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Student Worksheet 

Quantum Dots:  Real-World Particles in a Box

Purpose

The purpose of this activity is to show that some nanosize particles have properties that vary with the size of the particles.  The property studied in this activity is the absorption and reflection of light which is based on energy levels that are determined by size and bonding and arrangements of the materials. 

Background Information

Quantum dots are small crystals 10-50 times the diameter of an atom or from 10-100 nm in size. They are small semiconductor particles that can contain free pairs of one electron and one “hole” (the absence of an electron).  These electron and hole pairs act like small particles which can move freely inside the semiconductor, but cannot get out.  Quantum dots are nanoscale semiconductors whose conducting characteristics are closely related to the size and shape of the individual crystal. Generally, the smaller the size of the crystal, the larger the band gap. The band gap is an energy range in a solid where no electron state exists.  It is the amount of energy required to free an outer shell electron from its orbit about the nucleus to become a charge carrier. 
A variety of applications have been demonstrated for quantum dots and other nanocrystals, including tunable light emitting diodes (LEDs), photovoltaics, single-electron transistors, and fluorescent tags for biological imaging applications.

A Light Emitting Diode (LED) is a diode which only allows current (electricity) to flow in one direction and not the other.  As electricity is flowing through, they also produce light.  In the simplest terms, an LED is made with two different kinds of semiconductor material: one type that has too many free electrons roaming around inside, and another that doesn’t have enough.  When an electron from one material gets pushed across a thin barrier and gets into tiny spaces in the other, a photon or particle of light is produced.  The color of light depends on a number of factors.   A small bandgap that fairly weak electrons can cross gives you infrared or red light, while a large bandgap that needs really strong electron gives you light that has a blue or violet color.

The visible spectrum is the portion of the electromagnetic spectrum that is visible to the human eye.  A typical human eye will respond to wavelengths from about 380 nm to 750 nm.  Colors that can be produced by visible light of a single wavelength are referred to as the pure spectral colors.  Although the spectrum is continuous, with no clear boundaries between one color and the next, the ranges shown in chart  may be used as an approximation. 

Chart 1

	The colors of the visible light spectrum

	wavelength interval
	frequency interval

	~ 700–635 nm
	~ 430–480 THz

	~ 635–590 nm
	~ 480–510 THz

	~ 590–560 nm
	~ 510–540 THz

	~ 560–490 nm
	~ 540–610 THz

	~ 490–450 nm
	~ 610–670 THz

	~ 450–400 nm
	~ 670–750 THz


Procedure
Part 1

Question:  Will a blue LED cause quantum dots to fluoresce?

Write your predicted answer to the above question.______________________________ 

1.  Take out the set of LEDs.  Turn LED power on and determine the light that is emitted.  

     List the color on chart 1 that follows.  Continue with each of the LEDs.

2.  Referring to chart  in the Background Section, what would the wavelength of 

      these colors be?   Place this information in data table 1.

DATA TABLE 1
	LED color
	Approximate wavelength of light emitted

	
	

	
	

	
	

	
	

	
	

	
	

	
	


3.  Which LED color would have the least energy?  How would you know?

____​​​​_____________________________________________________________________
4.  Which LED color would have the most energy? How would you know?

_________________________________________________________________________ 

5.  Look at the vials of Cenco quantum dots.  These are Indium phosphide quantum dots in solution.  The only difference between the vials is that the dots are different nanoscale sizes.

6. Do they all appear to be the same color?  If not, list the colors that they appear.

_________________________________________________________________________

7.  Turn the power on for the blue LED and place under each vial.  Write your observations:

_________________________________________________________________________  

8.  What causes the containers to fluoresce? ______________________________________   

     Do they all behave the same way? ​​​​​​​​​​​​___________________________________________

9.  List which color(s) of quantum dots fluoresce.__________________________________

Part 2

Question:  Will other colors of LEDs cause the vials to fluoresce?

Write your predicted answer to the above question._________________________________

________________________________________________________________________

1.  Take each of the LEDs  listed on the chart below and illuminate the bottom of each of the vials.  Put an X in the column of each quantum dot that fluoresces.

DATA TABLE 2

	LED Color
	Green Quantum Dot
	Yellow Quantum Dot
	Orange Quantum Dot
	Red Quantum Dot

	Yellow
	
	
	
	

	Orange
	
	
	
	

	Blue
	    
	   
	   
	   

	White
	    
	   
	   
	   

	Green
	    
	   
	   
	   


2.  Did all colors of LEDs caused the vials to glow?  ______________________________

3.  What do you think causes the difference?_____________________________________
Part 3

What will happen if you use a red or a violet LED to illuminate the vials?

Write your predicted answer to the above question.________________________________
1.  Test your idea and write your conclusions below:

_________________________________________________________________________

Analysis
1.  Based on what you read in the background section, what is the relationship between the color of light and the energy of the radiation?

__________________________________________________________________________

2.  Based on what you read in the background section, what is the relationship between the color of radiated light and the size of the band gap?

___________________________________________________________________________
3.  Based on what you read in the background section, what is the relationship between the size of the quantum dot and the color of radiated light? ___________________________________

Conclusion

1.  Do your results in data charts 1 and 2 support your answers in questions 1-2 above?  Why or why not?_____________________________________________________________________

____________________________________________________________________________

2. Based on the data that was collected and your answers to the questions above make a guess as to the size of the particles in the vials List the vial colors from the largest particles to the smallest particles.______________________________________________________________________
Materials


Set of Cenco Quantum Dots


Set of Photon Micro Lights (Yellow, Orange, Blue, White, Green, Red, Violet)
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