Grade: 11

Subject: Chemistry 20

Unit: Matter as Solutions,
Acids and Bases

Title: Lab Investigation - Investigate factors that affect the flow of solvents
Rationale: Investigating Solution Chemistry methods to accelerate drug discovery
Background Information
When a drop of ink hits blotting paper, it "bleeds" much wider than the circumference of the
original drop. And quickly, too. Although researchers have developed ways of containing
water-based solutions to specific areas of paper, until now there was no easy way to modify
paper to restrict chemicals such as organic solvents, bases and acids, or surfactants to
particular areas.
Under the leadership of Dr. Ratmir Derda at the University of Alberta in Edmonton, Alberta,
Canada, Sentinel Bioactive Paper Network researchers Frédérique Deiss (lead author), Wadim
L. Matochko, Natasha Govindasamy, Edith Y. Lin and Derda himself introduced a grid of
solvent-repelling Teflon barriers inside the paper, which confine liquid to where it is wanted.
Why Teflon? It is resistant to a wide range of solvent, non-toxic and non-fluorescent, and
researchers can now use it to modify paper and generate arrays with 96 test-zones per sheet.
(See video link to view the production of the Teflon-patterned paper
http://youtu.be/vMlCg_vZADI ).
The beauty of this discovery is that it dramatically expands the range of usable reagents and
speeds up their efforts to develop multiple tests on the same sheet.
"Converting ordinary paper to a synthesis platform is easy," says Deiss. "First, we draw a
pattern on the computer and print it on an ordinary printer. Then, we add a sugar solution to
an area we do not want modified, soak Teflon into the remaining areas, wash off the sugar,
and voilà. We automated the entire process."
The Teflon barriers allow an excess of liquid to be delivered in each zone, generating a
dynamic flow through the paper with mere gravity, and improving the mixing of reagents.
When used for synthesis, the Teflon-patterned paper improves the yield of chemical
reactions compared to synthesis on plain, non-patterned paper.
The Derda group demonstrated this idea with the synthesis of peptides (short chains of
amino acids) on paper and used the resulting sheet of 96 peptides to test which peptides will
allow breast cancer cells to adhere and grow.
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Reference: CNW Group. “Teflon: Not just for pots and pans as Sentinel Bioactive Paper
researchers find.” http://goo.gl/Bn3LND
Curriculum Connections
● 20–C1.1k recall the categories of pure substances and mixtures and explain the nature
of homogeneous mixtures
● 20–A2.8k relate properties of substances to the predicted intermolecular bonding in
the substances
● 20–C1.1s formulate questions about observed relationships and plan investigations of
questions, ideas, problems and issues
● 20–C1.2s conduct investigations into relationships among observable variables and
use a broad range of tools and techniques to gather and record data and information
● 20–C1.3s analyze data and apply mathematical and conceptual models to develop and
assess possible solutions
● 20–C1.4s work collaboratively in addressing problems and apply the skills and
conventions of science in communicating information and ideas and in assessing
results
● 20–A2.3sts explain that scientific knowledge is subject to change as new evidence
becomes apparent and as laws and theories are tested and subsequently revised,
reinforced or rejected
Lesson Objectives/Concepts
Students will explore the inquiry process in an effort to investigate the flow of solvents.
Materials:

Time:

● Provide students with a variety of common solvents and
a variety of platforms.
● Example solvents: water, oil, vinegar, syrup, ethanol etc.
● Example platforms: wax paper, aluminum foil,
Styrofoam, cardboard, paper towel, stainless steel,
wood, etc.

2 class periods of 80
minutes. One class to
prepare, and another class
to experiment.

Introduction: Lead a discussion on solubility and the nature of dissolving. Possible questions
to discuss with students:
1. Why do people buy Teflon pans or Gore-Tex jackets?
Gore-Tex fabrics are treated with a polymer called DWR, a water repellent polymer
that penetrates the fibers and lowers the surface tension of the fabric causing water to
bead up and roll off the fabric.
2

Last Update: April, 2020

2. What methods do environmental workers use when cleaning up oil spills?
They use dispersants to break up the oil and speed up its natural biodegradation.
These act by reducing the surface tension and stop the oil and water from mixing.
Small droplets of oil are then formed which help promote rapid dilution of the oil by
water movements. The formation of droplets increases the oil surface area, thus
increasing the exposure to natural evaporation and bacterial action.
Show the following picture to the students and the video below to explain how Dr.
Derda managed to change the nature of solvent flow by adding Teflon to regular lab
paper. This was done to contain biological material in a small area without it bleeding
away from the designated area. The video shows that 96 experiments can happen at
the same time and use a very small space.
Image: Jane
Diner

Activities/Procedure
1. Show the YouTube video from the Derda Group – how Teflon changed the surface of
the paper.
2. Review how to plan an investigation with the provided student handout.
3. Allow students to work in pairs to develop an original investigation where students
are challenged to create a method that investigates solvent flow. Consult the sample
lab for possibilities.
• Brainstorming in pairs to decide on the manipulated variable and the
responding variable – 15-30 minutes, teacher initial variables before
proceeding.
• Develop the research question, variables, and hypothesis on the student
handout. – 10-20 minutes, teacher initial.
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•

Write the material list and procedure – 15-30 minutes. Suggestion: switch with
another pair of students for peer editing. The procedure needs to be detailed
and reproducible. Teacher initials.
• Set up the data table – 5 minutes, teacher initials.
• Collect data and modify procedure as needed – 45 minutes
• Data analysis, conclusion and evaluation – 30 minutes, or homework.
4. Students can complete all parts of the investigation or just parts of it depending on
time available. Students should be encouraged to modify their procedure as they
develop it and while experimenting.
Summary
Suggest students create a mini scientific poster representing their findings. They can share
with other students during a class time or can students can “gallery walk” at lunch time or
between classes. This can be created as a running PowerPoint slideshow instead of printing
and creating a hard copy, with each PowerPoint page representing a pair of students. There
are free PowerPoint templates for trifold designs found on the internet, such as
https://www.genigraphics.com/templates
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Image: PowerPoint Template from https://www.genigraphics.com/templates

Assessment
Use the accompanying Lab Investigation Evaluation rubric.
Extensions/Connections
This lab can be used as part of IB practical Scheme of Work as the rubric is very similar to the
IB expectations.
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Example created by a student. This is a skeleton of what is expected but provides enough
detail in each section so that students can create their own investigation.
Possible Variables Brainstormed
Independent (Manipulated)

Dependent (Responding)

Paper conformation, type of solvent,
concentration of solute in solvent,
temperature, paper coating, etc.

Time taken for solvent to flow, volume of
water that flows, etc.

Research Problem
What is the effect of type of solvent on the time required for the solvent to flow down a 15
cm piece of wax paper at a 30 degree angle?
Hypothesis
If the solvent is less viscous, there will be fewer cohesive forces (intermolecular forces) and
then the flow rate will be faster. The molecules with the greatest viscosity are dish soap and
canola oil and they should have a slower time. The other molecules of water, vinegar and
ethanol should be faster with ethanol being fastest, then vinegar, then water. This is based
on increasing intermolecular attractions.
Variables and Control of Variables
•
•
•

Time

Manipulated variable: type of solvent (distilled water,
ethanol, canola oil, vinegar, dish soap)
Responding variable: time taken for the flow of the
solvent over 20 cm.
Controlled variables:
Distance from point A to point B at 15 cm
Room temperature at 21 degrees Celsius
Amount of solvent used at 10 mL
Stopwatch and person timing
The platform: wax paper
Angle of the paper at 60° from the neck of the
beaker
Collecting container
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Materials
•
•
•
•
•
•
•
•
•

Wax paper
Solvents: water, canola oil, ethanol, vinegar, dish soap (50 mL of each)
Graduated cylinder (10 mL)
Stop watch
Duct tape
Protractor to set angle
Plastic container large enough to hold materials
50 mL beaker
Permanent marker

Procedure
1. Set up procedure as in the diagram below so that the wax paper is 60° from the neck
of the beaker. Mark a start point and end point on the wax paper with a permanent
marker.

Images: Jane Diner

2. Measure 10 mL of the solvent (water) into the 10 mL graduated cylinder.
3. When the timer says “Go,” pour the 10 mL of the solvent at the start mark.
4. When all of the solvent has passed the end point, the timer presses stop on the
stopwatch.
5. Record the time taken for the solvent to flow.
6. Repeat three more times for the solvent.
7. Repeat steps 1-6 with the other solvents.
Data: The Effect of Type of Solvent on Time Taken for Solvent Flow
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Type of Solvent

Time Taken for Flow of 15 cm (s)

Average (s)

Water

2.09

2.03

2.13

2.08

Ethanol

4.40

3.74

3.76

3.96

Canola Oil

13.89

15.45

14.94

14.76

Vinegar

2.06

1.94

2.30

2.10

Dish soap

57.48

1.07.59

1.20.67

68.58

Qualitative Observations: It was difficult to get all of the dish soap out of the graduated
cylinder.
Analysis
First an average of each solvent was calculated, and then the average time was plotted
against type of solvent using Microsoft Excel. A bar graph was selected as most appropriate
for this data.

Time (s)

Image: Jane Diner

Type of Solvent
Conclusion and Evaluation:
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Conclusion: The flow times for the experiment show that generally the solvent with the least
intermolecular attractions and viscosity (cohesion) took the least amount of time to flow 15
cm (around 2.00 seconds) whereas the solvent with the highest viscosity took the greatest
amount of time (more than 15.00 seconds). This corresponds to the hypothesis which
considered that the greater the cohesive forces, the slower the solvent flow rate. This
occurred despite the platform of wax paper that repels most solvents. Wax paper was used to
minimize the adhesive effects of the platform.
Evaluating Errors: Errors occurred when considering the amount of time required for the
solvent to leave the glass cylinder. The adhesive forces of the glass and solvent contributed to
some of the solvent not being part of the experiment as it stayed in the cylinder. This would
affect the results by decreasing the solvent time as less than 10 mL of solvent was involved in
the experiment.
*Notice that the direction of the error was discussed – the time was less because adhesive
forces were involved.
*Discuss with students what other potential errors could be a result of this procedure.
Improvements: It would be useful to use a Teflon coated cylinder so that the adhesive effects
would be minimal.
*Notice that the improvement is specific to the error discussed – use Teflon to minimize
adhesion
*Discuss with students what other potential improvements could be suggested.
It is interesting to note that although ethanol has less intermolecular forces than vinegar, it
took more time. This discrepancy should be further investigated in another investigation.
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Evaluation Rubric
Experimental Design
Criteria /
Research Question
Mark
Complete Formulates a focused
/2
problem/research
question and identifies
the relevant variables.
Partial/1
Formulates a
problem/research
question that is
incomplete or identifies
only some relevant
variables
Not at
Does not identify a
all/0
problem/research
question and does not
identify any relevant
variables.
Data Collection and Processing
Criteria /
Data Collection
Mark
Complete Records appropriate
/2
quantitative and
associated qualitative
raw data, including units
and uncertainties where
relevant.
Partial/1
Records appropriate
quantitative and
associated qualitative
raw data, but with some
mistakes or omissions.
Not at
Does not record any
all/0
appropriate quantitative
raw data or raw data is
incomprehensible.

Control of Variables
Designs a method for the
effective control of the
variables.
Designs a method that
makes some attempt to
control the variables.

Designs a method that
does not control the
variables.

Procedure
Develops a method
that allows for the
collection of sufficient
relevant data
Develops a method
that allows for the
collection of
insufficient relevant
data.
Develops a method
that does not allow for
any relevant data to be
collected.

Data Processing

Data Presentation

Processes the quantitative
raw data.

Presents processed
data appropriately and,
where relevant,
includes errors and
uncertainties.

Processes quantitative raw
data, but with some
mistakes and/or omissions.

Presents processed
data appropriately, but
with some mistakes
and/or omissions.

No processing of
quantitative raw data is
carried out or major
mistakes are made in
processing.

Presents processed
data inappropriately or
incomprehensibly.
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Conclusion and Evaluation
Criteria /
Concluding
Mark
Complete States a conclusion, with
/2
justification, based on a
reasonable
interpretation of the
data.
Partial/1
States a conclusion
based on a reasonable
interpretation of the
data.
Not at
States no conclusion or
all/0
the conclusion is abased
on an unreasonable
interpretation of the
data.
Laboratory Skills
Criteria /
Follows Instructions*
Mark
Complete Follows instructions
/2
accurately, adapting to
new circumstances
(seeking assistance when
required.)
Partial/1
Follows instructions but
requires assistance.

Evaluating procedure(s)
Evaluates weaknesses and
limitations.

Identifies some weakness
and limitations, but the
evaluation is weak or
missing.
Identifies irrelevant
weakness and limitations.

Carrying out Techniques
Competent and methodical
in the use of a range of
techniques and equipment.

Improving the
investigation
Suggests realistic
improvements in
respect of identified
weaknesses and
limitations.
Suggests only
superficial
improvements.

Marks/6

Suggests unrealistic
improvements

Working Safely

Marks/6

Pays attention to
safety issues.

Usually competent and
Usually pays attention
methodical in the use of a
to safety issues.
range of techniques and
equipment.
Not at
Rarely follows
Rarely competent and
Rarely pays attention
all/0
instructions or requires
methodical in the use of a
to safety issues.
constant supervision.
range of techniques and
equipment.
*Instructions may be in a variety of forms: oral, written worksheets, diagrams, photographs, videos, flow
charts, audio tapes, models, computer programs, and so on, and need not originate from the teacher.
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