Grade: Grade 9

Subject: Science

Unit: Chemistry (Gr. 9)

Title: Separation Exploration – The Science of the Separation of Mixtures
Rationale
There are many areas in biology, biochemistry and chemistry where mixtures need to be
separated. The scientist might need to separate one type of antibody from many others,
separate pieces of DNA from another by size & charge, or need to purify a protein for later
use. These laboratory techniques rely on the separation of mixtures based on their physical
and/or chemical properties, a concept taught in Grade 9 Science. Later, in Grade 11 and/or
Grade 12 Biology, the concept comes up again in gel electrophoresis. These concepts are revisited and expanded upon in university chemistry courses, such as analytical chemistry.
These analytical techniques are widely used in industry.
Background Information
The Wakarchuk lab at Ryerson University (under the umbrella of GlycoNet) is a carbohydrate
research lab that uses enzymes for therapeutic purposes. These purposes include:
• The use of enzymes to add sugars to protein drugs to make these drugs last longer
(persist) in the bloodstream, thereby reducing dosage, side effects and cost
• Adding sugar molecules to cultured neuronal cell surfaces using enzymes, so that
these modified neurons will find their way to where they are needed when given to
Parkinson’s patients
• Researching how to make these proteins using bacteria (rather than maintaining
expensive mammalian cell lines)
In this laboratory, there are many techniques that are used to separate mixtures and/or
analyze them. Some of these are:
• FPLC (fast protein liquid chromatography)/HPLC (high performance liquid
chromatography)
• Gel electrophoresis and SDS-Page
• TLC (Thin Layer Chromatography)
For further information about GlycoNet’s other resources, visit
https://canadianglycomics.ca/training/high-school-resources/
For further information about the research done at the Wakarchuk lab, visit:
https://www.wakarchuklab.com/
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Curriculum Connections
Grade 9 Science: Chemistry Unit: Atoms, Elements and Compounds
•
•
•

•

C1.1 assess the usefulness of and/or the hazards associated with common elements or
compounds in terms of their physical and chemical properties[AI, C]
C2.2 conduct an inquiry to identify the physical and chemical properties of common
elements and compounds (e.g., magnesium sulfate, water, carbon, copper II) [PR]
C2.3 plan and conduct an inquiry into the properties of common substances found in
the laboratory or used in everyday life (e.g., starch, table salt, wax, toothpaste), and
distinguish the substances by their physical and chemical properties (e.g., physical
properties: hardness, conductivity, colour, melting point, solubility, density; chemical
properties: combustibility, reaction with water) [IP, PR, AI]
C3.4 describe the characteristic physical and chemical properties of common elements
and compounds (e.g., aluminum is a good conductor of heat; copper reacts to moist
air by developing a greenish surface of copper carbonate; sodium carbonate is a
white, odourless powder that dissolves in water; water has unique physical properties
that allow it to support life)

Lesson Objectives/Concepts
•
•
•

Students will learn about analytical techniques used in industry in a Canadian research
laboratory located in Toronto, ON (Ryerson University) by listening to video clips from
Canadian researchers in the context of carbohydrate research
Students will learn about world issues and how science can help (water filtration
article)
Grade 9 students will be able to do a paper chromatography inquiry, using a technique
similar to the one used in the Ryerson GlycoNet research lab (TLC – thin layer
chromatography)

Time: 2 periods
• 30 minutes in the computer lab, 20-30 min for literacy piece
• Ink chromatography inquiry: 1 full period
Materials
•
•

Students should bring their own earphones for use in the computer lab (or listen to
the videos at home)
Computer files:
o Separation Exploration - Gr. 9 Student Resource
o Ink Chromatography lab report & rubric
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Ink chromatography
• Permanent markers (black, purple, orange, etc. mixed colours)
• Water colour markers (mixed colours only, no blue/yellow/red)
• A variety of solvents (water, rubbing alcohol, acetone, others that students may want
to try)
• A variety of filter papers with different pore sizes
• Coffee filters
• 100 ml graduated cylinders or 600 ml beaker with a glass plate on top
• Ruler to measure the values to calculate the retention factor (Rf)
Overview
Period 1
Part A: Listen to the Scientists (20-30 minutes)
Students use document, “Separation Exploration – Gr. 9 Student Resource” to guide them
through the video clips on the Weebly website http://glyconetchromatography.weebly.com.
Part B: Literacy Connection (20-30 minutes)
Students use same document, “Gr. 9 Separation Exploration –Student Resource” to guide
them through the literacy piece
https://www.scientificamerican.com/article/water-filtration-system/
Period 2: Full period
Part C: Ink Chromatography Inquiry
Pre-teaching, done in advance of this lesson:
Ø Classification of matter
Ø Physical and chemical properties of matter
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Photo credit: http://tinyurl.com/y8xgb86u

Different substances can be used for the chromatography such as filter paper, paper towel
and chalk.
Activities/Procedure:
Directions:
1. Show students the set-up in the diagram below. Ask students to select a colour to
separate and dot the ink on the filter paper, noting that the solvent (water for water
soluble markers, rubbing alcohol for permanent markers) must start off below the
level of the ink.
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Photo credit: http://tinyurl.com/yagg9d69

Initiating and Planning
• Ask students what they could change (independent variable) to influence the outcome
(dependent value). Some answers could include:
Independent variables to change
• Filter (use different pore size filter papers, white chalk, coffee filter, paper towel, art
paper, binder paper, etc.),
• Solvent (ethanol, water, acetone, vinegar, etc.),
• Substance to be separated (ground up coloured fruits or leaves would be interesting;
also spinach, autumn leaves, flowers, beets, etc.).
Dependent variable: measure the Rf values
If the filter paper is cut into rectangular strips, the amount of movement along the paper could
be measured (dependent variable). It is called the Rf value (Retention Factor), which
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represents how much a substance is slowed down as it moves along the paper. It is a
comparison of how much the ink particles move in relation to the solvent front (how far the
solvent moved).
𝐑𝐟 =

𝐌𝐢𝐠𝐫𝐚𝐭𝐢𝐨𝐧 𝐝𝐢𝐬𝐭𝐚𝐧𝐜𝐞 𝐢𝐧 𝐚 𝐬𝐨𝐥𝐯𝐞𝐧𝐭
𝐌𝐢𝐠𝐫𝐚𝐭𝐢𝐨𝐧 𝐝𝐢𝐬𝐭𝐚𝐧𝐜𝐞 𝐨𝐟 𝐭𝐡𝐞 𝐬𝐨𝐥𝐯𝐞𝐧𝐭 𝐟𝐫𝐨𝐧𝐭

Some troubleshooting:
1. Make sure that you choose colours of markers that are mixtures of other colours
(purple = red + blue, orange = yellow + red). Primary colours (red, blue, yellow) will not
separate, as they are not mixtures.
2. Make sure that the chromatography paper is not in the solvent very deeply or
everything will smear.
Performing and Recording
Have students try it out, keeping one treatment the same (the control) and change something
else (change one variable at a time).
Laboratory report: can be in the form of a narrative lab report; see the document “Ink
Chromatography Laboratory Report and Rubric”.
Summary
As a class, students listen to a video “The GlycoNet Story” to get the context behind
carbohydrate research and why it is so important for human health (therapeutic proteins,
biofilms, etc.) and energy needs (biofuels). Individually, they listen to and answer questions
about different researchers who talk about the biochemical analysis that they do. In Grade 9,
there is a concept about the separation of mixtures that can be seen in its applied context in
analytical chemistry and biology in the workplace. Techniques such as gel electrophoresis, TLC
(thin layer chromatography) and SPE (solid phase extraction) are highlighted. After this
introduction, students read about an amazing invention that filters water from a straw. The
next period, students continue with this theme by doing a paper chromatography investigation
with different coloured inks. Teachers could choose to follow this concept into the Ecosystems
Unit and do a Water Filtration Inquiry (if students have not done one in earlier grades).
Assessment: Use the rubric in the file, “Ink chromatography laboratory report and rubric”
Extensions
1. The students could perform a candy chromatography experiment in which candies,
such as gobstoppers, are resting in the middle of a filter paper and water is added by
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dropper (it acts as the solvent). The coloured particles dissolve and move apart from each
other, depending on size. This could be done as a quick inquiry – can change the type of
filter paper (coffee filter vs. filter paper or different pore size), change the solvent
(different types of solution – acid, base, neutral, salt solution, etc.).
2. DNA Day with Curio City – DNA and Food Security:
http://curiocity.archive.letstalkscience.ca/Explore/ArticleId/5321/dna-day-2017.aspx
3. Use the same part A (video clips) and Part B (literacy connection) but do a water
purification inquiry and connect to 11U Chemistry (Solutions and Solubility) with
connections to the many expectations around water purification, treatment and
distribution around the world.
4. Teachers may choose to continue with this concept and do a Water Filtration Inquiry
during the Grade 9 Ecosystems Unit. This may connect to some Grade 9 Geography
expectations as well.
5. Another extension includes a STEM (Science, Technology, Engineering and
Mathematics) quantitative activity in which water contaminated with chlorine is passed
through a filter and the water is tested with chlorine test strips afterwards.
https://www.teachengineering.org/activities/view/wst_environmental_lesson02_activity
2
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Narrative Laboratory Report1
Rationale: The idea behind a narrative laboratory report is to move students beyond a question
and answer style of analysis or even a formal laboratory report. They have to ask themselves
the core questions: What did I look for? How did I look for it? What did I find? What did it
mean?
It is hoped that by asking students to step back and take a wider view of their work, they will
move towards open inquiry where they begin to wonder and generate their own questions to
answer (and being comfortable with that). After the initial uncertainty about marks and
stepping out of their comfort zone, students generally like the freedom to work in this way, if
the topic captivates them. It is the responsibility of the teacher to select opportunities for the
students that have an interesting context or some aspect that is fascinating.
What was I looking for?
(Describe your research question here along with your hypothesis)
• Should be 1-2 sentences, includes a testable question & hypothesis
How did I look for it?
(Describe your method)
• Should be reproducible and step-by-step
What did I find? (Show any observations that you had)
• Should include tables (succinct & organized with headings) and graphs (label
axes, include title, legend if necessary)
What does this mean? (Analysis and Conclusion)
• Should include analysis of scientific observations and data; should discuss
results and why they occurred
• Written in paragraph form

1

Modified from Lenape District High School’s Narrative Lab Report:
https://www.lrhsd.org/cms/lib/NJ01000316/Centricity/Domain/26/templatepercent20narrativ
epercent20lab.pdf
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Rubric for Narrative Report
Level 1
Research
question did not
include a
properly testable
question

Level 2
Research
question was
somewhat
focused with a
testable
question

Level 3
Research
question was
well focused
with a testable
question

Level 4
Research
problem/questio
n was highly
focused with a
testable
question

How did I
look for
it?

Method was
incomplete

Method was
mostly there

Method was
written in a
generally
reproducible
way

Method was
written in a
detailed and
highly
reproducible
way

What did I
find?

Observations
were present
but were not
organized/succin
ct; graphs
lacking axes,
labels & title

Observations
were somewhat
organized &
succinct with
table headings,
good graphs

Observations
were well
organized &
succinct with
table headings,
excellent graphs

Observations
were highly
organized &
succinct with
table headings,
excellent graphs

What
does this
mean?

Analysis did not
focus on the key
question and did
not address
scientific error

Analysis
somewhat
captured the key
questions but
did not address
the scientific
error well

Analysis
generally
captured the key
questions and
addressed most
of the scientific
error

Analysis
captured the key
questions and
worked in
scientific error in
a high level way

What was
I looking
for?
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Answer Key
Part A: Listen to the Scientists
The GlycoNet Story video: https://www.youtube.com/watch?v=CQGEGIoqTpQ
Let the video play.Stop at the 1 minute mark.
1. What is the importance of understanding glycomics (the study of sugars)?
Communication by cells or invasion into cells is often mediated by sugars. If we
understand glycomics, we can interfere with infection processes.
2. What is GlycoNet?
GlycoNet is a pan-Canadian network of researchers that formed in 2015 to develop
solutions to unmet health needs.
3. Why bring these researchers together?
This pooling of efforts should result in a streamlined process to get products to market
as well as compete more effectively on the international stage.
Play video from 1 min – 2:47
4. What kind of good can result from these GlycoNet partnerships?
Anything ranging from new vaccines to new medicines for diseases that are currently
untreatable.
5. What areas have they made progress in?
Influenza and diabetes
Meet the GlycoNet Scientists from Ryerson University, Wakarchuk Laboratory. Go to
www.glyconetchromatography.weebly.com
Video clip#1: Tasnim 1 – Graduate Student
1. What is Tasnim’s area of research?
Her area of research is enzymatic synthesis.She attaches certain components onto
proteins, carbohydrates or other biomolecules that the lab needs.
2. Why would Tasnim fluorescently label/tag molecules? Research this.
It is not mentioned in the video but when you are trying to purify a molecule, it is
beneficial to be able to see the desired product.In this case, she is visualizing the
molecules with a fluorescent dye.
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Video clip #2: Tasnim 2 – A typical day for Tasnim Abukar
1. Tasnim mentions that she uses TLC (Thin Layer Chromatography) on a typical day. What
is TLC? What is it used for?
TLC is used to separate mixtures into individual components. With paper
chromatography, an ink can be separated into the particles that compose it. For
example, if purple ink were dotted onto a piece of filter paper and dipped into water or
another solvent such as alcohol or acetone, the solvent would move up the paper
through capillary action and carry the ink particles with it. Since the ink particles differ in
some way (size, charge, attraction to the paper, etc.), they move different amounts and
can be seen separately. For more information, refer to
http://chemguide.co.uk/analysis/chromatography/thinlayer.html.
2. What did Tasnim say was the basis of the separation in the TLC?
She said that the molecules would separate based on polarity.
3. Tasnim mentioned that another technique that she uses a lot is FPLC (fast protein liquid
chromatography).What is this?
Chromatography involves the separation of mixtures into their individual components
based on different properties of the components. It is used a lot in biotechnology and is
similar to HPLC (high performance liquid chromatography) but at a high pressure. The
separation could be due to size, charge or hydrophobic interaction.
Reference: http://fplc.weebly.com/background.html
4. What is elution?
In protein column chromatography, a solution containing the
desired protein (plus impurities) is poured through the column. The
protein will stick to the material inside of the column and the
impurities will flow through. Later, another solution will be poured
through to release the desired protein, which is then collected in
pure form for further use. This process of “stripping” the column is
called elution and is commonly used in biotechnology and
biochemistry.
Reference: https://en.wikipedia.org/wiki/Elution
Video clip #3: Ray Martinez-Rodriguez - Summer student (1:10 minutes)
1. What does the enzyme that Jose works with do?
It moves sugars from a donor molecule to an acceptor molecule.
2. What are two problems with this protein (enzyme)?
One problem is that it is hard to purify and the other is that it is not very active.
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3. Jose describes how a His tag can help fix one of the two problems mentioned above.
What does it help with? Do an Internet search for His-tag (histidine tag) purification and
IMAC (immobilized metal affinity column).He mentions using a nickel column. Draw a
picture of an IMAC column and explain.
Scientists add histidine to proteins to help to tag them for a purification process. When
trying to scale up a substance for large scale production, it is important to be able to
identify and purify the final product. This helps with the purification process. See
question #4 for the rest of the answer.
4. Immobilized lactase in a calcium alginate gel and pouring milk through it to break down
the lactase is a similar idea to the IMAC mentioned above. How are these two
procedures similar and how are they different?
The repeating His (histidine) tag has a certain affinity for metals such as nickel which
are embedded in the column. A sample that is histidine-tagged can be poured through
the Ni column, sticking to the column while impurities are flushed out. The his-tagged
sample can be later recovered by eluting with another substance such as imidazole,
which competes with histidine for the nickel. In this way, a recombinant protein can be
recovered.
This is different from using immobilized lactase since lactose passes through and the
enzyme breaks it down. No eluting is necessary since the goal is to get rid of the
offending lactose by breaking it down. The breakdown products are still present in the
lactose-free milk. The two processes are different because the goals are different. IMAC
uses affinity to remove a certain molecule from other molecules in the lysate.
Immobilized lactase carries out a hydrolysis reaction on one component of the mixture
and then releases the products back into solution.
The two processes are similar because in both cases, a mixture of substances is poured
through the column. With IMAC, one component is removed. With immobilized lactase,
lactose is removed by breaking it down into other molecules.
Reference: “How does His-tag purification work?” http://www.biorad.com/featured/en/his-tag-purification.html
Video clip #4: Dr. Ting Du - Post Doctoral Fellow (26 seconds)
1. Dr. Du talks about purifying her target protein. How does she do that?
She does this with FPLC (fast protein liquid chromatograph) or AKTA (a protein
purification system).
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2. She also talks about constructing an operon. What is an operon?
An operon is a cluster of genes that codes for a particular protein that is regulated by a
single promoter.
3. What is the function of the proteins in the operon that she is talking about?
These enzymes put an O-glycan (chain of carbs) onto her target protein.
References:
1. http://fplc.weebly.com/uses.html.
2.https://www.britannica.com/science/operon
Video clip #5: Laura Kell, Research Technician (58 s)
As Laura talks about her job, she mentions two main responsibilities. One of them is training
and mentoring other team members and assisting them to push the projects along.
1. Is it surprising to you that a research technician has this responsibility as part of their
job?
Answers will vary.
2. What is the other part of her job?
Her research includes using lab techniques such as protein purification using FPLC (a
form of liquid chromatography to analyze and purify proteins).She also uses enzyme
assays with fluorescently labeled substrate (a molecule that is acted upon by an enzyme
to produce a product) which are reacted with enzymes which are then developed on a
TLC (thin layer chromatography) plate.
3. Laura describes her typical day and says, “Well, there is no typical day.” Does this appeal
to you? Would you like a job where there are different things happening day-to-day or
something more consistent?
Answers will vary.
4. What is an enzyme and substrate? Research this.
An enzyme is a protein that helps to break down or build up other molecules. A
substrate is a molecule that an enzyme acts upon to create a product. An example is the
enzyme lactase, which helps to break down the double sugar lactose (a sugar found in
milk) into single sugars.
Click on the “Lab Techniques” Tab at the top of the website page. You will see some of the
Ryerson University scientists at work, demonstrating lab techniques such as: gel
electrophoresis, TLC and SPE (solid phase extraction).
View the TLC demonstration video. Summarize the concept in 1-2 sentences.
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Summary: TLC works by separating a mixture into its individual components by their
properties.
Part B: Literacy Connection
Read the following brief Scientific American article provided by your teacher:
https://www.scientificamerican.com/article/water-filtration-system/
On the Lines: Main Idea, Who? What happened? Include 2 definitions of key words
Answers will vary.
Between the Lines: Why? Benefits? Consequences?
Answers will vary.
Beyond the Lines: Do you agree? How does this affect your community/city/country?
Answers will vary.
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