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Bio Derived Silver Nanoparticles 
Subject Area(s): Biology, Chemistry, Life Science, Measurements, Science and Technology 

Associated Unit: Chemical Reactions   

Associated Lesson: Reduction Reactions  

Activity Title: Bio Derived Silver Nanoparticles   

Header 

    
 
 
 

Grade Level   __ (__-__) 

Activity Dependency  

Time required ___ minutes 

 

Group Size: 30-35 students   

Expendable Cost per Group US $68.99 for .1M of AgNO3  stock  

Summary: Students will choose a plant to use as a reducing agent to reduce silver nitrate to silver 
nanoparticles. Student will make a suggestion to a local water plant to use silver nanoparticle made 
from plants to clean water and will refer to their lab results to justify their recommendation. 
 

Engineering Connection: Students identify a problem with cleaning water and how silver nanoparticles 
can be used to fix it. They test a plant of their choice and evaluate how well their plant works at 
making silver nanoparticles compared to others. Students may make improvments in their 
procedure or try it with different plants to retest. Students create “What Ifs…” to develop ways 
they would use silver nanopartcles. 

 

Engineering Category = 2 
Choose the category that best describes this activity’s amount/depth of engineering content:  
1. Relating science and/or math concept(s) to engineering  
2. Engineering analysis or partial design 
3. Engineering design process  

Keywords: Nanotechnology, silver nanoparticle, reducing agent, spectrophotometry 
 

 

Image 1 
Image file: PlantAgNP.png 

ADA Description: The picture shows three tubes. The left tube contains a green liquid and is labeled: Plant 
extract”. The middle tube contains a clear liquid and is labeled “0.1 M AgNO3”. The last tube contains a brown 

liquid and is labeled “Ag Nanoparticles. 
Source/Rights: © 2017 Innovate Academic Sciences 

Caption: Student results of plant extract mixed with silver nitrate. 
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Educational Standards (List 2-4) 
Source, year, standard number(s)/letter(s), grade band and text (its unique ID# is optional) 
State STEM Standards (required)-Arizona State Standards 

Physical Science  

P1: All matter in the Universe is made of very small particles. 

U2: The knowledge produced by science is used in engineering and technologies to solve problems 
and/or create products 

Chemistry Standards 

Plus HS+C.P1U1.1 Develop and use models to demonstrate how changes in the number of subatomic 
particles (protons, neutrons, electrons) affect the identity, stability, and properties of the element. 

Plus HS+C.P1U1.6 Construct an explanation, design a solution, or refine the design of a chemical system 
in equilibrium to maximize production. 

Arizona Bioscience Career and Technical Education Standards 

1.1: Identify and wear appropriate lab attire and personal protective equipment (e.g., safety glasses or 
goggles, lab coat, gloves, closed-toe shoes) 

3.4: Collect, record, and analyze data 

3.5: Support conclusions based on evidence 

3.6: Communicate results of scientific investigations in oral, written, and graphical form 

8.2: Identify and demonstrate proper use of laboratory glassware 

8.3: Identify and demonstrate proper use of laboratory balances 

8.5: Identify and demonstrate proper use of spectrophotometers to create a standard curve relating 
absorbance and concentration 

 

ITEEA Standards (required) 

Humans can devise technologies to conserve water, soil, and energy through such techniques as reusing, 
reducing, and recycling. 

When new technologies are developed to reduce the use of resources, considerations of tradeoffs are 
important. 

The alignment of technological processes with natural processes maximizes performance and reduces 
negative impacts on the environment. 

NGSS Standards (strongly recommended) 

HS-PS1-2. Construct and revise an explanation for the outcome of a simple chemical reaction 
based on the outermost electron states of atoms, trends in the periodic table, and 
knowledge of the patterns of chemical properties. 

 

 

 

https://www.teachengineering.org/standards/browse
https://www.teachengineering.org/standards/iteea
https://www.teachengineering.org/standards/ngss
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CCSS Standards (strongly recommended) 

CCSS.ELA-LITERACY.RST.9-10.1 
Cite specific textual evidence to support analysis of science and technical texts, attending to the precise 
details of explanations or descriptions. 

Pre-Requisite Knowledge 
 
Students should know the basic structure of an atom. You may review that electrons are found in 
orbitals surrounding the nucleus. The students should know that an ion is an atom with an unequal 
amount of protons and electrons. When an atom has more protons than electrons, then the atom a 
positive charge. When an atom has more electrons than protons, then the atom has a negative charge. 
 
Learning Objectives 
After this activity, students should be able to: 
• Define reduction and how it is used to make silver nanoparticles. 
• Create a plant extract solution. 
• Use a spectrophotometer to measure the absorbance of silver nanoparticles. 
• Explain the results of their experiment and make recommendations for what plant(s) to use to make 

silver nanoparticles. 

Materials List 
Each group needs: 
• Whiteboard per pair of students 
• Dry erase Markers and erasers per pair of students 
• Different plants for students to test (See Before the Activity for suggestions) 
For each lab group of 4 maximum: 
• 15 mL conical tube 
• Micro centrifuge tube 
• Centrifuge 
• Mortal and pestle  
• 250 mL beaker with 200 mL of water 
• 400 mL beaker 
• Funnel 
• 2 Filter papers 
• Hot plate 
• Cuvette 
To be used by the whole class: 
• Spectrophotometer 
• 200 mL .1 M AgNo3 

 

To share with the entire class: 
• Bio Derived Silver Nanoparticles PowerPoint  
• Student Worksheet 
 

 

https://www.teachengineering.org/standards/commoncoremath
http://www.corestandards.org/ELA-Literacy/RST/9-10/1/
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Introduction / Motivation 
 

We interact with silver every day in many different ways. It is a very versatile, but expensive metal. 
Scientists have found that silver nanoparticles can help us with many of our modern day problems from 
stinky shoes to cleaning our water. The problem with using silver nanoparticles is the high cost of silver 
and the toxic methods used to make them. Fortunately, plants contain the same chemicals as the toxic 
chemicals that are currently being used to make them. Your job will be to determine which plant will 
produce the most silver nanoparticles that may be used in a water treatment plant to clean water. 

Vocabulary / Definitions 
Word Definition 

Nanotechnology 
A branch of technology that deals with dimensions and tolerances of less than 
100 nanometers, especially the manipulation of individual atoms and 
molecules. 

Silver nanoparticles  Nanoparticles of silver of between 1 nm and 100 nm in size 

Reducing agent  A substance that tends to bring about reduction by being oxidized and losing 
electrons. 

Spectrophotometry  The quantitative measurement of the reflection or transmission properties of a 
material as a function of wavelength.  

Procedure 
Background 
 

Metallic nanoparticles are being used in engineering and medical fields due to their unique 
properties and size. Silver nanoparticles have been receiving special interest in the medical field 
for their antimicrobial properties and in the environmental field for their ability to remove 
disinfection byproducts from water and well as their ability to prevent biofouling on water filter 
membranes. Silver nanoparticles are produced two way: top to bottom and bottom to top. In the 
top to bottom method, nanoparticles are produced using evaporation-condensation in a tube 
furnace at atmospheric pressure. This process requires a lot of space for equipment, energy to 
heat the substances up, and time to occur. The bottom to top process produces nanoparticles 
chemically by using reducing agents. One of the most common reducing agents being used is 
sodium borohydride (NaBH4). This process is toxic and not environmentally friendly. As a 
solution, scientists are looking to plants. Plants have natural reducing agents in them that turn 
silver ions (Ag+) to silver nanoparticles (Ag0). Biomass and microorganisms are also being used 
as a green way to synthesize silver nanoparticles nanoparticles. 
 

Before the Activity 
• Prepare 200 mL of .1 M of AgNO3 solution by measuring out 3.4 grams of AgNO3, add it to a brown 

250 mL brown bottle and add 200 mL of distilled water. Mix the solution and label the bottle. Note: 
Silver nitrate is light sensitive and should be stored in a brown bottle. Gloves and goggles should be 
worn when preparing the solution because silver nitrate can stain skin. 

• Collect a gallon size zip lock bag of different plants for students to use in the lab. 
o Some suggestions for plants to use: Ficus (leaves), Banana (peel), Aloe Vera, Orange 

(peel), Lemon grass (leaves), Tea extract, Lotus (leaves), Onion (leaves), and Grapes 
(fruit). 

https://en.wikipedia.org/wiki/Nanoparticles
https://en.wikipedia.org/wiki/Silver
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• Set materials on 8 lab tables for student groups of four (maximum).  
 
With the Students 
1. Introduce the lesson using the Bio Derived Silver Nanoparticles PowerPoint. Have students 

brainstorm the different uses of silver nanoparticles on their whiteboard with a shoulder partner. 
Students share what they came up with for the class. 

2. Ask students: “Have you ever thought of using silver to clean water?” 
3. Use the “Nanosilver and Biofouling” video on the PowerPoint to introduce how silver nanoparticles 

are being used to clean water.  
4. Have students do individual research to get some background information on nanotechnology, and 

silver nanoparticles. You may split this part up per pair of students and have them share what they 
learned with their partner. Students will put their findings from their research on the “Bio Derived 
Silver Nanoparticles Student Worksheet”  

5. Use the PowerPoint to help explain to students that the traditional way of producing silver 
nanoparticles requires using harsh chemicals that are bad for our environment. Explain that plants 
have chemicals in them that can reduce the silver to a nanoparticle form.  

6. Have students use the instructions on their student sheet to make their plant extract (See Figure 1 
for set up). While they are waiting for their plant to incubate, the students may come up with “What 
If…” for how they would use their silver nanoparticles. 

7. Students analyze their solution to see if they created silver nanoparticles (See Figure 2 for an 
example of silver nanoparticle formation). The solution should turn a light yellow to brown color if 
silver nanoparticles were formed. Students record their qualitative observations in the Student 
Sheet. 

8. Students may use the spectrophotometer to measure the approximate concentration of silver 
nanoparticles in their solution. If students formed a precipitate in their solution, have them use a 
coffee filter to filter out their solution before putting it in the spectrophotometer to get a better 
reading .You may set up the spectrophotometer to 420 nm or have the students do this if they know 
how to work the spectrophotometer. Make sure to clank the spectrophotometer with distilled water 
before reading samples. 

9. Students record their absorbance reading in their Student Sheet and fill in the class data on the 
whiteboard or on the Smart Board. If you do not use the spectrophotometer for absorbance 
reading, students may write whether they had a color change or not as their results. 

10. Have each group talk about their experience making the plant extract and silver nanoparticles. Have 
them share their results and any possible errors. 

11. Students make a decision of what plant or plants they would use to make silver nanoparticles to add 
to the water filters. Students write a letter to a water plant foreman with their recommendation for 
how to improve their filter using data from their experiment and information from their research to 
justify their recommendation. 

Image Insert Image # or Figure # here (use Figure # if referenced in text) 
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Figure 1 
Image file: AloeVeraPlantExtract.jpg 

ADA Description: A beaker with red colored water and plant parts 
is on a hot plate. 

Source/Rights: © Taylor Miller 
Caption: Figure 1. Aloe Vera plant boiling in water. The red color 

in the water represent the plant extract. 
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Attachments 
 

Safety Issues 
•  

 

Troubleshooting Tips 
 

A precipitate may form as a byproduct once the plant extract is added. The precipitate may be 
filtered out of the solution to ensure a more accurate reading from the spectrophotometer. 
Investigating Questions 
How can silver nanoparticles clean water? 
How can plants be used to make silver nanoparticles? 
 

Assessment 

Pre-Activity Assessment  
Descriptive Title: What are the uses of silver? 
Ask the students to write down the different things they know that silver is used for. 

Activity Embedded Assessment 
Descriptive Title: Handout 
Have students work through the Student Sheet. 

1. Explain where all materials are located in the lab area and begin with identifying the materials 
needed for the experiment, safety materials, safety hazards and proper procedures for the lab 
protocol. 

2. Explain the purpose of the experiment and have students choose which plant or plants they 
want to test. 

• Which plant will produce the most silver nanoparticles? 
3. Students will write down qualitative and quantitative data on the student handout.  
4. Have students share their results with the class and fill out the post-lab questions on the student 

sheet. It is important to reiterate that failures are ok and that there is always something that can 
be learned from a failure. 

5. Have students create “What Ifs…” for what they could use their silver nanoparticle for. 
 

Post-Activity Assessment 
Descriptive Title: Letter to Water Plant 
Students will write a letter to a water plant foreman recommending the use of silver nanoparticles (See 
Student Handout). The students describe how plants are the better alternative for making silver 
nanoparticles. Students describe the process of making silver nanoparticles from plants and make a 
suggestion for the best plant(s) to use. 

Activity Extensions 

Figure 2 
Image file: FicusPlantSilverNanoparticles.jpg 

ADA Description: A plastic tube with brown liquid in it. 
Source/Rights: © Taylor Miller 

Caption: Figure 2. Ficus plant extract missed with silver nitrate. 
The brownish color show the presence of silver nanoparticles. 
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Students can soak a small filter paper in their solution and add it to an agar plate with E. coli to test the 
antimicrobial properties of their silver nanoparticles. 

Activity Scaling 
• For lower grades, do not include the spectrophotometer portion of the activity. 
• For higher grades, have students make suggestions for how they could improve their silver 

nanoparticle production with plants. 

Additional Multimedia Support 
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Classroom Testing Information 
 
This lesson plan was taught to 70 11th and 12th grade students in a Biotechnology 1-2 classroom at 
Marcos de Niza High School in Tempe, AZ on 10/27/2018. The students were able to successfully make 
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silver nanoparticles from most plants that were tested. Some of the groups made silver, but not silver 
nanoparticles and it lead to a good discussion as to why this happened. It was important to discuss how 
failures are ok and that there can always be something that we learn from it. 



Bio Derived Silver Nanoparticles 

Student Worksheet 
Name: ______________________________ Class: _____________ 

●What is nanotechnology? 

●What classifies something as a silver nanoparticle? 

●How can silver nanoparticles be used to clean water? 
 

Individual Research Notes: 

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
What Ifs…. 

● ______________________________________________________________________________  
● ______________________________________________________________________________ 
● ______________________________________________________________________________ 

Making Silver Nanoparticles with Plant Extract 

Materials: 

● 400 mL beaker with  200 mL of distilled water 
● Plant of your choice 
● Empty 400 mL beaker 
● Razor blade 
● Mortar and pestle  
● Hot plate 
● Funnel and 2 coffee filters  
● 15 mL conical tube 
● .1 M Silver Nitrate 
● Gloves 

To make plant extract: 

1. Clean your plant leaves with distilled water to remove debris. 



2. Mash with the mortar and pestle or cut up your plant into small pieces. Your goal is to have 
about 10 grams of your plant. Mass of your plant:________ 

3. Bring your beaker of 200 mL of distilled water to a boil and add your plant. Boil your plant in the 
water for 10 minutes or until the color of the water changes. 

4. Place your funnel in an empty 400 mL beaker and put the filter paper inside the funnel. 
5. Wait for your beaker with plant extract to cool to touch. Once cool, pour the contents into your 

funnel with the filter. Be careful to not puncture the filter. 
To make silver nanoparticles: 

1. Obtain 10mL of silver nitrate in your 15 mL conical tube. 
2. Add your plant extract 1 mL at a time to the silver nitrate until you reach a total volume of 5 mL 

of plant extract. 
3. Incubate the silver nanoparticles overnight. 

Qualitative Observations: 

_____________________________________________________________________________________ 

_____________________________________________________________________________________
_____________________________________________________________________________________ 

Measuring the amount of silver nanoparticles with the Spectrophotometer: 

1. Set spectrophotometer to 420 nm. 
2. Blank the spectrophotometer with distilled water. 
3. Examine how your sample looks. Is there any color change? If there are large particles that 

formed in your sample filter out your sample in a beaker to remove them. 
4. Add your sample to the cuvette until it is full and place in spectrophotometer. Read sample. 

Absorbance at 420 nm: _____________ 

Student reflection: 

1. Why do you think the solution changed color when the silver nitrate was added? 
 

2. How did your silver nanoparticles compare to others? 
 
 

3. Would you recommend using your plant for creating silver nanoparticles to be added to the 
filters in the water columns? Why or why not? 

 
 

4. Is there anything you would change about this procedure or any errors you might have made? 
 

Write a letter to the foreman of your local water plant. 

Describe the problem with the current method with making silver nanoparticles and why doing it the 
green way with plants is better. Describe the process of how to get silver nanoparticles from plants. 
Include your suggestion for what plant should be used and justify you recommendation using data. 



Bio Derived Silver 
Nanoparticles

Cleaning water the green way!



The many uses of silver
● On your whiteboard, write all the different ways we use and interact 

with silver in our lives.



Silver Nanoparticles and Biofueling 

http://www.youtube.com/watch?v=f230xdSnek0


Individual Research
● Use the internet to conduct scientific research to find out more about 

the following topics:
● What is nanotechnology?
● What classifies something as a silver nanoparticle?
● How can silver nanoparticles be used to clean water?



Problem: Current procedure is expensive and can be toxic

Method for 
Synthesis of 

Nanoparticles

Top to bottom

Bottom to top

Mechanical/Ball milling
Chemical etching
Thermal/Laser ablation
Sputter

Chemical/Electrochemical
Precipitation
Vapour Deposition
Atomic/Molecular 
Condensation
Sel-Gel Process
Spray Pyrolysis
Laser Pyrolysis
Aerosol Pyrolysis

Green Synthesis
-Bacteria
-Plant Extract
-Fungus

Toxic

Non 
toxic



Using plants and being green!



Making silver NPs
● Plants act as a reducing agent to add electrons to the 

silver and change silver ions (Ag+) to nanosilver  Ag0

+ =
Silver 
Nanoparticles!



Procedure for making Ag NPs using 
plants

Take a plant’s part

Wash it with distilled 
water Blend with bender or 

cut up

Boil plant in DI water 
and filter It

Add AgNO3
Color of solution 

changes to 
yellow/brown

Seperate silver 
nanoparticles



The end product!



What Ifs...
Write What Ifs for what you would use your silver nanoparticles for. Use 
your background research to help you come up with ideas.



Using a spectrophotometer to measure 
concentration of Ag NPs

● Wavelengths of light that pass 
through the sample are 
transmitted.

● Wavelengths that are absorbed 
by the sample can be used to 
measure its concentration.

● Absorbance unit= AU



Class results
Group Names Plant Name Absorbance of silver 

nanoparticles (AU)



Letter to Water Plant
● Write a letter to the foreman of your local water plant.
● Describe the problem with the current method with making silver 

nanoparticles and why doing it the green way with plants is better.
● Describe the process of how to get silver nanoparticles from plants.
● Include your suggestion for what plant should be used and justify you 

recommendation using data.
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