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Previous Footsteps

« Earth and Environmental Science session at NSLS Il User Workshop
17-18 July 2007 (BNL)

* EnviroSync Workshop: Assessing Synchrotron Radiation Capabilities and Future
Needs for Molecular Environmental Science and Low-Temperature Geochemistry
23-24 July 2007 (Rockville, MD)

An Initial Assessment of the Needs of the NSLS-II
Molecular Environmental Sciences / Low-Temperature Geochemistry
User Community

“NSLS-Il User Workshop”
Brookhaven Mational Laboratory
July 17-18, 2007

Report:

“An Initial Assessment of the Needs

of the NSLS-II Molecular Environmental
Sciences / Low-Temperature Geochemistry
User Community”
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Contributors:

Antonio Larzirotti — Tha Univarsity of Chicago
Jaffray Fitts — Brookhavan National Laboratory
Chris Jacobsan - Story Brook Univarsity

Paul Morthrup — Brookhavan Naticnal Laboratory
John Parisa - Stony Brook Univarsity

Bruca Raval— Argonna National Laboratory
Rich Readar— Stony Brock Univarsity

Stave Sutton — Tha Univarsity of Chicago




An organization of environmental science users of synchmtran rad;atmn facilities

» (Grass-roots user organization
e Main functions are to:

(1) serve as an advocate for the MES-SR community
(2) assess the state of existing SR facilities for MES research on a continuing basis
(3) assess the SR needs of the MES community on a continuing basis

(4) serve as an advisory group to federal agencies concerning the need for new
SR facilities in the MES area

(5) co-sponsor MES workshops (Synchrotron Environmental Science series)









EnviroSync Workshop: Assessing Synchrotron Radiation Capabilities and Future
Needs for Molecular Environmental Science and Low-Te  mperature Geochemistry
23-24 July 2007 (Rockville, MD)

Participants: 60+ researchers, beamline scientists, instrument designers,
SR facility directors, funding agency program managers

Purpose:

1. Assess current capabilities for MES/LTG research at US synchrotrons

2. Assess current usage of these facilities by community

3. Identify SR needs for future MES/LTG research, including new directions
4. Propose and prioritize recommendations to meet community needs

Working groups: bulk spectroscopy, hard x-ray microprobe/tomography,
spectromicroscopy, bulk scattering, and surface & interface scattering

Dissemination of workshop findings:

1. “White paper” (in prep) for program managers, facility directors, broader community
2. Summary articles published in EOS, SRN
3. Focused reports (for individual synchrotron facilities, etc.)

Sponsorship: DOE-BES, DOE-BER, NSF Geosciences




Science Drivers and Future Challenges

Broad scope of environmental science/geoscience research

« Amorphous and poorly crystalline solids — stability, role in reaction processes
 Solutes in liquids — agueous complexes, nucleation/precipitation

» Properties of fluids in confined pores, geometries (incl. nanopores)

* Fluid flow and transport processes at pore and sub-pore scales (tomography)
* Nanoparticles and colloids — stability, transport and cycling of toxic substances

» Time-resolved studies of dynamic processes — nucleation/precipitation,
nanoparticle nucleation, ripening and shape change

* In situ studies and integration of useful sample cells — mimic real conditions
» Transport and bioavailability of contaminants and nutrients
» Chemical speciation of contaminants — esp. beyond model systems

* Environmental genomics — gene modification to direct biologic interaction with
contaminants, nutrients, etc.
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A\ Fundamental SR Research — Nano-Water in Confined

rececer| i

Geometries and Membranes (A. Nilsson)

* Energy from 100-1000 eV, good performance at the O K edge
» 10-30 nm spatial resolution and vertical/horizontal polarization
» Temperature control at the sample stage 250-335 K

» External electric and magnetic fields at the sample stage

» Fast images for dynamical studies

* Internal tube for fast mixing of solutions at the sample stage

Courtesy of D. Shuh
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Science Drivers and Future Challenges

Interfaces — “nearly all reactions occur at interfaces”

« Two phases (model systems): mineral-water, mineral-microbe, mineral-gas

» Multiphase: mineral-biofilm-water, mineral-humic substance-microbe-water, etc.
 Structure, hydration, role of defects at surfaces

* Dynamic processes at interfaces: redox, adsorption, dissolution/precipitation

« Nanoparticles — surface vs interior



Fundamental SR Research — lon Sorption at Mineral-Wa ter Interface

Resonant anomalous X-ray reflectivity (RAXR)

Sr2+ Rb+*

Fundamental guestions raised:

» Are mixed modes of adsorption common?

» Do mixed sorption modes vary from one
mineral and/or surface to the next?

» Do outer-sphere species represent a

“reservoir” of weakly bound species?

» What controls the stabilities and
concentrations of IS and OS species
at the mineral-water interface?

Sr2+ sorbs as both inner- Rb* sorbs as inner-

and outer-sphere complex sphere complex only
on muscovite basal plane Courtesy of P. Fenter



Opportunities in Growth Areas for MES and Geoscienc e SR Users

Societal Impact of our Research is Significant

« Environmental and human health (medical geology) — chemical speciation and
bioavailability, nutrient cycling, soil pollution and agriculture

 Climate science — element cycling, paleo-proxy verification
» Nanoparticles and colloids — fundamental properties and reactivity, pollution,
element cycling and transport, human health aspects, etc.

Esp. airborne particles, transport and speciation of toxicants, disease vectors

« Water — fundamental properties, pollution and remediation, contaminant
transport

» Energy — environmental impact, subsurface CO, storage, fluid transport,
radioactive waste storage and stewardship



Applied SR Research — Radionuclide Remediation

Physics Today, Sept 2006

Remediation of Pu contamination in soils at Rocky FI ats Site
D.L. Clark, S. Conradson, & collaborators, LANL

» Up to 1,450 pCi/g in soils from leaking drums at 903 Pad

* >90% of the Pu is within upper 10-12 cm of soils

* XAS & Ultrafiltration: Pu occurs as hydrated PuO  , colloids that are
insoluble, strongly bound to soil matrix

* Risk dominated by erosion. Mitigation by soil remov al.

» Science-based site closure accomplished ahead of sc hedule at a

cost savings of b illions of dollars



Complexity — Uniqgue Challenges Posed by Samples

Cr- and Ni-rich soils, El Dorado County, California (Y. Tang and J. Morrison)

Cr K-edge XANES

EDS

Fe Ka

Micro soil

Cr Ka

Bulk soil

Cr Kb/
Mn Ka

Normalized absorption

Cry,04

Fele
200 mm 4 I

5.98 5.99 6.00 6.01 6.02 6.03 6.0
Photon energy (keV)

» Multiple techniques needed for study, esp. micro-beam techniques
* In situ, non-destructive, special environmental sample cells




User Demand and Challenges

Current user demand far exceeds available beamtime at almost
all beamlines/sectors used for MES research at the four
DOE-supported SR facilities

Average oversubscription:

ALS 190 %
APS 175 %
NSLS 170 %

SSRL 170 %



Growth of Enviro-Geosciences Usage at NSLS

From T. Lanzirotti



Demand at NSLS Beamlines Used for MES Research

Beamline Techniques Equivalent MES Oversubscription
Factor
X26A Microprobe 1 3.2
X27A Microprobe 0.6 1.3
X1A STXM 0.33 0.6
X11A/B EXAFS 0.45 1.8
X18B EXAFS 0.1 2.7
X19A EXAFS 0.2 2.0
X23A2 EXAFS 0.1 2.4
X15B EXAFS 0.9 1.1
X10C EXAFS 0.1 0.7
X7B XRD 0.18 2.8
X16C XRD 0.12 0.5
U2B FTIR 0.1 1.4
U10B FTIR 0.15 1.4
4.3

(Data from T. Lanzirotti) 7.2 beamlines needed



Demand at APS Sectors Used for MES Research

Sector/ Techniques Equivalent Oversubscription
Beamline MES beamlines  factor

2 Microprobe, XAS, diffraction 0.2 2.5

5 XSW, SAXS, XAFS 0.3 1.3

10 XAFS, microprobe 0.45 2.0

11 PDF, Surface scattering 0.75 1.5

12-1D Surface scattering, SAXS 0.25 2.0

12-BM XAFS 0.3 1.5

13 Microprobe, XAFS, IXS, Surface 1.0 2.5

scattering

20-1D Microprobe, XAFS 0.45 3.0

20-BM XAFS 0.6 1.5

Other 0.1-0.4

~4.5 8.6 beamlines

needed






MES and Geoscience Funding Challenges

“The breadth of societally important issues addressed by SR-based
MES and geoscience research starkly contrasts with the narrow funding
base that supports it.”

MES and Geoscience communities must be more effective in communicating:

« importance of SR methods to our research activities
* societal impact of our research
* needs of community for conducting research



Thank you
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Oversubscription by Technique
Cycle 2, FYQ07, Jan-Apr 2007
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From T. Lanzirotti



2007 EnviroSync Workshop:
Assessing Synchrotron Radiation Capabilities and Fu ture Needs for

Molecular Environmental Science and Low-Temperature Geochemistry

23-24 July 2007 Rockville, MD

Sponsorship: DOE — BES (N. Woodward)
DOE - BER (R. Hirsch)
NSF — EAR (D. Lambert)



The breadth of scientific topics addressed by SR-based MES and geoscience
research and their societal relevance are not reflected in its funding base.

In contrast to the breadth of important scientific topics addressed by
SR-based MES and Geoscience research, the funding base that supports
it is remarkably narrow.



