PAGE  

Up, Up, Up & Away

Materials:

· 1 Balloon of Xenon

· 1 Balloon of Air
· 4 Balloons of Helium
· Periodic Table
Curriculum applications:
Senior 1 Science – Cluster 2: Atoms and Elements
S1-02-04 Explain the atomic structure of an element in terms of protons, neutrons, and electrons and explain how these numbers define atomic number and atomic mass.

This learning outcome has students differentiate between atomic number (the protons in an atom) and atomic mass (the total neutrons and protons in an atom).  In this event, students will have to discuss the effect of atomic mass on interactions between different gases (in this case, air, helium, and xenon).  By comparing the densities and weights of the different balloons, students will be able to visualize the different masses of the atoms and see how that difference translates to the physical properties of gases and everyday experiences.  The aim of this event is to translate the theory being developed in students’ minds and to convince them of its verity and practicality by providing visual evidence.


This event also aims to show students for the first time how a different number of protons (and electrons) defines an element.  A given balloon rises or falls in air based on the atomic mass of the element inside.  There is no distinct attribute or magic quality of helium that causes it to rise.  Likewise, Xenon does not fall because it lacks this special attribute.  Likely for the first time, students will see that the properties of a certain element depend on the quantity of protons and electrons, not some special quality found in only particular element.
S1-02-05 Assemble or draw Bohr atomic models for the first 18 elements and group them according to the number of outer shell electrons.


When students discuss atomic number and mass, they are doing so in the context of the Bohr model.  The Bohr model allows students to visualize an atom.  When we discuss atomic mass, we are allowing them to consider the nucleus made of protons and neutrons and picture and understand it as a consolidation of mass.  This discrepant event will allow students to consider the Bohr model for helium, nitrogen, carbon, oxygen and then consider the nucleus of Xenon (as a representation of Xenon extends beyond the scope of the Grade 9 curriculum).

At this point in time, students are beginning to consider how different parts of an element affect different properties.  In practice, mass is dependent only on the number of protons and neutrons, since the mass of an electron is so small.  Following from this rationalization, students also learn how to make practical and useful judgments regarding science.  An electron is matter; therefore, it does have mass.  However, when students observe the miniscule mass of an electron compared to the mass of a proton and neutron, they learn to make a decision that the mass of an electron is negligible.  This logic and rationalization is intrinsic to the study of Science and it is only now that students begin to conduct rigorous experiments that they learn to make these decisions.

S1-02-09 Compare elements to compounds.

In this section of the cluster, students learn to differentiate between elements and compounds and learn that “a compound is a pure substance whose molecules are made of different kinds of atoms” (Curriculum document, 2000).  The discrepant event includes a balloon filled with air so that students can understand how the mass of a compound molecule is derived from its composite atoms.  In this discussion of air, students must determine its density and thus its mass.  A model of CO2 is presented so that students can visualize and understand that the mass of one molecule is made from one carbon and two oxygen.

A consideration of air also allows students to extend to heterogeneous substances.  The balloon of air consists of nitrogen, oxygen, and carbon dioxide along with many other gases. Thus, the total mass of the air will consist of the masses of nitrogen, oxygen, and carbon dioxide molecules.  In turn, the mass of each of these molecules is determined by the mass of the composite atoms.
S1-02-10 Interpret chemical formulas of elements and compounds in terms of the number of atoms of each element.


From the atomic mass, students consider the total molecular mass to explain the behaviour of the balloons.  In order to determine this total mass, students must realize that several atoms of a single element may be present in a molecule (for example, as in molecular oxygen).  Also, this discrepant event allows students to consider the number of atoms in a compound (for example, the total weight of carbon dioxide is determined by having one carbon and two oxygens).
Safety Concerns:

Xenon


In high concentrations, xenon may cause asphyxiation.  If inhaled in high concentrations, it may cause loss of mobility and consciousness.  Additional symptoms may include headache, nausea, dizziness, and a loss of coordination.

If any of these symptoms occur, move the victim away from the area.  Keep the victim warm and relaxed and call a doctor.  If necessary, apply an artificial respiration apparatus.
Helium

In high concentrations, helium may cause asphyxiation.  If inhaled, it may cause loss of mobility and consciousness.  If overexposure occurs, remove victim from the area and call a doctor.

Procedure

Preparation

1.  Before students enter the room, fill 1 balloon with xenon (Xe), 4 balloons with helium (He) and one balloon by exhalation (A).
2. Tie Balloon A to a Balloon He.   Hold it steady and ask students to predict what will happen when the balloons are released.
3. Tie Balloon Xe to a Balloon He.  Hold it steady and ask students to predict what will happen when the balloons are released.
4.  What can we say about the contents of Balloon A compared to the contents of Balloon Xe?

5.  Pass around Balloon Xe to all students.  What can students say about the mass of this balloon?  What can we say about the density?

6.  Have students hypothesize about how many He balloons it would take to lift up the Xe balloon.  Test this hypothesis and record your results.
Extension:

1.  What could the gas in Balloon Xe be?
Modifications:
Part A

1. Use a larger/smaller balloon.  How would a larger helium balloon affect the lifting power?   How would a larger Balloon Xe affect the number of He balloons required?
2.  Provide students with a wider array of gases in balloons.  Have them compare the relative density and mass of each.  Students should hypothesize what gas is in each balloon.  Students should rank the balloons in order of least to greatest density.
Theory:


All matter has physical properties including mass, volume and therefore, density (density = mass/volume).  If a gas has a greater mass in the same physical space, then it will have a greater density.  Densities of different gases can be compared.  The density of a gas depends on its atomic mass.  By considering the Bohr atomic model and using the atomic number and mass number, we can find how many protons, neutrons, and electrons belong to a particular atom.  In looking at the mass of protons, neutrons, and electrons in atomic mass units (amu), we can observe that the mass of an atom can be determined by the mass of the protons and neutrons (since the mass of an electron is insignificant).  Since the mass of a proton or neutron is 1 amu, we can then add up the number of protons and neutrons in an element to get the approximate atomic mass.


In discussing gases, we can discuss both compounds and elements.  In exhaled air, there is approximately 78% nitrogen gas, 18% oxygen gas, and 4% carbon dioxide.  There are also small amounts of neon, helium, methane, krypton, hydrogen, and xenon.  Students also need to give consideration to the fact that elements may be present in molecular form.  Nitrogen gas, for example, appears in exhaled air as the diatomic form of N2, and students must know that N2 implies that there are two atoms of nitrogen together in one molecule.  Therefore, there are the twice as many protons and neutrons and thus, twice the atomic mass.  It is also important to know that CO2 contains one atom of carbon and two atoms of oxygen, so in the entire molecule, there are protons and neutrons from three atoms (one carbon and two oxygen). 

Disequilibrium:

At first sight, students will assume that it is air in the Xe balloon, since it is not rising in the air.  In all probability, students have only seen helium and regular balloons, and will assume that any balloon that does not float is likely filled with air.  However, the behaviour exhibited by Balloon A and Balloon Xe is very different.  Balloon A will rise into the air quickly once it is attached to Balloon He.  However, Balloon Xe will drag Balloon He quickly to the ground.

Once they see these balloons fall quickly to the ground, there is a contradiction.  Students know that a regular balloon filled with air will sink, but this occurs slowly; Balloon Xe sinks far too quickly, especially given the effect that students expect helium to create.

By having students pass around the different balloons, they are able to feel the different densities.  Once they are given a basic explanation about density and atomic mass as elaborated in the theory and curricular outcomes, they can use their knowledge to understand why the xenon requires much more helium in order to float.  In short, Xenon is a heavier atom due to the large number of protons and neutrons.  Since the Xenon is heavier and thus, more dense given an equivalent volume, it will fall in air.  Helium rises because it is a very light atom, and is less dense that the surrounding air.  It is able to displace the heavier air and rises.
Explanation:

In this demonstration, there are three different types of balloons: balloons filled with helium (He), a balloon filled with exhaled air (A), and a balloon filled with Xenon (Xe).  After watching the demonstration and letting the class pass around the balloons, students will discover that one balloon did not float to the roof when attached to a helium balloon because this balloon is filled with a much heavier gas than exhaled air.  The question might be asked “why is it heavier?” and “what gas is it?”  This can bring up the topic of density and atomic mass. 

First consider helium, an element with an atomic number of 2 and a mass number of approximately 4.  From the periodic table, we know that one helium atom has 2 protons and 2 neutrons.  Since protons and neutrons constitute atomic mass, one helium atom has an atomic mass of 4 amu.  If we now look at the air we exhale, we have learned that it is made up 78% of nitrogen gas, 18% oxygen, 4% carbon dioxide, and a few other elements.  Out of these elements, both nitrogen and oxygen exist as diatomic molecules as discussed in the theory above.  Therefore, one molecule of nitrogen has an atomic mass of 2(7 protons +7 neutrons) = 28 amu.  Similarly, one molecule of oxygen gas would have an atomic mass of 32 amu.  Expanding this learning to include multiple elements, carbon dioxide has one carbon atom with two oxygen atoms, together resulting in an atomic mass of 44 amu. 

Consider three identical containers, each with six molecules of a specific gas.  If we have six molecules of helium, the total atomic mass would be 24 amu.  If we have six molecules of exhaled air (assume 4 N2, 1 O2, and 1CO2), the atomic mass would be 188 amu.  Air is much heavier then helium and therefore, the container of exhaled air is more dense than the container of helium. 

Students in Grade Nine may not be as familiar with Xenon as it is not one of the first 18 elements for which they are required to draw Bohr diagrams.  It is important that they understand that the atomic mass is still found in the same way; atomic mass can be found by adding the number of protons and neutrons together.  If we look on the periodic table, xenon has an atomic number of 54 and a mass number of 131, resulting in 54 protons and 77 neutrons.  As stated before, xenon has an atomic mass of 131 amu.  Now if we consider 6 molecules of Xenon in a container, the total atomic mass would then be 6 x 131= 786 amu.  From this atomic mass, we can see that Xenon is much heavier than air or helium and therefore, this is why the balloon filled with Xenon pulled the helium filled balloon down to the floor. 

We chose to illustrate the protons and neutrons of each molecule using gold and silver beads respectively.  We put six of each molecule in a container to demonstrate that although identical protons and neutrons are present for each element, having more protons and neutrons creates a larger atomic mass and thus, causes the gas to be more dense.
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