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Science in Motion

Juniata College

Gold Nanoparticles and Atomic Force Microscopy
Teacher Notes
Time for Completion:
This lab is time consuming, but different sections can be done on different days.  Parts I and II can be completed in 45 minutes.  Part III can easily be completed in less than 30 minutes.  The atomic force microscope is slow; therefore Part IV is the most time consuming.  On average, a sample takes 15 minutes to scan.  The class may be split into groups to work on Parts III and IV simultaneously.
Target Grade Level:

This lab is designed for an advanced chemistry class, but may also be done with first year students.  Prior experience with spectroscopy is recommended.

Objectives:

1.
The students will demonstrate the appropriate use of the scanning spectrophotometer and the AFM.
2.
The students will determine a relationship between the standard deviation of particle size and the PWHM.

3.
The students will obeserve differences in physical properties at the nanoscale.

4.
The students will convert between micrometers and nanometers.
Major Concepts:

· Differences in physical properties when particles are nano-sized

· Scale

· Visible spectroscopy

· Atomic force microscopy

· Relationship between standard deviation of particle size and the PWHM
Preparation of Solutions:
Hydrogen tetrachloroaurate may be ordered from Sigma-Aldrich.  The order number is 25416-9.  500 mg costs approximately $60.00.

To prepare 0.6 mM hydrogen tetrachloroaurate, dilute 0.2039 g hydrogen tetrachloroaurate to 1L with water.

To prepare 0.04 M sodium citrate, dilute 10.32 g trisodium citrate to 1L with water.

Sample Data:

Part III: Spectrophotometric Analysis of the Colloidal Gold

	
	Wavelength (nm)
	Absorbance

	λmax
	522
	0.649

	λ1/2max
	570
	0.325


Sample Data:

Part IV: AFM Analysis

	Particle
	Peak Height (nm)
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Sample Calculations:

1.
To determine the Peak Width and Half Max (PWHM), first subtract the λmax 
 
from the λ1/2max.  The difference is half the peak width.  Multiply by 2 to get the PWHM.



 λ1/2max - λmax 




570nm-522nm=48nm




48nm*2=96nm




PWHM=96nm
2.
Determine the average and standard deviation for the data from Part IV.

Answers to Questions:

1.   How does the diameter of your gold nanoparticles relate to the atomic radius of gold (144 pm)?

The atomic radius of gold is 144 pm, the diameter of a gold nanoparticle is      ~30 nm (answers will likely vary from ~15 to possibly 50 nm). This is a difference of two orders of magnitude in distance and six orders of magnitude for volume, approximately.  The nanoparticle is approximately 100 gold atoms thick.
2.   What is the average peak height that you obtained, and how does it compare to the known diameter of gold nanoparticles made with this procedure?


The average peak height should be between 3 and 20 nm.  If the peak height is much larger, then the student most likely measured multiple nanoparticles that were stuck together.
3.  Are the peak heights you obtained similar?  What does the standard deviation tell you about this?

The peak heights should be similar to each other.  A small standard deviation means that the peak heights were similar.
4.   Compare your data with that of your classmates.  How does the standard deviation relate to the PWHM? 


Answers will vary according to data.  Smaller PWHM values should correlate with smaller standard deviations.
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