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control experiments
on model systems

experiments on
Hanford specimens

Approach

Gain understanding of (complex) Fe 2p photoemission
lineshapes for model iron oxide film surfaces grown by
molecular beam epitaxy --(Droubay & Chambers).

Chromate reduction on carbonate films grown from a
metal organic precursor [Ca(thd);z] on model magnetite

film surfaces --(Droubay & Chambers).

Contaminant reactivity on carbonate films grown from
solution and vapor deposition (Ca +Hz0O + CO:) on natural
magnetite crystals, and dissolution of carbonate films
regrown from solution with impurities -- (Doyle,
Kendelewicz, Brown, Higgins and Eggleston).

Sorption of contaminants on carbonate coated Hanford
sediments --(Zachara).



Cr(VI) reduction by reaction with magnetite;

magnetite surface passivation
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Reaction of liquid water with the Fe304/Mgo(001) surface

Glancing Angle Fe 2p core-level Photoemission

Photoemission Intensity
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Water reacted surface exhibils

a decrease in Fe(ll) shown here

by a decrease in the shoulder
intensity (L3 edge) and an increase
in the satellite ~718 eV attributed to
the Fe(lll) signal



Photoemission Intensity (arb. units)
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Fe(lll) in an octahedral field of O ligands

X-ray -- hv

energy

valence 8y
pand 1 * 1 H‘ g crystal field splitting (10Dg)
by
photoalectron --
Ex=hv-E(Las)
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Intensity (arb. units)

«Fe(lll) 2p XPS --
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«Fe(lll) L-edge XAS --
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" a-Fep04(0001)

- |2p5=|3dE=L + e (=1/2)

ll'I'ITillIITIIITTIITFEIIFI

2po>|3dEaL + a‘ Faa:}

I
i
| I
- (41 4
Fe 2p XPS - L
" normal emissiol (4! . 1
TR satellite |
(! | |2p5>|3d5> + e°(=3/2), 1
L ] J
= i
! satellite | : : f |'| i |
|2p5>|3d5> + e7(j=1/2) : e J l"'l.
i (! | y
i 4 '
A 2 5= 3{!5}\
| Fel-edge XAS /TA v tﬁ. i e |
Mpﬁﬂgdgw \\__‘M
PRI AT T S T (T T AT T U N VRN T AT TR T TN TN [T YUY RO WY TN (NN TN T B
735 730 725 720 715 710 705

Energy (eV)



Surface Crystal Field Spiltting from XPS, XAS and Multiplet Theory
Step 1 - Measurn Fo L-edgo XAS, Cabculate all Bnal-siate multiplets resuliing
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Attenuation of CrO,* from Tank Waste in the Hanford
Vadose Zone

WMA 5-5X Cm'umml!i #Te, Ca*, and Cr0,* in groundwater indicative of tank waste
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SEM micrographs of CaCOj films grown for
two hours on magnetite (111). The upper is as-
grown, while the lower was taken following
dosing the surface with chromate.



Ca Ly,Ly-edge XANES
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Ca Ly, Ly-edge XANES spectra of carbonate coatings
grown on magnetite (111), and of the calcium carbonate
polymorphs calcite, vaterite, and aragonite.




Normalized Intensity (7% of full scale)
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Powder X-ray diffraction pattern of a calcium carbonate coated
magnetite (111) sample. The reflections for calcite and magnetite
are shown. The data was collected using Al Ko radiation.




Intensity (arbitrary units)
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Photoemission spectroscopy showing surface composition

progressing from clean to carbonate coated to Cr(VI)
dosed surfaces
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Cr Ly, Li-edge XANES spectra of Cr(VI) dosed, clean and
carbonate coated magnetites, and model compounds for

Cr(I1I) and Cr(VI).




A Role for CaCOj in the Retardation of 9°Co?* and
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Hanford Vadose Zone Carbonates
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Elemental Composition of Hanford Caliche

a. backscatter
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Rattlesnake Min, ealiche
Hanford fine sand
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Dissolution Kinetics of Calcite at Elevated
Temperatures with Well-Defined Hydrodynamics

AFM Cantilever
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-> Mass transport limited

->Hydrodynamic modeling
(in progress) will reveal
appropriate mechanisms
and heterogeneous rate
constants
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Growth of Magnesite in the Presence of Fe(ll) Impurities and
Subsequent Dissolution of the Precipitated Layers

¥t 2l

pH = 7.9, 90 °C pH = 5.7, 90 °C pH = 5.7, 90 OC
IN(Q/Kgp) = 3.7 40 um x 40 um 40 um x 40 um
3.4 um x 3.4 um

Defects in the new overlayer results in the overlayer dissolving more rapidly than
the original magnesite crystal

Carbonate overlayers grown in the Hanford vadose zone that contain impurities may
dissolve at a higher rate than carbonates pre-existing in the vadose zone






