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Report:
A) Overview:
Understanding the interaction of metals in general - Zn in this case - and biologically produced
colloidal elemental selenium (BioSeNPs) is essential to determine the fate, mobility and toxicity of
Se in the environment.1 To this point, this interaction was studied under different pH, ionic strength
and Zn ion concentrations. The difference in ζ-potential measurements for BioSeNPs and
BioSeNPs + Zn (-36 mV to -15 mV) suggests the electrostatic nature or covalent bond formation
(can be either inner or outer sphere complex or both) interaction. X-ray photoelectron spectroscopy
(XPS) analysis of Bio Se + Zn samples suggests the formation of an unidentified covalent Zn-Se
phase.2 However, this interaction cannot be confirmed due to close proximity of binding energy of
ZnO to ZnSe. Thus X-ray Absorption Spectroscopy (XAS) is required to fully understand this
interaction. The EXAFS measurements carried out at Dubble beam line has allowed us, for the first
time, to identify the first and second neighbours of Zn adsorbed on the surface of BioSe under
different experimental conditions.
B) Data quality:
The measurements were successful and data recorded was of high quality. A variety of model
compounds (those which were not measured during earlier experiments) and samples were
measured at Zn-k edge. Even though the Zn concentration was relatively “low” (around 2000 ppm)
in some samples, we were able to record the data successfully, thanks to the Ge-solid state
detector. Also, we used a new graphical interface called as Generic Data Aquisition (GDA)
installed at Dubble beamline for the first time and it worked quite well. To this end, we would like to

acknowledge the help from Dr. Dip Banerjee and Dr. Alessandro Longo for their valuable support
through out the beam time.
C) Status and progress of evaluation:
Primary data reduction has already been carried out. More detailed analysis and Feff ab-initio
calculations and modeling will be carried out in the following months. The primary data analysis
suggests to some interesting findings (please see section D for more details) and excellent
signal/noise ratio related to excellent beam stability and detector sensitivity.

Figure 1. Zn K-edge data collected for (A) model compound with k3 weighted EXAFS in
transmission mode and (B) for a sample at high zinc loading along with k 3 weighted EXAFS in
fluorescent mode at 50 K.
D) Results:
The primary data analysis already suggests intriguing results to be debvelopped incl. that Zn is
adsorbed to BioSeNPs in different ways under different experimental conditions. In some cases,
the ZnCO3 precipitation is possible and in other cases, Zn is linked to oxygen like many organic
compounds (Zn-acetate, Zn-lactate and so on). The results obtained at DUBBLE indicates the
interaction of Zn is primarily to the polymeric substances attached to the surface of BioSeNPs. This
understanding would help us to more closely predict the fate of BioSeNPs in the environment.
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