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Abstract

Nanoparticles change shape during chemical reactions, and subsequently change color by scattering and absorbing different wavelengths of light.  By analyzing the wavelength of light absorbed by gold nanoparticles in a colloid, we determined that nanoparticles’ efficiency per each wavelength can be mapped, that ions can change the shape of nanoparticles that can cause them to reflect and scatter different wavelengths of light.  This means that they absorb and scatter different energies, and therefore appear different colors.  Changes on the nano scale can make a particle capable of being used in many applications, such as DNA testing for specific diseases.
Introduction

More than 100,000 people die each year from genetic reactions to certain medicines.
  Cancer is the second leading cause of death in the United States.
  Many medical conditions arise from genetic factors, and symptoms could be mitigated if detected early.  The possibility of a test to detect nearly all diseases, simply from a minute-long analysis of a single blood drop, has arrived through nanotechnology.  The “phenomenon of nanoparticles”
 allows us to witness a change in color when the nanoparticles change shape through chemical reaction.  If the nanoparticles of a DNA molecule happen to detect the nanoparticles of a certain disease, and react by reflecting and absorbing certain wavelengths of light, we can determine exactly what disease the test has detected.  Through this experiment, we will find the wavelength absorbed by gold nanoparticles in a colloid solution based on the color change observed, and show that this ‘litmus test’ does indeed work, and could lead to Dr. Mirkin’s proposed DNA litmus test
.
Experimental Procedure


The procedure in the lab manual was followed in two parts, and then a NanoHUB lab, Nanosphere Optics Lab, was completed.  First gold colloid was synthesized by heating hydrogen tetrachloraurate trihydrate, adding sodium citrate, and heating the new solution.  The gold salt was suspended in the citrate solution in a colloid.  In the following part, NaCl, NaOH, HCl, and glucose were added to the colloid to determine how the colloid reacted.  The pH of all of these solutions was determined, and the appearance of each colloid analyzed.  An HP spectrophotometer recorded a UV-Vis spectrum of the colloid solution, and then of the colloid solution plus HCl.  The maximum wavelengths of both were determined.  A scattering analysis was conducted to determine the light scattered by the colloid.  The Nanosphere Optics Lab mapped an extinction cross section based on size and refractive index of nanoparticles. These procedure is outlined in detail in the lab manual
, the NanoHUB handout, and in the hand-written lab notebook report, attached.  
Results/Discussion


After adding the sodium citrate solution to the hydrogen tetrachloraurate trihydrate, the yellow solution became clear, turned black, and then turned a reddish-black color.  At the molecular level, the Au clumps together to form clumps of Au with negative charges around them, suspending them in the solution.  The more concentration the Au particles have in the original solution, the more clumps will form in the colloid.
This figure shows the molecular level of the colloid
:
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The dark circles are the Au clumps, while the lighter background is the surrounding citrate solution.  Negative charge surrounds the clumps and causes repulsion, which suspends the clumps in the colloid.
The following table describes the changes that ensued after adding NaOH, NaCl, HCl, and glucose.
	Gold colloid in:
	NaOH
	NaCl
	HCl
	Glucose
	Control (nothing added)

	Color
	Loses red coloring, turns black
	Loses red coloring, turns black
	Loses red coloring, turns brown
	About the same red color
	Reddish color (original)

	pH
	12
	5
	2
	5
	5


From these results, we know that an ionic substance will make the colloid change color.  pH is affected by the pH of the added substance.  NaOH, a basic substance, turned the colloid basic, while HCl, an acidic substance, turned the colloid acidic.  Substances that induce a change in appearance are ionic.  As the colloid is exposed to ions, it changes shape at the nano scale and therefore absorbs and reflects different wavelengths of light.  The initial red color turning darker indicates shifting toward a longer wavelength in the spectrum, so red is absorbed. 
The following table describes the UV-vis spectrum results.

	
	Colloid
	Colloid + HCl

	λ max (nm)
	519
	534

	Absorbance (absorbance units)
	0.78664
	0.60101


The shape of colloid particles change when they react with ionic substances, changing the color and therefore the wavelength.  In this case, the wavelength shifted to a larger wavelength, and therefore shifts to the red end of the visible spectrum.  After shining the white light through the vial, we discovered this to be the same.  There was slight green light scattering, indicating that the red was absorbed (elongated wavelength indicates this to be the case).  The red light was not absorbed by the green nanoparticles initially, because 500 – 560 nm is the green absorbed, red scattered range.  Still in this range, green was very hard to see, but because it shifted toward the red absorbed, green scattered end, we could see faint green.
The Nanosphere Optics Lab extinction cross section showed that particle size and refractive index changes the scale of the extinction maximum.  The larger the radius of the particle, the smaller the peak on the cross section became, indicating that the larger the radius of the particle, the lower the maximum efficiency.  The peak moved up and to the right as the refractive index increased, indicating that maximum efficiency is at a higher wavelength when the refractive index increases.
We found that the 20 nm particle size gave the best agreement with our UV-Vis spectrum graph.  The peak was in line with the 519-534 nm wavelength range; however, our experimental graph was wider than the extinction cross section.  This was because a larger range of wavelengths of light were absorbed in the experimental scenario than in the ideal Nanosphere Optics Lab.  Because some particles are larger or smaller than the ideal case, they will reflect and absorb different wavelengths.  Therefore, it is appropriate to do a sum of the scattered and absorbed spectrums to be sure all sizes of the particles are taken into account.  Some particles might scatter and absorb different wavelengths, and to map the size of the particle, one needs to know the wavelength of both scattered and absorbed light.

It is clear that nanoparticles do change color when they change shape due to chemical reaction. We found that when mapping the size of the particle during, for example, a DNA test in which one is attempting to find the size of the particle of a disease, it is essential to consider both reflected and scattered light to analyze the true shape of the particle.
Error: 

The test tubes were cleaned with deionized water to be sure that no stray ions reacted with the nanoparticles.  However, it is possible that ions from previous solutions still clung to the glass, meaning slightly skewed results when analyzing the gold colloid.  

As demonstrated when comparing the UV-Vis spectrum from the experiment and the extinction cross section from NanoHUB, our graph was wider because the particles are not ideal, and are not uniformly 20 nm.  This means that particles of different sizes scatter and absorb different wavelengths of light, unlike the NanoHUB graph, which assumes all particles are one size, and scatter and absorb wavelengths of light equally.
Conclusion

Through experiments such as the one completed here, scientists discovered that nanoparticles change color when exposed to chemical altering on the nano level.  The change in shape that causes this can be mapped by an extinction cross section, and the size of the new nanoparticles can be determined.  It is the color change, however, that allows the idea of a DNA litmus test to prosper; with the color change, doctors will be able to tell patients in a matter of minutes whether they have a genetic disease based on their blood’s reaction with nanoparticles of specific diseases
.  By observing the color change when chemically changing a colloid on the nano level by adding ions, we can determine if a colloid is absorbing and scattering new wavelengths of light.  We can determine the maximum efficiency of the particle size being used, based on the wavelength observed.  From the extinction cross section graph, we know that the smaller the particle size, the higher the peak efficiency.  The larger the refractive index, the higher the wavelength must be to gain peak efficiency.  If color change occurred on the macro scale when shape changed, we might be able to see color changes in blood when DNA has been altered by cancer, or by another genetic defect.  In the context of gold coins, simply letting the gold coins touch each other would change the shape of the coins altogether, creating a ‘clump’ that would reflect and scatter different wavelengths of light.  This would be a remarkable phenomenon on the macro scale, and is a remarkable, unique property on the nano scale.  

Scientists have recently started using nanotechnology in medicine because of discoveries in nanotechnology like the ones confirmed in this experiment.  The change in color of nanoparticles when their shape changes allows us to measure the energy absorbed and scattered, determining what nanoparticles have reacted with other specific nanoparticles. This allows diagnosis of disease to be made.  With this new technology, many lives will be saved, and the days of waiting for long periods of time for a blood test will end as doctors will be able to give patients a diagnosis on site.  
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