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A grand challenge for nanotechnology is to control and restructure matter at the nanoscale and to 
understand fundamental growth mechanisms by in-situ analysis of nanoparticle reactions, and 
phase transformations.  A powerful method to atomically restructure the composition and phase 
of nanoparticles is through chemical transformation reactions, such as the nanoscale Kirkendall 
effect and the ion exchange reaction (see Fig. 1a).  What is currently unknown in these reactions 
is why the ion dynamics behave differently at the nanoscale than in bulk scales.  The ion 
exchange process is orders of magnitude faster in nanomaterials than in bulk materials, but 
reasons for this rate increase have not been determined. Little information is known about the 
mechanisms of these reactions. The unique reactivities at the nanoscale are due, in part, to the 
differences brought about by the decrease in diffusion lengths, interfacial stress, and non-planar 
reaction interfaces. The proposed work will gain a fundamental understanding of the 
mechanisms occurring during chemical transformation reactions in nanoparticles. To accomplish 
this goal we will perform in-situ x-ray absorption spectroscopy (XAS) during the chemical 
transformations. In situ XAS will permit the study of bond formation kinetics, including 
amorphous and crystalline contributions, and dynamic information on oxidation states. 
 

 
Figure 1. (a) Schematic of two types of chemical transformations on nanoparticles: (top) Redox reaction 
showing transformation from metallic cobalt nanoparticles into hollow CoO via the nanoscale Kirkendall 
effect (different diffusion speeds of Co and O). (bottom) Ion exchange conversion of CdS nanoparticles into 
Ag2S. (b) Coaxial flow cell for in-situ x-ray absorption spectroscopy of nanoparticle reactions. X-ray capillary 
(left side) provides spatial-time correlations for time-resolved XAS. Solution of reacting nanoparticles flows 
coaxially through outer sheaf fluid preventing fouling of the x-ray capillary.  
 
This project will involve the design, fabrication, and testing of flow cells (see Fig. 1b) to study 
nanoparticle chemical transformation reactions using in-situ x-ray absorption spectroscopy at the 
Cornell High Energy Synchrotron Source (CHESS). We are looking for a highly motivated 
student to play a critical role in microfluidic and coaxial flow cell development, fabrication, and 
testing. The successful candidate will work as part of a multidisciplinary team bringing together 
substantial expertise in nanoparticle chemical transformation reactions (Prof. Richard Robinson 
and grad student Andrew Nelson, MSE), x-ray absorption spectroscopy (Matthew Ward, 
CHESS), flow cell design and fabrication (Richard Gillilan, MacCHESS), and in situ chemical 



  

environments for x-ray probe techniques (Detlef Smilgies, CHESS and Chemical Engineering). 
Prior experience in microfluidic cell fabrication, fluid mechanics, or nanofabrication techniques 
is desirable but not required.  
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