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My name is Luis Ortuno Macias. I am a third-year PhD student in the chemical engineering program at The 
City College of New York (CCNY). I participated in the 2022 Graduate Student Research Award at ChemMatCARS 
(GSRAC) program. I heard about the program from a peer that received the award back in 2019. The program 
was for 6 weeks and took place over the summer. I worked with another PhD student from the same 
department at CCNY, and we both have the pleasure to be mentored by the beamline scientists Wei Bu and 
Mrinal Bera.  

My first experience at the APS was in July 2021. I was helping a student from my research group to run 
his experiments at the anomalous small angle X-ray scattering (ASAXS) hutch. After that, I visited the APS to 
run both liquid interfaces and ASAXS experiments for my own research in 2021 and 2022. I am currently 
working on the use of lanthanide binding tag (LBT) peptides that coordinate selectively with Ln3+ ions in a 
binding pocket. The goal of this research is to use these peptides in a bioinspired/eco-friendly extraction 
process in which the complex LBT-Ln3+ adsorbs to air-aqueous interfaces of bubbles sparged into the aqueous 
phase for foam fractionation recovery.  

Initially, to understand the surface activity of these peptides, we used pendant drop tensiometry to 
measure the reduction in surface tension as the peptides adsorb to the air-water interface both in the absence 
and presence of trivalent cations. However, these measurements did not tell us information about the 
conformation of the peptides at the interface or if the cations are adsorbed and stable at the interfacial region. 
However, by using x-ray reflectivity (XRR) and x-ray fluorescence near total reflection (XFNTR) techniques at 
the liquid surfaces hutch of the ChemMatCARS facility, we were able identify the presence of lanthanide ions 
at the surface as well as the conformation of the molecules based on the interfacial electron density profile. 
These results then allowed us to quantify the number of peptide molecules and cations. 

Likewise, ASAXS has been of great value for my research project since these peptides form macrostructures 
in the subphase. The structure and hydrophobicity of these macrostructures can be affected by the charge 
density of the cations they coordinate and the ionic strength of the medium. The ASAXS technique has allowed 
us to better understand the distribution of lanthanide ions within these complexes and what are the best 
conditions to improve the extraction of these precious metals by enhancing the hydrophobicity of the 
macrostructures. 

The peptides we use for the binding of these rare earth elements can be very sensitive to X-rays, which 
can induce reactions or conformational changes of the system that might affect the results. Nonetheless, both 
Wei and Mrinal have always made sure every single molecule is tested for radiation damage at the beginning 
of our run. They are both great when it comes to making sure we get the best data, as well as experimental 
support during the entire run and data processing. 

During this summer program, I was able to run experiments in both the liquid interfaces and ASAXS hutches 
at the ChemMatCARS facility that will help to understand the interfacial selectivity of these peptides across the 
lanthanide series. Furthermore, I had the honor to receive constant help from both beamline scientists Wei 
and Mrinal with data reduction, which it is of course the hardest and longest part of the experimental 
experience. Additionally, they gave us weekly lectures on the whole operation of the beamline: from the 
moment when the beam leaves the synchrotron ring to when it hits the sample and reflects, scatters, or 
absorbs the x-rays. 

Having the opportunity to be part of this program at the ChemMatCARS facility has been one of the best 
experiences in my life. It has provided me with infinite knowledge that will help me during my entire scientific 
career. ChemMatCARS has provided me with tools that will allow me to implement techniques to study systems 
at the molecular level to solve real-world problems. 
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