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Seven-Layer Density Column WIP
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Meta Description

Experiment with the science of density by stacking different liquids in order to make a colourful
tower.

Learning Objectives
Introduction to the concept of density.
Understanding how liquids of different densities will interact with each other.

Awareness that some liquids are immiscible.

Key Terms

Buoyancy
The ability of an object to float in a given fluid, or rise through it if it has been fully submerged.

Density
Density is defined as the mass per unit volume and is described by the equation:
?2=m/V
where ? represents the density, m represents the mass and V represents the volume. Density is
a property of a material.

Homogeneous
When a substance/substances can be mixed such that the composition of the resulting mixture
is the same everywhere.

Immiscible
Two substances that are not able to be mixed to form a homogeneous mixture.

Liquids
A substance that flows freely and takes the shape of the container in which it has been placed.
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Method

Step 1

In each of the seven plastic cups pour a small amount of one of the different liquids, such that each
cup contains a small measure of a different liquid. The amount poured into each cup depends on the
size of the glass cylinder. Aim that together, the liquid volumes in the different cups will fill the
cylinder.

Step 2
Add a few drops of food coloring to the colourless liquids and stir to mix in the colour.

Step 3

Empty the cup containing the honey into the glass cylinder, making sure the honey does not touch
the sides of the cylinder. Always pour liquids into the cylinder gently to prevent splashes and mixing
with other liquids.

Step 4
Repeat the above step for the cups with corn syrup, dish soap and water. Make sure these liquids
do not do not touch the the sides of the glass cylinder.

Step 5
Add the vegetable oil to the cylinder. The liquid can be poured directly on or the food baster can be
used.

Step 6

Wash the food baster using soap and use it to pour rubbing alcohol in the glass cylinder. Direct the
rubbing alcohol towards the sides of the jar instead of emptying it directly into the centre of the
tower, to help prevent it mixing with the other layers.

Step 7

Rinse the food baster again and use it to pour the lamp oil in a similar way to the rubbing alcohol.
This makes the final liquid layer.

Precautions

1. Lamp oil is extremely flammable and should be handled with care.
2. Itis highly recommended to test the density column before the actual
demonstration/experiment, as the densities of the liquids may vary from brand to brand.

Narrative
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A demonstration approach could be taken. In this case, prepare some labels featuring the name and
density of each fluid being used in the experiment. The densities of different liquids can be found
easily through a web search.Pour the liquids into the cylinder one at a time to form the different
layers (as described in the ‘Method’), and after adding each layer, attach the appropriate label for
that layer to the cylinder using tape or sticky tack.

An alternative approach involving experimentation can be used. Prepare cups with the different
liquids as explained in the ‘Method’. Then explain the basic concepts of density as outlined in the
‘How it Works’ section, primarily that less dense liquids rise above denser liquids. Afterwards,
provide the audience with the densities of half of the liquids in the cups, and encourage them to
experiment in order to approximate the densities of the other liquids.

Questions

What is density?
Density is defined as the mass per unit volume of a material.

Does the value of the density have something to do with the position of the layers in the
glass cylinder?
Yes! Higher density liquids will settle below lower density liquids.

Do water and oil mix?
No. Together they form an immiscible mixture.

Do some liquids sink because they are heavy?
It is more appropriate to state thatdenser liquid sinks below a less dense liquid. Density takes into
account the volume of the liquid as well as the mass.

What happens if we don’t start with the densest material first?
No matter the order in which the materials are poured into the cylinder, they will eventually settle in a
density tower according to their densities, with the densest liquid at the bottom.

Brief Explanation

This demonstration explores the science of density. Density is defined as the mass per unit volume
and it is a characteristic property of a substance, usually expressed in kg/m3. It can be considered
as a measure of how much material is packed together in a set volume. A denser material has more
matter packed into a given volume than a less dense material does.
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In this experiment, there were several liquids with different densities. Since denser liquids sink below
less dense liquids, the value of a liquid’s density determines the position of that liquid in the column
of layers.

Detailed Explanation

Density is described by the equation:
?=m/V [1]

where?is the symbol denoted for density,m is the mass andVis the volume. The Sl unit for density is
kg/m3.

Density is a characteristic of a material and it is an important measure in physics. For instance, in
astrophysics, density is a parameter used when observing celestial bodies. The measured density of
an object in space can be compared to known densities and this gives more intuition about materials
making up the objects observed.

From equation [1], it is evident that the density changes with the mass and volume of a material.
More precisely, density is directly proportional to the mass but inversely proportional to the volume.
To better understand the relationship between density, mass and volume, consider two material
having different densities, such aspolystyrene and lead. Lead has a density of 11340kg/m3

while polystyrene has a density of 11340kg/m3. If we fix the mass and consider a piece of
polystyrene and a piece of lead both weighing 10 grams, the piece of lead would be much smaller
than the piece of polystyrene. This illustrates that density is inversely proportional to volume: the
material with the larger density occupied a smaller volume when the same mass of material was
considered. Similarly, if we fix the volume, for example considering two 1 cm3cubes of polystyrene
and lead, the mass of the lead cube would be much larger than that of the polystyrene cube. This
illustrates that density is directly proportional to mass: a denser material will be heavier than a less
dense material when a fixed volume of each substance is considered.

The concepts of density introduced in this experiment, primarily that less dense materials rise above
more dense materials, explains why hot air rises. When air is heated, the molecules gain energy and
spread out further, thus occupying a greater volume. Consequently, the hot air becomes less dense

and rises above neighbouring, cooler, air.

This experiment was not only an investigation into density, but also introduced the concept of
immiscibility. Some liquids, such as water and oil, are said to be immiscible, meaning they cannot be
mixed. The intermolecular forces of attraction within the materials determines whether they are
miscible or not. If the intermolecular forces of the two liquids differ in their strength any attempt in
mixing the liquids would simply fail, as the liquid having the stronger intermolecular force forms
stronger bonds and thus would clump together, leaving the other liquid in a separate layer.
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Applications and Research

Application

Hot air balloonscan float through the atmosphere by capturing heated air. Hot air has less mass per
unit volume and thus rises over cooler air, lifting the hot air balloon. See the ‘How it Works’ section
for a more detailed explanation of why warm air is less dense than cooler air.

Lava lamps work in a similar way to hot air balloons. Heating of the fluid in the lava lamp causes the
liquid to expand, thus increasing it's volume and therefore decreasing its density, since the mass of
fluid in the lamp is constant. A heat source underneath the lamp creates a temperature gradient
between the top and bottom of the lamp, which causes blobs of wax to float up through the lamp.

In a completely different application to hot air balloons and lava lamps, the concept of density is
used to clean up oil spills. QOil spills pose a major threat to ocean life. Oil floats on the surface of
oceans as it is less dense than seawater and poses a danger to birds which swim on the water or
dive into it for food, as well as marine life living within the water. However, the fact that oil floats to
the surface of water is used to clean the spilled oil.

Research

The concepts of density and miscibility investigated in this experiment have been employed to
research filtration techniques. The University of Brussels in Belgium investigated multiphase filtration
of immiscible contaminants in soil, both theoretically and experimentally. Multiphase filtration
involves filtering a substance in a number of stages in order to remove contaminants.

Investigation
e Use different brands of the same product and investigate their densities by comparing them to
other liquids with known densities. This comparison can be carried out by pouring some of

each test liquid onto a liquid of known density and observing whether the test liquid floats
above or below the liquid of known density.

Subjects

Chemistry
Physics
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Education

Preschool
Primary
Secondary

Post Secondary
University
Informal

Time Required

~45 minutes
Preparation: 10 minutes
Conducting: 20 minutes
Clean Up: 10 minutes

Cost

10-25€

Recommended Age
3-6

6-9

10 - 12

13-16

>16

Number of People

1 participant

Supervision

Required
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Location
Indoors

Outdoors
Laboratory

Materials

Dish soap

Food baster or pipette
Food colouring
Glass cylinder
Honey

Lamp oll

Light corn syrup
Rubbing alcohol
Seven plastic cups
Spoon

Vegetable oil

Water

Contributors
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Miscibility of Liquids
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What causes Wind (Hot air rises) — Weather

Additional Content

Seven-Layer Density Column(Beginner)

What causes Wind (Hot air rises) — Weather (Beginner)

Density, Specific Weight and Specific Gravity (Intermediate)

Miscibility of Liquids (Intermediate)

Filtration of Immiscible Liquid Contaminants in Soil and Rock Formations.(Advanced)

On density effects and large structure in turbulent mixing layers. (Advanced)
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