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To Be or Not to Be a Conductor: Metals vs. Non-Metals

Subject: 5th and 8th Physical Science- Properties of Matter 

Lesson Overview: Using the physical properties of heat and electrical conductivity, students will be able to identify materials that are metals vs. non-metals. Students will conduct an inquiry-based investigation to determine which materials are metals and which are non-metals.

Standards Addressed:

5th Grade Physical Science 1.c. Students know metals have properties in common, such as high electrical and thermal conductivity. Some metals, such as aluminum (Al), iron (Fe), nickel (Ni), copper (Cu), silver (Ag), and gold (Au), are pure elements; others, such as steel and brass, are composed of a combination of elemental metals. 

5th Grade Investigation and Experimentation 

6a Classify objects (e.g., rocks, plants, leaves) in accordance with appropriate criteria. 
6b. Develop a testable question. 
6c. Plan and conduct a simple investigation based on a student-developed question 
and write instructions others can follow to carry out the procedure. 

8th Grade Focus on Physical Science- Periodic Table 
7 a. Students know how to identify regions corresponding to metals, nonmetals, 
and inert gases.

7 c.  Students know substances can be classified by their properties, including their 
melting temperature, density, hardness, and thermal and electrical conductivity. 

8th Grade Investigation and Experimentation

9a. Plan and conduct a scientific investigation to test a hypothesis.

Student Objectives:  Students will use thermal and electrical conductivity as properties to identify metals.

Vocabulary: conduction, conductivity, thermal energy, electrical energy, luster, malleable, ductile, metal, and nonmetal.
Resources: For each group: D battery and battery holder, bulb, bulb holder, 3 insulated lead wires with alligator clips, aluminum, copper, aluminum, sulfur, carbon, iron, nickel, silicon, magnesium ribbon. All can be purchased from Flinn Scientific, www.flinnsci.com/ or use commonly found items such as aluminum foil, copper wire or pipe, iron nail, sand or glass, coal, nickel jewelry, tin solder, and coins (nickels only contain 25% nickel, 75% is copper; pennies are 97.5% zinc core, 2.5% copper plating), wood, rubber stopper.  bar magnet (optional). 

Heat Transfer kit, Ward’s Scientific http://wardsci.com 36V41787   $24.95

[image: image2.jpg]B oo i L e e

b ile TS S





Websites: 

http://www.webelements.com/
http://www.chemicalelements.com
	Steps of the Lesson:


	Anticipated Student Responses

Teacher’s Response to Student Reactions


	Goals and Formative Evaluation

        

	Day 1

ENGAGE

Part One
Students participate in a vocabulary enrichment lesson to better understand the words conductivity, thermal, electricity, energy, luster, malleable, metal, and nonmetal.

The students will be put into small groups. Each group will be assigned one of the vocabulary words. 

Each student will create a 4-Fold Concept Development page. In the first quadrant they will write the word. In the second quadrant they will write the dictionary definition. In the third quadrant they will write a “user-friendly” version of the word. In the fourth quadrant they will create an illustration depicting the meaning.

In groups, students discuss the meaning and help correct errors. 

Groups create a poster size 4-Fold to share with the class.

The teacher will help create a list of definitions as each group presents. When all of the posters are shared students will copy down each word with definitions in their science notebook.

Part Two

Provide students with samples of copper, aluminum, sulfur, and carbon.  Under the QUESTION heading in their journals students will be asked to write two investigation type questions. The teacher will help the class frame the third question for investigation. 

“What are some properties that metals have in common?”
Students will identify properties of metal (luster, malleable, ductile) and record the information on the data collection chart.

Students will write a short summary in their journal about what they’ve discovered through their investigation thus far.

EXPLORE:

Part One

Under the PREDICTION heading in their journals students will make a prediction for each element as it is used to make a circuit. 

Examples:

For each group provide students with samples of copper, aluminum, sulfur, rubber stopper, wood block, and carbon.  Groups will also receive a D battery and holder, wires with clamps, a light bulb, and the samples. 

Students will try to remember from 4th grade how to set up the circuit to light the bulb. After they are successful, the teacher will ask them to open the circuit and attach another lead to the bulb.  

Under the heading of PLANNING students will write/illustrate how they will use the objects provided to test each element/substance. They will attempt to create a circuit with each element to test for conductivity. The results will be recorded on the data collection chart. The data collection chart is created with teacher guidance.

Part Two

Students will write a summary that responds to their predictions in their notebook with the aid of the data collection chart.

First, they will verbalize the summary with a partner. After that, they will write the summary in their science notebook.

Next, each student will share their summary with their group. Students will select the best summary from the group and write it on a transparency to be shared with the class.  Finally, the teacher will model a good summary using a sample from a group as a way to get the students to think about other ways to use the words in context.

ELABORATE:

(electrical conductivity)
Students repeat the investigation from day two using four new elements; iron, nickel, silicon, and

magnesium ribbon.

Optional:  T: Do you think all metals are magnetic?

Students will identify each element (substance) as a Metal or Non-metal and look up where the metals are located on the periodic table.

Under a final heading NEW QUESTIONS students will write down any new questions they might have that could be investigated. These questions could be possible science fair ideas for later on.

EXPLORE: Thermal Conductivity
Part One 
The teacher will demonstrate thermal conductivity with the help of two students using the Heat Transfer kit (see photo).  A U shaped metal connects 2 insulated cups.  One cup is filled with hot water by the teacher and the other with room temperature water.  One student will take temperature readings of the hot cup and the other from the second cup every 2 minutes on the board. 

8th grade: T: Lets do a line graph showing the temperature readings of the 2 cups over time.

5th and 8th Grade: What do you see happening?

 How do you think this is happening? 

Part Two

The students will refer to their data chart from electrical conductivity and predict which elements/substances will have high thermal conductivity. 

T; What are pots in your kitchen made of?  Why do you think these materials are used?

Under the heading OBSERVATIONS / WHAT HAVE YOU LEARNED they will analyze their data chart to write a summary about what they have learned about properties of metals, specifically conduction.  They will use evidence to support their claims.

EVALUATE:
Students will write a paragraph(s) to the following prompt: “You went on a camping trip with your family. While you were there you explored a cave and found a mysterious object. You noticed right away that it was shiny, felt hard, and was heavy. You believe you’ve discovered a new metal to be classified on the periodic table of elements. How would you test this object to see if it really was a metal? Write a clear and detailed description of the ways you would test this object to see if it was a metal.”


	S: Confusion between malleable and ductile.  A metal may have both properties. 

T: Ductile- ability to draw out, bent or shaped.

Malleable- ability to be hammered out into sheets

T: Investigation type questions can be partly or wholly answered by evidence.

Student Misconception that all metals have magnetic properties or are shiny.

T: Lets test to see if the items you think are metals are all magnetic by using a magnet.

T. calls on students one by one to bring up metals and test them with a bar magnet.

“I think the light bulb will light with the aluminum.”

“I think the bulb will not light with the carbon.”
“The copper in the penny conducts electricity.”

“The sulfur doesn’t light the bulb, because it doesn’t conduct electricity”

“The metals light the bulb.”

Teacher will prompt students to write complete summaries not just one observation.

.

S: Yes all metals are magnetic (misconception)

T: Let us test them with a bar magnet.  (Magnesium is not magnetic despite the similarities of their names, yet is a metal.)

Students may not know the symbol for each metallic element.  The teacher will help them with the symbols and point out their derivation (e.g. Cu, Ag, Fe, etc.)

Will a lead pencil light the bulb?

Are there any non-metals that conduct electricity?

How much copper is in a penny?

T: will encourage students to test other objects such as pencils keeping in mind safety

S: The temperature in the room temperature cup is going up.  The metal connecting the 2 cups is conducting (transferring) the heat energy to the room temperature cup.

S: to heat foods up quickly.

Ideal Sentences

“Metals are conductors.”

“Nonmetals such as sulfur and graphite do no conduct electricity, therefore the bulb doesn’t light up.”

“Metals like copper and aluminum have properties in common such as luster and malleability, and can conduct electricity and thermal energy.”

“Metals such as aluminum have luster which means they are shiny and reflect light.”

“Copper is malleable, which means it can be formed into different shapes.”


	Teacher will walk around the room assisting students and 

asking questions.

Teacher will check for understanding by asking questions so that “pat” glossary definitions are not merely copied.

Teacher checks student questions to see if they have included any non-investigation type questions.

Teacher checks to see that the bulb and battery are properly connected.

Teacher checks data chart and asks questions of the group if there are errors.

Teacher checks summaries.

Teacher asks each group to identify where the metals are located on the periodic table.

The teacher monitors the construction of students’ line graphs.
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