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ACTIVITY OVERVIEW

Students compare the effectiveness of three different metals in extracting copper
from the used copper chloride solution from Activity 23, “Producing Circuit Boards.”
After determining which of the metals removes copper ions from the solution, they
examine cost and health-related information to inform their decision of which metal
to use. 

KEY CONCEPTS AND PROCESS SKILLS

(with correlation to NSE 5–8 Content Standards)

1. One way to reduce the amount of toxic waste is to reclaim toxic elements through
single-replacement reactions. (PhysSci: 1)

2. One property of a metal is its reactivity with other substances. Different metals
react differently. (PhysSci: 1)

3. Making decisions about complex issues often involves trade-offs. (Perspectives: 4)

KEY VOCABULARY
chemical reaction

control

evidence

product

reactant

reclaim, reclaimed, reclamation

trade-off
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MATERIALS AND ADVANCE PREPARATION

For the teacher

1 Transparency 27.1, “Wastewater Discharge Limits”

* 1 overhead projector

* masking tape

* marker

* 1 pair of disposable latex gloves

* 1 pair of goggles

1 SEPUP tray containing a serial dilution of 100,000 ppm copper 
chloride (See Activity 24 for directions on preparing a serial 
dilution.)

1 Scoring Guide: ORGANIZING DATA (OD) and/or

1 Scoring Guide: COMMUNICATION SKILLS (CS) and/or 

1 Scoring Guide: EVIDENCE AND TRADE-OFFS (ET) 

For the class

* 1 waste container

For each group of four students

1 30-mL dropper bottle of used copper chloride solution from Activity 
23, “Producing Circuit Boards” 

1 30-mL dropper bottle of 5% ammonia solution

1 cup of water

For each pair students

1 SEPUP tray

1 aluminum washer

1 iron washer

1 zinc washer

1 plastic spoon

1 dropper

* paper towels

For each student

* 1 pair of safety goggles 

1 Student Sheet 24.2, “Treating Waste” 

1 Literacy Student Sheet 1c, “Writing a Formal Investigation Report”

1 Literacy Student Sheet 4a, “Writing Frame–ET” (optional)

1 copy of Scoring Guide: ORGANIZING DATA (OD) (optional) and/or

1 copy of Scoring Guide: COMMUNICATION SKILLS (CS) (optional) and/or

1 copy of Scoring Guide: EVIDENCE AND TRADE-OFFS (ET) (optional)

*Not supplied in kit
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This activity presents multiple opportunities to assess students’ progress. It is sug-
gested that you choose the assessment variable that you would like your students to
work on in this activity, and focus on that variable. Masters for Scoring Guides are in
Teacher Resources III: Assessment.

Set out a waste container. 

You may wish to create a serial dilution of 100,000 ppm copper chloride, as described
in Activity 24, “Diluting the Problem,” for students to use as a basis of comparison in
Teaching Suggestion 2. 

Note that in Analysis Question 4, students consider the price per unit for several types
of metal. The prices shown in the Student Book may have changed. If you want stu-
dents to work with the most current metal costs, check commodities prices that
appear daily or weekly in the financial section of many newspapers or on Internet
sites. For example, the Wall Street Journal provides cash prices for aluminum, copper,
and zinc daily. The scrap steel price approximates the price for iron. This is also some-
thing you may want to ask students to do in preparation for the lab. To find current
metal prices you might visit “Current Primary and Metal Scrap Prices” at www.metal-
prices.com and “Monthly Average Prices” at www.lme.co.uk/dataprices_monthlyaver-
ages.asp.

SAFETY

Have students wear protective eyewear during the activity. The used copper chloride
solution is toxic and corrosive. Avoid contact with skin and eyes. People who have an
allergic reaction to the copper chloride solution may experience itching and redness
in the affected area for a short time. Wash any affected area with water for 2–3 min-
utes. Rinse eyes for 15–30 minutes, and consult a doctor. 

Disposal

Have students scoop the solid metals from the cups of the SEPUP tray with forceps or
plastic spoons. Then dispose of the metals according to local regulations. It is impor-
tant that you dispose of the liquid waste generated in this activity in accordance with
your local regulations as well. See the safety section in Activity 23, “Producing Circuit
Boards,” for more information on disposal.

TEACHING SUMMARY
Getting Started

1. Introduce the idea of reclaiming metals from industrial toxic waste. 

Doing the Activity

2. (OD ASSESSMENT) Students reclaim copper using three different metals.

Follow-Up

3. (CS ASSESSMENT, ET ASSESSMENT) The class discusses the results of the investigation. 

4. Students consider the trade-offs of selecting a metal for reclaiming copper.
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BACKGROUND INFORMATION
Reclaiming Metals from Hazardous Wastes

The overall aluminum–copper chloride reaction in this activity is written as follows:

6CuCl2 (aq) + 6H2O (l) + 6Al (s) fi 3H2 (g) + 4AlCl3 (aq) + 6Cu (s) + 2Al(OH)3 (aq)

The iron–copper and zinc–copper reactions are similar in that each of the three reac-
tions is a type of single-replacement reaction. In the aluminum–copper reaction, the
chloride ions help remove the aluminum oxide coating so that a reaction can take
place through the oxidation of aluminum (loss of electrons) and the reduction of cop-
per ions (gain of electrons). The aluminum–copper chloride reaction is a simplified
version of a waste reclamation and reduction strategy for handling toxic-waste mate-
rials. One of the ultimate goals of green chemistry is to modify industrial processes in
ways that eliminate the production of waste. But, if this is not accomplished, and
metal waste is produced, reclaiming the metal is one way to treat the waste.

REFERENCES

City of San Jose Environmental Services. (2009). Changes to local industrial discharge
limits and sewer use ordinance changes. Retrieved April 3, 2012, from http://www.san-
joseca.gov/esd/wastewater/LocalLimits.asp 

Fox Metro Water Reclamation District. (2010). Fox Metro Discharge Limits (Ordinance
#517). Oswego, Il. Retrieved April 3, 2012 from www.foxmetro.dst.il.us/local-
limits.htm

King County Industrial Waste Program. (2011). Fact sheet: King County wastewater dis-
charge limits. Retrieved April 3, 2012, from www.kingcounty.gov/environment/waste-
water/IndustrialWaste/Limits/KClimits.aspx
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TEACHING SUGGESTIONS

GETTING STARTED

1. Introduce the idea of reclaiming metals
from industrial toxic waste.

Read the introduction and Challenge with the class.
Explain that in this activity, students will investi-
gate a third method of handling the waste pro-
duced in circuit-board manufacturing-reclaiming
the metal. One approach to dealing with this waste
is to remove or reclaim the copper from the solu-
tion. This reduces the toxicity of the waste and pro-
vides a valuable material—copper metal—for reuse.
Explain to students that in this activity they will use
other metals to start a chemical reaction to try to
remove the copper from solution.

DOING THE ACTIVITY

2. (OD ASSESSMENT) Students reclaim copper
using three different metals.

Point out that Cup 4, which contains only the cop-
per chloride solution, acts not only as a control, but
also as a standard for comparing the color of the
remaining liquids to that of the original. If your stu-
dents are not familiar with the concept of a control,
you may want to explain this idea further.

Before beginning the procedure, students will
design a data table to record their data. Encourage
them to first read through the procedure, and then
sketch a data table in their notebook. If the table

does not suit their needs as they work, they may
find that they will need to rework the table. Let stu-
dents know that their tables will be graded with the
ORGANIZING DATA (OD) Scoring Guide. If you plan to
do so, consider passing out copies of the OD Scoring
Guide, and review your expectations with students
before they begin. You might have the class decide
on the title of the table, such as “Reclaiming Copper
from Waste,” or allow students to formulate their
own title. For more information on Scoring Guides,
see Teacher Resources III: Assessment. Provide them
with the opportunity to hand in a final copy of the
table after completing the activity.  

Review with students the evidence that would indi-
cate that copper had been removed from the used
copper chloride solution. As with the last activity,
they will use ammonia to indicate the presence of
copper in the solution. Emphasize that a change in
the color of the solution indicates a chemical
change. Also, the appearance of copper metal
would be direct evidence that the copper was
removed from the solution. They will compare each
cup to Cup 4, the control, to determine if a change
has taken place. Suggest that students place the
SEPUP tray over a sheet of white paper when
observing the liquids.

Encourage students to discuss their observations
with their partners as they do the experiment.
Expected results are provided in the sample student
table shown below. 

Sample Student Table, “Reclaiming Copper from Waste”

Cup Metal Initial observations
of metal 

Final observations 
of metal

Observations 
of reaction

Observations of
remaining liquid

1

Aluminum Dull gray color Brown-black coating

Thinner

Fast bubbling

Brown solid forming
in dish

Gas rising

Clear in color

Contains black and
brown solids

2
Iron Black-gray color Red-brown coating Brown solid forming

on metal
A lighter green than
the original solution

3
Zinc Shiny silver color Red-brown coating Brown solid forming

on metal
Light-green to clear
in color 

4
Control/
None 

No solid metal visible
in solution

No solid metal visible
in solution

No reaction occurred Original blue-green
color
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When students conduct the ammonia test, you
should point out that the ammonia shows the pres-
ence of copper in solution, but it gives only a broad
estimation of how much copper. To help them
obtain a more accurate estimation, you may choose
to display a serial dilution of copper chloride for
them to compare their results. Remind them that
the used copper chloride solution had a concentra-
tion of about 100,000 ppm (as measured in Activity
24. “Diluting the Problem”). Solutions that are
lighter in color than the control have a lower copper
concentration. Students can then compare their
experimental results with the serial dilutions to
evaluate the approximate copper concentration of
the liquids remaining in Cups 1–3. Alternatively,
students can remove the metals from Cups 1–3 and
add ammonia to Cups 1–4 to compare the resulting
reactions; a blue color indicates the presence of cop-
per. Expected results for the ammonia test are
shown in the table “Testing for Copper” below.

For cleanup, students should remove, using a drop-
per and a plastic spoon, all solutions and solids
from their containers and place them in the waste
container. Then they should blot any remaining liq-
uid with a paper towel and dispose of it in the trash
before washing all equipment. 

FOLLOW-UP

3. The class discusses the results of the
investigation.

Ask students to share their observations and sum-
marize their results. Summarize their data on the
chalkboard, and help students compare their out-
comes for each metal. You may wish to do this by

displaying sample student data tables and dis-
cussing if the entire class acquired similar results.
Students should observe that in comparison with
Cup D, which was the control, each of the three
metals removed copper, but to a different degree.
The aluminum and zinc seemed to react the most
and will cite the vigorous bubbling, rapid deposi-
tion of copper metal, and rapid disappearance of
the blue color from solution as evidence. If the class
does not reach consensus about the results of the
investigation, encourage discussion. 

Explain that the aluminum, iron, and zinc metals
not only removed the copper from the solution, they
also dissolved into the solution as they took the
place of, or replaced, the copper. The three reac-
tions students observed in this investigation are all
similar chemically in that they are categorized as,
“single-replacement reactions.” In each case, the
solid metal (aluminum, zinc, or iron) replaces the
copper ions that precipitate out as solid copper.
Bubbles of hydrogen gas are produced, and energy
is released in the exothermic reaction. While the
reactions are fairly complex, simplified equations
are provided below. 

3CuCl2 (aq)   + 2Al (s) fi 2AlCl3 (aq)  +  3Cu (s)

3CuCl2 (aq)   + 2Fe (s) fi 2FeCl3 (aq)  +  3Cu (s)

CuCl2 (aq)   + Zn (s) fi ZnCl2 (aq)   +     Cu (s)

As a class, fill out the “Reclaim using solids” column
of Student Sheet 24.2, “Treating Waste.” Sample
student answers to Student Sheet 24.2, “Treating
Waste,” are shown on the next page. In this activity
students fill in the “Reclaim using solids” column.

Sample Student Results, “Testing for Copper”, Procedure Step 9

Cup Metal Observations Copper Present

1 Aluminum Gray gel-like precipitate forms No copper present

2 Iron Brown precipitate forms No copper present

3 Zinc White precipitate forms Some copper present

4 Control/None Bluish green to dark blue precipitate forms copper present
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5. (CS ASSESSMENT, ET ASSESSMENT) Students
consider the trade-offs of selecting a metal
for reclaiming copper.

Ask students, What factors do you think
should be considered in selecting a metal
to use to reclaim copper? List and discuss

their suggestions. In addition to the reactivity of the
metal, students may be concerned about the toxic-
ity, cost, availability, and health effects of disposal
of a replacement metal. Ask students which of these
factors they think is the most important when
deciding which metal to use. Point out that making
such a decision requires considering the trade-offs. 

Remind students that copper is only one of many
substances that are regulated as toxic waste. The

waste students produced using the different metals
to reclaim the copper also need to be handled
according to federal laws and local regulations. Dis-
play Transparency 27.1, “Wastewater Discharge
Limits,” which compares the limits for three differ-
ent municipal water districts. (Note that the data
from Oswego, Illinois are the basis for the maxi-
mum wastewater concentrations found in the table
under Analysis Question 4.) Point out that the max-
imum concentration of iron allowed in wastewater
varies considerably among the three districts.
While the federal government provides guidelines
based on the current body of knowledge, individual
states and local districts decide how to implement
these guidelines. Some cities and counties take a
conservative approach and establish wastewater

Sample Student Responses to Student Sheet 24.2, “Treating Waste” (Results for Reclaim using solids)

Dilution Incineration Reclaim using 
solids

Reclaim using 
liquids

Summary 
of method

Adding water to
lower concentration
of waste in a 
solution

Burning waste in high
levels of oxygen 

Add a solid to the
waste that reacts
chemically to
remove the copper

Involves a 
chemical change?

No Yes Yes

Positives

Easy to do

Can release waste
into water system 
if concentration 
is lower than 
regulations

Reduces volume of
garbage 

Energy released from
burning can be 
harnessed to generate
electricity

Removes copper
that can be reused 

Reduces amount
of copper that will
be thrown out

Can use a metal
that is cheaper
than copper for
reclaiming

Negatives

Need a huge volume
of water to reduce to
levels that can be put
down drain

Heavy metals, even 
if diluted, build up 
to unhealthy and
toxic levels in 
waterways and 
harm ecosystems
and humans

Releases harmful
products into 
environment 

Does not get rid of
the harmful 
components of 
metal wastes

Need to buy
another metal to
reclaim copper

Still can leave
some copper in
the waste solution 
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restrictions in the absence of conclusive studies
showing negative health effects. For example,
although ingesting low levels of iron is not known to
have any negative health effects (in fact, iron is a
necessary daily mineral), two of the three districts
shown on Transparency 27.1, “Wastewater Dis-
charge Limits,” restrict the disposal of solutions con-
taining iron. Notice that aluminum is not included
on the list of restricted substances. Ingesting low
levels of aluminum is not known to cause any nega-
tive health effects. Large amounts of aluminum
ingested over long periods of time may cause bone
disease, but because there has been little research
conducted in this area no conclusive link has been
established. 

While showing Transparency 27.1, “Wastewater Dis-
charge Limits,” discuss with the class how living
organisms might be exposed to the chemicals that
are released in wastewater. Wastewater that meets
the regulations might be released into rivers, lakes,
and other bodies of water, exposing animals and
other organisms that live in those environments to
these substances. Students may not know that pub-
lic drinking water is usually water from natural
sources in which toxic materials could be present.
This is why drinking water is carefully treated and
tested. Emphasize the cyclical nature of this use and
reuse. Many factories generate wastewater during
the production of consumer goods. This wastewater
must be treated and disposed of, usually back into
the local environment that communities rely on to
meet their water needs.

In Analysis Question 2, students are asked to write a
report summarizing the investigation, their results,
and their conclusions based on their results. It is a
good idea to share the Scoring Guide with students
before they prepare their reports. Hand out the
COMMUNICATION SKILLS (CS) Scoring Guide, and go
over the different levels on the Scoring Guide and
what each step means in terms of their writing.
Because this may be their first time writing such a
report, you may wish to provide examples of Level 3
and Level 4 reports. For more details on assessment
in this module, see Teacher Resources III: Assess-
ment. Later units of Issues and Physical Science also

involve report writing and assessments of students’
progress in communications skills. Based on the
ability of your students, you may wish to provide
support for this question in the form of writing
boxes, or breaking down the task so that they
accomplish the majority with their group and the
analysis on their own. 

Analysis Question 3 presents an opportunity for 
students to practice constructing an evidence-and-
trade-offs response and to score their own work
with the EVIDENCE AND TRADE-OFFS (ET) Scoring
Guide. They will be assessed with this scoring guide
again in the next activity. If you wish, distribute to
students Literacy Student Sheet 1c, “Writing a For-
mal Investigation Report,” to help them write a
report. Before students complete Analysis Question
3, be sure to discuss or reinforce the concept of a
trade-off. That was introduced in Unit A, “Studying
Materials Scientifically,” of Issues and Physical Sci-
ence. For this question, you may want students to
work in groups. This will allow them to practice con-
structing an evidence and trade-offs answer in
pairs. 

EXTENSION

Students might want to investigate other ways that
metals can be used to reclaim copper from the used
copper chloride solution. Encourage them to design
a procedure to conduct such an experiment. Ask
them to detail what they will look for in their inves-
tigation and how they will interpret their results.
Ensure that their proposed procedures incorporate
safety protocol. If you feel secure that they will be
safe and you will be able to oversee their investiga-
tion, allow them to conduct the tests and share the
results with the class. 

SUGGESTED ANSWERS TO QUESTIONS

1. Explain the purpose of including Cup 4 and Cup D

in your investigation.

The purpose of Cup 4 and Cup D was to act as a
control, to compare a cup in which no metal was
added to the cups where metal was added. 



Reclaiming the Metal  •  Activity 27

B-193

2. (CS ASSESSMENT) Prepare a written report 

summarizing your investigation. Start your report on

a clean sheet of paper. Include your name, the date,

and a title for your report. Your report should have

the following three components:

a. A statement of the problem you were trying to

resolve.

b. A description of the materials and procedure you

used to solve the problem.

c. An analysis of the results, which should include:

• a copy of your data table.

• a summary of the results shown by the data in

your data table.

• an answer to this question: Which metal

seemed to work best at removing the copper

from solution? (Describe your evidence com-

pletely in your answer.) 

• any problems you may have had with the

investigation.

• any additional questions related to the prob-

lem that you would like to investigate.

Students’ reports will vary. Make sure that
the conclusions students draw in their
reports are based on the information con-
tained in their data tables. Results are likely
to show that they observed that the alu-
minum and zinc seemed to react the most,
and students will cite the vigorous bubbling,
rapid deposition of copper metal, and rapid
disappearance of the blue color from solu-
tion as evidence. 

3. (ET ASSESSMENT) Companies that make cir-

cuit boards often reclaim copper from copper-con-

taining solutions. This allows them to reused the

copper, or sell it. Based on your results from this

investigation and the information below (table is in

student book), which metal would your recommend

a company use to reclaim copper? Support your

answer with evidence, and identify the trade-offs of

your decision. 

Level 3 Response

I recommend using aluminum to reclaim the
copper. It removed a lot of the copper from the
solution. Iron did not work as well. Zinc worked
to reclaim the copper just as well as the alu-
minum, but it is more regulated than alu-
minum. 

Replacing the copper with aluminum also
makes the waste less toxic. Humans can take in
more aluminum every day than they can cop-
per, so if someone accidentally drinks water con-
taining aluminum, they should be okay. The
trade-off is that the waste still has to be disposed
of carefully since high amounts of aluminum
can still hurt humans. 
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Wastewater Discharge Limit

Maximum Daily Concentration (in parts per million)

Other disposal restrictions include limits on:
• temperature
• pH
• flammable/explosive materials
• solids that harden
• organic pollutants
• corrosive substances
• fats, oils, and grease

King County,
Washington

Oswego,
Illinois

San Jose,
California

Arsenic 4.0 0.145 1.0

Cadmium 0.6 0.04 0.7

Chromium 5.0 6.4 1.0

Copper 8.0 1.0 2.3

Iron --- 100.0 ---

Lead 4.0 0.4 0.4

Mercury 0.2 0.0005 0.010

Nickel 5.0 0.4 0.5

Silver 3.0 0.7 0.7

Zinc 10.0 2.4 2.6
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SEPUP SCORING GUIDES AND ASSESSMENT COMPONENTS

1. Designing Investigations   (DI)

2. Organizing Data   (OD)

3. Analyzing Data  (AD)

4. Understanding Concepts   (UC)

5. Recognizing Evidence  (RE)

6. Evidence and Trade-offs  (ET)

7. Communication Skills  (CS)

8. Organizing Scientific Ideas (SI)

9. Group Interaction  (GI)
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Assessment Components
COMPONENT INDICATOR

1. Table of results a. Data table has appropriate columns in correct 
sequence (e.g. independent variable in first 
column).

b. Columns have appropriate headings that 
include measurement units.

c. Data are in ascending or descending order.

2. Graph of results a. Type of graph is appropriate for representing 
the data.

b. Data are arranged on appropriate axes  
(e.g. independent variable is on x-axis).

c. Scales used are the most appropriate for the 
data.

d. Axes are labeled with names of variables and 
units.

e. Data points are plotted correctly.

Scoring Guide
LEVEL DESCRIPTION

Level 4 
Above and beyond

Student accomplishes Level 3 and goes beyond 
in some significant way, such as:
 • using innovation in the organization or display 

of data.

Level 3
Complete and 
correct

Student logically presents complete and  
accurate data.

Level 2
Almost there

Student reports data logically BUT records are 
incomplete.

Level 1
On your way

Student reports data
BUT records are illogical
OR records contain major errors in the data.

Level 0 Student’s data is missing, illegible, or irrelevant.

X Student had no opportunity to respond.

Assessment Components
COMPONENT INDICATOR

1. Reason for  
investigation

a. States goals and objectives of the investiga-
tion clearly.

b. The question (in those circumstances where 
the student chooses the question to inves-
tigate) that the student seeks to answer is 
one that can be investigated scientifically in a 
typical classroom situation.

2. Design of  
investigation

a. States hypothesis or prediction clearly.

b. Design is appropriate for the investigation.

c. Procedures are clear, reproducible, and list 
specific data to be collected.

d. Variables are identified and controlled as 
necessary.

3. Conducting an 
investigation

a. Data are accurate and precise.

b. Data set is complete with no unnecessary 
gaps.

c. Data are consistent and reproducible.

Scoring Guide
LEVEL DESCRIPTION

Level 4 
Above and beyond

Student accomplishes Level 3 and goes beyond 
in some significant way, such as:

 • identifying alternate procedures.
 • suggesting improved materials.
 • relating clearly to scientific principles and  

approaches.

Level 3
Complete and 
correct

Student’s design is appropriate and has a repro-
ducible procedure, if required.

Level 2
Almost there

Student’s design or procedure is incomplete and/
or has significant errors.

Level 1
On your way

Student’s design or procedure is incorrect or 
demonstrates a lack of understanding of the 
goals of the investigation.

Level 0 Student’s design or procedure is missing, illegible, 
or irrelevant.

X Student had no opportunity to respond.

1. DESIGNING INVESTIGATIONS (DI) 

What to look for: 
 • Response states a design and specifies data to be collected for the investigation. 
 • Procedures are described completely and accurately.

2. ORGANIZING DATA (OD) 

What to look for: 
 • Response accurately records and logically displays data.
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Scoring Guide
LEVEL DESCRIPTION

Level 4 
Above and beyond

Student accomplishes Level 3 and enhances 
communication in some significant way, such as:
 • using additional images or diagrams  

effectively.
 • using additional formats of communication 

effectively

Level 3
Complete and 
correct

Student communicates ideas clearly with few or 
no technical errors.

Level 2
Almost there

Student may make several technical errors, BUT 
those errors do not prevent the audience from 
understanding the message.

Level 1
On your way

Student’s communication is unclear, OR many 
technical errors seriously distract the audience 
from understanding the message.

Level 0 Student’s response is missing, illegible, or 
 irrelevant.

X Student had no opportunity to respond.

Scoring Guide
LEVEL DESCRIPTION

Level 4 
Above and beyond

Student accomplishes Level 3 and goes beyond 
in some significant way, such as:
 • highlighting key ideas effectively.
 • exhibiting originality.
 • using diagrams effectively.

Level 3
Complete and 
correct

Student’s response is complete and shows a 
logical order.

Level 2
Almost there

Student’s response shows some logical order
BUT there are minor flaws in logic
OR there is one missing part.

Level 1
On your way

Student’s response lacks logical order  
OR student’s response is missing multiple parts.

Level 0 Student’s response is missing, illegible,  
or irrelevant.

X Student had no opportunity to respond.

8. ORGANIZING SCIENTIFIC IDEAS (SI)

What to look for: 
 • Response logically organizes argument, evidence and/or ideas related to a problem or 

issue by clearly communicating main ideas and using a logical sequence of sentences.

7. COMMUNICATION SKILLS (CS)

What to look for: 
Response uses communication skills to present ideas in the following formats:
 • written (e.g., report): sentence structure, grammar, spelling
 • oral (e.g., presentation): enunciation, projection, and eye contact
 • visual (e.g., poster): balance of light, color, size of lettering, clarity of image
 • multimedia (e.g., computer slide show): effective use of available technology
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Assessment Components
COMPONENT INDICATOR

1. Characteristics of 
evidence

a. Student distinguishes  evidence from opinion, 
supposition, and inference.

b. Student distinguishes relevant evidence from 
irrelevant information. 

c. Student evaluates source, quality, and quan-
tity of evidence.

2. Examining 
options and 
perspectives

a. Student considers multiple options or per-
spectives.

b. Student examines evidence associated with 
each option or perspective.

c. Student applies suitable criteria to weigh 
options and perspectives and make a fair 
comparison.

3. Supporting a 
position

a. Student supports position taken with evi-
dence.

b. Student identifies and describes trade-offs.

c. Student applies objective reasoning.

Scoring Guide
LEVEL DESCRIPTION

Level 4 
Above and beyond

Student accomplishes Level 3 and goes beyond 
in some significant way, such as:
 • including relevant evidence that was not 

studied in class.
 • evaluating the source, quality, or quantity of 

evidence.
 • proposing relevant experiments or research.
 • including a diagram or other visual aid to 

clarify his or her ideas.

Level 3
Complete and 
correct

Student compares options using accurate and 
relevant evidence  
AND takes a position supported by the evidence 
AND student describes trade-offs of his/her 
decision.

Level 2
Almost there

Student discusses one or more options using 
accurate and relevant evidence, and takes a 
 position supported by the evidence, BUT reason-
ing is incomplete or part of evidence is missing.

Level 1
On your way

Student takes a position BUT provides reasons 
that are subjective, inaccurate, or unscientific.

Level 0 Student’s response is missing, illegible, or 
 irrelevant.

X Student had no opportunity to respond.

6. EVIDENCE AND TRADE-OFFS (ET)

What to look for: 
 • Response uses relevant evidence to compare multiple options in order to make a 

choice.
 • Response takes a position supported by evidence and describes what is given up (traded 

off) for the chosen option.

Scoring Guide
LEVEL DESCRIPTION

Level 4 
Above and beyond

Student accomplishes Level 3 and goes beyond 
in some significant way, such as:
 • questioning or justifying the source, validity, 

and/or quantity of evidence.

Level 3
Complete and 
correct

Student identifies key evidence with the  
appropriate facts, data and observations.

Level 2
Almost there

Student includes some, but not all, relevant 
evidence
BUT student omits key evidence
OR provides an insufficient number of facts, 
data, and observations.

Level 1
On your way

Student states opinion as facts
OR student uses incorrect or irrelevant evidence.

Level 0 Student’s response is missing, illegible,  
or irrelevant.

X Student had no opportunity to respond.

5. RECOGNIZING RELEVANT EVIDENCE (RE)

What to look for: 
 • Response states correct and relevant evidence such as facts, data and observations.
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UNIT B: THE CHEMISTRY OF MATERIALS

Listed below is a summary of the activities in this unit. Note that the total teaching time as listed is 27-35 periods (approxi-

mately 6–7 weeks if you teach the activities as recommended every day). If you find that you cannot finish in this timeframe, 

consider skipping Activity 18-21.

ACTIVITY DESCRIPTION KEY CONCEPTS AND 
PROCESSES ADVANCE PREPARATION ASSESSMENT TEACHING 

PERIODS

12 INVESTIGATION: Evaluating Materials 

Students compare aluminum, glass, and 
plastic in order to choose the best mate
rial for a soft drink containers.

Grouping substances, 
properties, evidence, 
tradeoffs, materials 
scientist 

MATHEMATICS

Copy student sheet, collect 
plastic and glass bottle, 
aluminum can, graph paper, 
cut  strips of paper for each 
class

Q5: ET 

Proc: OD, GI

2–3

13 READING: Product Life Cycle

Students construct a life cycle diagram 
after reading about the life cycle of glass, 
metal, and plastic drink containers.

Lifecycle, raw materials, 
useful life, manufacturing, 
end of life, recycling

LITERACY

Copy student sheets  
Collect chart paper, markers, 
batteries

Proc: RE, GI 1–2 

14 LABORATORY: Physical and Chemical 
Properties of Materials 

Students test and group 6 different mate
rials based on their chemical and physical 
properties. 

Grouping substances, phys
ical and chemical properties 
of materials, conductivity, 
density, hardness  

LITERACY

Copy Student Sheet 
(optional)

2

15 INVESTIGATION: Families of Elements 

Students group elements based on 
chemical and physical properties and then 
analyze families of elements as historically 
defined by scientists.

Grouping elements, 
chemical  and physical 
properties of elements, 
families of elements, atom, 
element,The Periodic  
Table of Elements

Collect  samples of ele
ments, such as sulfur, silver, 
and tin (optional), collect 
chart paper and markers

Q5: UC

Proc: GI

2

16 READING: Elements and the Periodic 
Table 

Students read about elements, their com
bination in compounds, and the historical 
development of the Periodic Table.

Properties, atoms, elements, 
molecules, compounds, 
chemical formula, The Peri
odic Table of Elements

LITERACY

Copy student sheet, cut  
half sheets paper that are 
different colors

Quick Check 2

17 MODELING: Modeling Molecules 

Students use models to explore the 
concepts of element, molecules, and 
compounds. 

Elements, molecules, com
pounds, chemical bond, 
chemical formula

Copy student sheets, col
lect red, blue, and black 
pencils

Q6: UC 2

18 LABORATORY:  Properties of Plastics 

Students explore the properties of four 
common plastics to determine how these 
properties affect the common uses of 
these plastics.

Grouping substances, 
physical and chemical 
properties, relative density

Collect glass container,  heat 
source, metal ring stand and 
clamp, 2 wood strips or glass 
slides, heavyduty scissors, 
Petri dish or other container, 
prepare vials with solutions

Q3: AD 2

19 LABORATORY: Creating New Materials 

Students observe and compare the prop
erties of reactants and a product as they 
crosslink polyvinyl alcohol with sodium 
borate to produce a new polymer.

Products, reactants, 
chemical change

Copy student sheet, collect 
zipperlock plastic bags 
(optional)

Proc: OD 1–2

20 MODELING: Modeling Polymers 

SStudents study the structure and prop
erties of polymer molecules by making 
different models of polymers . 

Grouping substances, 
properties, molecules, 
products, reactants, 
crosslinking

Copy student sheet 1
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THE CHEMISTRY OF MATERIALS (Continued from previous page)

ACTIVITY DESCRIPTION KEY CONCEPTS AND 
PROCESSES ADVANCE PREPARATION ASSESSMENT TEACHING 

PERIODS

21 READING: Polymer Parts 

Students read about synthetic polymers 
and the crosslinking process, which 
changes the chemical structure of a 
polymer.

Properties, molecules, 
monomers, reactants, prod
ucts, crosslinking, chemical 
reaction

LITERACY

Copy student sheet 1

22 INVESTIGATION: Environmental Impact of 
Computers 

Students consider the material composition 
of a computer and its environmental impact 
by constructing a pie chart or graph.

Percent composition, 
hazardous waste

MATHEMATICS

Copy student sheets, collect 
graph paper, colored pens 
and colored pencils

Proc: OD 1–2

23 LABORATORY: Producing Circuit Boards 

Students simulate the etching of computer 
circuit boards and then read about their 
manufacturer and the resulting waste.

Chemical reactions, con
ductivity, waste products 

LITERACY

Collect a 9volt alkaline 
battery, actual circuit board 
(optional), 1 or 2liter bottle 
labeled “Used Copper Chlo
ride”, waste container, beaker, 
permanent markers, copy 
student sheet

3

24 LABORATORY: Diluting the Problem 

Students explore one method of treating 
used copper chloride from circuit board 
production: dilution. They then determine 
the concentration of copper in the used 
copper chloride waste solution.

Concentration, dilution, 
parts per million (ppm), 
serial dilution

LITERACY

Copy student sheets, gather 
a funnel and food coloring

2

25 LABORATORY: Conservation of Mass

Students conduct two chemical reactions 
in closed containers in order to compare 
mass before and after a chemical reaction 
has taken place. They compare the change 
in mass to the same reactions in open 
containers, and use this data to support 
the Law of Conservation of Mass.

Law of conservation of 
mass, chemical reaction, 
reactants, products, open 
system, closed system

Copy student sheet, 
gather 1 can soda, balances, 
calculators

Quick Check 2

26 LABORATORY: Incinerating the Waste

Simulated metal waste is burned, and stu
dents test the resulting smoke and ash for 
the presence of potential toxic metals.

Elements, chemical reac
tions, conservation of 
matter, incineration, prod
ucts, reactants, exothermic

Copy student sheet, collect 
2 metal plates or pie pans, 1 
insulating pad or potholder, 
matches, 2 containers for 
storing ashes, waste con
tainer, TV/DVD, white paper

1–2

27 LABORATORY: Reclaiming the Metal

Students investigate the use of three metal  
replacement reactions to extract copper 
from the used copper chloride solution.

Chemical reactions, reac
tants, products

Check metal prices, collect 
waste container

Q2: CS

Q3: ET

Proc: OD

1–2

28 LABORATORY: Another Approach to 
Metal Reclamation

Students precipitate copper compounds 
from used copper chloride and then 
decide upon a disposal method for the 
waste copper chloride solution.

Chemical reactions, com
pounds, ions, reclaiming 
metals, products, reactants

Copy student sheet, collect 
waste container

Q3: ET 1–2

29 TALKING IT OVER: The Green Computer 
Decision

From four proposals, students recommend 
a computer purchase based on many fac
tors including the environmental impact of 
the life cycle of the computer chosen.

Green chemistry, materials 
scientist, life cycle of a 
computer

LITERACY

Copy student sheets, collect 
poster boards and markers

Q1: ET 

Proc: CS, GI

1–2


