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After being granted The Croom Beatty Chemistry Research Internship, I began my research with Professor Miles in the Chemistry department. My internship period started on May 11th and continued until July 23rd.  I was granted 10 weeks to do research and discover the world of quantum dots.

 The first week consisted of being shown some of the ends and outs of quantum dots by Joseph A. Giesen, a rising senior. I synthesized water-soluble, monolayer-protected CdSe and ZnSe quantum dots (QDs). Quantum dots, or qdots, are non-traditional semiconductor nanocrystals. Quantum dots have been found to have uses in transistors, solar cells, LEDs, diode lasers, and biological applications for imaging. The use of water-soluble thiols was used for protection against oxidation. A new water-soluble thiol, Cysteine, was added successfully to our library of protecting ligands. A procedure using a safer and greener delivery of selenium through the production of NaHSe (instead of H2Se) was implemented. Quantum yields were calculated for comparison between the newer method and different thiols. How quantum yields changed as a function of heating time was also studied.  Attempts were made to produce core-shell QDs, comprised of a CdSe core surrounded by ZnSe capped with the same thiol.

The first step of my research was to learn how to synthesis quantum dots. A solution of Cd(ClO4)2·H2O with one of eight thiolated ligands (figure 1) with the mmole ratio of 1:2.4 was prepared Type 1 water. The pH was adjusted to ≥ 11 using 1 M NaOH while stirring. After pH was adjusted the solution was deaerated for at least 30 minutes with N2 in a three-necked round-bottom flask. H2Se gas was then generated in a separate three-necked round-bottom flask and passed through the QD solution for 20 minutes under N2 conditions by the addition of 0.5 M H2SO4 (18 mL) to Al2Se3 lumps (0.2 g, 0.46 mmol) while stirring. The solution was then allowed to reflux by means of heating through a sand bath. Aliquots (samples) were collected based on visible change in color until solution was consumed completely or precipitate formed. 


One of the main goals for the summer was to devise a new procedure to make the synthesis process greener and safer. Previously the selenium source was introduced through connecting a cannula from a small three-necked round-bottom flask containing solid Al2Se3 and H2SO4 to a larger one containing the metal Perchlorate-thiol solution. This process results in highly dangerous production of Hydrogen Selenide gas, which is bubbled from one flask to the other by N2. To prevent the release of this toxin, a new method was introduced. The new method uses solid Selenium powder and Sodium Tetrahydridoborate, (NaBH4), in a solution of deionized water. The resulting solution of NaHSe is added directly into the Metal Perchlorate-thiol solution. 

Another large part of my research consisted of calculating rather or not the new method was more efficient. In order to do this I had to calculate many relative fluorescence quantum yields. Measuring the integrated intensities over a range of optical densities determine the relative fluorescence Quantum Yields of samples when compared to a standard dye. The fluorescence quantum yield of the quantum dots was calculated using a published procedure. The fluorescence standards used were Fluorescein and Rhodamine 6G. Fluorescein yielded an absorbance of <0.1 at 323 nm and Rhodamine at 347 nm. From this resulting information it was determined to use 323 nm and 347 nm for the excitations during the use of the Jobin Yvon Fluoromax-P Fluorimeter. Hewlett Packard Agilent 8453 UV-Visible spectrophotometer was used to determine absorbance. Absorbance of each sample was diluted starting at approximately 0.1 and reduced ~0.02 until approximately 0.02 was reached (i.e. ~ 0.1, 0.08, 0.06, 0.04, 0.02). Between each dilution the Fluorimeter was used to obtain the integrated intensity before the next .02 dilution. The resulting data was then used to construct a plot of absorbance verses integrated intensity and the slope of the resulting trendline was used for GradX in the following equation from the published procedure, ST representing the standard, X the solution under investigate, ( the fluorescence quantum yield, and Grad the slope of the fit line, and ( the refractive index of the solvent:[image: image9.wmf]H
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The quantum yield for each standard was determined and compared to the literature values. The experimental values were used in relation to the equation instead of the literature value.  After the standards were determined quantum yields for each aliquot (sample) were found for each perchlorate- thiol Qdots solutions. Our laboratory library contains eight thiols. Each thiol had at least six aliquots (samples). Each aliquot (sample) then had to be taken and ran through the UV-vis five times and the Fluorimeter eleven. This part of my internship was long and acquired much time. However with the results I found were worth the isolation in our equipment room. 
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Fig. 2 Comparison of Quantum Yield between the use of H2Se and NaHSe Note: Different excitations were used

A pervious quantum yield study was completed with quantum dots synthesized with the older method using H2Se. Quantum yields were found for seven different water-soluble thiols before heating began. These results were compared to the results of those synthesize in the newer method of introducing NaHSe. Comparison showed the newer method produces higher quantum yields. 
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From the results of Quantum Yield as a function of heating time the conclusion that for optimum quantum efficiency some period of heating is necessary. It was clear that the highest efficiency came after heating began and before a long function of time. The quantum efficiency is differs from one thiol to another. 

L-Cysteine Hydrochloride, a new thiol in the lab was introduced and provided results with a higher quantum yield, at ~90%, then the other thiols. This outcome decided the next step in the research. With Cysteine hydrochloride presenting the highest quantum yield it was decided to synthesis and compare quantum yields of quantum dots comprising of the thiol CYS and the metal-perchlorates, cadmium and zinc.  The synthesis of what is believed to result in core-shell quantum dots of ZnSe/Cd. 
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Another part of my internship was to try and perfect a way to record the color shift during the heating step. Professor Miles acquired a Jaz, Ocean Optics’ portable spectrometer, to be used to view any shift in the visible spectrum. After deaerating and before the Se and NaBH4 solution was added the Jaz probe was inserted into the three-necked round bottom flask. Spectral images were captured and saved every two minutes. During the heating time the observation of a visible spectral change occurred corresponding to the observable changes in the flask. This protocol was used to determine when an aliquot (sample) was taken. An aliquot (sample) was taken from the flask when a change in 5 nm was witnessed. 

Not all of my research was as successful as the quantum yields. A large goal for the summer was to synthesis Lead qdots. From what I have learned not many labs have successfully created lead qdots. I made several attempts at this synthesis. After getting no positive results under advisement of Professor Miles, I ended the attempt to create lead in order to better place my time. Even though nothing seemed to come out of the failed attempts it was very rewarding. The inquisition of why it was not working and trying to find other solutions to my problem was very fun. Another project was not a clear success was the synthesis of core-shell qdots, quantum dots consisting of one metal perchlorate-thiol qdot surrounded by a different metal perchlorate- thiol. The core-shell combination, which was attempted, was a ZnSe-CYSHCl sounded by CdSe. It is unclear rather or not this was created. Our tests showed that CdSe was created but not ZnSe. In order to find out if it was a success or fail we traveled to MTSU to give some samples for testing in the TEM. 

Much of my work was independently done with input from Professor Miles. About every two weeks we would meet to discuss my research progress and decide if a new direction should be taken. Towards the last few weeks of my internship I began preparation for presenting my research. Before I began my internship I have a very vague idea of what quantum dots were and now I will be presenting it at a Chemistry convention. In October I will present my summer research in Puerto Rico at the 61st Southeastern Regional Meeting of the American Chemical Society. I will be presenting a poster titled "Preparation, Characterization, and Quantum Efficiency of Water-Soluble, Monolayer-Protected Quantum Dots." After this past summer I am even more interested in continuing research. I cannot imagine spending a summer after this one doing something other than research. One of my main reasons for wanting to do an internship was to try and narrow my career goals. I hoped a summer of research would help decide between medicine and research. However, after this internship I am even more torn. Even though most of my days were spent alone in a laboratory I had an amazing time this summer and am grateful for the opportunity. Maybe medical research is in my future. Any advice I can think to give to future interns is take advantage of failures. Failures provide more data than successes. From failures new ideas are created and experiments completed. 
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Samples From Summer 2009


Figure 1 - Water-Soluble Thiols and Qdot Synthesis
Fig. 4. Results of percent quantum yields of CdSe and water-soluble thiols as a function of heating time
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Fig.4 Spectral shift of CdSe-CYSHCl (1:2.4) qdots








The visible shift to the red range of the spectrum can be observed at the quantum dots aggregate into larger clusters.
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