ATOMIC STRUCTURE LESSON
ABSTRACT

The structure of the atom is an abstract concept.  Atoms are too small to be observed with the senses.  Concepts on atomic structure, isotopes, and ions are 9th -12th grades content standards.  In the State of Ohio, these concepts are presented in the Physical Science 9th grade.  Jean Piaget (1896-1980), a leading theorist in cognitive development, believed cognitive change occurs when the context is structured to allow gradual movement to a higher level.  In this lesson, abstract understanding of atomic structure and changes in the structure is promoted by students building and using their own atomic models in an inquiry based lesson.  Students use the atomic model through a series of accomplishments that lead to increasingly comprehensive understanding of the changes that can occur in an atom.
Grade Level
This lesson is predominantly for 9th grade level students.

Resource Type
Lab Activity or Classroom Activity

Subject
Physical Science
National Science Standards

Physical Science Content Standard:  Structure of the atoms.

Ohio Science Standards
Physical Science Content Standard, Grades 9-10:

Benchmark A:  Describe that matter is made of minute particles called atoms and atoms of comprised of even smaller components.  Explain the structure and properties of atoms.

Inquiry Science Content Standard, Grades 9-10:

Benchmark A:  Participate in and apply the processes of scientific investigation to create models and to design, conduct, evaluate and communicate the results of these investigations.

Local Course of Study Objectives

Not Applicable

Objectives
 The student will
1. Construct a working model of an atom

2. Identify symbols for subatomic particles.

3. Demonstrate location of the subatomic particles within the atom.

4. Identify electric charges in the atom.

5. Evaluate atoms for electrical neutrality.

6. Modify the number of protons to determine the identity of the element.

7. Manipulate changes in the number of neutrons.

8. Predict atomic mass of the atom due to the above manipulations.

9. Recognize and interpret isotope symbols to illustrate the isotope on the model.
10. Manipulate changes in the number of electrons.

11. Compare and contrast negative charged atoms to positive charged atoms.
12. Evaluate the overall electrical charge of an atom.
13. Recognize and interpret cation and anion symbols to illustrate the ion on the model.

PRE-ASSESSMENT

Pre-Assessment Test Questions:

1.  Draw an atom of Beryllium.  Label the nucleus, electron cloud, energy levels, and the subatomic particles using their symbols (includes electrical charge).

2.  An atom has the same number of protons and electrons.  Is the atoms’ charge positive, neutral, or negative?
3.  Using the Periodic Table, the element name (or symbol) that has 5 protons is named ____________.

4. Using the Periodic Table, the element that has an atomic number of 2 is ______________________.

5. Oxygen -14 has how many protons?  ________ .   Neutrons?  _____________ .
6.  Oxygen-16 has how many protons?  ________.   Neutrons?  ______________.
7.  Calcium, Ca, has a charge of 2+.  Does it have more or fewer electrons than protons?  ___________

8.  Chlorine, Cl has a charge of 1-.  Does it have more or fewer electrons than protons?  _____________
Name:  __________________________________________  Date:  ________  Class/Period:  ________
ATOMIC STRUCTURE LESSON 
Engagement

Obtain a piece of limestone rock and a hand magnifying glass from the table.  Look for pieces of shells.  Write your observations of the rock.

Using a science textbook or the internet as a resource, write the definition of limestone.

What is the name of the mineral in limestone and write its chemical formula (element symbols).

Using a science textbook or the internet as a resource, write the definition of lime and its chemical formula (element symbols).

(Obtain Teacher Check)

Limestone is a sedimentary rock.  It was formed in layers and over time compacted by the weight of overlying sediments.  These sediments are the fossilized shells of sea creatures, such as coral, clams, oysters, and plankton.  As water moves through the small open spaces between the sediments, minerals are deposited, which cement the sediment grains together.   Ohio was once covered by a warm, shallow sea that had abundant sea creatures.  Their fossilized shells built up over millions of years to produce the limestone rock that is below our topsoil.

Using a science textbook, write the definition of matter.

How does your limestone rock fit the definition of matter?

The simplest form of matter is an element.  Rewrite, separately, the elements that make up limestone and lime.
Elements in limestone:  

Elements in lime:

The basic building block of matter is the atom.  You will explore the structure of the atom and the changes that occur in atom using a model of the atom you will create.

Obtain Teacher Check
EXPLORATION and EXPLANATION

Construct the atom model according to the handout (Attachment A).  In this lesson, only elements on the first three rows of the Periodic Table are explored.

Obtain Teacher Check 

Using the Atomic Model, look at the circles that represent the particles:

The symbol for protons is _______.  The symbol for neutrons is ________.  The symbol for electrons is _____ 

· Protons, neutrons, and electrons are (subatomic) particles that are found within the atom.  

· The protons and neutrons are located in the middle empty space of the atom, called the nucleus.
· The electrons are located outside the nucleus, called the electron cloud.  However, electrons reside on energy levels, EL, within the electron cloud.  Energy levels have specific distances away from the nucleus.  Electrons are placed on energy levels starting with EL1, which can hold up to only 2 electrons.  Any remaining electrons are placed on EL2, which holds up to 8 electrons.  Remaining electrons are placed on EL3.

· Energy level 1, EL1, is represented by the smallest ring on the model, closest to the nucleus.

· Energy level 2, EL2, is represented by the middle ring on the model.

· Energy level 3, EL3, is represented by the third, outer ring on the model.

· There are more energy levels, but not used for this lesson.

In nature there are two kinds of electrical charges:  positive charge and negative charge.  

Which particle do you predict has a positive charge?  

Which particle do you predict has a negative charge?
Neutrons get their name from the word neutral.  What do you predict about electrical charge for    neutrons?


Matter tends to be at neutral states.  Each proton has a 1+ charge and each electron has a 1- charge.  For an atom to be in its neutral state, this means the atom must have the same total number of protons  and the same total number of electrons.  The same total number of positive charges will equal the same total number of negative charges, to cancel each other out, and the atom will have no overall electrical charge.

Beryllium, Be, has 4 protons.  Its total positive charge is ________.  To be an overall neutral atom, it must have how many electrons?  _______________.

Illustrate a Neutral Atom:


On the atom model, make a neutral atom of Beryllium.  Place the proton, neutron, electron particles in the correct location of the atom. Use the correct number of protons and electrons.  Use 5 neutrons.  The number of protons and the number of electrons must be the same number.  Remember to start with EL1 to place 2 electrons.  How many electrons will be placed on EL2?  _________.

Obtain Teacher Check

Atomic Number and the Effect of Changing the Number of Protons

Write the definition of Atomic Number:  

Look at the key on the Periodic Table.  Which number in the element’s square is the atomic number?

What is the atomic number of Oxygen?  ______________.  How many protons does oxygen have?  _______

The atomic number gives the element its identity (name).  Using your model and Periodic Table, show the number of protons for oxygen.  Next, add 2 more protons onto the model. You now have an atom whose atomic number is 10.  Using the Periodic Table, what is the name of this element?  ___________________

Changing the number of protons, changes the identity of the element.

Obtain Teacher Check

Mass Number and the Effect of Changing the Number of Neutrons

Write the definition of mass number:

The unit of measure for the mass of atoms is the atomic mass unit, amu.  Each proton has a mass (or weighs) 1 amu.  Each neutron has a mass (or weighs) 1 amu.  The electron has insignificant mass (weight), and is not considered in the mass (weight) of an atom.   Thus the total mass of the atom is the sum of the protons and neutrons.  This total number is called the mass number.

State how you would find the mass number of an atom.

The atoms of a specific element must have the same number of protons.  However, the element’s atoms can vary in the amount of neutrons.  These kinds of atoms, with different numbers of neutrons are called isotopes.

Isotopes are written with the element name followed by the mass number.  Example:  Carbon -12.  They are also written in symbol form as  12 C .

Illustrate on the atom model, Carbon – 12.  Sketch below other isotopes:  Carbon -14  and Carbon -10.

Obtain Teacher Check.
Ions and the Effect of Changing the Number of Electrons
Protons have ____________  charge.  Electrons have ___________ charge.  For an atom to be electrically neutral, it must have the ________________  number of protons and neutrons.

Write the definition of an ion, cation, and anion.


Ion:


Cation:


Anion:

When the number of electrons is different from the number of protons, the atom is no longer neutral and the atom has an overall positive or negative charge.  A charged atom is called an ion.  Specifically, when the overall charge is positive the ion is called a cation.  When the overall charge is negative, the ion is called an anion.

IT IS ONLY THE NUMBER OF ELECTRONS THAT CHANGE IN AN ATOM TO CREATE AN ION.  (The number of protons does not change.  Recall if you change the protons, you are changing the identity of the element.)

Using the atom model, illustrate Magnesium, Mg, with its 12 protons, but only 10 electrons.  Is the overall charge positive or negative?  ______________.  How many more positive charges are there than negative charges?  _________.  Is Magnesium now a cation or an anion?  __________________.  The charge magnesium atom is written as Mg 2+ .

Obtain Teacher Check

Using the atom model, illustrate Phosphorus, P, with its 15 protons, but with 12 electrons.  Is the overall charge positive or negative?  _____________.  How many more negative charges are there than positive charges? _________.  Is Phosphorus now a cation or an anion?  _____________________.  The charged Phosphorus atom is written as P 2- .

Obtain Teacher Check
EXTENSION
With a small  group of 2-4, take turns to illustrate various atomic structures for elements with atomic numbers 1 through 18.

1.  Use the atomic model to illustrate neutral atoms of elements 1-18.

Each person sketch 3 different atoms:

2.  Use the atomic model to illustrate the changing numbers of protons below.  Identify the elements.

2 protons  __________   5 protons  ___________  12 protons ___________  17 protons  _________

3.  Use the atomic model to illustrate the isotope with its changing numbers of neutrons below.

Aluminum -20

Chlorine-33

26 Mg  

28 P

4.  Use the atomic model to illustrate the ions with its changing numbers of electrons below.

Li 1+

Be 2+
     
  Al 3+

N 3-


S 2-


F1-


Shortcut to ion charges:  All elements in column 1 become charged 1+;  column 2 becomes 2+; column 13 becomes 3+; column 14 becomes 4+ or 4-; column 15 becomes 3-; column 16 becomes 2-,  column 17 becomes 1-.  Column 18 never becomes charged.

Prediction:

Calcium Oxide, commonly known as Lime,  has the chemical formula CaO.  Predict the charge on Calcium, Ca:  ______________.  Predict the charge on Oxygen, O.  ____________.

Obtain Teacher Check
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ATOMIC STRUCTURE
POST-ASSESSMENT

Post-Assessment Test Questions:

1.  Draw an atom of Beryllium.  Label the nucleus, electron cloud, energy levels, and the subatomic particles using their symbols (includes electrical charge).

2.  An atom has the same number of protons and electrons.  Is the atoms’ charge positive, neutral, or negative?

3.  Using the Periodic Table, the element name (or symbol) that has 5 protons is named ____________.

4. Using the Periodic Table, the element that has an atomic number of 2 is ______________________.

5. Oxygen -14 has how many protons?  ________ .   Neutrons?  _____________ .

6.  Oxygen-16 has how many protons?  ________.   Neutrons?  ______________.
7.  Calcium, Ca, has a charge of 2+.  Does it have more or fewer electrons than protons?  ___________

8.  Chlorine, Cl has a charge of 1-.  Does it have more or fewer electrons than protons?  _____________
ATTACHMENT A

Name:  __________________________________________ Period:  ______________    Date:  ________________________

INSTRUCTIONS FOR MAKING A “WORKING” MODEL OF THE ATOM

1. Each student will work make their own atomic model.  However, do work with a partner to share supplies and ideas.

2. Each student will need 2 full sheets of different colored construction paper; and 3 half-sheets of still more differently colored, but not dark, construction paper.  Obtain scissors, a glue stick, ink pen, and a zip lock baggie.

3. Select one full sheet for the backdrop onto which your atom is constructed.

4. Fold the 2nd full sheet in half and draw 6 large semicircles.  Be sure the first semi-circle is within the outer corners of the sheet.  The distance between the semicircles should be no wider than the width of your pinky finger.  Label the distance between the semicircles 1, 2, 3, 4, and 5 starting with the largest semicircles.

5. Cut out the semicircles 1, 3, and 5.  Discard 2 and 4.

6. Flatten the semicircles into rings.  Glue them onto the first full sheet of construction paper, starting with the largest ring first.  Be sure to have space between your rings, so that the backdrop sheet shows.  See the teacher’s atomic model for comparison.

7. Label the smallest ring “EL1”, the middle ring “EL2”, the largest ring “EL3”.

8. Write your name on the lower right corner, front side, of the backdrop construction paper.

9. Next, select one of the ½ sheets of construction paper.  Using the bottom of your glue stick as a guide, draw 20 circles along the edges of the paper.  Label the circles “ p+ ”.  Cut out the circles.

10.  Select the next ½ sheet of construction paper.  Draw 40 circles.  Label the circles “ n0 ” and cut out the circles.

11.  Select the last ½ sheet of construction paper.  Draw 20 circles.  Label the circles “ e- “ and cut out the circles.

12.  Place all of your circles into the zip lock baggie.  Use a marker from the teacher to label the baggie with your name.

13.  Place your atomic model and baggie into your period’s bin. 

14.  See teacher if you have not completed all the cutouts before class ends.  It may need to be completed for homework.
15.   FEEDBACK: Give ideas you have on improving the construction of the model of the atom:  
