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Purpose of the lab
• The purpose of this lab kit is to enable students 

to understand atoms and nanosized matter 
through theory, demonstration, and experiments. 
The manual introduces the students to atomic 
models before discussing quantum dots and the 
unique ways in which light interacts with them.

• The main takeaways are:
• The Rutherford atomic model has a dense nucleus of 

protons and neutrons, and electrons surround the 
nucleus.

• Carbon quantum dots have fluorescence, which means 
they emit light by absorbing light and the emission is 
short-lived.
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Summary of experiments
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Part I:

Model atom 

with dense 

nucleus and 

surrounding 

electrons

Part II:

Showcase 

fluorescence 

in carbon 

quantum dots

There are 2 experiments/activities in total.

Design 

Challenge:

Design an 

application for 

quantum dots
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Supplies list
• Sugar

• Water

• Source of heat 
(microwave oven, hot 
plate, stove top, flame) 

• Pyrex conical flask

• Clear jar

• Test tubes (or small 
clear sample holders)

• Parafilm (or plastic 
wrap)

• Light sources (UV 
flashlight, green laser, 
red laser)
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• Cotton swabs
• Paper
• Lemon juice
• Spherical-like candies of 

three colors (or 
compressed foil balls of 
three colors)

• Toothpicks
• Dark string (or pipe 

cleaners)
• Marker
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Safety considerations

Before the students begin the laboratory, please take 

into consideration the following safety concerns:

• Students should never look directly at a UV flashlight or laser 
point, as this can permanently damage their eyes due to the 
laser intensity and emission as a tight beam.

• Students should be careful handling hot glassware and should 
use potholders or protective gloves to move hot glassware.

• Students should not eat or taste items during experiments.
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Setting up your space
• Gather your supplies and separate by experiment(s) on your table.

• These are our recommendations:
• Each student should have a pencil or pen.
Groups of 2-4 students can be given the following supplies:

• Spherical-like candies of three colors (at least 8 per group) (or 
compressed foil/paper balls of three colors)

• Several toothpicks
• Length of dark string (approx. ~0.5 m) (or ~4-5 pipe cleaners)
• Paper (at least 2 pieces)
• 3 test tubes (or clear containers)
• 3 small pieces of parafilm (or plastic wrap)
• 3 cotton swabs
• Pen/pencil

The class can share the following supplies:
• Light sources (UV flashlight, lasers)
• Heating source (microwave, hot plate)
• Pre-made sugar solution (needs: Pyrex flask, 1 g of sugar, water)
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Part I. Candy Atomic Models

• Set-up:
• Each group of 2-4 students gets spherical-like candies of three 

colors (at least 8 each), toothpicks, dark string, and paper.

• Procedure:
• Students should join together candies of two colors in a dense 

ball and use two lengths of string to make concentric circles 
around the nucleus. Students should then place candies of the 
third color on the inner and outer circles of string.

• Results:
• Students will see that they have created a Rutherford model of 

the atom. If the students use 8 of each candy, they will have 
modelled the oxygen atom.

The takeaway is that the Rutherford atomic model has a 
dense nucleus of protons and neutrons, and electrons 

surround the nucleus.
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Part I. Candy Atomic Models

Example of candy atom model
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Part II. Carbon Quantum Dots in 
the Kitchen

• Set-up:
• Each group (2-4 students) will need prepared solutions, 3 test tubes (or clear 

sample holders), parafilm, cotton swabs, and paper.

• How to prepare the carbon quantum dot (Cdot) sugar solution: place 1 g of 
sugar into conical Pyrex flask; add 10 g of water and stir until sugar is 
dissolved; place flask in heat source for 10 min (should have sap like 
consistency); add 50 g of water to flask and swirl

• How to prepare the sugar water solution: add 1 g of sugar to 10 g of water 
and stir

• Procedure:
• Students should shine light sources on solutions to see if any fluoresce. 

Students should also try saturating cotton swabs in solutions and 
writing/drawing on paper. Once the writing/drawing has dried, students 
should shine light sources on the marking to see if any fluoresce.

• Results
• Students should see that light sources with enough energy (like a UV light or 

green laser) likely caused the Cdot solutions/markings to fluoresce. Lower 
energy light sources (like a red laser) likely did not have enough energy to 
cause fluorescence.

The takeaway is carbon quantum dots have fluorescence, which 
means they emit light by absorbing light and the emission is 

short-lived.
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Example of sugar+water 

solution that has been 

heated.
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Part II: Carbon Quantum Dots in 
the Kitchen (Expected Results)
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Sugar+water (no heat)
UV light

Sugar+water (after heating)
UV light
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Part II: Carbon Quantum Dots in 
the Kitchen
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• Resources for Part II:
• PhysicsQuest (2025): The Secret Glow of Nanobit 

from the Kitchen (American Physical Society 
PhysicsQuest)
• https://www.aps.org/learning-resources/secret-glow-

nanobits-kitchen

• United States Naval Academy Chemistry 
Department, Experiment #490: Synthesis and 
Properties of Quantum Dots. 2024.
• https://intranet.usna.edu/ChemDept/_files/documents/i

ntegrated-
labs/SC364/2024_Documents/S24_SC364_EXP_490_Qu
antum_Dots_FV9.pdf



ws2global.org

Design challenge
• Students are asked to design another application for 

quantum dots. Students have learned that quantum dots 
can fluoresce when they absorb high enough energy light 
and that the color of the fluorescence can depend on the 
size of the quantum dot. With these concepts in mind, 
students should consider how quantum dots could be 
useful in their lives.

• Questions to ask the students (encourage creativity)
• How does the fluorescence color depend on the size of the 

quantum dot? Are there any other things that could impact the 
color?

• How could you potentially change the synthesis conditions of 
quantum dots to change their fluorescence color?

• What role does the energy of the absorbed light play in 
fluorescence? 

• How could the properties of fluorescence be used in 
applications? Brainstorm many ideas and share and discuss with 
your classmates.
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Appendix
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