purposes of this experiment is to investigate the mass properties and relative abundance of isotopes for 

different pennies that represent elements and to calculate the atomic mass of this element.  

 

Pre-Lab Questions 

1. Neutrons were discovered in 1932, more than 10 years after the existence of isotopes was confirmed. 

What property of electrons and protons led to their discovery?  

 

 

 

 

2. Suggest a possible reason why neutrons were the last of the three classic subatomic particles to be 

discovered. 

 

 

 

3. Silicon occurs in nature in the form of three isotopes, Si-28, Si-29, and Si-30. Determine the number of 

protons, neutrons, and electrons in each isotope of silicon.  

 

 

 

 

4. “The atomic mass of chlorine represents the mass of the most common naturally occurring isotopes of 

chlorine.” Decide whether this statement is true or false and explain why. 
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Purpose:  To model how average isotopic masses are determined.   

 

Introduction:  In 1982, the United States government changed the way it minted pennies.  Before 1982, 

pennies were made of 95% copper and 5% tin.  Now they are made of zinc, coated with a thin layer of 

copper.  Because they have different masses, we can call them “isotopes” of pennies.   

 

Part A: Measuring Old and New Pennies   

1. Obtain a sample of old (pre-1982) and new (post 1982) pennies.   

2. Weigh six old pennies and record their average mass in grams.   

3. Weigh six new pennies and record their average mass in grams.   

4. Calculate how much three old pennies plus seven new pennies should weigh.  Show your work.   

5. Divide your answer for #4 to find the weighted average mass of the pennies in the sample 

containing three old plus seven new pennies.   

6. Now weigh a sample of three old and seven new pennies.  Record the mass. 

7. Divide your answer for #6 by ten to find the average mass of a penny in your sample.   

8. Compare your answer for #4 to your answer for #6.   

9. Is your weighted average mass closer to the mass of an old penny or a new penny?  Why? 

10. Explain how this weighted average mass of pennies is related to atomic mass of elements. 

 

Part B: a Different Proportion of Old & New  

1. Obtain a sample containing six old pennies and four new pennies. 

2. Repeat steps #4 - #9, this time for a sample containing six old pennies and four new pennies. 

 

Part C: An Unknown Proportion    

1. Ask your teacher for a film canister of ten pennies.  NO FAIR OPENING IT!  Record its 

identifying letter and the mass of the empty canister, which is written on the label.   

2. Weigh the sealed film canister containing ten mixed pennies. 

3. Return the canister to your teacher.   

 

4. Calculations:  Calculate the number of old and new pennies in your canister.  Show all of your 

work!   

Hint: 
Calculations for Part C:  Let us use the information we have obtained about the pennies to figure out how many of each type 

are in the unknown film canisters. Each canister contains 10 pennies, but we do not know how many of those are pre-1982 

and how many are post-1982. However, this can be easily determined using the mass of the pennies in the canisters and the 

average mass of each penny. 1) First determine the mass of the pennies alone. To do so, you must subtract the mass of an 

empty canister (it’s on the label) from that of the filled canister. 2) Now let x be the number of pre-1982 pennies in each 

canister. Using the average masses for the pre- and post 1982 pennies, we can write an expression for the total mass of the 

pennies as follows: (avg. mass of pre-1982 pennies)(x) + (avg. mass of post-1982 pennies)(10-x) = mass of all pennies in the 

container. So again we can count the number of each type of penny in each unknown canister simply by knowing the average 

masses and weighing. Now for your unknown canisters, determine the numbers of pre- and post-1982 pennies in each. 

Show your work 

 

 

 



Drake Chemistry Isotopic Pennies                           Name:  ______________ 

Atomic Structure Unit – Isotopic Pennies    

#9. & #10.  

 

 

 

 

 

 

Data Tables: 

 Part A: 

Old Pennies (Pre-1982)  New Pennies (Post-1982) 

Penny Year Penny Mass (g)  Penny Year Penny Mass (g) 

     

     

     

     

     

     

 

3 Old and 7 New Pennies 

Calculated Mass (show work)  

(g) 

  

answer: 

Calculated Weighted Average 

Mass Per Penny (show work)  

(g) 

  

answer: 

Actual Mass (g) 
 

Weighted Average Mass Per 

Penny (g) 
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Part B: 

6 Old and 4 New Pennies 

 

Calculated Mass (show work)  

(g)  

  

answer: 

 

Calculated Weighted Average 

Mass Per Penny (show work)  

(g) 

  

answer: 

Actual Mass (g) 
 

Weighted Average Mass Per 

Penny (g) 

 

 

 Part C: 
 

Ten Unknown Pennies 

Identifying Letter  

Mass of Empty Canister (g)  

Weight With Pennies (g)  

Number of Old and New  

Pennies in the Canister (show 

work on a separate piece of 

paper)  (g) 

Old New 
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Applying what you learned:   
 

1. Calculate the average mass of potassium if the abundance and atomic masses making up 

its naturally occurring samples are:   

Potassium-39: 93.12%   38.964 amu 

Potassium-41: 6.88%     40.962 amu 

 

 

 

 

 

 

 

2. Calculate the average mass of magnesium if the abundance and atomic masses making up its 

naturally occurring samples are:   

Magnesium-24: 78.70% 23.985 amu 

Magnesium-25: 10.13% 24.968 amu 

Magnesium-26: 11.17% 25.983 amu 

 

 

 

 

 

 

 

 

3. The average atomic mass of copper is 63.540 amu.  It is composed of two isotopes, Cu-63 and 

Cu-65 with atomic masses of 62.930 and 64.928 amu respectively.  What is the relative 

abundance (%) of these isotopes in naturally occurring samples of copper?   

 

 

 

 

 

 

 

 

 

4. What is the difference between the mass number and the atomic mass? 

 

 

 

 

 


