
How can you tell one substance from another?







• Observe this column. 
• What do you notice?
There are several liquids and they form distinct 
layers. 
One object floats on the top layer. 
Another object floats in the middle layer.
and one on the bottom layer

• Shake the column. 
• What happens?
When this column is shaken, the liquids mix 
and then eventually all of the liquids and 
objects settle back in the same order.



Phenomenon:

Some liquids do 

not mix with other 

liquids, so they 

form distinct 

layers when 
poured in a bottle.

Have you seen how some salad 

dressings separate into layers inside 

the bottle? 

What do you have to do to mix the 

layers? 

What happens to the dressing when 

the bottle sits for a while after mixing? 

Why do you think this is?



Introduction
In the center of a big city, tall buildings tower above the pedestrians 

who walk briskly along downtown sidewalks. Each building has a 

skeleton of thin yet strong steel beams. Plates of clear glass cover the 

iron frames, letting light shine into the busy offices within.

Iron and glass are two of the many substances, or chemicals, on 

Earth. When you hear the word chemical, you might think of strong-

smelling liquids found in cleaning products or pesticides. You certainly 

wouldn't want to drink a chemical, right? But actually, you drink a 

chemical every day. Some people call it dihydrogen monoxide, but you 

know it by the more common name of water. You also eat chemicals 

every day. The thought of eating sodium chloride might be frightening, 

but sodium chloride is another word for table salt. Part of learning 

science is learning the vocabulary that scientists use to communicate 

ideas and how to connect it to your everyday vocabulary.

You have learned how everything around you is made up of atoms, and 

how these atoms can group to form molecules and extended 

structures. While atoms, molecules, and extended structures are only 

visible at the atomic scale, when trillions of atoms and molecules come 

together, they form samples of substances that can be observed 

directly. In this lesson, you will learn how to identify these samples of 

chemical substances by observing and measuring their properties.



1. Substances A substance is matter that has a constant chemical composition and 
characteristics / Properties. 

• Substances are often called chemicals.

• when trillions of trillions of molecules come together, you start 
to be able to see it and manipulate it. You have a substance.

A substance is a macroscopic amount of an atom, molecule, or extended 
structure, since it is at a scale you can see with your eyes.

Because substances are macroscopic, many substances are visible.

• Many substances are visible.

You can see water with your eyes; you can also touch it and drink it.

• Not all substances can be seen.
The oxygen gas you inhale is a substance, even though you cannot see it.

So is the carbon dioxide exhaust produced by cars and the methane 
produced by cows digesting.  

Why can’t you “see” gas?

All substances are macroscopic amounts of atoms, molecules, or 
extended structures.

Most gases are colorless



1. Substances Review
1. Describe the difference between a molecule of water 

and the substance water. Be specific
A molecule of water is made of 3 atoms: 1 oxygen atom 
and 2 hydrogen atoms. These atoms are bonded together 
to form a molecule that is so small it can only be 
observed on the atomic scale. (picometers)
The substance water is a collection of hundreds of 
thousands of water molecules. There are so many that 
the substance water is macroscopic and can be seen with 
your eyes.
2. Macroscopic means that it is at a scale you can see 
with your eyes. Explain why you cannot see a 
macroscopic amount of air.
Macroscopic does not mean you can see it with your 
eyes, it only means that it is on a scale that is visible 
without special tools. 
A macroscopic amount of air is not visible because the 
molecules that make up air are colorless gases





2. Properties

A property is a characteristic of a substance.



2. Properties
Some properties 
distinguish the 
Statue of Liberty 
from old coins, 
such as pennies.

Both objects are 
made up of the 
same substance

copper

but they differ in 
the properties of 
size, mass, and 
volume.



2. Properties List all of the properties/characteristics you observe in the 
jewelry.

Sort the properties you listed into properties that are 
shared by all objects of that substance and properties that 
are not shared

Shared Properties Not Shared Properties



2. Properties Observing what the substance looks (color, size, 
texture) or smells like (odor).

Scientists also need to MEASURE basic 
properties of substances

Objects can be made up of the same substance, 
but they differ in the properties of size, mass, 
and volume.

Measure the amount:

Mass: amount of matter in an object

(Kg or g)

Use balance  (tripe beam or 
electronic balance)

Volume – Amount of space an object 
occupies (takes up)

regular solid: (cm3 or m3)

Length x Width x Height

Liquid: (mL)

irregular solid: mL = cm3

Use water displacement

ruler
Graduated cylinder

Triple Beam Balance



2. Properties Density is  Mass per unit Volume

Regular Solid: (g/cm3) Ruler for 
Volume and a balance for Mass

Irregular Solid (g/cm3) 

Graduated Cylinder (water 
displacement for Volume) 

Balance for Mass

Liquid: (g/mL) Graduated 
Cylinder Volume & Balance for 
Mass (minus the container the liquid is in)

ruler
Graduated cylinder

Triple Beam Balance





INVESTIGATION
CHECK OUT THESE 
DEMO’S ON 
DENSITY



Your friend hands you a can of soda with no label. 

Can you determine if it is regular soda or diet soda without tasting it?

What will happen if you place a can of regular soda and a can of diet soda in a tub of water? 

Make a prediction 

What actually happened?



Let's test this possible explanation: 

'Heavier objects sink and lighter objects float.'
What evidence would you need to support 
this explanation?
mass of the objects.
What other property might you need to know 
in order to determine if they will sink or not?
Volume of the objects
Is volume or mass a good indicator of 
whether the object will sink or not?
No! 

Some objects with a smaller volume will sink 
while other objects with a larger volume will 

float.
Some objects with a smaller mass will sing 

while other objects with a larger volume will 
float



Another property scientists often measure is an object’s density.
Mass per unit Volume
(mass divided by volume)

Objects made of the same material may have different volumes and masses, 
but they have the same density 

Can the density of an object determine whether or not it floats?
Yes! Objects with a higher density than water sink. Objects with lower density 
float. 
This pattern is related to the shape, size, and connections between the 
molecules in each object. 
As a result, density is a characteristic that you can use to identify materials.



A characteristic property is a chemical or physical property that helps identify 

and classify substances. 

The characteristic properties of a substance are always the same whether the 

sample being observed is large or small.

Density

MagnetismSolubility

Melting Point Boiling Point



Why does the diet soda float and the regular sink?

diet soda contains the molecule aspartame

regular soda contains sugar. 

The molecule aspartame has a lower density 

than sugar, so as a result, the soda has a 

lower density than water and floats.

The density of water =1 g/mL or 1 g/cm3

> 1 g/mL object will sink
< 1 g/mL object will float 





3. Density
If two objects take up the same volume, but have one has more mass, then 
it also has a higher density.

Different substances have different properties; density is one property that 
can be used to tell two substances apart.

Density is a property that does not depend on the shape or size of an object.

After you calculate a substance's density, you could compare the value to a 
list of the densities of known substances to determine the identity of a 
substance.



3. Density

0.0014 g/mL

1 g/mL

1.45 g/mL

7.87 g/cm3

5.24 g/ cm3

O2

H2O

H2O2

Fe

Fe2O3



1. Density is the amount of mass per unit volume. Look around you. What is the most 
dense object that you can see? Why is it the most dense?

2. List the objects in order from least dense to most dense

3. Does any result surprise you? Explain your reasoning.

Describe the objects mass and volume. 

A high-density object (one that has large mass in a small volume), and not on 
their ability to choose the correct object.

3. Density

From least dense to most dense: 
Oxygen gas, water, hydrogen peroxide, iron oxide, and iron.

discuss how dense iron is compared to iron oxide, or how low the density of 

oxygen gas is. 

Think about it…..adding 1 oxygen to water increases the density by 0.45 g/ml, 
but the density of oxygen gas (two oxygen atoms) is 0.0014 g/ml. 



Sample Volume (cm3) Mass (g) Density (g/cm3) Material

A 15.6

B 15.6

C 15.6

D 15.6

E 15.6

F 15.6

G 15.6

H 15.6

Table 2. Approximate densities for various materials.

Material Approximate density (g/cm3)

Aluminum 2.9

Brass 8.8

Copper 9.3

Steel 8.2

PVC 1.3

Nylon 1.2

Oak 0.7–0.9

Pine or poplar 0.4–0.6



Use this side to 
create your own 
data table and 

answers to 
questions

https://phet.colorado.edu/en/simulation/legacy/density

https://phet.colorado.edu/en/simulation/legacy/density


DENSITY LAB

Students will find the 
densities of 4 
“unknown” substances 
to determine what each 
substance is.



On/Off

This button turns 

the balance on 

and off.

Display

This shows the mass 

in the unit designated 

by the mode button.

Mode

This button converts between 

different measurement units. We will 

use grams.

Zero/Tare

This button calibrates the balance 

by setting the measured mass as 

zero.

Weighing Platform Place the 

objects you want to be weighed 

here.



Experiment:

You have 4 samples of an unknown solid substance. To do

this you need to calculate the densities of each substance.

Each substance has its own density.

1. Measure the mass (g) of each object using the digital

scale or balance & record on your data table

2. Next measure the volume of each object using water

displacement method:

a. Fill a beaker or graduated cylinder with enough 

water to completely immerse the sphere in.

b. Record the initial water level

c. Tilt graduated cylinder to gently slide sample in

d. Record final water level

e. Subtract the initial volume from the final volume 

~ this is the volume of the cylinder!

f. Record volume in data table (convert mL into 

cm3) 1mL = 1 cm3

3. Calculate the density by using the formula:

Density = Mass/Volume

4. Use the densities you calculated to identify the

unknown substance by comparing to the chart (big lab

table)

Descriptio
n of 

cylinder

Mass
(g)

Volume
(cm3)

Density
(g/cm3)

Identify the 
unknown 
material

Black

white

Orange or 
Purple

Red or 
Green

yellow

Metallic 
silver



INVESTIGATION 1

Wrap Up

Think back to the 'column of liquids' phenomenon you observed. Can 

you explain the pattern that liquids always form the same layers, in the 

same order?

The liquids had different densities. Therefore, they would settle in the 

order of density. Denser objects sinks below less dense objects. Their 

densities did not change when you mix, so they settle in the same order 

every time.

Why is density a better indicator of whether the cylinders would float or 

sink than mass or volume?

Density is a property that does not change no matter how much of that 

substance you have. Can be used to identify unknown objects

It is based on the structure of the molecules in the object. The more 

compact the molecules, the denser the object is.





4. Melting and Boiling Point

Some substances have very similar densities.
How can you tell them apart if their densities are so similar?
Melting or boiling point is another property that scientists 
can use to identify a substance.
Melting point is the temperature at which a substance 
changes from solid → liquid.
Boiling point is the temperature at which a substance 
changes from liquid → gas.
Scientists determine melting or boiling point by heating a 
small sample of the substance, keeping careful track of the 
temperature the entire time.
When they see a solid melt, they record the temperature as 
the melting point. When they see a liquid boil, they record 
the temperature as the boiling point.
Then, you could compare their melting point to a chart of 
known melting points to determine their identity.



4. Melting and Boiling Point

Substance Silver Palladium White Gold Platinum

Density 10.5 g/cm3 12.0 g/cm3 16.4 g/cm3 21.5 g/cm3

Melting Point 960°C 1550°C 1064°C 1769°C

Ingots of Silver, Platinum and Palladium



1) There is a metal pot sitting on a stove. The pot is full 

of water, which is boiling. The water should continue 

boiling until it all evaporates

Explain why you can boil water in a pot without the pot 

also boiling

Water is a different substance from the metal that makes up the pot. 

So, the water and the metal have different melting points and boiling 

points. 

As a result, the water boils at the temperature it normally does 
(100°C/212 °F), but the metal does not boil at that same temperature.

4. Melting and Boiling Point Review



2) Based on the provided 
charts, how do the melting 
points and the boiling points 
of the period 2 elements 
compare with the period 3 
elements?
Period 2 elements have higher 
melting points and boiling 
points
3) Based on the provided 
charts, how do the melting 
points and the boiling points 
of elements within the same 
period change as their atomic 
mass increase?

Melting points and boiling 
points tend to increase within 
the same period change as 
their atomic mass increase 





4. Melting and Boiling Point Alkanes are a group of molecules made 
entirely from carbon and hydrogen 
atoms. They have many uses; butane 
(C4H10) is used in gas stoves and octane 
(C8H18) is used in car gasoline. 
A scientist is interested in seeing if the 
properties of alkanes depend on their 
size. She experimentally determines the 
boiling points for the first eight alkanes, 
as shown in the graph provided below. 

4) What conclusions could be best 
supported by the data in the provided 
graph?

The more carbon 
atoms in an alkane, 
the lower its boiling 
point

The more carbon 
atoms in an alkane, the 
higher its boiling point

The number of carbon 
atoms in an alkane 
does not affect its 
boiling point

There is not enough 
information in the 
provided graph to 
make a conclusion



5. Solubility

Solubility describes how well a substance dissolves in 
another substance.
When a substance dissolves, it seems to “disappear” into 
the second substance.
Depends on amount of Solute and Temperature of 
Solvent

Solids can be soluble in Liquids.
Suppose you found an unlabeled jar of white powder in your 
kitchen.
Both powdered sugar and flour are white powders, but sugar is 
soluble in water and flour is not.
If you mixed a little bit of sugar in water, you would see it dissolve 
If you mixed flour in water, you would see it form little white 
clumps.
Liquids can soluble in other liquids.
Solids can be soluble in other solids – if you melt them first

Alloys of Metal – Mixtures of Metal



5. Solubility
5) Based on the provided graph, how 
does the solubility of sugar and salt 
change as the temperature of water 
increases?

The solubility of both increase, but 
sugar’s solubility increases more than 
salt’s.

6) Based on the provided graph, 
approximately how many grams of 
sugar and salt can be dissolved in 100 
milliliters of water at 20℃?

200 grams of sugar, 40 grams of salt





Students 

investigate the 

solubility of various 

liquids in water or 

oil, and then 

develop their own 

investigation to 

determine the 

solubility of solids 

in various liquids



INVESTIGATION 2

INVESTIGATING SOLUBILITY

Suppose you were labeling a 

plastic container with food. 

What type of marker would 

you use? Why?

Some markers wipe off easily 

and some will not come off 

nearly as easily. 

Let's find out what makes a 

permanent marker 

“permanent”!



INVESTIGATION 2

INVESTIGATING SOLUBILITY

Let's identify if certain liquids are soluble in water.
1. Take a plastic test tube & Fill it with 2-5 mL of 

colored water (depending on Size of container 
2. Using a pipette, add 10 drops of hydrogen 

peroxide to the tube. 
3. Secure the lid! Then gently shake the tube.
4. Allow the liquids to settle for a minute.
5. Do you notice a separate layer form (insoluble) 

or does it mix in with the water (soluble)?
Yes for Soluble No for Insoluble

6. Record your observations in your notebook.
7.   Repeat the procedure #1-5 above to test the 
solubility of isopropyl alcohol, mineral oil, and 
vinegar in water.

Substance Solubility in 

Water (yes or no)

Hydrogen 

peroxide

Isopropyl alcohol

Mineral oil

Vinegar



You have observed solubility 
from a macroscopic level. 
Now follow these instructions 
to determine the solubility of 
different inks in water, 
hydrogen peroxide, isopropyl 
alcohol, mineral oil, and 
vinegar:
1. Prepare five pieces of plastic. 
On each piece of plastic, write 
an A, a B, and a C: 
A - permanent marker

B - wet erase marker (vis-à-vis)
C - ink pen.

Water Hydrogen 
peroxide

Isopropyl 
alcohol

Mineral oil Vinegar

Permanent 
Marker

Wet Erase 
Marker

Ink Pen

2. Dip and stir one of the pieces of plastic in water. 

Which inks dissolved? Record your observations in 

your notebook.

3. Dip another piece of plastic in hydrogen peroxide. 

Record which inks dissolved

4. Continue to make observations until you have 

tested all of the substances.

INVESTIGATION 2

INVESTIGATING SOLUBILITY



Now plan an investigation to answer this question:
What is the solubility of sugar, flour, and salt in the following substances: water, 
hydrogen peroxide, isopropyl alcohol, mineral oil, and vinegar?
Each group of four will get 24 cups to use for each combination. 
Solid Substance – ½ pink spoon scoop (small amount NOT HEAPING)
Liquid Substance – 3-4 mL of Liquid (look at measurement on Pipette)
Plan your investigation in your notebook. Then, carry it out and record your results.

Water Hydrogen 
peroxide

Isopropyl 
alcohol

Mineral oil Vinegar

Flour

Sugar

Salt

INVESTIGATION 2

INVESTIGATING SOLUBILITY



Now plan an investigation to answer this question:

What is the solubility of sugar, flour, and salt in the following 
substances: water, hydrogen peroxide, isopropyl alcohol, mineral oil, and 
vinegar?
Each group of four will get a well plate to use for each combination. 
Solid Substance – 1 micro spoon (wipe out between each substance)
Liquid Substance – 2 mL of Liquid (look at measurement on Pipette)
Plan your investigation in your notebook. Then, carry it out and record your 
results.

Water Hydrogen 
peroxide

Isopropyl 
alcohol

Mineral oil Vinegar

Flour

Sugar

Salt

INVESTIGATION 2

INVESTIGATING SOLUBILITY



Wrap Up

When a substance dissolves in another, where do the particles go, 

and why can you not see them anymore?
When a substances dissolves in another, the particles distribute 
themselves evenly throughout. 
This results in a macroscopic view where one substance appears to 
disappear.
How do substances differ in solubility, and how can this property be 

used to help identify substances?
Solubility describes how well a substance dissolves in another substance. 
Some substances are soluble in water, and others are not. This can help 
identify two substances that look alike, such as flour and powdered sugar.

INVESTIGATION 2

INVESTIGATING SOLUBILITY



“Your Choice”



6. Flammability p43

Flammability is a CHEMICAL property that can 
be used to identify a substance.

Octane: will burn when exposed to high 
temperatures and oxygen gas.
water: non-flammable.
Magnesium:  metal burns in air to produce a 
bright white flame.
Scientists sometimes use a technique called a 
burning splint test or “pop” test to identify 
certain gases.

Demo 
Time!!



6. Flammability p43

Demo 
Time!!

Oxygen Hydrogen

How can I tell the difference between oxygen and hydrogen?

Properties that I know:

Glowing Splint Test
Oxygen supports burning

“Pop” Test
Highly Combustible



6. Flammability p43



Key Science Concepts P44
Many substances have similar properties and cannot be identified by one test.
Scientists will often perform multiple tests on one substance to identify it.
They must carefully perform each test and then gather the information from all of them.
Then they can compare all results to narrow down what substance an object is made of.



A scientist was trying to identify two unknown substances. 
Look closely at the table of results for their data







Suppose you are a crime scene investigator and you are asked to determine whether or 
not a suspect could have been present at the scene of a crime. 
The facts:
•The crime took place at a factory that bottles various substances.
•The suspect was found with an unidentified liquid on his clothing and shoes.
•There was an unidentified puddle of liquid at the scene of the crime.
•There were shoe prints in the liquid that match the suspect’s shoes.
How might you determine if the suspect was at the scene of the crime?

If the two unknown liquids are the same.

INVESTIGATION 3

IDENTIFYING AN UNKNOWN



How can you use your knowledge of properties to determine if the unknown liquids 
match?
You can test their Density,  Solubility, MP, BP, Flammability
How can you determine the density and solubility of your unknowns?

INVESTIGATION 3

IDENTIFYING AN UNKNOWN

To determine the density, you can 

measure the volume of a 

substance and then find the mass 

to calculate its density. 

You can mix the substance with 

water to observe it is soluble in 
water.



The forensic scientists have started 
conducting experiments on the 
substances. 
They have purified the substances to 
remove all of the dirt and other debris 
from the samples that the police have 
obtained.
Your goal is to identify the unknown 
substances using a list of liquids found at 
the factory.
Read Handout A.
Let's investigate density and solubility 
first.

INVESTIGATION 3

IDENTIFYING AN UNKNOWN



Review the density lab results. Record the results and your conclusions in your notebook.
Based on the density test, what could the unknown substance on the floor be?

isopropyl alcohol, acetone, octane, mineral oil
Based on this test, what could the unknown substance on the shoe be?

isopropyl alcohol, acetone, octane, mineral oil
How sure are you about the identity of the substances? Why?

The multiple trials are closest to isopropyl alcohol and acetone. But we 
definitely don't know the actual substances yet.

INVESTIGATION 3

IDENTIFYING AN UNKNOWN



Review the solubility lab results. Record the results and your conclusions in your notebook.
Based on the solubility test, what could the unknown substance on the floor be?

water, isopropyl alcohol, acetone
Based on this test, what could the unknown substance on the shoe be?

water, isopropyl alcohol, acetone
How sure are you about the identity of the substances? Why?

You've likely narrowed it down to isopropyl alcohol and acetone since both are 
soluble in water but not oil.

INVESTIGATION 3

IDENTIFYING AN UNKNOWN



The results of the density and solubility were 
inconclusive. 
What other properties can you test?
There are several other properties that can be 
used to identify a substance. 
One is flammability. How can you test the 
flammability of a substance?
One test uses a splint to test how flammable a 
sample of a substance is.
Your testing space is too small to safely test the 
flammability of substances, but the forensic 
scientists have proper safety equipment. 
You send a request for a flammability test to 
the forensic scientists.

INVESTIGATION 3

IDENTIFYING AN UNKNOWN



Review the flammability test results. Record the results and your conclusions in your 
notebook.
Based on the flammability test, what could the unknown substance on the floor be?

any of the substances except water
Based on this test, what could the unknown substance on the shoe be?

any of the substances except water
How sure are you about the identity of the substances? Why?

This test doesn't help narrow down the results.

INVESTIGATION 3

IDENTIFYING AN UNKNOWN



As you are investigating the liquids found in the 
factory, a drop of isopropyl alcohol and water spill on 
your hand at the same time.
Use an eyedropper to place a drop of water and a drop 
of isopropyl alcohol on your hand. What do you 
notice?
The isopropyl alcohol feels colder and evaporates 
much more quickly than the water!
Why does this occur?
Isopropyl alcohol and water have different boiling 
points. 
A boiling point is the temperature at which a liquid 
changes into a gas. 
Scientists can measure the melting point or boiling 
point of a substance by taking a small sample and 
slowly heating it until it changes state.

INVESTIGATION 3

IDENTIFYING AN UNKNOWN



Review the boiling point test results. Record the results and your conclusions in your 
notebook.
Based on the boiling point test, what could the unknown substance on the floor be?

isopropyl alcohol
Based on this test, what could the unknown substance on the shoe be?

isopropyl alcohol
How sure are you about the identity of the substances? Why?

Isopropyl alcohol and acetone have very different boiling points, so it is very 
unlikely to be acetone.

INVESTIGATION 3

IDENTIFYING AN UNKNOWN



What substance do you think 
the suspect had on his 
shoes? 
What substance is the 
unknown substance spilled 
on the floor?
Record your results in your 
notebook. 

Explain your reasoning.

INVESTIGATION 3

IDENTIFYING AN UNKNOWN

Organize your data in one table. 



Which tests helped you identify the substance?
All of the tests were helpful and needed to be performed.
Many substances cannot be identified by only one property.
Why do people need to perform multiple trials of the same test?
The Test results show that there can be a lot of variation within an individual test. 
Therefore, it is important to conduct multiple trials and to look at all of the data accurately.
Why do different substances have different properties?
The size, shape, and connections between the molecules in the substance are what give it 
its properties. The unique structure of each substance allows it to behave in particular 
predictable ways when tested.
What is another method for identifying a substance?
You could identify a substance by its chemical composition and structure. Scientists these 
days use special machines to identify the composition and structure of a substance. This 
method is often more accurate than using properties because some substances have 
similar properties.

INVESTIGATION 3

IDENTIFYING AN UNKNOWN
Wrap Up



7. Mixtures p45

Use the right side to 
take you own notes

Use the left side to do 
a “your Choice: of 
Mixtures



7. Mixtures p45

Though everything in the world is made of atoms, not everything is a pure substance: made 
of only 1 type of atom or 1 type of molecule
Many of the objects you interact with are mixtures of substances (Combination of substances 
Not chemically bonded together)
Alloys: Mixtures of Metals



Use left side to 
answer Extended 
response



Use left side to 
answer Extended 
response


