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Not all chromates show the same pre-edge feature.
Implications for the modelling of the speciation of Cr in
environmental systems.
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Abstract. High-resolution XANES spectra for various chromates show that their pre-edge
feature varies dramatically with Cr-polymerization. Ab-initio FEFF calculations reproduces
those observed experimental trends. Those variations can be easily explained with Pauling’s
bond valence rules. As chromates are used to model the fraction of toxic Cr(VI) in samples of
environmental importance (among others), a careful choice of the chromate model compound
is essential for a reliable model of the Cr-speciation in “unknown” samples.

1. Introduction

The speciation of chromium is often used to evaluate the amount of toxic, mobile, carcinogenic Cr(VI)
in materials (soils, glasses, aqueous solutions)[1-12]. In contrast, Cr(IIl) is considered as less mobile
and consequently much less toxic. We studied a variety of compounds showing those environments
such as ruby, emerald, Cr-spinel, chromite for Cr(Ill) while a series of chromates were also studied.
Like silicates and phosphates, chromates exhibit a variety of polymerization, from monomeric
orthochromates (such as sodium chromate) to fully-polymerized “chromic acid” (CrO;). Therefore,
one can expect large variations in the XANES spectra as a function of the Cr-polymerization.

2. Experimental
Five chromates were investigated. CrO; is a fully polymerized chromate while ZnCrQO,, K,CrO, and
Na,CrO,-4H,0 are monomeric. Potassium dichromate has an intermediate Cr-polymerization
(dimeric). To help compare those chromates, model compounds include a synthetic Cr(II)-acetate di-
hydrate and a natural Cr-spinel from Burma (5000 ppm Cr). Other models include natural uvarovite
garnet (from Otokumpu, Finland, Ca;Cr,(SiO,);), chromite (from Gassin, South France, FeCr,0,),
eskolaite (synthetic, Cr,0;), Cr-K “alum” (synthetic, KCr(SO,),) and Cr(Ill)-nitrate (synthetic,
Cr(NOs);-9H,0).

uXRF and yuXANES spectra were collected in 2006 at the Cr K-edge using the 11-2 beamline
(SSRL), operating at 3.0 GeV and 100 mA currents. Harmonics were rejected using Ti-coated mirrors.
Flux on the sample is 3 x 10'> ph/s at 400 mA injected currents and 6 keV. We used a Si(220) double
crystal monochromator and reduced vertical slits before and after the monochromator (0.3 mm) to
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enhance energetic resolution (~ 0.7 eV at the Cr K-edge). Samples powders were set in the
transmission mode and Cr K-edge XANES spectra were collected with a Cr-foil (2™ transmission) to
monitor energy calibration at + 0.1 eV. XANES spectra were collected every 0.05 eV (2 s/point) in the
pre-edge region (0.2 eV in the main edge region). Cr K-edge spectra were normalized following
standard procedures using the XAFS3 package [13]. Pre-edges were modeled using PeakFit.

——chromite

Normalized absorbance

B

(a)

(b)

6020
Energy (eV)

N
5992

T
5998

Figure 1 — (a) Cr K-edge XANES spectra for selected models of
Cr(II), with a detail on the pre-edge feature (b).
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3. Results
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Figure 2 — Cr K-edge XANES
spectra for models of Cr(VI).

Figure 3 — Normalized pre-
edge features for Cr(II)-acetate
dihydrate, a Cr(III)-bearing
spinel and two selected
chromates. Cr(II)-acetate is
used to determine the width
and shape of transitions that
could be resolved with XANES
spectroscopy (here, 2). Then,
the pre-edge shape obtained for
Cr(II) is applied to Cr(IIT) and
Cr(VI). We do not say that
those transitions have a
physical significance but they
correspond to components that
could be spectroscopically
resolved. This strategy also
minimizes the number of
variable parameters (only area
and position were allowed to
vary).
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Figures 1 and 2 shows the normalized Cr K-edge spectra collected for the selected models of Cr(III)
and the chromates of that study. Figure 3 shows the model of the pre-edge feature for 4 selected
models of Cr(Il), Cr(Ill) and two representative chromates (monomeric and polymeric). Figure 3 also
give details on the way the pre-edge models were modeled.

Monomeric Cr(VI) is the most often used model for Cr(VI). Then, the largest error arises when
polymeric Cr(VI) is modeled with monomeric Cr(VI). In that case, the side contributions of polymeric
Cr(VI) (near 5995 and 5997 eV) might be partially hidden by the absorption of Cr(IlI) and by the edge
jump. Then, the modeled amount of Cr(VI) will be lower than in reality. However, the resulting fit
will be bad because the widths of the pre-edge for monomeric and polymeric Cr(VI) are so different.
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4. Discussion

The studied pre-edges for Cr((IIl) show similar features, with features A and A’ (see Figures 2 and 3).
Only a transition is sometimes observed on the high energy side of the pre-edge (see A” on Figures 2
and 3). In contrast, the pre-edge width for Cr(VI) increases by ~ 50% from monomeric sodium
chromate to polymeric CrO;, Ab-initio XANES calculations (FEFF8 .4) [14], using default conditions,
confirms those trends (Figure 4) : shift of ~ 3 eV from Cr(IIl) to Cr(VI) and a increase of the pre-edge
intensity from Oh to Td and an increase in pre-edge width with tetrahedral distortion.

Pauling’s second rule [15] explains how polymerization enhances polyhedral distortion that had a
well-known direct effect on the pre-edge feature intensity but also on its width.

This result shows that extreme caution must be taken when simulating a mechanical mixture of
Cr(IIl) and Cr(VI) as Cr-polymerization strongly affects the shape of the pre-edge feature to model to
derive the desired respective amounts of Cr(IIl) and Cr(VI). The good news is that the width of the
pre-edge feature for Cr(VI) can be easily used as an indicator of the Cr(VI)-polymerization. Then, this
observation should be used to choose the appropriate model compound of Cr(VI) that can be used to
derive reliable fractions of Cr(VI) relative to Cr(IlI) during the model of “unknown” samples.

(a)

Figure 5 — Atomic clusters around Cr (pink) in CrO; (a) and K,CrO, (b). Oxygens are in red and
potassium in blue. Note the bridging oxygens in CrQO;, while oxygens are charge compensated by
potassium in K,CrO,. Hence, tetrahedral distortion is much greater in CrO; (Cr-O distances varies
from 1.58 to 1.75 A) as compared to K,CrO, (Cr-O distances varies from 1.64 to 1.66 A).
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For instance, the modeling of the Cr K-edge pre-edge feature in borosilicate glasses and melts to
1200 K (SON68) [16,17] simulating those used for nuclear waste storage is shown on Figure 6. A
close examination of the Cr(VI) component of those peculiar pre-edges show a misfit with monomeric
chromates near 5995 eV, suggesting the presence of more polymerized chromates moieties in those
glasses and melts. Therefore, the computed amounts of Cr(VI) in those systems were underestimated
in [17]. A new model with Na-dichromate reports 16(1) atom% dimeric Cr(VI), about twice as in [17].

(a)

Na,Cr(VI)0, Figure 6 — Cr K-edge (b) CI’(Vl)T
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computed in [17]). Cr(III)
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