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Introduction

The main factors influencing the mobility of metal ions in the
environment are adsorption to minerals surfaces and adsorption to
the biomass. In an effort to study the latter we are using EXAFS
to investigate the mechanism of adsorption of cadmium to the cell
walls of the bacteria B.Subtilis. These cells are known to have pre-
dominantly acetate- and phosphate-like binding sites, and previ-
ous titration studies have indicated different binding at different
pH!. To be able to separate, identify, and quantify the two sites we
need a good understanding of their isolated contributions in the
EXAFS spectrum. This has prompted us to study a series of cad-
mium phosphate solutions at different metal concentrations and
different metal:phosphate ratios.

Methods and Materials

The samples were prepared by mixing the appropriate
amount of reagents and diluting them with DDI water to a known
volume. The identification names and compositions in mol/l are
listed in Table 1. Cadmium orthophosphate (99% assay) from
Alfa-Aesar was used and dissolution was made possible by

Table 1. Composition of the studied solutions in mol/I.

Sample Description Cd3(PO4); H,PO4
CdCl10, CdCl10, 1.0mol/l - -

cdpol5 Cd:PO4=1:5 1.0mol/1 0.3333 4.3333
cdpol00 Cd:PO4=1:100  0.1mol/1 0.0333 9.9333

adding phosphoric acid, which also overloaded the solution with
phosphate groups increasing the probability of its binding to the
cadmium cation. The solution cdpol5 was prepared following
Caminiti et al.” to test the EXAFS results against those obtained
by x-ray scattering. A 1 mol/l CdClO4 aqueous solution was also
prepared to compare the first hydration sphere of the phosphate
solutions to that of a known cadmium octahedral hydration.” All
samples were loaded into slotted Plexiglas holders covered with
thin Kapton film and measured in transmission. Their thickness
was chosen to achieve an edge step close to ux=1. The incident-
and transmitted-beam ion chambers were filled with nitrogen and
argon gas, respectively. Three to 4 scans were taken and averaged
for each sample. No hydrolysis bubble formation was observed
during the measurements, which were performed at the MR-CAT
10-ID beamline at the APS.

Results

The raw data were reduced following standard data analysis
techniques.* The k3-weighted Fourier transforms uncorrected for
phase shift are shown on Fig. 1. k® weight was chosen to empha-
size the contribution of the heavier P atom. Qualitatively, we see a
very slight reduction in amplitude in the region first shell and a
developing peak at 2.9 A with phosphate overloading. Other than
that, the spectra follow quite closely that of the perchlorate solution.
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FIG. 1. FTR[k’x(k)] of the experimental data for the phosphate and
perchlorate solutions.
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FIG. 2. Multiple-data-set fits for the cadmium phosphate cdpo 15 and
cdpo 100 solutions. Data (symbols), fit (line).

Discussion

The system was modeled using the published crystallographic
structure of (3’-tricadmium phosphate.® FEFF6° was used to gen-
erate theoretical EXAFS calculations which were refined to fit the
experimental spectra using the FEFFIT program.” Single-scatter-
ing Cd-O and Cd-P paths were found to be the main contribution
and were included in the fit. The CdCIO, solution was used to
calibrate the SO? parameter. To constrain some fitting parameters
we assumed that the distances of the shells did not vary from
sample to sample and that the disorder of an attached phosphate
group is the same, only the coordination numbers are changed.
Thus, multiple-data-set and multiple k-weighting fits were done
with a model consisting of an O and P shell. All distances were
varied and equal for all samples, as well as the Debye-Waller fac-
tor of the P shell. The number of P in sample cdpol5 were set to
that found in reference 2. to resolve the high correlation between
the number and Debye-Waller factor parameters for such a weak
signal. The results are shown in Table 2, and the fits are shown
on Fig. 2. From Table 2 we see that the binding of a phosphate



Table 2. Results from the fit. The perchlorate sample was fit independently. The other two samples
are fit simultaneously. The O and P shells are varied independently for each sample, except for the
distances and P Debye Waller factors, which are varied, but constrained equal for all samples. The
number of P atoms in cdpol5 is constrained to 0.95 after Caminiti et al.®

Sample No 00103 A?] Rol[A] N, G103 A2]  Ry[A]
CdClO4 6.0£0.3 8.5+0.6 2.26+0.00 0.0 - -
cdpol5 6.0+£0.2 9.3+0.5 2.26+0.00 0.95 11.1+3.1 3.43+0.02
cdpol00  6.0+0.2 9.6+0.6 2.26+0.00 1.5£0.3 11.1£3.1 3.43+0.02
group to a hydrated cadmium ion preserves the number of nearest- References

neighbor oxygens, but increases slightly the disorder relative to
the perchlorate solution. We are also able to see an increase in the
number of P around cadmium, both qualitatively and quantita-
tively, indicating binding of the phosphate group to the cation. In
summary, we have found a clear “signature” of a phosphoryl lig-
and binding a cadmium atom in the EXAFS spectrum. We have
developed and tested an EXAFS model for quantifying that inter-
action, which we intend to use in determining the mechanism of
Cd binding to the biomass.

Acknowledgments

This work was supported in part by NSF Grant EAR99-
05704 and DOE National and Accelerated Bioremediation
(NABIR) Project. MR-CAT is supported by the U. S. Department
of Energy under Contract DE-FG02-94-ER45525 and the mem-
ber institutions. Use of the Advanced Photon Source was sup-
ported by the U.S. Department of Energy, under Contract No. W-
31-102-ENG-38.

' I.B. Fein, C.J. Daughney, N. Yee, and T.A. Davis, Geochim.et
Cosm. Acta 61(1), 3319 (1997).

* R. Caminiti, J. Chem. Phys. 77, 5682-5686(1984).

* H. Ohtaki, M. Maeda, and S. Ito, Bull. Chem. Soc. Jpn. 47,
2217-2221 (1974).

* D.E. Sayers and B.A. Bunker, Data analysis. In X-ray Absorp-
tion, Principles, Applications, Techniques, of EXAFS, SEXAFS
and XANES, (eds. D.C.Konigsberger and R. Prins). (Wiley-Inter-
science, 1988).

* A. Bigi, E. Foresti, M. Gazzano, A. Ripamonti, and N. Roveri, J.
Chem. Research(S), 170-171(1986).

% J.J. Rehr, R.C. Albers, and S.I. Zabinsky, Phys. Rev. Lett. 69,
3397 (1992).

7 M. Newville, B. Ravel, D. Haskel, E.A. Stern, and Y. Yacoby,
Physica B 208/209, 154-156 (1995).



