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What is STEM?
With all the acronyms that determine hundreds of different areas of education, it is easy to confuse them all. Since
2001, the letters STEM have been a normal part of educational vocabulary.
The acronym STEM stands for Science, Technology, Engineering, and Mathematics. This program was started by
Judith A. Ramaley, the former director of the National Science Foundation’s education and human-resources division.
This approach to education is designed to revolutionize the teaching of subject areas such as mathematics and science
by incorporating technology and engineering into regular curriculum by creating a “meta-discipline.”
There is more; STEM Education attempts to transform the typical teacher-centered classroom by encouraging a
curriculum that is driven by problem-solving, discovery, exploratory learning, and requires students to actively
engage a situation in order to find its solution.
Science, technology, engineering and mathematics (STEM) education often has been called a meta-discipline, the
“creation of a discipline based on the integration of other disciplinary knowledge into a new ‘whole’. This
interdisciplinary bridging among discrete disciplines is now treated as an entity, known as STEM (Morrison, 2006). ”
STEM education offers students one of the best opportunities to make sense of the world holistically, rather than in
bits and pieces. STEM education removes the traditional barriers erected between the four disciplines, by integrating
them into one cohesive teaching and learning paradigm. Morrison and others have referred to STEM as being an
interdisciplinary approach. “STEM education is an interdisciplinary approach to learning where rigorous academic
concepts are coupled with real-world lessons as students apply science, technology, engineering, and mathematics in
contexts that make connections between school, community, work, and the global enterprise enabling the
development of STEM literacy and with it the ability to compete in the new economy (Tsupros, 2009).”

What is a NEATEC Learning Module (NLM)?
A NEATEC Learning Module (NLM) is self-contained unit that can be incorporated into existing science, math, and
technology classes to supplement and enhance the content and the laboratory activities of the class. Each module
includes all or some of the following sections:







Background information about the topic of the unit
A teacher’s guide
A student’s guide
List of lab materials for laboratory activities
A list of teacher’s and student’s resources
Power Point slides

The set of modules offered by NEATEC are divided into five categories based on the level of understanding of the
participants:
1.
2.
3.
4.
5.
6.

NLM K-2: These are units suitable for students in grades Kindergarten to 2nd grades.
NLM 3-5. These are units suitable for students in grades 3rd to 5th grades.
NLM 6-8. These are units suitable for students in grades 6th to 8th grades.
NLM 9-12. These are units suitable for students in grades 9rd to 12th grades.
NLM for Community Colleges.
NEATEC Learning Modules include topics on Nanotechnology, Semiconductors, Photovoltaic, Alternate
Energy, Mathematics, General Science and Technology.
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Grade Level High School Level - Grades 10-12
Essential Questions
1. Why is water purification an important problem?
2. What are some of the common methods of water purification and how do they work?
3. How does activated carbon remove yellow #6 and zeolite remove copper sulfate?

Objectives
1. Learn techniques to remove contaminants from water:
a. Use a combination of activated carbon and membrane filter to remove small organic molecule
b. Use a combination of zeolite and membrane filter to remove inorganic compound
c. Use membrane filter to remove bacteria

New York State Common Core Learning Standards (**to be updated**)
Mathematics Standards:




HSN-Q.1 Use units as a way to understand problems and to guide the solution of multi-step
problems; choose and interpret units consistently in formulas; choose and interpret the scale and the
origin in graphs and data displays
HSN-Q.2 Define appropriate quantities for the purpose of descriptive modeling.
HSN-Q.3 Choose a level of accuracy appropriate to limitations on measurement when reporting
quantities

English Language Arts Standards:









RST.11-.12.1 Cite specific textual evidence to support analysis of science and technical texts,
attending to important distinctions the author makes and to any gaps or inconsistencies in the
account.
RST.11-.12.2 Determine the central ideas or conclusions of a text; summarize complex concepts,
processes, or information presented in a text by paraphrasing them in simpler but still accurate terms.
RST.11-.12.3 Follow precisely a complex multistep procedure when carrying out experiments, taking
measurements, or performing technical tasks; analyze the specific results based on explanations in
the text.
RST.11-.12.4 Determine the meaning of symbols, key terms, and other domain-specific words and
phrases as they are used in a specific scientific or technical context relevant to grades 11–12 texts
and topics.
RST.11-.12.5 Analyze how the text structures information or ideas into categories or hierarchies,
demonstrating understanding of the information or ideas.
RST.11-.12.6 Analyze the author’s purpose in providing an explanation, describing a procedure, or
discussing an experiment in a text, identifying important issues that remain unresolved.
RST.11-.12.7 Integrate and evaluate multiple sources of information presented in diverse formats and
media (e.g., quantitative data, video, multimedia) in order to address a question or solve a problem.
RST.11-.12.8 Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text,
verifying the data when possible and corroborating or challenging conclusions with other sources of
information.
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RST.11-.12.9 Synthesize information from a range of sources (e.g., texts, experiments, simulations)
into a coherent understanding of a process, phenomenon, or concept, resolving conflicting information
when possible.
RST.11-.12.10 By the end of grade 12, read and comprehend science/technical texts in the grades 11–
CCR text complexity band independently and proficiently.

Learning Standard 1: Analysis, Inquiry and Design. Students will use mathematical analysis, scientific inquiry,
and engineering design, as appropriate to pose questions, seek answers, and develop solutions.
 Scientific Inquiry Key Idea 1: The central purpose of scientific inquiry is to develop explanations of
natural phenomena in a continuing, creative process.
o S1.1 Elaborate on basic scientific and personal explanations of natural phenomena, and
develop extended visual models and mathematical formulations to represent thinking.
 Scientific Inquiry Key Idea 2: Beyond the use of reasoning and consensus, scientific inquiry involves
the testing of proposed explanations involving the use of conventional techniques and procedures and
usually requiring considerable ingenuity.
o S2.1 Devise ways of making observations to test proposed explanations.
o S2.3 Develop and present proposals including formal hypotheses to test explanations, i.e.; they
predict what should be observed under specific conditions if their explanation is true.
o S2.4 Carry out a research plan for testing explanations, including selecting and developing
techniques, acquiring and building apparatus, and recording observations as necessary.
 Scientific Inquiry Key Idea 3: The observations made while testing proposed explanations, when
analyzed using conventional and invented methods, provide new insights into phenomena.
o S3.1 Use various means of representing and organizing observations (e.g., diagrams, tables,
charts, graphs, equations, and matrices) and insightfully interpret the organized data.
o S3.3 Assess correspondence between the predicted result contained in the hypothesis and the
actual result, and reach a conclusion as to whether or not the explanation on which the
prediction is supported.
Learning Standard 4: The Physical Setting. Students will understand and apply scientific concepts, principles,
and theories pertaining to the physical setting and living environment and recognize the historical development
of ideas in science.
 Key Idea 3: Matter is made up of particles whose properties determine the observable characteristics of
matter and its reactivity.
o 3.1 Explain the properties of materials in terms of the arrangement and properties of the atoms
that compose them.
 xix Distinguish among ionic, molecular, and metallic sub-stances, given their properties
 xxiv Describe the processes and uses of filtration, distillation, and chromatography in
the separation of a mixture
 xxix calculate solution concentration in molarity (M), percent mass, and parts per million
(ppm)
 Performance indicators 3.1 q, s, dd, ff, nn
o 3.3 Apply the principle of conservation of mass to chemical reactions.
 i balance equations, given the formulas for reactants and products
 viii calculate the formula mass and gram-formula mass
 Performance indicators 3.3 c
 Key Idea 5: Energy and matter interact through forces that result in changes in motion.
o 5.2 Students will explain chemical bonding in terms of the behavior of electrons.
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ii compare the physical properties of substances based on chemical bonds and
intermolecular forces, e.g., conductivity, malleability, solubility, hardness, melting point,
and boiling point
Performance indicators 5.2 a, e, g, m, n
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Teacher Materials
This experiment was taken from the High School Nanoscience Program at UCLA:
http://cnsi.ctrl.ucla.edu/nanoscience/pages/waterFilt

Overview
Drinking water can be contaminated in many different ways: metals, organic molecules, and bacteria can all cause
serious health problems for people. Access to clean drinking water is indeed a global problem. In this lab, students
will learn techniques to separate different types of contaminants from water.

Background and Experiment Introduction Slides
Slide 1: Title Slide
Slide 2: Water Purification
This slide defines water purification.
Water purification is a process of removing undesirable substances from water. The contaminants can vary in size
and composition depending on the water source. It could contain particles on the macroscale such as dirt,
microscale such as bacteria and virus, and nanoscale such as metallic ions and small organic molecules.
Slide 3: Why is it important?
This slide outlines why water purification is an important problem.
Water is essential for survival, and the two most pressing concerns for fresh water are water quality and quantity.
We need to ensure that drinking water is free of toxic chemicals and pathogens or disease causing microorganisms.
In 2011, an estimated 768 million people did not use an improved source (which means protected from outside
contamination) for drinking water according to the WHO. The map below shows the proportion of the world
population using improved sources of drinking water in 2011. We can see that access to clean water is still a
problem in many parts of the world. Water quantity is also a concern because we have a limited supply of fresh
water. 97% of world’s water is saline and 2% is frozen in glaciers. Even places in the US like California has less fresh
water than it needs to support the population and infrastructure, and water needs to be imported from other states.
Slide 4: How is it done?
This slide lists processes commonly used for water purification.
The process you would use to purify water would depend on the contaminants targeted for removal. Process for
removing chemicals would be different for dirt and bacteria, for example. Here are some common processes used
for water purification: distillation, coagulation/flocculation/sedimentation, filtration and disinfection. We will talk
about each of these methods more in detail.
Slide 5: Distillation
This slide shows how distillation works to purify water
Distillation is one of the oldest methods of water treatment. The illustration shows how distillation is done.
Contaminated water is heated to boiling. As the water is boiled to form vapor, most contaminants stay behind in
the liquid phase vessel. The water vapor rises to a condenser where vapor is cooled and condensed to form purified
water. Distillation is most effective at removing inorganic compounds and organic compounds with boiling points
higher than water. It does not work for removing organic compounds with boiling points lower than water. They
will also be vaporized along with water. Distillation requires large amounts of energy to heat water and thus has
high operation costs.
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Slide 6: Coagulation/Flocculation/Sedimentation
This slide shows the process of coagulation/flocculation/sedimentation to remove contaminants from water
This is a 3‐step process, and in the first step, a coagulant is added to aggregate the impurities into large particles.
This mixture is slowly stirred to help the impurities to aggregate to make clots which are referred to as “flocs”. Once
this is done, stirring is stopped and the flocs settled out at the bottom. This process can be used for both organic
and inorganic contaminants.
Slide 7: Filtration
This slide shows how filtration works to purify water
Filtration is a mechanical or physical operation widely used for separating substances based on relative particle size.
Contaminated water is passed through a membrane filter and particles that are too big to pass through will be
retained. The part that passes through the filter is called filtrate. Filtration can be driven by gravity, vacuum or
pressure. Filtration might be used in combination with another process such as
coagulation/flocculation/sedimentation.
Slide 8: Disinfection
This slide describes how water is disinfected to kill microorganisms.
For drinking water, in addition to removing toxic chemicals, we must also remove any disease causing micro‐
organisms or pathogens. The processing of killing or inactivating pathogens is called disinfection. They may be killed
or inactivated by chemical or physical means. Chemical methods may include chlorine, chlorine dioxide or ozone.
Physical methods may include UV radiation, ultrasonication or heating. The illustration shows a UV ray disinfection
chamber.
Slide 9: Water Purificaiton Experiment Overview
This slide shows a flow chart of how we are going to purify water in an experiment
You are going to contaminate water by adding a bacteria or chemical. Then you are going to purify it by removing
the bacteria or chemical. To do this, you will add cleaning particles that would absorb the chemicals, and shaking
will help this process by assisting the chemicals to come in contact with the cleaning particles. You will let the
cleaning particles + contaminants settle to the bottom, and take the supernatant and put it through the filter to
remove any remaining particles. You should end up with purified water.
Slide 10: Experiment: Water Purification Experiment Overview
This slide outlines the experiment listing contaminants to be removed and techniques to be used
In this experiment, you are going to purify water samples contaminated with bacteria, small organic dye and
inorganic compound. The techniques you will use are filtration, activated carbon and zeolite. We will talk more
about them in detail in the following slides.
Slide 11: Contaminant #1: Lactobacillus Acidophilus
This slide describes contaminant #1 which is lactobacillus acidophilus bacteria
Lactobacillus Acidophilus means Acid‐Loving‐Milk‐Bacterium in Latin. They are rod shaped bacteria found in
intestines. They are commonly used as probiotic or “good” bacteria. Their size varies from 2‐10 micrometers.
They can be easily removed by filter membranes. They will not be able to pass through the membrane.
Slide 12: Contaminant #2: Yellow #6
This slide describes contaminant #2 which is Yellow #6 dye
Yellow #6 is a synthetic organic dye. It has a few aromatic rings as you can see in the chemical structure. They can
be removed from water using activated carbon.
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Slide 13: Activated Carbon
This slide describes activated carbon and how it works
The left image is of activated carbon surface showing it’s highly porous structure. Because of the pores, it has a
very high internal surface area. For example, 1g of activated carbon can have a total surface area of 1000m2 which is
about 1/5 of a football field. They can come in various sizes ranging from 1‐150 micrometers which are powdered
and 0.5‐4 millimeters which are granular. They have many applications including household water filters such as
Brita filters. They remove contaminants via van der waals interactions which are weak intermolecular forces
between molecules.
Slide 14: How activated carbon removes yellow #6
This slide describes how activated carbon removes yellow #6 dye
The surface of activated carbon consists of carbon atoms packed in a honeycomb structure. If you look at the
chemical structure of yellow #6, you can see that it also consists of rings similar to the activated carbon surface.
These rings can bind nicely on the carbon rings of activated carbon surface via pi‐stacking. Once yellow #6 binds to
activated carbon, activate carbon complex can settle out of water and purified further using filtration.
Slide 15: Contaminant #3: Copper Sulfate
This slide describes contaminant #3 which is copper sulfate
Copper sulfate is an inorganic compound that dissociates into copper 2+ cations and SO42‐ anions in water. The
copper ions give the solution a pretty blue color. Both of these ions can be removed by zeolite.
Slide 16: Zeolite
This slide describes zeolites
Zeolites have crystalline aluminosilicate framework structures like the one shown in the illustration. They have a
network of porous channels with diameters smaller than 1.2 nm. They can come in a variety of channel sizes and
are capable of excluding molecular species based on size. They are also very hydrophilic which make them good for
removing ions. More than 200 synthetic zeolite types and 50 natural zeolites are known.
Slide 17: How zeolite removes Cu2+ and SO42‐
This slide describes zeolites remove the Cu2+ and S042‐ ions
Zeolite aluminosilicate frame is negatively charged, and to balance that, there are positively charged ions associated
the framework. Positively charged ions such as copper 2+ ions can exchange with these cations and be removed
from water. They are also effective at sulfurous compounds such as sulfates. After these contaminant ions have
been removed by zeolite, the water can be purified further by filtration.
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Chemicals and Materials Used in this Experiment









Copper (II) sulfate: Aldrich, Catalog No. 20,917‐1
Sunset Yellow FCF: Tokyo Chemical Industry Company, CI‐15985 (Fisher Scientific catalog No. 50‐014‐46571)
Linde Type A zeolite: Community Bureau of Reference Certified Reference Material, BCR‐705 (EC Number
215‐283‐8)
Filtrate vials: VWR, Short Form Style, with Phenolic Cap On, 6 Dr, Cat. NO: 66011‐143
Syringes: Fisher Scientific, Luer‐Slip Syringes; 20mL Capacity, Catalog No.: 03‐377‐24
Syringe filters: Fisher Scientific, Nylon Syringe Filter, 0.45µm, 30mm, with pre‐filter, 100 pack, Catalog No.: 03‐
391‐2A
Probiotic acidophilus capsules: CVS pharmacy, 100 Capsules, Sku: 300264
Nutrient agar, premeasured dehydrated media: Carolina Biological Supply Company, Item #789640

Included in the Kit (for 33 students, 9 groups of 3‐4 students):

















(2) 1L capped bottle
(1) Vial of 4.79 g Copper (II) sulfate
(1) Vial of 27.2 mg Sunset Yellow FCF (actual weight will be on the vial)
(1) Vial of Linde Type A Zeolite
(126) Filtrate vials
(27) Syringes
(63) Syringe filters
(9) Plastic tubing
(5) Probiotic acidophilus capsules
(9) 1/8 teaspoons
(1) Container of Activated carbon
(34) Pairs of Gloves
(18) Petri dish with nutrient agar (Leave them in the Ziploc bags and in the fridge until ready to use)
(18) Plastic transfer pipets
(18) Ziploc bags
(1) Antibacterial hand gel bottle

Not Included in the Kit:





DI water
Large graduated cylinder (you will need to measure 1 L of water)
Bleach
2 waste containers

Experiment Preparation
Prior to the experiment, read and prepare the following:
1. Copper sulfate and yellow #6 stock solutions
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a. Copper sulfate solution: Prepare 1 L of copper sulfate solution by adding 4.79 g of copper sulfate
to 1 L of D.I. water in the 2 L bottle provided. There might be some chunks that are hard to
dissolve at first, but they will eventually with continued shaking.
1
159.602
b. Yellow #6 solution: Prepare 1 L of 6.0 x 10
4.79

∗

∗

1
1

0.030

yellow #6 solution by adding yellow #6 provided
to the appropriate amount of D.I. water in the 2 L plastic bottle provided. The amount of water
to be added depends on the actual yellow #6 amount weighed, and the vial containing yellow #6
should be labeled with the amount.
1
1
: 27.2
∗
∗
1000
452.363
∗

6.0 x 10

1

2. Prepare waste containers for copper and bacteria solutions.
3. Set the petri dishes out from the fridge, and let them warm up to room temperature. Keep them in the
Ziploc bag until ready to use.
4. Sterilize the plastic transfer pipets by boiling them in a beaker on hotplate or microwave in a microwave
safe container. Let them cool before use.
5. Note: This experiment will take a few days to complete. Reaction between zoelite and copper sulfate
takes hours to complete, so you will need to leave the samples overnight. Bacteria culture will take 2‐4
days to grow depending on your surrounding conditions.

Resource Information for Instructor Proficiency
Original documentation from UCLA High School Nanoscience Program


http://cnsi.ctrl.ucla.edu/nanoscience/pages/waterFilt

References


http://www.who.int/water_sanitation_health/publications/2013/jmp_report/en/index.html



http://www.filterwater.com/asp/cs/water‐purification‐technologies.asp



http://water.me.vccs.edu/courses/env110/lesson4.htm



http://en.wikipedia.org/wiki/Filtration



http://www.alarco.gr/filtra‐nerou/en/photo
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http://www.cyber‐nook.com/water/Solutions.html#carbon



http://chem.rochester.edu/~nvd/molecularsieves.html



http://www.personal.utulsa.edu/~geoffrey‐price/zeolite/lta.htm

Special Education Accommodations & Modifications


Experiments can be done as a whole group exploration rather than as individual small groups.

Assessment:
Student completion of worksheet.
Ability to answer both pre‐lab and post‐lab questions at the conclusion of the module.
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Student Materials
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Water Purification
Purpose
1. Learn techniques to remove contaminants from water:
o Use a combination or activated carbon and membrane filter to remove small organic molecule
o Use a combination of zeolite and membrane filter to remove inorganic compound
o Use membrane filter to remove bacteria
Introduction
Clean water is fundamental for human survival and is a critical limiting resource that powers the global economy
through its use in agricultural irrigation, electricity production and industrial processes. Worldwide, 768 million
people lack access to clean water.1 The two most pressing concerns for fresh water are: water quality and water
quantity.2 Water quality involves removing contaminants of a variety of sizes and compositions from water, from
the macroscale (dirt, etc.) to the microscale (bacteria and viruses) to the nanoscale (metallic ions and small organic
molecules). Depending on what contaminants are being targeted for removal, different purification processes may
be used (filtration, coagulation, distillation, disinfection). Water quantity issues surround the limited supply of fresh
water in the world (97% of the water in the world is saline and 2% of the fresh water is frozen in glaciers) and the
demands stressing this system from the increasing world population. As an example in the U.S., California has less
fresh water than it needs to support the population and infrastructure, so water is imported from other states, and
new alternative sources of water including wastewater recycling and desalination from the ocean are becoming
more widespread.
In this experiment, you are going to purify 3 water samples that have been contaminated with lactobacillus
acidophilus, yellow #6 and copper sulfate. An image of bacteria and chemical structures of yellow #6 and copper
sulfate are shown below in Figure 1. To remove these contaminants, you are going to use membrane filters,
activated carbon and zeolites.
http://www.visualphotos.com/image/1x3745
774/lactobacillus_acidophilus_lactobacillus

O
O

-

S

2+

Cu
Microscope image of lactobacillus
acidophilus. Image width is 13 m.

Yellow #6 (C16H10N2Na2O7S2)

O

O
-

Copper Sulfate (CuSO4)

Figure 1: Image and chemical structures of contaminants

The first process you are going to use is membrane filtration to remove lactobacillus acidophilus. Filtration is a
mechanical or physical operation widely used for separating substances based on relative particle size. The particle
or molecule of interest may either be part of what passes through the filter or part of what is retained by the filter
(Figure 2). The part that passes through the filter is called filtrate. A successful separation may be completed in a
single filtration step or may require many steps. Lactobacillus acidophilus is a naturally occurring rod shaped
bacteria found in the intestines and most commonly used as probiotic or “good” bacteria. It’s size can range from 2‐
10 m (Figure 1, left). Water contaminated with these bacteria can be purified by passing the contaminated water
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through a membrane filter with a pore size smaller than bacteria. The bacteria are too large to pass through the
membrane and will be retained, and the filtrate will contain purified water.

http://en.wikipedia.org/wiki/Filtration

Figure 2: Water purification by filtration. Contaminated water can be passed through a membrane filter, and particles larger than the
membrane pores will not be able to pass through while letting water through, separating contaminant particles and water.

The second process you are going to use is a combination of activated carbon and filtration. Activated carbon, also
called activated charcoal or activated coal, has been processed to create high internal surface area.3 Each gram of
activated carbon has a total pore volume of around 1 mL. Due to its highly porous structure, it has a very large
internal surface area (Example shown in Figure 3, left). One gram of activated carbon can have a surface area of
around 1000 m2 (approximately a fifth of an American football field). Powdered activated carbon consists of
particles approximately 1‐150 μm in size, and granular activated carbon consists of particles 0.5 – 4 mm in size.
When selecting an activated carbon, both pore and particle sizes are considered, as well as the size and structure of
the molecule being removed. Activated carbon is often used in water purification applications: for example, it is
found in home water‐purification filters such as Brita.

http://www.alarco.gr/filtra‐nerou/en/photo

http://www.cyber‐nook.com/water/p‐filters‐
ac.htm

Figure 3: How activated carbon works. Left: Electron microscope image of activated carbon surface showing the porous structure.
Right: Illustration of small and large organic molecules adsorbing onto the surfaces and inside pores of activated carbon.

The contaminant particles to be removed are attracted to the carbon’s surface through Van der Waals interactions,
which are non‐covalent attractions and between atoms, molecules, and surfaces. The physical adhesion on the surface
is called adsorption. If the contaminants are large, they will clog the pores of the carbon and thus affect the quality of
the purification. Illustration of how large and small organic molecules adsorb in the pores of activated carbon on the
microscale is shown above in Figure 3, right. In this experiment, you are going to use activated carbon to remove
yellow #6 from water. The surface of activated carbon consists of carbon atoms packed into a honeycomb lattice.
Yellow #6 which is a synthetic yellow dye and has aromatic rings that can bind to the honeycomb lattice of active
carbon via pi stacking as shown in Figure 4. Activated carbon can be added to water contaminated with yellow #6, and
yellow #6 will bind to activated carbon. Once yellow #6 binds to the activated carbon, the solution can be passed
through a membrane filter where the activated carbon with yellow #6 adsorbed will not be able to pass through the
membrane purifying the water.
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Figure 4: Yellow #6 adsorbs onto the surface of active carbon by pi stacking.

The last process that you are going to use is a combination of zeolites and filtration. Zeolites or molecular sieves,
are crystalline aluminosilicate framework structures that create a network of porous channels with diameters
smaller than 1.2 nm. Due to these unique pore structures, zeolites are capable of excluding molecular species based
on size. Zeolites are also very hydrophilic. More than 200 synthetic zeolite types and 50 natural zeolites are known.
Zeolites were first recognized as a new type of mineral in 1756 by the Swedish mineralogist A. F. Cronstedt. In this
experiment we are using the synthetic zeolite Linde Type A (LTA). To balance the negative charge of the
aluminosilicate framework, positively charged cations are associated with the framework – sitting in the channels
and voids, bonding in an ionic fashion (Figure 5, left). The chemical formula of a fully hydrated LTA molecule is
Na12[(AlO2)12 (SiO2)12] ∙ 27H2O. When in an aqueous solution, ions can exchange into and out of the zeolite
framework structure. This ion‐exchange process is used in applications for detergents: zeolite A is able to remove
calcium from water, "softening" the water. Zeolite A is also largely used as a building block for adsorbents. Zeolites
are used to remove not only carbon dioxide from gas streams but also hydrogen sulfide (H2S) and organic sulfur
compounds, mainly from natural gas. This ability to remove sulfurous compounds makes zeolites effective for
control of some odors, and natural zeolites are often used in pet litter.4 In this experiment, you are going to use
these zeolites to remove copper sulfate. The copper cations will displace the sodium cations of zeolite in the
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channels and voids via ion exchange, effectively being removed from water (Figure 5, right). Sulfate is a compound
containing sulfur, and zeolites are effective at removing them as mentioned above. After the copper sulfate has
been mixed with zeolite, the solution will be passed through a filter to obtain purified water.

Figure 5: Zeolite structure and ion exchange. Left: Structure of Zeolite A showing the cages and cation site. Right: When copper 2+ cations
are exposed to Zeolite A, each copper 2+ cation displaces two sodium cations attached to the zeolite.

1. Progress on Sanitation and Drinking‐Water by WHO and UNICEF
(http://www.who.int/water_sanitation_health/publications/2013/jmp_report/en/index.html )
2. Shannon, M.A. and Semiat, R., Advancing materials and technologies for water purification. MRS Bulletin, 2008.
33(1): p. 9‐12
3. "Activated Carbon." Norit. 12 May 2009 <http://www.norit‐americas.com/activated‐carbon‐basics.html>.
4. Roland, E. and Kleinschmit, P., "Zeolites," Ullmann’s Encyclopedia of Industrial Chemistry. Wiley‐VCH Verlag GmbH
& Co. KGaA, 2002.

Materials
Provided by your teacher:
 DI Water
 Bleach
 Copper sulfate stock solution
 Yellow #6 stock solution
Each group of students will need:
 14 filtrate vials with black caps
 2 plastic cups ‐ one empty, and one with fresh water
 3 syringes
 1 plastic tubing
 7 syringe filters
 2 plastic transfer pipets
 2 petri dishes with nutrient agar
 1 acidophilus capsule/tablet (shared by 2 groups)
 1 pair of gloves/student
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Experimental Procedure

Day 1
Part 1: Setup Preparation
1. Getting organized: to keep track of the solutions, clearly label the following:
*note* C = carbon, Z = zeolite, B = bacteria
a. Label 4 experiment vials :

b. Label 3 syringes:

c. Label 10 result vials #1‐10:

Sample

Control: No Action

Solution + Filter

CuSO4
Yellow #6
Bacteria

#1
#2
#3

#4
#5
#6
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Solution + Active
Carbon + Filter
#7
#8
NA

Solution + Zeolite
+ Filter
#9
#10
NA

d. Obtain 2 plastic cups. Fill one with water and leave the other empty as a waste cup.
Part 2: Solution Preparation
1. Now you will begin to handle chemical solutions: time to put on your gloves!
2. Fill the two “CuSO4” experiment vials about 1/3 full with stock CuSO4 solution and the two “Yellow #6”
experiment vials about 1/3 full with stock Yellow #6 solution.
3. Fill result vial #1 with stock CuSO4 solution 3/4 full and vial #2 with stock Yellow #6 solution 3/4 full, these are
controls. Make sure the bottom of the vials is dry, and place them on the gray circles on the result sheet. Note
observations in the gray circle before placing each vial.
4. Fill the result vial labeled #3 “ Bacteria solution” about 3/4 full of distilled water.
5. Prepare the bacteria solution. Find another student group to partner with to share one bacteria capsule. Open
the bacteria capsule by gently twisting and pulling the gel tab apart. Pour about 1/4 of the powder into the #3
result vial. Put the gel tab back together. Shake vial for about 3 minutes and place it on the “Results Sheet”.
Tip: Adding more than 1/2 tablet of the bacteria powder will make the solution too concentrated and the filter
will clog. 1/4 of the tab is all you need. Each tab has about 3 billion bacteria!
6. Add 1/8 teaspoon (0.22 g) of zeolite to the two experiment “zeolite” vials. Shake vial for 3 minutes, then set the
vial down and let it sit overnight. If you have access to a rotator, leave the vial on the rotator overnight. Make
sure the cap is on firmly (you may want to secure the cap with parafilm or some tape). If not, shake the vial
periodically.
7. Add about half of the 1/8 tsp scoop (0.25 g) of activated carbon to the two experiment “carbon” vials. Shake vial
for 3 minutes, then let the vial sit overnight. If you have access to a rotator, leave the vial on the rotator
overnight. Make sure the cap is on firmly (you may want to secure the cap with parafilm or some tape). If not,
shake the vial periodically.
Part 3: Purification and Filtration of Stock and Bacteria Samples
1. Test the effect of the filter alone. Filter each stock solution, vials #1, 2, and 3 into result vials #4, 5, 6.
To filter a solution, attach the plastic tubing to a syringe and draw up about half of the stock solution (you can
use either the C or Z syringes for the dye and copper solutions). Make sure the filter is NOT attached when
you draw up the solution. After you draw up about half of the stock solution, pull the tubing out of the
solution and keep drawing the syringe until all the liquid in the tubing is in the syringe. Take the tubing off and
slip on a filter. Use a new filter per sample. Gently depress the plunger to push the liquid into the
appropriate vial.
2. Clean the syringes and tubing by drawing water from the plastic cup that you prepared. Squirt water into the
waste cup.
Part 4: Bacterial Culture
1. Before handling the petri dishes every time, make sure you put on gloves and sterilize the gloves with
antibacterial hand gel.
2. Label 2 petri dishes with nutrient agar and 2 plastic pipets with “UB” for unfiltered bacteria solution and “FB”
for filtered bacteria solution.
3. Make sure the nutrient agar is at room temperature before doing the next step.
4. Use the plastic pipet labeled “UB” to withdraw a very small amount (you only need 2‐3 drops) of the unfiltered
bacteria solution from vial #3. Make sure you gently take some from the top of the solution.
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5. Remove the lid from the petri dish labeled “UB”. The dish is sterile inside‐ DO NOT touch the surface, or
cough/sneeze into the dish.
6. Carefully drip 2‐3 drops onto the nutrient agar, spread the solution gently with the tip of the pipet without
scratching the surface and replace the lid.
7. Repeat for the filtered bacteria solution from vial #6, using the “FB” pipet, and the “FB” petri dish.
8. Put each petri dish in a Ziploc bag.
9. Place in the area your teacher has designated for the petri dishes and leave them upside down. Look at the
dishes every 12‐24 hours to check for bacteria growth. Bacteria will look like cloudy off‐white circles. Do not
open the Ziploc bag or petri dish until you see some growth.

Day 2:
Part 5: Purification and Filtration of Zeolite and Activated Carbon samples
1. Using the “C” syringe, draw up most of the solution from the experiment vial with CuSO4 + activated carbon
without disturbing the solid settled at the bottom , attach a new filter and filter the liquid into vial # 7.
Tip: Make sure the solids have settled and withdraw the liquid from the top, avoiding the solids. This will help
prevent filter clogs.
2. Clean the syringe and tubing. (See Step 2)
3. Filter the Yellow #6 + carbon experiment into vial #8.
4. Now test the effect of adding zeolites to the solutions.
5. Using the “Z” syringe, draw up most of the solution from the experiment vial with CuSO4 + zeolite, attach a
new filter and filter the liquid into vial # 9.
6. Clean the syringe and tubing. (Step 2)
7. Filter the Yellow #6 + zeolite experiment into vial #10.
Part 6: Cleanup
1. Pour all copper sulfate solutions into the “CuSO4 waste” bottle. (Teacher: Dilute in the ration of 1 mL of CuSO4
solution to 4L of fresh water and dispose down the drain.)
2. Pour all bacteria solutions in the “Bacteria Waste” container. (Teacher: Treat with bleach and put down the
drain.)
Do NOT put any unfiltered blue or bacteria solutions down the drain!
3. Yellow #6 solutions can go down the drain, so pour the contents of the rest of the vials in the waste cup.
4. Rinse all the vials with water, pour waste into the waste cup.
5. Flush contents of waste cup down the drain with plenty of water running.
6. Used zeolite, activated carbon and filters can be disposed of in the trash.
7. Return syringes, vials, and unused bacteria powder.
Pre‐Lab Questions
1. The flow chart for purifying copper sulfate contaminated water has been filled in for you. Fill in the
purification flow charts for yellow #6 and bacteria contaminated water.

21

2. You are going to use a membrane filter to remove bacteria from water. Why can’t you do the same for
yellow #6 and copper sulfate?

3. Why do we need to shake the copper sulfate/yellow #6 solution with activated carbon/zeolite and wait
overnight?

4. What ions does copper sulfate form in water? Write a chemical equation for dissociation of copper sulfate.

5. Copper sulfate and yellow #6 dissolves in water to give blue and yellow solutions respectively. How will you
know whether you have successfully removed them from water?

6. You are going to use activated carbon to remove yellow #6. You are also going to try removing copper
sulfate with activated carbon. Do you expect copper sulfate to be removed by activated carbon? Why or
why not? (Hint: activated carbon surface is hydrophobic.)
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Flow & Result Chart

Copper Sulfate (CuSO4)
Solution

CuSO4
Vial #1

+Activated
Carbon

Key: Vial

Vial #4

Filtration

Petri Dish

Note observations and results and
place result vials in the shaded
circles next to their respective vials.

Vial #7

Filtration

Vial #9

Yellow #6 Solution
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Bacteria Solution

Discussion

Vial #

What you expect is in the vial

Results : What you observe is in the vial and why

1

2

24

3

4

5

6

7

8

9

10
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Post‐Lab Questions
1. Were you successful in purifying water contaminated with copper sulfate, yellow #6 and bacteria? Why or
why not?

2. Why doesn’t the zeolite remove the yellow #6 color?

3.

Why does the activated carbon absorb the yellow color? Explain what is happening on a molecular level.

4. Assume you have 0.1 g of activated carbon, calculate the surface area in m2 if the surface area is 1000 m2/g.

5. Why doesn’t the activated carbon absorb the copper ions released by the copper sulfate?

6. Which parts of the yellow #6 dye molecule are hydrophilic and which are hydrophobic?

7. Suggest how you might be able to improve the purification process.

8. Propose how you might purify water contaminated with the following: methyl orange and bacteria.
Describe the process.

Methyl orange
26

Vocabulary
Define each of the terms below in your own words:
If you are unsure, do some research to find out!
Microscale

Nanoscale

Hydrophilic

Hydrophobic

Pi Stacking

Zeolite

Activated Carbon

Membrane Filter

Filtrate

Purification

Cation

Anion
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Answer Key
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Answer Key
Pre‐Lab Questions
1. The flow chart for purifying copper sulfate contaminated water has been filled in for you. Fill in the
purification flow charts for yellow #6 and bacteria contaminated water.
2. You are going to use a membrane filter to remove bacteria from water. Why can’t you do the same for
yellow #6 and copper sulfate?
Because bacteria are larger than the membrane pores (we will be using 0.45 m), but the yellow #6 molecule
and copper and sulfate ions are too small to be retained and go through the filter.

3. Why do we need to shake the copper sulfate/yellow #6 solution with activated carbon/zeolite and wait
overnight?
So that the ions/molecule have chance to interact with activated carbon/zeolite and because adsorption/ion
exchange takes some time to complete.
4. What ions does copper sulfate form in water? Write a chemical equation for dissociation of copper sulfate.
Cu2+ and SO42‐ ions.

→

5. Copper sulfate and yellow #6 dissolves in water to give blue and yellow solutions respectively. How will you
know whether you have successfully removed them from water?
After successful removal of copper sulfate/yellow #6, the solution should be colorless.

6. You are going to use activated carbon to remove yellow #6. You are also going to try removing copper
sulfate with activated carbon. Do you expect copper sulfate to be removed by activated carbon? Why or
why not? (Hint: activated carbon surface is hydrophobic.)
No, because copper sulfate dissociates into ions in solution, and ions are hydrophilic and will not bind to
hydrophobic activated carbon surface.
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Flow & Result Chart

Copper Sulfate (CuSO4)
Solution

CuSO4
Vial #1

+Activated
Carbon

Vial #4

Filtration

Blue
colored
solution

Yellow #6 Solution

Vial #5

Vial #7

Blue
colored
solution

Vial #9

Colorless
solution

Yellow
colored
solution, but
reduced

Yellow #6

Yellow
colored
solution

+Activated
Carbon

Filtration

Vial #8

Colorless
solution

Vial #10

Yellow
colored
solution

Filtration
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Petri Dish

Note observations and results and
place result vials in the shaded
circles next to their respective vials.

Filtration

Blue
colored
solution

Vial #2

Key: Vial

Bacteria Solution

Bacteria

Vial #3

Murky
solution
with white
precipitates

Filtration

Vial #6

Colorless
solution

Discussion

Vial #

What you expect is in the vial

Copper sulfate in water

This one is the control and has copper sulfate which can seen by
the blue color.

Yellow #6 in water

This one is the control and has yellow #6 which can be seen by
the yellow color.

1

2

Results : What you observe is in the vial and why
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Bacteria in water

This one is the control and has bacteria in water. This was
confirmed by the growth in the petri dish.

Copper sulfate in water

There is copper sulfate in solution because the color of the
solution is still blue after filtration. This is because the pores of
the filter are too big and copper and sulfate ions are able to
pass through.

3

4

Yellow #6 in water

5

Water

6

Copper sulfate in water

7

There should only be water because bacteria are larger than
the pores of the filter and should have been retained. This is
confirmed by the lack of bacteria growth in the petri dish.
There is copper sulfate in solution because the color of the
solution is still blue after activated carbon treatment and
filtration. This is because copper sulfate does not adsorb onto
activated carbon.

Water

There should only be water because yellow #6 is absorbed by
activated carbon via pi‐stacking, and any activated carbon in
solution should have been removed by filtration.

Water

There should only be water because copper and sulfate ions are
absorbed by zeolite (Cu2+ by ion exchange), and any zeolite
should have been removed by filtration.

Yellow #6 in Water

There is yellow #6 in solution because the color of the solution is
still yellow after zeolite treatment and filtration. This is
because yellow #6 does not adsorb onto zeolite, and yellow #6
can go through the filter (though filter absorbs some as we can
see by the reduction in color).

8

9

10

There is yellow #6 in solution because the color of the solution is
still yellow after filtration. This is because the pores of the filter
are too big and yellow #6 molecules are able to pass through.
We can see that some of it was absorbed by the filter because
the color of the filtrate is less intense and the filter is stained.
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Post‐Lab Questions
1. Were you successful in purifying water contaminated with copper sulfate, yellow #6 and bacteria? Why or
why not?
Yes. For copper sulfate and yellow #6, we can see that they were removed from water because the solution
no longer has color after treatment (we are assuming sulfate was also removed by zeolite, but we cannot
confirm because it has no color). As for the bacteria, we can see that they were removed from water
because the unfiltered solution grew bacteria cultures while the filtered solution did not, showing that there
were no bacteria in the filtered solution.
2. Why doesn’t the zeolite remove the yellow #6 color?
Because zeolite removes small ions by ion exchange and yellow #6 is an organic compound (though it has
charged functional groups, the compound is too large and organic component is too dominant).
3.

Why does the activated carbon absorb the yellow color? Explain what is happening on a molecular level.
Because yellow #6 is an organic dye with aromatic rings, and these rings can bind to surfaces of activated
carbon via pi‐stacking.

4. Assume you have 0.1 g of activated carbon, calculate the surface area in m2 if the surface area is 1000 m2/g.

0.1

∙

1000

100

5. Why doesn’t the activated carbon absorb the copper ions released by the copper sulfate?
Because activated carbon is very hydrophobic whereas the copper ions are hydrophilic.
6. Which parts of the yellow #6 dye molecule are hydrophilic and which are hydrophobic?
The aromatic rings are hydrophobic and the sulfonic acid (‐SO3‐) group is hydrophilic.
7. Suggest how you might be able to improve the purification process.
Answers will vary depending on individual results, but may include: increase amount of activated
carbon/zeolite, more agitation, repeated purification/filtration process, etc.
8. Propose how you might purify water contaminated with the following: methyl orange and bacteria.
Describe the process.
Add activated carbon and let methyl orange be absorbed by activated carbon. Filter the solution which
should remove both activated carbon + methyl orange complex and bacteria. Alternatively, filter first to
remove bacteria, treat with activated carbon and filter again.

Methyl orange
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Vocabulary – ANSWER KEY

Define each of the terms below in your own words:
If you are unsure, do some research to find out!
Microscale - Relating to or occurring on a 1‐100 m scale (such as bacteria and virus)

Nanoscale - Relating to or occurring on a 1‐100 nm scale

Hydrophilic - Water loving

Hydrophobic- Water hating

Pi Stacking - Attractive, noncovalent interactions between aromatic rings
Zeolite - Any one of a family of hydrous aluminum silicate minerals, whose molecules enclose cations of sodium,
potassium, calcium, strontium, or barium, or a corresponding synthetic compound, used chiefly as molecular filters and
ion‐exchange agents.
Activated Carbon - Form of carbon that has been processed with oxygen to create millions of tiny pores between
the carbon atoms. Because of the pores, it has a very high internal surface area. They remove contaminants via van der
waals interactions which are weak intermolecular forces between molecules.

Membrane Filter - Filters that have pores of a certain size that allow only smaller particles to pass through.

Filtrate- Part of a liquid sample that passed through a filter.

Purification- Process of removing undesirable chemicals, biological contaminants, suspended solids and gases from a
substance such as water

Cation - Positively charged ion

Anion- Negatively charged ion
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Summary
In this activity your students will have purified water contaminated with an organic dye, inorganic compound
and bacteria using activated carbon, zeolite and filtration. They will have learned the chemistry that takes
place at the nanoscale in the purification process.

Disclaimer
The information contained herein is considered to be true and accurate; however the Northeast Advanced
Technological Education Center (NEATEC) makes no guarantees concerning the authenticity of any
statement. NEATEC accepts no liability for the content of this unit, or for the consequences of any actions
taken on the basis of the information provided.

Activity Evaluation
The Northeast Advanced Technological Education Center (NEATEC) would like your feedback on this
activity. Your feedback allows NEATEC to maintain the quality and relevance of this activity.
To provided feedback, please email E.Crimmel@hvcc.edu
Your feedback is greatly appreciated.
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