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Science in Motion

Juniata College

Silver Nanoparticles:  Synthesis, Spectroscopy, and Atomic Force Microscopy
PA State Standards:
3.7.12.A

Apply advanced tools, materials, and techniques to answer complex questions.

Demonstrate the safe use of complex tools and machines within their specifications.

3.4.10. A
Explain concepts about the structure and properties of matter.

3.1.10.D

Apply scale as a way of relating concepts and ideas to one another by some measure.

Convert one scale to another.

2.5.8.B
Verify and interpret results using precise mathematical language, notation and representations,  including numerical tables and equations, simple algebraic equations and formulas, charts, graphs, and diagrams.

1.2.11.A
Read and understand the central content of informational texts and documents in all academic areas.

Introduction:

Silver nanoparticles (AgNP), or colloidal silver, will be synthesized in the presence of starch according to the following redox reaction:

2AgNO3(aq) + C6H12O6(aq) + H2O(l) [image: image2.png]


 2Ag(s) + 2HNO3(aq) + C6H12O7(aq)
In this reaction, glucose (C6H12O6) reduces the silver cations from the silver nitrate.  As the silver metal forms, starch coats the outsides of the particles, preventing them from aggregating and forming larger particles.

Nano-sized materials often have different properties than the bulk materials; for example, silver nanoparticles appear yellow.  A visible spectrum of the AgNP solution will be determined.  The silver nanoparticle sizes will be determined with an atomic force microscope.
Guiding Question:

Please answer the following question before beginning the lab.

Sometimes the sizes of the particles synthesized are fairly uniform; other times, their sizes are more varied.  What effect might a large variance in particle size have on the width of the absorbance peak in the visible spectrum?
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Equipment / Materials:  

0.1 M AgNO3
0.1 M α-D-glucose
0.2% wt. soluble starch


2-20 µL pipetman
50-200 µL pipetman
1000 µL pipetman
10 mL pipetman
Droppers

Hot plate

UV-VIS spectrophotometer

Plastic cuvettes
Kimwipes

Deionized water

25 mL Erlenmeyer flask

Magnetic probes

15 mm AFM discs

Razor blades

Disc gripper

Double-sided tape

Single-sided tape

Heat block

AFM

Glass vials

10 mL beakers

Safety:

· Always wear safety glasses in the lab.
Procedure:

 Part I: Synthesis of AgNP Solution

1.
Using a 200 µL pipet, place 200 µL of 0.1 M AgNO3 into a 25 mL Erlenmeyer flask.  Discard the tip.  
2.
Using a 1000 µL pipet, place 500 µL of 0.1M glucose into the Erlenmeyer flask, making sure the glucose comes into contact with the AgNO3.  Discard the tip.

3.
Invert the starch solution several times.  Using a 10 mL automatic pipet, place 10 mL of the starch solution into the Erlenmeyer flask.  Discard the tip.

4.
Heat the solution on a hot plate on a high setting until it is boiling vigorously.  Do not stir the solution!
5.
Boil the solution for 10 minutes.  The solution should turn yellow.
6.
Remove the Erlenmeyer flask from the hot plate, and let it cool.

Part II: Preparing a Sample for Atomic Force Microscopy (AFM)
1.
Perform a 1/20 dilution of your sample.  First, using a 200 µL automatic pipet, place 190 µL of deionized water along the edge of a 10 mL beaker.   (Keep this pipet tip for Step 2.)  Next, using a 20 µL automatic pipet, place 10 µL of the AgNP solution into the water.  
2.
Mix the solution by using the 200 µL automatic pipet, still set to 190 µL, to withdraw and expel the solution several times.  It is not necessary to withdraw all of the solution; if air begins to be drawn in as well, the solution may get into the interior of the instrument and damage it.
3.
Obtain a 15 mm steel AFM disc with attached mica.

4.
Adhere the disc to a sturdy surface with the mica side up using double-sided tape. 

5.
The top layer of mica must be removed, or cleaved, to ensure a clean, smooth surface.  Cleave the disc by using single-sided tape and pressing the tape down evenly on the shiny surface.  Pull it off in a quick smooth motion.  There should be a visible sliver of mica on the tape.  
6.
Cleave once more with another piece of tape.  Once the mica has been cleaved, do not allow anything to come into contact with its surface!
7.
Carefully slide the mica disc off the tape while firmly gripping it with the disc grippers.  If the disc will not slide off of the tape, it may be necessary to use a razor blade to pry it from the tape (be careful not to cut your disc or yourself).  Transfer the disc with the magnetic probe.  

8.
Place the mica disc with the mica side up on the heating block set to 60 °C.  Be sure to diagram the location of your disc so you can find it later.

9.
Apply 20 µL of the diluted AgNP solution to the smoothest region on the mica.  Draw a simple picture of your sample disc indicating which portion was covered with solution. A black tick mark has been added to each disc for reference.  This will allow you to locate the nanoparticles more easily when you use the AFM.

10.
Allow the disc to remain on the heating block for at least an hour.  After an hour, if the disc appears dry, it may be returned to the disc carrier to keep dust from settling on it.  
Part III: Spectrophotometric Analysis of the AgNP Solution
1.
With the sample compartment empty, turn on the power switch on the back of the instrument.  Let the instrument initialize and run through the self-diagnostic.

2.  
Use the down arrow to select “VIS” from the menu, and then press the Enter button.
3.
Press the green button under “Run Test.”
4.
Half fill a cuvette with starch solution.  Wipe the sides with a Kimwipe.  Place the cuvette in the sample compartment with the arrow facing the front.  Close the lid.
5.
Press the green button under “Collect Baseline” and wait for the collection to be completed.  (The baseline will be stored in the instrument, but will not appear on the screen.  “Baseline Collected” will appear when the scan is complete.)
6.  
Remove the blank and rinse twice with small amounts of your AgNP solution.  Half fill the cuvette with AgNP solution and return it to the sample compartment; be sure to clean it and orient it correctly.  

7.
Press the green button under “Measure Sample” to begin the scan.  

8.  
When the scan is completed, press the button under “Edit Graph.”
9.
Press the green button under “Edit Scale”
10.
Press the green button under “Cursor”

11.
Use the arrows to find the highest absorbance reading.  Record the λmax and its absorbance in the data section.
12.
Divide the absorbance at the λmax by 2 and record in the data section as absorbance at ½ max.
13.
Press the green Print button at the bottom right corner of the keypad.  Carefully pull on the paper to advance it, then remove the printout from the printer.

14.
Using the up arrow, advance the cursor to the right side of the peak until it is as close to the value determined in Step 13.  Record the wavelength at this absorbance in the data section as wavelength at ½ max.
15.
Rinse the cuvette with deionized water.
Part IV: AFM Analysis of the Silver Nanoparticles
1.
The AFM and laptop should already be setup with easyScan DFM already opened.
2.
Transfer your mica disc onto the circular metal stage, lightly pressing it onto the double sided tape with the mica side up.

3.
Making sure that the microscope scanning tip is raised high enough to provide clearance, carefully slide the stage under the microscope tip.  
4.
Using the two front screws on the AFM as a coarse adjustment, turn them counterclockwise to lower the tip closer to the mica disc surface.  Carefully watch your progress on the video screen.  Stop safely before the shadow and tip are touching on the monitor.  The scanning head should be fairly level.
5.
Before proceeding, set up your scan parameters.  In the scan window, set the z-range to 0.288 µm, the scan range to 15 µm, and the time/line to 0.500 s.  In the feedback panel, set the setpoint to 50%, then click “Apply.”
6.
Click “Approach.”  Watch for the window to read “Approach Done!” and then watch the scan results begin to accumulate in the main viewing window.
7.
Using the Z-scan window, determine the scan angle by using the angle tool and adjust the angle in the x-slope box.  After the x-slope is corrected, set the rotation to 90.0° to determine the y-slope.  Determine this angle by using the angle tool and adjust the angle in the y-slope box.  Once the y-slope is correct, set the rotation back to 0.0°.

8.
The scan should start over automatically.  Click “Finish,” then wait for the AFM to stop scanning.
9.
Click “Photo.”

10.
Save the scan to a thumb drive.  Remove the drive and use the other laptop to measure your particles.
11.
In the easyData window, choose a particle (white spot).  If you do not see any particles, press optimize in the view panel.

12.
Slide the arrow in the right hand margin up and down the y-axis and watch the peaks in the z-line view window.  Choose one well-isolated peak in the z-window and carefully slide the arrow along the y-axis until that peak is at its maximum.

13.
Select the distance tool, found in the top tool bar, and measure the peak height by clicking once on the baseline and once at the top of the peak.  Read the distance in the tool info panel that will appear to the right.  Record your data in the data section.
14.
Repeat steps 10-12 for at least 5 particles.  
Data:  Part III: Spectrophotometric Analysis of the AgNP Solution
	
	Wavelength (nm)
	Absorbance

	max
	
	

	½ max
	
	


Data:  Part IV: AFM Analysis of the Silver Nanoparticles

Measure as many isolated particles as possible.  Extend the data table if necessary.
	Particle
	Peak Height (nm)

	1
	

	2
	

	3
	

	4
	

	5
	

	6
	

	7
	

	8
	

	9
	

	10
	

	11
	

	12
	

	13
	

	14
	

	15
	

	16
	

	17
	

	18
	

	19
	

	20
	


Calculations:

1.
To determine the Peak Width at 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.

2.
Determine the average and standard deviation for the data from Part IV.

3.  Determine the average number of atoms per nanoparticle using the following formula:
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N = number of atoms per nanoparticle

π = 3.14159…

ρ = density of face centered cubic (fcc) silver = 10.5 g/cm3
D = average diameter of nanoparticles (from calculation 2)
M = atomic mass of silver

NA = number of atoms per mole

Note:  This equation is taken from Liu, Atwater, Wang, and Huo (see References.)  It assumes that the nanoparticles have a spherical shape and a uniform fcc crystalline structure.
Be sure your units are consistent!
4.
Determine the molar concentration of the nanoparticle solution using the following formula:
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C = molar concentration of nanoparticle solution

NT = Total number of silver atoms added as AgNO3
N = number of atoms per nanoparticle (from calculation 3)
V = volume of the reaction solution in L

NA = number of nanoparticles per mole
Note:  This equation is also taken from Liu, Atwater, Wang, and Huo (see References.)  It assumes that the reduction of Ag1+ to Ag0 was complete.

Questions:

1.
What is the average peak height that you obtained, and how does it compare to the known diameter of the silver nanoparticles made with this procedure (between 5 and 15 nm)?

2.
Are the peak heights you obtained similar?  What does the standard deviation tell you?
3.   Compare your data with that of your classmates.  How does the standard deviation relate to the PWHM? 
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