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HOW THIS ACTIVITY HELPS YOU

> Sa.wes prep Flme VYIth a fully structured, |0 5 p e TN EeT aATION
print-and-go investigation. Students:

> Drives high engagement while still .Step into the role of a Scignee Detestive.

. . 2.Examine real scientifig’evidence from @ qu._,\d the
meeting academic goals as students are  yona.

interested in what they're doing 3. Track the pathwaf of property identification
: _ _ ' using everyday chemistry. ‘
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HOW THIS MYSTERY

WILL HELP YOU

> Prep-FREE and fully editable Mystery Investigation - just

print/upload and assign with no materials.

Y>> Evidence Cards can be printed with and without images or
projected on board.

> Engages every learner through hands-on, high-interest
mystery investigations that boost motivation and participation.

>> Builds essential skills such as graph interpretation, problem-
solving, teamwork, creativity, and communication.



What Will Your
Students Learn?

FULLY EDITABLE AND READY-
TO-GO INVESTIGATION

FULL
ANSWER KEY

4 e
RUBRIC EVIDENC
66 CARDS :
Yo %% This is very well crafted and it great to use for a subplan but
also when | am in-class with students. They enjoy the detective layer of the

work and it kept the students engaged. - Mystery Resource Buyer

@ What physical properties are and how they are
observed

@What chemical properties are and how reactions
provide evidence

@ How solubility helps identify substances

@ How chemical reactions (like bubbling) indicate gas
production

@ Why substances that look similar can behave
differently

@ How scientists compare unknown substances to
known materials

@ Why multiple tests are needed for accurate
identification

@ How to use Claim—Evidence-Reasoning (CER) to
support conclusions

@ How evidence and repeated trials improve scientific
accuracy



The Unknown Substance Mystery

Part 1 — Mission Briefing & Case Overview
Name: __ Date: _

Case File #649 — The Unknown Substance Mystery

During a science lab investigation, a small container labeled “Sample X" was found with no
information about what it contained. The substance appeared as a fine white powder, but
many different substances can look similar.

Students tested the powder using several methods. Some tests focused on how the substance
looked and felt, while others involved how it reacted when mixed with different materials. The
results showed that the powder had specific properties that could help identify it.

In some tests, the substance dissolved in water, while in others it reacted and produced
bubbles. Students also noticed differences when heat was applied and when the powder was
mixed with other substances.

Scientists know that substances can be identified based on their physical properties (such as
appearance and solubility) and chemical properties (such as how they react with other
substances). By carefully analyzing these properties, it is possible to determine what an
unknown substance is.

Possible explanations include:

* The substance is baking soda

* The substance is salt

* The substance is sugar

* The substance is cornstarch

* The substance reacts chemically with certain liquids
No single test result identifies the substance on its own.

You are a science detective assigned to identify the mystery powder.

Your Mission

« |dentify the unknown substance using evidence from its physical and chemical properties
» Track how the substance reacts in different tests

» Explain how properties can be used to identify materials

The success of the investigation depends on your conclusion.

Part 2 — Background: How Do Scientists Identify Substances?
Read the background information provided “Understanding How Substances Are Identified”
then answer:

1. What are physical properties?

2. What are chemical properties?

3. How do scientists use properties to identify unknown substances?

Part 1 — Mission Briefing & Case
Overview

Students take on the role of science
detectives and are introduced to
physical and chemical properties.
Part 2 - Background: Understanding
How Substances Are Identified
Students read a short background
passage and answer guiding questions to
build foundational understanding before
analyzing evidence.



Part 3 — Evidence Log
For each Evidence Card, answer the questions below in 1-2 sentences in the chart.
1. Summarize the evidence in your own words.
2. Choose the one category that best fits each piece of evidence.

[ Cause

O Pathway

O Impact
3. What question does this evidence raise for you?

Example Evidence Log Entry
Example: This evidence suggests a pathway because the substance reacts and produces gas.
Evidence # Key Understanding
1
2
3
4
5
6
7
8
9
10

Part 4 — Suspect List
Rank the suspects from 1 (most likely) to 5 (least likely).

Ranking

Suspect

Why You Ranked It This Way

Cornstarch

Baking soda

Sugar

Salt

Powdered chalk

Part 3 — Evidence Log

Evidence Card 2 — Solubility Test

their evidence log.

Evidence Card 5 - Texture Test
The powder felt smooth and slightly gritty between the fingers.

The substance dissolved completely when mixed with water.

Detective Prompt: What does this suggest about the substance?

CVIQENCE Larg iv — RNOwWn neacuon ramerm
Different substances show different reactions when mixed with vinegar.

Students begin examining the evidence cards and
record key information, observations, and insights in

Subst: Tested | Reaction with Observations Gas Produced Conclusion
\ Vinegar (Bubbles?)
R Baking Soda Rapid, strong | Many Carbon Reacts and
fizzing bubbles/fizzing dioxide (CO;) | releases CO; gas
< Limestone Slower Steady bubbling Carbon Reacts and
Detective Prompt: How can texture help identify a substance? z:(::,ll:;':te) bubbling Souhile 1505 | releases GBl; et
Chalk Very weak Small bubbles Carbon Reacts and
bubbling dioxide (COz) | releases CO, gas
Sand No No bubbles None No reaction, no
gas produced
Sugar No No bubbles None Dissolves but
= = does not react
a r — v I e n c e n a ys I s Salt No No bubbles None Dissolves but
does not react

Detective Promnt: What substance commanly showes thic hehavior?

Students summarize each piece of evidence, identify

what the physical and chemical properties reveals

about the substance, and generate questions, building

critical thinking and reasoning skills.




EVIDENCE CARDS

Y>> All Evidence Cards come in two versions -
With images and graphs and Without and can
be printed or projected as needed. Note: Both
contain data tables.

>Students analyze each Evidence Card and
record the following in their Evidence Log
1. Summarize the evidence in their own words.
2. Determine what this evidence suggests

What causes it

Pathway

Its impact

3. Explain what question

for them?

this evidence raises

Evidence Cards

Evidence Card 1 - Appearance
The substance appeared as a fine white powder with no strong odor.

¢ 3

Detective Prompt: Why is appearance alone not enough to ideng

Evidence Card 2 - Solubility Test
The substance dissolved completely when mixed with water.

Detective Prompt: What does this suggest about the substance?

Evidence Card 3 - Vinegar Reaction
n vinegar was added, the substance produced bubbles.

Part 3 - Evidence Log

r each Evidence Card, answer the questions below in 1-2 sentences in the chart.
Summarize the evidence in your own words.

tegory that best fits each piece of evidence.

his evidence raise for you?
Detective Prompt: W

Key Understanding

Part 4 - Suspect List
Rank the suspects from 1 (most likely) to 5 (least likely).

. Ranking | Suspect
Cornstarch

Why You Ranked It This Way

sts a pathway because the substance reacts and produces gas.

Baking soda
[ Sugar
[ salt

| Powdered chalk

Images

Graphs

Evidence Card 7 — Cornstarch Test

Cornstarch formed a thick paste when mixed with water but did not bubble with
vinegar.

Detective Prompt: How is this different from the mystery substance?

Evidence Card 8 - Chalk Test

Powdered chalk did not dissolve completely and showed no bubbling with
vinegar.

Detective Prompt: What does this suggest about chalk?

Evidence Card 9 - Repeated Trials
Each time vinegar was added to the substance, bubbling occurred consistently.
Prompt: What does consistency suggest?

Card 10 — Known Reaction Pattern
substances show different reactions when mixed with vinegar.

ance Reaction Observations Gas Conclusion
ested with (Bubbles?) Produced
- Vinegar
g Soda Rapid, Many Carbon Reacts and
strong bubbles/fizzing  dioxide releases CO;
- fizzing (COs) Eas
lone Slower Steady bubbling | Carbon Reacts and
um bubbling dioxide releases CO,
lgle] | | (COs) gas
| Very weak | Small bubbles Carbon Reacts and
bubbling dioxide releases CO,
- | | (€03) gas
No No bubbles None No reaction,
no gas
- | | | | produced
No Mo bubbles None Dissolves but

does not react
Dissolves but
_ | does not react
five Prompt: What substance commonly shows this behavior?

No No bubbles None

Text
Only




How do appearance and texture help identify a substance?

How can scientists identify an unknown substance using its physical and chemical properties?

Part 5 — Suspect List

Students rank possible issues, defend
their choices, and determine which
suspect Is most responsible for the
problem.

Part 6 — Pathway Tracking

Students determine how properties can
be used to identify a substance.

Part 7 — Impact Analysis

Students analyze how substance
properties are governed by everyday
chemistry using evidence from the case to
support their answers.



Part 8-10

Part 8 — The Big Question

Students synthesize all their learning to explain
the main cause of the problem in this case.
Part 9 — Claim-Evidence-Reasoning (CER)
Students write a structured scientific argument,
making a claim, supporting it with evidence, and
explaining their reasoning.

Part 10 — Reflection and Solutions

Students propose realistic actions at the
personal, school/community, and
scientific/environmental system levels, moving
from awareness to problem-solving.



Full Teacher Answer Key

Teacher Answer Key

Part 2 - Background Questions

1. What are physical properties?

Physical properties are characteristics of a substance that can b
without changing the substance’s identity. These include prog
of matter, and whether the substance dissolves in water. Scie
describe and compare substances, but these properties alone
identify a material.

2. What are chemical properties?

Chemical properties describe how a substance reacts with otk
form new substances during a reaction. For example, producil
vinegar shows that a chemical reaction is occurring and a gas
properties are often more useful for identifying substances be
substance behaves during a change.

3. How do scientists use properties to identify unknown sub:
Scientists identify unknown substances by testing both physic
comparing the results to known materials. They look for patte
dissolves in water or reacts to produce gas, and use multiple t
combining evidence from several observations and repeated 1
and reliable conclusions about a substance’s identity.

Part 3 - Evidence Log - Key Points

Evidence # Key Understand
1 This evidence suggests a cause because appez
substance.
2 This evidence suggests a pathway because the
3 This evidence suggests a pathway because ar
4 This evidence suggests a pathway because he
5 This evidence suggests a pathway because te»
6 This evidence suggests a cause because simila
same way.
7 This evidence suggests a cause because cornsi
8 This evidence suggests a cause because chalk
9 This evidence suggests an impact because con
reaction.
10 This evidence suggests a cause because gas fo

Part 4 - Sample Suspect Ranking

Ranking Suspect Explanation

1 Baking soda It reacts with vinegar and produces carbon dioxide gas. |
2 Salt Dissolves but does not react with vinegar.

3 Sugar Dissolves but does not produce gas.

4 Cornstarch Forms paste but does not bubble.

5 Powdered chalk | Does not dissolve or react strongly.

Part 5 - Pathway Tracking
White powder -» dissolves in water = reacts with vi
identified as baking soda

Part 6 - Impact Analysis

Impact of Physical Properties
Physical properties such as colc
substances. For example, the un
which does not fully dissolve. Ho
because many powders (like salt a

Impact of Chemical Properties
Chemical properties provide stronger evidence because they show how a substance reacts. The
bubbling reaction with vinegar indicates that a gas is being produced, which is a key identifying
feature. This reaction helps distinguish the unknown substance from others that do not react,
such as salt, sugar, or cornstarch.
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Understanding How Substances Are Identified
Scientists often need to identify substances that are unknown. In many cases, different
substances can look very similar, especially powders that appear white or colorless. For
example, baking soda, salt, sugar, and cornstarch can all look almost identical at first glance.
Because of this, scientists cannot rely on appearance alone to identify a material. Instead, they
use a combination of physical and chemical properties to determine what a substance is.

Physical properties are characteristics of a substance tha
without changing the substance’s identi
state of matter, and wheths

dissolve complets
powde
to s

WS

describe how a substance reacts with other substances and whether it can
abstances during a reaction. These properties are observed when a chemical change
. For example, when a substance is mixed with vinegar, it may produce bubbles. These
bubbles show that a gas is being formed, which is evidence of a chemical reaction. This type of
reaction provides important clues about the substance’s identity. Chemical properties are
especially useful because they can clearly distinguish between substances that look similar but

behave differently when tested.

ye observed or measured
operties such as color, texture, size,
water. For example, some substances
ially dissolve or do not dissolve at all. Some
or clumpy. Scientists use these physical properties
o known materials. Physical properties are often

e they are easy to observe and help narrow down
Jperties alone are not always enough to fully identify a
aterials can share similar appearances and behaviors.

Scientists identify unknown substances by testing both physical and chemical properties and
comparing the results to known materials. They perform a series of tests, such as checking

Rubric Names: Date:

Section Criteria Level 4 Level 3 Level 2 Level 1
Part2- Understanding | Answers are accurate, thorough, and Answers are accurate Answers are partially correct Answers are
Background | of Core clearly explained using correct scientific | with clear explanations | or lack detail incomplete or
Questions Concepts vocabulary inaccurate

Use of Evidence | Consistently uses information from the | Uses reading to support | Limited reference to reading Does not reference
from Reading background reading to support answers | most answers reading
Understanding | Accurately identifies cause, pathway, or | Correctly identifies most | Identifies some categories Misidentifies most
of Evidence impact for all evidence and clearly evidence categories correctly but explanations are | evidence or provides
explains reasoning with clear explanations | incomplete little explanation
Use of Scientific | Consistent, precise scientific vocabulary | Appropriate scientific Limited or inconsistent Minimal scientific
Language vocabulary vocabulary language
anking & Ranking is logical and fully supported Ranking is mostly logical | Ranking is partially supported | Ranking lacks
ation with case evidence with some evidence but reasoning is weak evidence or logical
support reasoning

Clearly traces accurate multi-step
pathway showing how the problem
gads through the body

Shows correct pathway
with minor gaps

Shows limited or partially
accurate connections

Pathway is unclear or
inaccurate

h explanation of system-level Explains most effects Partial understanding Limited
correctly understanding
ellular impact Mostly accurate Basic or incomplete Inaccurate or missing
explanation explanation explanation
all health General connection Limited connection Mo clear connection
made
‘ _aing Clear explanation using | Basic explanation with limited | Minimal or
i some evidence evidence unsupported
/ explanation
/,«ﬂ?fi:alh.r accurate Clear but somewhat Claim present but vague Claim unclear or
general claim missing
levant pieces of case Some relevant evidence | Limited or weak evidence Evidence missing or
,.:o'e( used used irrelevant
rly explains how evidence supports | Reasoning mostly clear | Limited reasoning connection | No clear reasoning
claim using science concepts with minor gaps
e Thoughtful personal, community, and Practical solutions in Basic or incomplete solutions | Solutions missing or
/,4 : medical/system solutions most categories unrealistic
’
rifloughtlulness Deep reflection with personal Clear reflection Basic response Minimal effort
//r & Insight connection
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