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Using the Principle That Each Substance
Has Unique Properties to Purify a
Mixture: An Experiment Applying

Green Chemistry to Purification

B CENTRAL CHALLENGE

In this laboratory activity, you will be a chemist who has been asked to participate
in the peer-review process by an editor of a journal on green chemistry. This editor
has received three different manuscripts (lab reports) that report on the same
process of separating two substances.

You will design your own procedure to separate the same two substances used

in the three lab reports by using green chemistry principles. Afterward, you will
receive one of the three manuscripts submitted to the journal. It is your job to
assess the quality of the lab report you are reviewing and to write a review of the lab
report and submit it to the editor.

B CONTEXT FOR THIS INVESTIGATION

Some chemists design chemicals and chemical processes. These practices involve

a few main principles. One of these is that pure substances have unique properties
that can be used to distinguish these principles from one another. A second
principle is that chemists consider the benefits and risks of different options when
deciding which is the best chemical process. These two principles form the focus of
this experiment.

B PRELAB GUIDING QUESTIONS/SIMULATIONS
Prelab Part I:

Green chemistry is a set of guidelines used by chemists to address sustainability
when applying both of these principles. We will focus on one particular principle of
green chemistry that is relevant to this lab.
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some of the basic principles of chemistry is relevant to your life. For the rest of your
life, you will use ways of thinking as a chemist as you make educated decisions.

You will use chemistry principles as you think about the safety of products you buy,
energy reduction in your home, which containers are safest for cooking or storing
food, and how to dispose of all sorts of things in the home and office, such as
cleaning agents, unused medicines, and batteries.

This experiment involves a major practice of chemists: separating substances in a
mixture by taking advantage of properties of the substances that are unique to each
one. In this case, you will rely on the substances’ chemical reactivity upon heating
as the property that differs between them. From antiquity, two very important
substances in society have been obtained from a salt mixture called natron. Natron
has been harvested for thousands of years from dry lake beds. In ancient Egypt, and
still today, natron is blended with oil and used as soap. Natron primarily consists of
two substances, sodium carbonate (Na,CO,) and sodium bicarbonate (NaHCO,).
Each of these substances, when separated, also has important uses. Sodium
carbonate is used in the manufacture of glass, as a water softener for laundry, as an
additive in community swimming pools to raise pH, and as an additive in foods.
Sodium bicarbonate has many uses, ranging from cooking and medical uses, to
cleaning, pesticide, and fire extinguishing uses.

Every process that a chemist uses involves some kind of transformation and has

an efficiency of that transformation associated with it. There are many ways to
measure and report efficiency; two of these are discussed here. For the first way,

the efficiency of a chemical process can be interpreted in terms of its financial

cost or in terms of its benefit or detriment to the environment. When considering
financial cost, one might compare the amount of the desired product that is actually
produced and the amount that could be produced in the ideal situation where all of
the starting materials are used up and converted to useful products. Percent yield is
such a calculation, as the ratio of the two values.

- 17 _ Actual Yield
Percent Yield = Theoretical Vield < 100

Equation 1

The number is usually reported as a percentage (out of 100%) instead of as a
decimal, in order to make comparison to the ideal situation easier. Percent yield

is a way of comparing actual runs in the laboratory of a chemical process, when
striving for a maximum yield. If the percent yield is closer to 100%, then maximum
financial value is derived because starting materials (which might be expensive) are
maximally used, and the end product is maximally produced. In a second way of
measuring and reporting efficiency of a process, considering environmental health,
one might instead try to minimize undesired products such as wastes or byproducts
that are an inevitable outcome of a chemical process. Atom economy is such a
calculation, comparing the theoretical yield of the desired product and the total
theoretical yield of all products as a ratio.
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Mass of desired product produced
Mass of all products produced

Percent Atom Economy = X100

Equation 2

Different chemical processes have different atom economies, because the desired
product can range from being the only substance produced to being only of one
several substances that result from the reaction. If the atom economy is closer to
100%, then the amount of desired product is maximized. Thus, different chemical
processes can be compared to each other in terms of which one is more efficient

in resulting in the desired product. The process with the largest atom economy is
the one that most cleanly produces the substance that is the goal of the process.
Today, when we recognize that disposing of unwanted byproducts is expensive and
potentially harmful, this method of comparing chemical processes provides a very
useful tool in making decisions that support the principles of green chemistry.
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Procedure

You have a mixture of NaHCO, and Na,CO,. How will you determine the relative
amounts of NaHCO, and Na,CO, in a mixture of the two substances using the 12
principles of green chemistry and stoichiometry? Work in your group to devise

a procedure to collect data for the aforementioned question. Below is a list of
materials available for you to use during your procedure.

A mixture of sodium hydrogen carbonate Bunsen burner lighter, also known as a
(NaHCO,) and sodium carbonate (Na,CO,) | striker

Transferring scoop Ring stands

Digital balance, with at least £0.01g Iron ring

precision

Crucible and lid Ceramic triangle

Crucible tong Collection container (can be glass or plastic)

for Na,CO, produced, labeled “Product
Made from Heating Samples”

Bunsen burner and associated tubing Collection container for unused mixture,
labeled “Unused Sample”

Safety and Disposal

Do not heat covered crucibles. Always place the lid askew on top of the crucible
while heating. Completely covering the crucible is dangerous because gases can
build up inside while heating and the hot lid can fly off.
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Figure 1: Crucible Lid Askew

Place the solid product that remains after heating in the container labeled “Product
Made from Heating Samples.” Place any mixture that was taken but not heated in
the container labeled “Unused Sample” After the laboratory session, the contents of
the “Product Made from Heating Samples” container should be heated to constant
mass again, in case any partially heated sample was placed in it. This product will
be saved and stored, to be used the next time this experiment is done. There are no
significant chemical hazards in this experiment. Normal laboratory precautions are
sufficient.

Make sure your instructor has reviewed and approved your proposed procedure and
safety precautions prior to proceeding with your lab investigation.

Make sure you carefully record and organize your data as well as your calculations.

Important note about use of laboratory equipment: Allow crucibles to cool before
weighing. A hot crucible can damage an analytical balance. Also, convection currents
caused by a hot crucible will cause the mass reading to be inaccurate by being too low.

Use the same analytical balance every time, to reduce systematic errors that could be
introduced by balances that might be calibrated differently.

Data Collection and Computation

Remember that there are two very important principles of chemistry that you should

be thinking about throughout the entire lab: 1) each substance has unique properties,
which enables chemists to distinguish it from other substances, and 2) chemists consider
benefits and risks in making decisions about chemical processes. Green chemistry is a set
of guidelines used by chemists when applying both of these principles, and the second
principle of green chemistry (the atom economy principle) uses both of these. Try to find
instances where the above two principles of chemistry are relevant to what you are doing.

Record your data and observations as you carry out your verification experiments in an
organized manner of your own design.

After you have performed your procedure, collected your data, and determined the
relative amounts of NaHCO, and Na,CO, in a mixture of the two substances, you
will work in your group to review another scientist’s lab report pertaining to the same
question that you addressed with your procedure, data, and calculations.
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Argumentation and Documentation

As a complication to this situation, the very same investigation you performed has
been conducted by three other scientists, who have all submitted lab reports to the
same journal. You will review one of the three lab reports and make a report on its
strengths and weaknesses.

You will review a lab report given to you by your teacher, and then provide a
written review to your teacher, who is acting as the editor.

= All scientists in each group receive a copy of the same lab report. There are three
different lab reports, each one written by a scientist who conducted a similar
investigation using the same chemical sample you will use, with a report on the results of
the investigation, Scientists in your group will receive only one of the three lab reports,
and all scientists in your group will receive the same lab report. Each lab report has some
information that is reported well, according to conventions that scientists have agreed
upon, and some information that is reported poorly.

& The journal to which the lab reports have been submitted is a green chemistry journal.
The signature of this journal is that all chemical reactions reported on are assessed for
their “greenness.” Therefore, you will calculate the atom economy of the reaction to
contribute to the journal’s collection of chemical processes, and you must assess the
“greenness” of the chemical reaction in at least one other way, according to one of the
other principles of green chemistry.

® In summary, your job as a scientist who has been asked to participate in the peer-
review process is to assess the quality of the lab report you are reviewing, and to write a
review of the lab report and submit it to the editor. There are three main factors you are
assessing:
1. What is the quality of the science in the lab report?
2. What is the quality of the reporting the scientist did in the lab report?

3. How green is the chemical reaction that is reported on?

The review template provides more specific questions to help you assess these.

Lab Report Review

In each section of the lab report review table below provide a concise report on
what is done well in the report and what is lacking. Provide suggestions for the

author of the lab report on how to improve it. Write in complete sentences. You
may use second person (e.g., “You should do more of ...”) or third person (e.g.,
“The author should do more of ...”), but be consistent with whichever one you

choose.
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Lab Report Reviewed (circle one): 123 Date That Review Was Submitted:

Name of Reviewer(s):

Reviewer Criteria and Response
1. What is the quality of the science in the lab report?

a. Was the investigation conducted well?

b. Were sufficient trials run to instill confidence in the results reported?

c. Is there evidence that the data were collected carefully?

d. Are the explanations of chemistry in the lab report correct?

e. Are the calculations done correctly?

£ Does the report account for any problems in the investigation?

2. What is the quality of the reporting the scientist did in the lab report?

a. Does the lab report communicate the investigation effectively?

b. Is the procedure detailed enough that it can be repeated to verify the results?

c. Were the materials and equipment specified sufficiently?

d. Are the calculations presented clearly?

e. Are any of the sections of the lab report weak? If so, how can they be strengthened? (For
example: Is the procedure clear? Are the data reported effectively?)

3. How green is the chemical process that is reported?

a. What is the atom economy of the chemical reaction? To calculate this, you must identify the
desired product. Show your calculation.

b. Provide an argument, based on a different principle of green chemistry, for or against the
“greenness” of the chemical process reported in the lab report.
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= POSTLAB ASSESSMENT

1. Epsom salt is a strong laxative used by veterinarians to treat animals, and soaking
swollen feet or skin with a rash in a solution of Epsom salt and warm water is sometimes
prescribed by doctors to relieve swelling or itchiness. Epsom salt is a hydrate, which
means that a specific ratio of water molecules per unit of salt formula regularly repeats
in the crystalline structure of Epsom salt. The formula for Epsom salt can be written as
MgSO,-xH,0, where the ratio of water molecules per unit of salt formula is x:1. When
hydrated Epsom salt is heated to at least 250°C, all of the waters of hydration are lost,
according to the reaction:

MgSO,xH,O (s) » MgSO, (s) + x H,0 (g)

a. When 3.648 g of Epsom salt were heated to constant mass at 250°C, 1.782 g of MgSO,
powder remained. What is the value of x?

b. If anhydrous MgSO, is the desired product, what is the atom economy of this
reaction?

2. Propene (CH,-CH-CH,) is a raw material used in a vast number of chemical processes.
Two-thirds of the demand for it is for manufacturing polypropylene, a material that is
ubiquitous in the modern world. Propene can be synthesized by several processes. Two
such processes are: :

CH3 H3C\ /H CH
CHZ\N/* + OH Heat 9 ',\I3
/> CHy CH, HsC™ CHg
HaC

Trimethylpropylamine ion Propene  Trimethylamine plus water

HyC

N A

Hy0
CHy i

Figure 2. Process A to synthesize propene

HiC H

HaC—CH, H2504 T s O
CH,—OH Heat CHj

1-Propanol Propene Water
Figure 3. Process B to synthesize propene

Use atom economy to argue which of these processes may be greener.

i SUPPLEMENTAL RESOURCES
Links

“Chemical Reactions and Stoichiometry.” The Concord Consortium. Accessed
July 27, 2012.
http://www.concord.org/activities/chemical-reactions-and-stoichiometry
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“Gravimetric Determination of Arsenic Lab.” The Chem Collective. Accessed
July 27, 2012.
http://collective.chem.cmu.edu/assignments.php

“Unknown Silver Chloride Lab.” The Chem Collective. Accessed July 27, 2012.
http://collective.chem.cmu.edu/assignments.php
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Review the 12 Principles of Green Chemistry at
http://www.epa.gov/sciencematters/june2011/principles.htm

Principles of Green Chemistry

Create no waste

Nothing should be left over

No toxicity

Green products have to work as well as nongreen products
Get rid of all nonessential additives

Reduce energy usage

Use renewable materials

Get rid of as many steps as possible

B M B W N e

Make use of a reusable method to speed up a reaction

%
=]

Use materials that break down in the environment (biodegradable)

-
rary

. Check everything you do against the other principles
12. Safety first

Principle 2 is called the atom economy principle: the less that is left over, the better.
In the most ideal case, all of the starting materials are converted into the desired
product and there is nothing left over. In order to compare processes in terms of
how much is left over, a calculation can be made of atom economy that compares
the mass of the desired product (D) to the total mass of products (T). Atom
economy = D/T. When the ratio D/T equals 100%, then there is nothing left over
because there is only one product, the desired one. If the ratio is less than 100%,

it is because there are products that are wastes. The lower the ratio gets, the less
product is produced in comparison to the wastes produced. The atom economy is
therefore a measure of how green, or efficient, a chemical process is. The higher the
atom economy is, the greener the process is, and the more efficient the process is for
producing the desired product.

Prelab Part | Questions

1. Select one of the principles of green chemistry. Explain in your own words how this
principle shifts chemistry toward more environmentally conscious practices. How is this
relevant to considering the benefits and risks when making decisions about which of two
(or more) possible chemical processes is better?

2. The following two reactions are possible methods for refining copper in the final step
of a smelting process, i.e., getting pure copper (Cu) from copper ores found in rocks.
Calculate the theoretical atom economy for each reaction.

a. 2Cu0 (s)+C(s)»>2Cu(s) + CO, (g)
k. CuO (s) + CO (g) » Cu (s) + CO, (9)

3. Use your calculations from the previous question (i.e., 2a and 2b) to answer the
following questions.
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2. Which one of the methods for refining copper ore is greener according to the atom
economy principle of green chemistry?

b, Why is a calculation of atom economy helpful in comparing two chemical reactions
to determine which one is greener? In other words, what does atom economy tell you
about “greenness”?

. What is another possible consideration from the principles of green chemistry that
could tell you more about comparing the “greenness” of these two reactions?

4. Peer review is a critical component of how scientists communicate what they have
learned and contribute new knowledge. What is peer review? Why do you think
that scientists believe it is iinportant for published work to be peer reviewed prior to
publication? Why is peer review an important part of a process of chemists considering
benefits and risks? Why might peer review be important in chemists reporting results of
a chemical process?

Prelah Part Il

Access the following simulation and then answer the questions below pertaining to
percent yield.
http://group.chem.iastate.edu/Greenbowe/sections/projectfolder/percenttutorial.
htm

The simulation linked here steps students through calculating the number of waters
of hydration in copper (II) sulfate pentahydrate.

Prelab Part Il Questions:
1. What is a substance? What is a mixture? How are they related?

2. What are the general characteristics of substances chemists use to separate mixtures into
individual substances?

3. How are the two ways of measuring the efficiency of a reaction the same? How do
they differ?

B EXPLANATION TO STRENGTHEN STUDENT UNDERSTANDING

One can characterize a major practice of chemists as harvesting materials from
nature, separating the individual substances within them, and putting the pure
substances in bottles so that they can make new substances out of them. The
practice of designing chemicals is fundamental to all of the sciences that build on
knowledge of chemistry. Pharmacists and medical biochemists create, purify, and
test the safety of medicines. Analytical chemists use and design instruments to
detect the presence and properties of individual substances. Bioorganic chemists
design new chemicals for specific purposes and invent and compare the synthetic
processes needed to make such new chemicals. Chemical engineers manage
chemical process industries to produce useful products on larger scales and
minimize harm. But even if you do not go into one of these fields, understanding





