
Small-Scale Experiment for text Section 4.3

OBJECTIVES
• Determine the average weights of each isotope of the fictitious element vegium.

• Determine the relative abundance of isotopes of vegium.

• Calculate from experimental data the atomic mass of vegium.

INTRODUCTION
Isotopes are atoms of the same atomic number having different masses due to
different numbers of neutrons. The atomic mass of an element is the weighted
average of the masses of the isotopes of that element. The weighted average takes into
account both the mass and relative abundance of each isotope as it occurs in nature.
The relative abundances and masses of small atomic particles are measured in the
laboratory by an instrument called a mass spectrometer. The mass spectrometer
separates particles by mass and measures the mass and relative abundance of each.
From these data, a weighted average is calculated to determine the atomic mass of the
element.

PURPOSE
In this experiment, you will perform the necessary calculations to determine the
atomic mass of the fictitious element vegium. The three different isotopes of vegium
are beanium, peaium and cornium. As in real elements, these isotopes are collections
of particles having different masses. Your job will be to obtain a sample of vegium and
determine the relative abundance of each isotope and the mass of each type of
particle. From this data, you will calculate the weighted average mass, or atomic mass,
of vegium. Unlike real isotopes, the individual isotopic particles of vegium differ
slightly in mass, so you will determine the average mass of each type of isotopic
particle. Then you can calculate the weighted average mass, or atomic mass, of
vegium.

SAFETY
• Behave in a way that is consistent with a safe laboratory environment.

EQUIPMENT
a sample of vegium in a plastic cup
balance
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EXPERIMENTAL PROCEDURE
Carry out the following steps, and record your results in Table 6.1.

1. Weigh all the beans, all the peas, and all the corn.

2. Count all the beans, all the peas, and all the corn.

3. Divide the mass of each isotope (beans, peas, and corn) by the number of each
isotope to get the average mass of each isotope.

4. Divide the number of each isotope, the total number of particles, and multiply by
100 to get the percent abundance of each isotope.

5. Divide the percent abundance from Step 4 by 100 to get the relative abundance
of each isotope.

6. Multiply the relative abundance from Step 5 by the average mass of each isotope
to get the relative weight of each isotope.

7. Add the relative weights to get the average mass of all particles in vegium, the 
atomic mass. Note: When you weigh the various isotopes of vegium, you may
encounter some problems. For example, the sample of beans might be too large
to weigh on your small-scale balance. You might solve this problem by making
more weights or by using a larger counterweight on your small-scale balance.
This approach increases the capacity of your small-scale balance. Keep in mind
that it also results in a heavier beam, which reduces the sensitivity of your small-
scale balance. Alternatively, you might weigh a portion of your vegetables, for
example, half, and then multiply your result by 2 (or a fifth and multiply by 5). The
beans are of various sizes, so if you weigh just one bean and multiply by the
number of beans to get the total weight of beans, a significant error might result.
Weigh a large enough sample so you get a good estimation of the average weight
of a bean.
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EXPERIMENTAL DATA
Record your results in Table 6.1 or in a copy of the table in your notebook.

Table 6.1 Atomic Mass of Vegium

CLEANING UP
Place the entire sample of vegium back in the plastic cup. Make sure that none of the
particles are in the sink or on the floor.

QUESTIONS FOR ANALYSES
Use what you learned in this experiment to answer the following questions.

1. Which of your data in Table 6.1 must be measured and which can be calculated?

2. In all except Step 3 in Table 6.1, the numbers in the “Total” column can be
obtained by adding the numbers across each row. Step 3 is an exception because
it does not take into account the fact that there are different numbers of each
kind of particle. Rather than add across, calculate this number in the same way
you calculated the other numbers in row 3.

3. What is the difference between percent and relative abundance?

4. What is the result when you total the individual percentages? The individual
relative abundances?

100. 1.

Relative abundance is percent divided by 100.

Divide the total weight of all the particles by the total number of particles.

rest are calculated.

The data for the individual vegetables in Steps 1 and 2 are measured; the
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Beans Peas Corn Total

1. Mass of each isotope (mg) 6766 7451 10,151 24,368

2. Number of each isotope 22 115 104 241

3. Average mass of each (mg) 307.5 64.8 97.6 101.1

4. Percent of each 9.1 47.7 43.2 100

5. Relative abundance 0.091 0.447 0.432 1.0

6. Relative weight (mg) 27.9 31.1 42.0 101



5. The percentage of each vegetable tells you how many of each kind of vegetable
there are in every 100 particles. What does relative abundance tell you?

6. Compare the total values for Steps 3 and 6 on Table 6.1.

7. Why can’t atomic masses be calculated the way the total for row 3 is calculated?

8. Explain any differences between the atomic mass of your vegium sample and that
of your neighbor. Explain why the difference would be smaller if larger samples
were used.

NOW IT’S YOUR TURN!
1. Do the experiments to determine the atomic weight of a second sample of

vegium. How does it compare to the first? Why?

2. Select three beans from your sample—the largest, the smallest, and one bean that
appears to be average in size. Determine the mass of each of the three. Compute
the average mass of the largest and smallest, and compare this average to the
mass of the “average” bean and to the average mass of beans you determined in
Step 2 on Table 6.1. Which average mass do you think is most reliable? Why?

individual beans cancel out in larger samples.

The one in Table 6.1 because it relies on a larger sample. Small errors in

It’s similar but not exactly the same because of sampling errors.

the sample, the smaller the expected error due to sampling procedures.

largely due to errors in sampling. Not all the samples are the same. The larger

The samples are probably similar but not exactly the same. Differences are

particle, nor does it measure their total mass as you did.

particles and their relative abundances. It does not count each individual

A mass spectrometer yields only information about the masses of atomic

They are equal.

The decimal fraction of each kind of vegetable out of one total.
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