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Science Unit: The Electron: Conductivity and Chemistry

Lesson 2: Particle Model of Matter

School Year: 2011/2012

Developed for: Trafalgar Elementary School, Vancouver School District

Developed by: James Day (scientist); Kathryn Coulter-Boisvert and Christy Shea (teachers)

Grade level: Presented to grades 6 and 7; appropriate for grades 5 — 7 with age appropriate
modifications

Duration of lesson: 1 hour and 20 minutes

Notes: This lesson assumes that students have had some exposure to the periodic table

of the elements; at the very least, students should understand that it lists
information about all the known elements.

This lesson also assumes that 30 students are participating in the activity. Only
slight modifications will be required for classes of a different size.

Objectives

1. Discover the existence of the quantum world and learn about the atomic constituents.
2. Learn to read the periodic table of the elements.

3. Build both a mental and physical model of the atom.

4. Identify the ways in which the electron, a charged particle, can be influenced to move.
5

Realize the important role that the electron plays in electricity and chemistry.

Background Information

Over 2000 years ago, in ancient Greece, Democritus suggested that matter is made up of particles too
small to be seen individually. His idea implied that if you cut a substance into subsequently smaller and
smaller pieces, you would eventually reach the smallest possible piece of that substance. These “smallest
possible pieces” were called particles—the building blocks of matter. More recently, scientists have added
to Democritus’ idea and have developed a working theory called the particle model of matter.

There are four main concepts associated with the particle model of matter: (1) all matter is composed of
tiny particles; (2) these particles are always in motion; (3) there exists empty space between these
particles; and (4) adding heat to the particles makes them move faster. This lesson focuses primarily on
the first concept: that matter is composed of tiny particles.

Vocabulary

Atom: The basic unit of matter that consists of a dense central nucleus surrounded by a
cloud of negatively charged electrons.

Element: A pure chemical substance consisting of only one type of atom.

Molecule: A group of atoms bonded together, representing the smallest fundamental unit of a
chemical compound.

(atomic) nucleus: The dense region at the center of an atom, consisting of protons and neutrons.
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Proton: A subatomic particle (typically given the symbol p+) with a positive electric charge,
equal and opposite to that of the electron. One or more protons are present in the
nucleus of each atom, along with neutrons.

Neutron: A subatomic particle (typically given the symbol n) with no net electric charge.
Neutrons are just very slightly more massive than protons.
Electron: A subatomic particle (typically given the symbol e-) with a negative electric charge,

equal and opposite to that of the proton. It has no known components or
substructure, and is considered to be an elementary particle. An electron has a mass
that is nearly 2000 times less than the proton.

electromagnetic field: A physical quantity associated with each point of space (and time) that describes the
electromagnetic forces acting upon the motions of a charged patrticle. This field can
be viewed as the combination of separate electric and magnetic fields. The electric
field is produced by stationary charges, and the magnetic field by moving charges
(currents). The way in which charges and currents interact with the electromagnetic
field are well understood.

Materials

» handout of the periodic table of the elements

* activity sheet Jelly bean model of the atom

« thirty plastic bags filled with jelly beans (one for each of the elements listed below)

In the Classroom

The teacher should participate in the discussion.

Introductory Discussion

1. Begin by having the students brainstorm over the following questions: What is matter made up of?
(Consider drawing an analogy to help convey the concept of the particle model of matter; e.g., a LEGO
tower and simple blocks of LEGO.) What makes one substance different from another? How are these
guestions answered? (Again, consider using an analogy to help convey the concept of particle
accelerators; e.g., two cars crashing.) Be sure to carefully define the words: atom, element, molecule,
atomic nucleus, proton, neutron, and electron.

2. Review the importance of keeping a scientific notebook. Then, distribute to each student a copy of the
periodic table of the elements — have the students glue or tape this periodic table into their scientific
notebooks.

3. Provide a concise introduction to the periodic table of the elements. In particular, highlight the
element name and symbol, the atomic number, and the atomic mass of each element. Notice that
mercury [Hg] is used as an example on the handout. In the interest of collecting some formative
feedback, have the students explain the information given for, say, aluminum. In this case, they should be
able to list the symbol as “Al", identify that the nucleus contains 13 protons, that aluminum has 13
electrons, and that there are 27-13=14 neutrons in its nucleus.

4. Briefly describe the jelly bean atom model activity. (Time and technology permitting, spend 10
minutes with the '‘Build an Atom' PhET, listed in the references below. This is best done if the classroom is
equipped with a computer and an associated projector, so that all students can easily watch the teacher
build an atom, as an example for the activity to follow.)

5. Highlight that students should focus on drawing some conclusions about the different atoms created
by different groups (size and mass of atom, number of neutrons present, etc.), and that they should be
recording their results (e.g., a sketch of their atom) in the scientific notebook.
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Activity Title: Jelly bean model of the atom

Purpose of Activity: By using colored candies to represent subatomic particles (protons, neutrons, and
electrons), students make their own model of an atom. (The Bohr model of the atom is used here, as
contemporary models of the atom require accounting for quantum mechanical effects---a concept far too
complex for this age. The Bohr model does, however, serve as an excellent first understanding of how
atoms are structured.) This activity will help with student understanding of the subatomic constituents of
an atom, as well as nuclear notation of the periodic table.

Methods and Instructions:

Set-up prior to experiment: Have thirty bags of jelly beans prepared. Use (for example) red jelly beans as
protons, green jelly beans as neutrons, and yellow jelly beans as electrons. The table below outlines the
contents of each bag (these particular elements were chosen so that the “Extension of Lesson Plan” is
also possible). Label each bag with only the element symbol and let the students use the periodic table to
find the element name and other relevant information.

It is strongly recommended that the bags contain more than the minimum numbers listed below for two
reasons. First, having more jelly beans than required forces students to think about whether or not they
have actually used the correct number of jelly beans in their model. Second, the students will likely be
eating the jelly beans after the activity, and things will seem “more fair” if all bags contain roughly the
same number of jelly beans.

Element (name, # of Minimum# red per bag  Minimum # green per bag |Minimum # yellow per bag
bags)

H (hydrogen, 11 in total) 1 0 1

He (helium, 1 in total) 2 2 2

C (carbon, 3 in total) 6 6 6

N (nitrogen, 3 in total) 7 7 7

O (oxygen, 9 in total) 8 8 8

Ne (neon, 1 in total) 10 10 10

Na (sodium, 1 in total) 11 12 11

Cl (chlorine, 1 in total) 17 18 17

Students will work individually for this activity, but should be encouraged to exchange ideas with or solicit
help from their peers. [This activity was originally done for 60 students at once, all working in pairs.]

1. Randomly assign one of the above elements to each student.

2. Define the colour scheme to the students. For example: protons are red jelly beans; neutrons are
green jelly beans, and electrons are yellow jelly beans.

3. Ask students to arrange their jelly beans on the blank Bohr model of the atom activity sheet. Let the
students know that they have at least enough jelly beans to make their element, but that they might have
more than required. They need to think about where and how many jelly beans of each colour to place on
the activity sheet.

4. When a student thinks they have completed their model correctly, the teacher should check that it has
been done correctly.
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5. If the model was built correctly, the student should transfer the jelly bean model of their element as a
picture into their scientific notebook. Encourage the students to look at some of the pictures/models made
by their peers. Ask students what they can conclude about atomic sizes and masses; i.e., in general, both
increase as we move across and down the periodic table of the elements (from top left to bottom right).

6. Once the sketches are complete, the jelly beans may be shared and eaten.

Closure Discussion

1. Review atomic constituents. Ask students whether or not they think protons, neutrons, and electrons
are “fundamental particles”. (We think that electrons are, but don't know for sure. we know that protons
and neutrons are not — they are made up of quarks.)

2. Highlight the importance of the periodic table — it allowed scientists to make predictions about the
existence of elements that had yet to be discovered!

3. Time permitting, emphasize that chemistry is almost entirely the result of what electrons do. (See
Extension of Lesson Plan)

4. Introduce the upcoming lesson on how batteries work.

References

1. <http://en.wikipedia.org/wiki/Scientific_method> 'Periodic Table' entry on Wikipedia [Provides an
excellent description of the periodic table of the elements, with a detailed explanation of the table's
organizational structure.].

2. <http://phet.colorado.edu/en/simulation/build-an-atom> 'Build an Atom' PhET (Physic Education
Technology) from the University of Boulder, Colorado. One of many from a suite of research-based
interactive computer simulation for teaching and learning physics, chemistry, math, and other sciences.
[Small, simple program that allows the user to drag and drop protons/neutrons/electrons into an atom,
thereby building an atom. This is the virtual analog to the hands-on activity described in this lesson.]

3. <http://lwww.exo.net/~emuller/activities/M%20and%20M%20Atom%20Model.pdf> M&M® model of
the Atom. [.pdf document.] Accessed 12 January 2012.

Extension of Lesson Plan

1. Show how chemistry happens by sharing or exchange of electrons. The choice of elements in the
table above allows for creating the following covalently bonded molecules: H,, O,, N,, O3, H,O, CO, CO,,
NH3;, CH,4. Also possible is the ionically bonded NaCl and the inert gases Ne and He. For more
information of this extension, see Lesson 6, Material Classification, in this science unit (The Electron:
Conductivity and Chemistry).

The Electron: Conductivity and Chemistry Lesson 2 4
SRP0227



(652) (8s2) (262) (zs2) (162) (2¥2) (2¥2) (ev2) (v¥2) (2€2) | co8ez | vO'LeZ | vO2eee | (L22)
ON PIN w4 s3 30 ig wo wy nd dN n ed ylL OV | sepiunoe,,
z01 Lol 00l 66 86 16 96 G6 ¥6 €6 Z6 16 06 68
wni|aqoN wniAajopusiy wniua4 wniuelsuly wnjuioyed wni@yieg wnuny wniouawy wniuoin|d wniunydanN wniuein wniunoejold wnuoy | wniunoy
vYO'€LL | €6'99L | 92291 | €6'¥9L | 0529l | €6°8GlL GZ'/GL | Z6°LSL | 9¢0SL | (SvL) | vZyvL | LeOvL | ZLOvL | L6'8EL
qA wl 43 OH Aq ql PO n3 ws wd PN id 90 e saplueyiue|,
0L 69 89 19 99 59 ¥9 €9 29 19 09 65 85 1S
wniqienA wniny wnigqs3 winiw|oH wnisoldsAg wniqsa | wnjuljopes) wnidoing wnuewes wniyjawoid wnjwApoaN wnjwApoaseld wnua) wnueyjue]
(¥62) (¢¥62) (c62) (882) (682) (¥82) (s82) (082) (182) (922) (022) (z12) (1L22) (892) (292) (z92) (9z2) (ez2)
onn | snn | ynn | dnn | bnn | I | ud 6y sa W | sH | uyg | Bs qaa N " * ey i
8Ll LLL 9Ll SLL viL €Ll ZLL LLL oLL 601 801 101 901 soL voL g0, | ¢ol-68 88 18
wnnioounun wnpdasunun wnixayunun wnpuadunun wnipenbunun wnuunun wnipluledo) wniuabusoy wnnpejswieq wnuauysy wnisseH wnuyog wniBiogeag wniugng wnipJopayinyg wniouaime] wnipey wnjouel4
(zz2) (012) (602) 86'80Z | 02,0z | 8£¥0Z | 65002 | 1696l 80°G6L | ZZ'Z6L | €206L | LZ'98L | ¥8'€8L | S6°08L | 6¥'8LL | L6VLL €e/EL | L6'ZEL
uy Ww od 9 qd 1L BH ny d o] | SO - | M el JH n7 * egd 30
98 68 ¥8 €8 z8 18 08 6. 8. LL 9. 7] 7] €L ZL 1L 0L-2S 95 S5
uopey auneisy wniuojod yinwsig pea wnijeyl Ainosapy ploo wnune|d wnipu| wniwsQ wniuayy uaysbun | wnjee| wniujeH wnipain wnieg wnisa)
6ZLEL | 069ZL | 09°Z2L | 9Z4zZL | L28LL | Z8VLL | LyCLL | 28201 ZvooL | L620L | 20°L0L (86) ¥6°'66 1626 216 1688 29°/8 LG8
) ¢ | 9l qs us uj PO by Pd Uy ny o1 O dN 1z A S qy
¥s €5 zs 1S 0S 6V :17 Ly ot (14 44 (37 A4 (X7 ov 6< f:15 L€
uouay aulpo| wnunj@ >COE_F_< ug wnipu| wniwpe) JanIs wnipejed wnipoyy wniuayiny wniauyos | E::m_unbos_ wnIqoIN wniuodaz wnupA wnjuoss wnipigny
08°€8 0662 96'8. z6'vL 1922 2,69 6£'69 GG'€9 698G €6'8G | G8'GS | ¥6'¥S 0025 ¥6°0 88 .y | 96th 80°0Y 0L'6E
M 19 9S SvY 99 eo uz no IN 0D 94 UN 1D A 1L oS e)D M
9c [+ ve [ A% (X (i3 62 8z k4 9z (14 ¥z 4 44 1z 0z 6L
:oabx aulwoug wnius|es Jluasly wniuewss wnijes ouz hmaQoO [9)OIN }eqod uoJ| mmmcmm:mS_ wnjwoiyo wnipeuep wniuey | wnipueds wnioe) wnissejod
4} 1} ol 6 8 L 9 S v €
G6'6€ G¥'Ge 10Z¢ 160 6082 86'92 Leve 6622
1y 1D S d IS v BN EN
] Ll 9l ] 14 €l 4} L
uoBuy aulolyy nyng snioydsoyd uoolIS wnuiwnpy wnisaubejy wnipog
810z 0061 0091 LovL L0ZL 180l 106 ¥69
aN E| o N 0] g ssep ‘Bay —> 6G° 002 eg n
(]! 6 8 L 9 S ¥ €
uoaN auuon|4 uabAxo uabBonIN uogle) uoliog m I wnyjikleg wniyy
<——|0quAg
00'p Ll 9l ]} 4 €l 4 oL
9H #olwoy > 08 H
4 I I
o AInoJs|\ €+—sweu Juswa|g b
] I

SJUBWa]F dy] JO 9]qE] JIpOldd oYL




Jelly bean model of the atom

third electron shell
(8 maximum)

second electron shell
(8 maximum)

first electron shell
(2 maximum)

()

nucleus
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