
2 Center for Nanoscale Science    www.mrsec.psu.edu  

Copyright: The Pennsylvania State University 2015 

Permission granted for printing and copying for local classroom use without modification 

Developed by Maria Kuba, H. Yan Cheng, and John Badding 

Formatting and style adapted from The National Infrastructure Network: Georgia Institute of Technology 

Development and distribution partially funded by the National Science Foundation 

 
 

 

Penn State RET in Interdisciplinary Materials 

Teacher’s Preparatory Guide 
 
 

Synthesis of Nanoparticles using Coffee 
 
Purpose This lab is designed to help students understand the different properties of 

nanoparticles and how they can be synthesized using a colloidal solution. This lab also 

highlights the benefits of using green chemistry techniques when possible to create a safer work 

environment. 

 
Objectives Students will create Silver nanoparticles using instant coffee and AgNO3. 

Students will verify the particles using a UV-Vis Spectrophotometer and identify 

applications for their particles. 

 

Time required [1 (42min) class period to prepare the samples, 1 (42min) class period to 

characterize using a UV-Vis Spectrophotometer (there will be extra time for discussion 

and lab analysis questions)] 

 
Level: High school 

 
Pennsylvania Academic Standards (Chemistry) 

Standard 3.2.C.A4 

 Predict how combinations of substances can result in physical and/or chemical changes. 

Standard 3.2.C.A6 

 Know that both direct and indirect observations are used by scientists to study the natural 

world and universe. 

 Evaluate Experimental information for relevance and adherence to science processes. 

 Judge that conclusions are consistent and logical with experimental conditions. 

 Interpret results of experimental research to predict new information, propose additional 

investigable questions, or advance a solution. 
 
Teacher Background This lab is used as the final lesson in a nanotechnology unit.  First, 

introduce the concept of the size of a nanometer and properties of nanoparticles compared to 

macro particles. Check the resources section for specific unit ideas. 
 

Materials 

• 0.1M AgNO3 (1.6988g AgNO3 into 100mL deionized water) 

• 0.8g of instant coffee powder dissolved into 100mL deionized water 

• Safety Goggles 

• Gloves (for preparing AgNO3 solution and for each student that handles AgNO3) 

• Balance 

• 100mL graduated cylinder 

• 10mL graduated cylinder 

• Small glass vials for reaction so students can watch for evidence of particles 
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• UV-vis spectrophotometer 

• Cuvettes 

• Pipette to measure 0.1mL 
 
Advance Preparation: Purchase AgNO3 from Sigma Aldrich. Instant coffee powder can be 

purchased at a grocery store. Teacher should prepare the AgNO3 solution ahead of time and store in 

an amber bottle to prevent breakdown due to light. The coffee solution can be prepared by the 

students or teacher.  

 

Safety Information Gloves and Safety goggles must be worn at all times. Consult MSDS for  

exposure or spill information for AgNO3. 
 
 

Teaching Strategies This lab is best in pairs so students can work together to analyze results. 

Students should be familiar with the size of a nanometer and that nanoparticles have different 

properties than macro particles. Leave time after the lab to discuss the data and any visible cues 

that nanoparticles were created. Keep the remainder of a dilution solution for several days after 

UV-vis characterization. The solution should start out pale yellow and turn orange after a few 

days. This is a visible sign of particle agglomeration. 

 

Resources: 

This website has a great introduction unit to Nanotechnology that could precede this lab. If the 

link does not work, type “Nano in my life” into google. 

<https://nanohub.org/resources/17645/download/NEATEC-

Trinity_College_Module_1_What_is_nanoscience__Workbook.pdf> 

 

Directions for the activities  
 

 

Part 1: Making Nanoparticles 

SAFETY: Safety Glasses must be worn at ALL times. The student that handles the AgNO3  

must wear GLOVES. 
 

1. Wear gloves for this step!!! Using a graduated cylinder, add 2mL AgNO3 to the glass vial.  
 

2. Add 10mL coffee solution to the same vial and cap it. 
 

3. Invert the vial several times to ensure mixing. 
 

4. Note the initial color of the solution and describe it in the observations section. 
 

5. Let the vial sit for 20 min.  Check every 5 minutes for any changes in the solution. Record any  
 

changes in the Observations section. 
 

6. After 20 minutes, dilute your sample to prepare it for UV-Vis analysis. 
 

7. For the dilution, use a pipette to take 0.1mL of your nanoparticle solution and put it in another vial. 
 

http://www.mrsec.psu.edu/
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8. Add 5mL of deionized water to the same vial. Cap and invert to mix. 
 

9. To prepare your blank solution, take 0.1mL of the coffee solution and put it in a vial. Add 5mL deionized 

water to the same vial. Cap and invert to mix. 
 

10. Label each vial with your group number and what the vial contains: nanoparticles or blank. 
 

11.  Give the vials to your teacher for storage. Return all solutions to the teacher.  
 
 

Part 2: Characterization with UV-Vis Spectrophotometer 

1. *Each school’s access to spectrophotometer equipment is different; add the steps for using your equipment 

here. Remember to use the coffee standard before analyzing the nanoparticles. 

2. These nanoparticles should be analyzed in the 255-800nm range if possible. If using plastic cuvettes, the 

300-800nm range should be sufficient.  

3. Remember to use the blank first to account for the absorbance of the coffee solution. 

4. A broad peak at 460nm corresponds to the Ag nanoparticles. 

 

 
 

 

Cleanup: Excess coffee solution can be poured down the drain. Excess 0.1M AgNO3 can be stored 

for later use. Silver nanoparticle solution should be disposed of according to local laws in the proper storage 

container labeled for pickup. 

http://www.mrsec.psu.edu/
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Student Worksheet or Guide 
 
 

Synthesis of Nanoparticles using Coffee (with Answers in Red) 
 
 

Introduction 
 

Nanotechnology is everywhere from smart phones to advances in medicine. Nanoparticles 

are less than 100nm. Remember, the width of a human hair is 50,000nm! Nano silver is 

known for its antibacterial properties and has many uses in medicine to keep bacteria from 

growing on certain surfaces. It can also be used in electronic devices due to its high 

conductivity. Typically, dangerous chemicals are needed to make nanoparticles, however, 

some plants are known to form nanoparticles when grown near chemicals. We will use a 

common plant, coffee to concentrate the nanoparticles. A UV-vis spectrophotometer is then 

used to confirm the presence of nanoparticles.   
 

Materials  

• 0.1M 

AgNO3 

• Coffee 
solution 

• Glass vial 
• 10mL 

graduated 
cylinder 

• Safety 

Glasses 

• Gloves 

• Pipette 

 

SAFETY: Safety Glasses must be worn at ALL times. The student that 

handles the AgNO3 must wear GLOVES. 
 

Part 1: Making Nanoparticles 
 

1. Wear gloves for this step!!! Using a graduated cylinder, add 2mL AgNO3 

to the glass vial.  
 

2. Add 10mL coffee solution to the same vial and cap it. 
 

3. Invert the vial several times to ensure mixing. 
 

4. Note the initial color of the solution and describe it in the observations 

section. 
 

5. Let the vial sit for 20 min.  Check every 5 minutes for any changes in the 

solution. Record any changes in the Observations section. 
 

6. After 20 minutes, dilute your sample. For the dilution, use a pipette to take 

0.1mL of your nanoparticle solution and put it in a new vial. Add 5mL of 

deionized water to the same vial. Cap and invert to mix. 
 

7. To prepare your blank solution, take 0.1mL of the coffee solution and put it 

in another vial. Add 5mL deionized water to the same vial. Cap and invert 

to mix. 
 

8. Label each vial with your group number and the contents of the vial: 

nanoparticles or blank 
 

9. Give the vials and any remaining solutions to your teacher for storage. 
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Observations:  

 

 

 

 

 

Part 2 UV-Vis Spectrophotometer Analysis 

Background: A UV-vis spectrophotometer works by aiming different wavelengths of light at a 

sample and measuring the amount of light absorbed by the sample. Visible light has wavelengths 

between 400-800nm with violet light being 400nm and red 800nm.  UV wavelengths of light are 

lower than 400nm. Chemicals absorb light of different wavelengths so we are able to determine 

if a chemical, in this case, silver was made after looking at the absorption spectrum. 

1. Instructions for school specific spectrophotometer here. 

 

Draw (or paste) your graph in the space below. Based on what you know about UV-Vis peaks, 

did you create nanoparticles? How do you know? 

 

 

 

 

 

 

 

The broad peak at 460 nm indicates that silver nanoparticles were created. 

Draw Conclusions 

1. Give 2 examples of properties of silver that change at the nano level. 

- Color: macro silver is white, shiny, and metallic whereas nano silver 

can be pale yellow to dark yellow or orange. 

- Surface Area: Nano silver has a higher surface area to volume ratio 

than macro silver. 

- Nano silver has optical properties 

 

2. What are the benefits of using nanoparticles in electronics? 

- If nanoparticles are used, electronics can be made smaller and more 

efficient. 

- Solar cells could be made smaller, flexible, and transparent allowing 

electricity to reach more places. 
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3. What are some of the challenges one encounters when working with 

nanoparticles? (Think of problems you may have encountered during this lab) 

Nanoparticles are very small and it can be difficult to determine if they were 

created. Some nanoparticles are hazardous to the environment so careful handling 

and disposal are essential to keeping a safe work environment. Chemicals used to 

make nanoparticles can be dangerous if they come in contact with humans 

(AgNO3) so personal protective equipment is necessary.  

4. Based on the properties of Silver nanoparticles, find a way to use them to solve a 

current problem. State the problem and explain HOW silver nanoparticles will 

solve the problem.  

Sample answers many include using silver in new electronics to make them 

smaller. Other answers may feature silver’s antimicrobial properties and using the 

particles to prevent infection. 

 

5. Silver nanoparticles are being added to many products for their antibacterial 

properties. Nanoparticles do not break down. What environmental implications 

could these particles have if they are released into the environment (fields, 

forests, wetlands, streams, ocean, etc.)? Use complete sentences to detail 

positive and/or negative effects. 
In the environment, silver nanoparticles could kill beneficial bacteria or algae. The 

particles could build up in animals and be harmful to their health.  If released into 

streams and rivers, nanoparticles could kill harmful bacteria making it safer to the 

humans that come into contact with or drink the water. 
 

 

Enhancing understanding  

 
Review UV-Vis graphs with the students, explain that a peak at 460nm indicates silver 

nanoparticles. Choose one sample dilution vial to leave on the lab table for a few days so 

students can see the color change. A change from light yellow to orange indicates particle 

agglomeration. Discuss the reason for the color change: the particles are interacting with light 

differently based on their sizes. 
 
 

Extension Activity: 

With your group, design an experiment to test the silver nanoparticles for their 

antimicrobial properties. Write the procedure in the space below. Be as specific 

as possible. When you are finished, have your teacher approve the experiment 

before continuing. 
 

Assessment and rubrics:  
Students will be graded on recording observations and on their answers to the above questions. 

I include a lab safety grade for each lab worth 2 extra points. If students wear the correct PPE 

and follow instructions, they receive full points. 
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