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Table S1.  Experimental Settings for the Cr(V/IV/III)ehba XAS

Electron beam energy, GeV
2.5

Beam current, mA
280-360

Critical Energy of the bending magnet spectrum, keV
4.3 

Monochromator crystal
Si[111]

Monochromator detune, %
50

Detection method
fluorescence

Detector type
10-element Ge array

(Canberra GL 0110S)

Energy standard
Cr foil (1st peak of 1st derivative)

Energy calibration, eV
5989

Scan range and steps (in parentheses), eV
5770-5970 (10), 5970-6050 (0.5), 6050-6300 (3.3), 6300-6500 (4)

Sample thermostating
14 ( 1 Kc

Scan time, min
36

Number of scans per spota
5

Number of spots per samplea
4

Total number of scans for Cr(V) or Cr(III)
20

Total number of scans for Cr(IV)b
60

a The sample holder was moved by 1.2 mm to obtain a fresh spot (the beam height was 1.0 mm and width 3.0 mm).  b A fresh sample was substituted after 12 h of exposure (total 3 samples).  c Closed-cycle He CryoIndustries REF-1577-D22 cryostat with Mylar windows.
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Table S2. Conditions, Restraints and Constraints Applied to the Simulations of Cr(V/IV/III)ehba XAFS Spectraa
k window, Å1: 2 - 11b or 0 - 11c 

FT window, Å: 0.9 - 1.7b or 0 - 5c

Rmax = 5 Å;c N = 4c  

15{1} < E0 < 0{0.1}b,c (eV)

0.8{0.1} < S02 < 1.0{0.1}b,c
0.0005{0.0005} < i2 < 0.01{0.001}b,c (Å2)



Bond Length Restraintsc (Å) 

CrO1  1.56{0.05}


CrO2  CrO4  1.9{0.1}

CrO3  CrO5  2.1{0.2}

O2C6  O4C8  1.31{0.05}

O3C7  O5C9  1.43 {0.05}

C6O10  C8O11  1.22 {0.05}

C7C12  C7C14  C12C13 


 C14C15  C9C16  C9C18  

 C16C17  C18C19 1.52{0.05}
Bond Angle Restraintsc (deg)

O2CrO3  O4CrO5  78{5}

CrO2C6  CrO4C8  O10C6C7  O11C8C9  120{5}

O2C6C7  O4C8C9  105{5}

C6C7O3  C8C9O5  117{5}

O2C6O10  O4C8O11  123{5}

O3C7C12  O3C7C14 
 O5C9C16  O5C9C18 CC7C14  C16C9C18  110{5}

C7C12C13  C7C14C15  

 C9C16C17  C9C18C19  

 115{5}



Debye-Waller Factor Restraintsc:

62 > (22 + 0.001) {0.0005}

72 > (32 + 0.001) {0.0005}

82 > (42 + 0.001) {0.0005}

92 > (52 + 0.001) {0.0005}

102 > (62 + 0.001) {0.0005}

112 > (82 + 0.001) {0.0005}

i2 > (72 + 0.001) {0.0005} for i = 12-15

i2 > (92 + 0.001) {0.0005} for i = 16-19
Debye-Waller Factor Constraintsc:

22 = 42
32 = 52
62 = 82
72 = 92
102 = 112
i2 = 122 for i = 14, 16,18

i2 = 132 for i = 15,17,19



a Designations: E0 = E0  6005 (eV), where E0 is the threshold energy; S02 is a scale factor; 2i (Å2) are the Debye-Waller factors; Rmax (Å) is the maximal effective pathlength of a photoelectron; and N is the maximal number of legs for the MS pathways.  Shown in the braces {} are the maximal deviations for the restrained values.  bApplied for the fits of the first coordination shell (Table S3 and Figure S3).  cApplied for the fits including all non-H atoms in the Cr(IV)ehba complex (Table S4 and Figure S4).
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Table S3. Representative Results of the SS XAFS Modelling for the First Coordination Shell in the Cr(V/IV/III)ehba Complexes

Model
Oxidation
No. of
Coordina-
R, %
E0
S02
__________________Group 1___________________

No
state of Cr
groups
tion No.

(optimized)
(optimized)
N
X (initial)
X (opt.)
2 103(opt.)

1
III
1
6
7.1
8.1 ± 0.8
0.92 ± 0.05
6
1.85
1.94 ± 0.02
1.8 ± 0.8

2
III
2
6
7.6
10 ± 1
0.84 ± 0.05
4
1.9
1.95 ± 0.02
2.5 ± 0.8

3
III
2
7
5.4
9.6 ± 2.7
0.97 ± 0.06
6
1.9
1.93 ± 0.02
2.5 ± 0.3

4
III
2
5
7.3
9.7 ± 0.4
0.98 ± 0.04
4
1.9
1.95 ± 0.02
1.9 ± 0.8

5
V
2
5
7.9
9.3 ± 0.9
0.85 ± 0.04
4
1.9
1.85 ± 0.02
1.6 ± 0.3

6
V
3
5
7.6
9.2 ± 0.9
0.79 ± 0.01
2
1.9
1.85 ± 0.02
0.5 ± 0.01

7
V
3
5
24
7.3 ± 0.6
1.07 ± 0.01
2
1.8
1.85 ± 0.02
0.16 ± 0.1

8
V
3
6
4.4
11 ± 1
0.81 ± 0.02
4
1.9
1.83 ± 0.02
1.6 ± 0.5

9
V
1
6
42
6.9 ± 0.6
0.76 ± 0.01
6
1.9
1.91 ± 0.02
3.5 ± 0.5

10
IV
1
6
75
15.4 ± 0.08
0.78 ± 0.01
6
1.9
1.92 ± 0.02
8.1 ± 1.3

11
IV
2
6
60
15.3 ± 0.04
0.79 ± 0.01
4
1.9
1.91 ± 0.02
4.7 ± 1.0

12
IV
2
5
34
15.2 ± 0.03
0.82 ± 0.06
4
1.9
1.89 ± 0.02
9.0 ± 1.3

13
IV
3
5
7.4
5.3 ± 2.5
0.88 ± 0.09
2
1.8
1.92 ± 0.03
3.6 ± 1.0

14
IV
4
5
4.1
11.2 ± 2.9
0.99 ± 0.04
2
1.9
1.89 ± 0.03
2.8 ± 0.8

15
IV
4
6
3.4
7.8 ± 3.5
0.99 ± 0.03
2
1.9
1.89 ± 0.03
3.2 ± 0.7

16
IV
4
6
3.3
9.8 ± 2.2
0.96 ± 0.08
2
1.9
1.89 ± 0.03
4.9 ± 1.5
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Table S3 (continued).

Model
_____________Group 2______________
______________Group 3_____________
________________Group 4_______________

No.
N
X (initial)
X (opt.)
2 103(opt.)
N
X (initial)
X (opt.)
2 103(opt.)
N
X (initial)
X (opt.)
2 103(opt.)

1
--
--
--
--
--
--
--
--
--
--
--
--

2
2
2.2
1.86 ± 0.04
3.6 ± 2.1
--
--
--
--
--
--
--
--

3
2
2.2
2.37 ± 0.05
9.6 ± 1.0
--
--
--
--
--
--
--
--

4
1
1.55
1.83 ± 0.04
2.4 ± 0.6
--
--
--
--
--
--
--
--

5
1
1.55
1.55 ± 0.02
1.7 ± 0.8
--
--
--
--
--
--
--
--

6
2
1.75
1.81 ± 0.02
1.7 ± 0.5
1
1.55
1.55 ± 0.02
1.8 ± 0.9
--
--
--
--

7
2
2.0
2.24 ± 0.03
0.5 ± 0.01
1
1.55
1.72 ± 0.04
10 ± 1
--
--
--
--

8
1
2.2
2.26 ± 0.03
9.0 ± 1.7
1
1.55
1.55 ± 0.02
1.6 ± 0.3
--
--
--
--

9
--
--
--
--
--
--
--
--
--
--
--
--

10
--
--
--
--
--
--
--
--
--
--
--
--

11
2
2.2
2.18 ± 0.02
6.8 ± 3.3
--
--
--
--
--
--
--
--

12
1
1.55
1.54 ± 0.02
0.4 ± 0.01
--
--
--
--
--
--
--
--

13
2
2.0
2.22 ± 0.02
9.7 ± 1.2
1
1.55
1.56 ± 0.02
1.1 ± 0.3
--
--
--
--

14
1
2.0
2.07 ± 0.05
3.0 ± 0.5
1
2.2
2.26 ± 0.04
2.3 ± 0.6
1
1.55
1.55 ± 0.02
2.0 ± 0.5

15
2
2.0
2.11 ± 0.06
9.0 ± 1.6
1
2.2
2.32 ± 0.05
2.2 ± 0.6
1
1.55
1.56 ± 0.02
1.6 ± 0.2

16
1
2.0
1.99 ± 0.05
5.3 ± 1.3
2
2.2
2.23 ± 0.03
9.5 ± 2.2
1
1.55
1.56 ± 0.02
1.3 ± 0.2
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Table S3 (end)
Notes. The XAFS spectra of Cr(V/IV/III)ehba complexes used for the analyses were the averages of 20 scans; FEFF 4.06 theory (J. Mustre de Leon, J. J. Rehr, S. I. Zabinsky and R. C. Albers, Phys. Rev. B, 1991, 44, 4146) was used for the calculations. Designations: E0 = E0  6005 (eV), where E0 is the threshold energy; S02 is a scale factor; R (%) is the goodness-of-fit parameter;16 group comprises of O atoms at equal distances from the Cr atom; N is the number of O atoms in the group; X (Å) are the initial and optimized values of the CrO distances; and 2i (Å2) are the optimized Debye-Waller factors.  Initial values used in all models: E0 = 9; S02 = 0.9; i2 = 0.002.  Errors in the optimized values of E0, S02, X and 2 were estimated by Monte-Carlo method.16  These errors are combined with conservative estimates of systematic errors on bond lengths (0.02 Å) to produce the estimated errors.17
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Table S4.  Refined MS Model for the XAFS of Ia,b 


Coordinates (relative to Cr), Åd


Atomc
x
y
z
2 103,e Å2

O1
1.479
0.199
0.454
1.0  0.3

O2
0.430
-0.200
1.838
2.8  0.2

O3
1.122
1.732
-0.017
2.3  0.3

O4
0.995
0.301
1.581
2.8  0.2

O5
0.226
2.227
0.039
2.3  0.3

C6
1.607
0.656
2.196
3.8  0.6

C7
1.963
1.685
1.138
3.3  0.4

C8
0.834
1.410
2.259
3.8  0.6

C9
0.858
2.508
1.210
3.3  0.4

O10
1.915
0.846
3.357
4.8  0.5

O11
1.340
1.598
3.348
4.8  0.5

C12
2.265
3.095
1.616
4.3  0.5

C13
1.094
4.061
1.537
4.3  0.5

C14
3.253
0.967
0.778
4.3  0.5

C15
4.320
0.981
1.860
4.3  0.5

C16
0.642
3.965
1.585
4.3  0.5

C17
0.093
4.793
0.544
4.3  0.5

C18
2.346
2.219
1.090
4.3  0.5

C19
2.696
0.888
0.444
4.3  0.5

a FEFF 6.01 theory (J. J. Rehr, R. C. Albers and S. I. Zabinski, Phys. Rev. Lett., 1992, 69, 3397) was used; see Table S2 for the applied conditions, constraints and restraints.  bE0 = 7  3 eV, S02 = 0.90  0.02 (errors were determined by Monte-Carlo method).16  c Numeration of the atoms correspond to Figure S4.  d Errors in separate coordinates were not determined; values of errors for  bond lengths (< 0.02 Å) and angles (< 2 deg) were determined by Monte-Carlo method.16  e Errors in the values of 2 were determined by Monte-Carlo method.16
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Table S5.  Most Significant Scattering Paths in the Estimated XAFS Spectrum of  Ia
________________________________________________________________

Cr  O1  Cr

100b
    Cr  O1  Cr  C19  Cr
16.0

Cr  O4  Cr

  62.2
    Cr  C18  Cr

   
14.4

Cr  O2  Cr

  58.1
    Cr  C6  O10  O2  Cr   
14.3

Cr  O3  Cr

  49.0
    Cr  C14  Cr

    
14.0

Cr  O5  Cr

  38.1
    Cr  O11  O4  Cr

13.1

Cr  O11  C8  Cr
  28.7
    Cr  C8  O11  C8  Cr
12.8

Cr  O10  C6  Cr
  28.4
    Cr  C12  C7  Cr

12.8

Cr  C8  Cr

  26.6
    Cr  C12  C7  Cr

12.8

Cr  C6  Cr

  23.9
    Cr  C6  O10  C6  Cr
12.4

Cr  C7  Cr

  23.4
    Cr  C9  C5  Cr

11.5

Cr  C9  Cr

  22.3
    Cr  C16  C9  Cr

11.4

Cr  C19  Cr

  21.0
    Cr  O10C6  O2  Cr
11.4

Cr  C8  O4  Cr
     
  20.7
    Cr  C7  O3  Cr

11.3

Cr  C6  O2  Cr
     
  18.7
    Cr  O11  C8  O4  Cr
10.6

Cr  O4  O2  Cr
     
  18.1
    Cr  C16  O5  Cr

10.6

Cr  O4  Cr  O2
  Cr
  16.8
    Cr  O11  Cr


10.0

Cr  C8  O11  O4  Cr  16.1
    Cr  C10  Cr

 
 9.9

________________________________________________________________

a All non-hydrogen atoms were included in the model (Figure S4).  Contributions of the scattering paths were estimated in FEFF 6.01 theory, and the maximum number of legs for the path was set to four.  All paths with significance  2% (total 150 paths) were used in the XAFS calculations.  Re-estimation with the maximal number of legs set to 5 did not significantly change the fit; none of the five-leg paths had an importance factor of  10 %.  b Relative significance of the path, which includes the contributions due to the Debye-Waller factors, (%).
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Figure S1.  Typical results of decomposition studies for I.  The complex I was generated by reaction of 10 mM Cr(VI) with 0.10 M As(III) and 1.0 M ehbaH2/ehbaH(pH 3.5, ~10 s, 20 oC).  Fractions of the reaction solution were taken at different times, diluted with 0.20 M ehba buffer (pH 3.5) to [Cr] = 0.10 mM, and UV-visible spectra were taken on a HP8452A diode-array spectrophotometer (absorbances of the diluted solutions did not change significantly for at least 2 min).  Control solution of the Cr(IV)ehba complex was prepared by reaction of 0.10 mM Cr(VI) with 10 mM As(III) and 0.20 M ehbaH2/ehbaH (pH 3.5; 20 oC);2 the Cr(IV) absorbance (max = 512 nm) reaches its maximum at ~30 s and does not change significantly for the following ~2 min.  Main figure: dashed line is for the control solution ([Cr] = 0.10 mM); and solid lines are for the reaction solution ([Cr] = 10 mM), diluted to [Cr] = 0.10 mM at 0.5, 1.0, 2.0, 3.0, 5.0 or 10 min (the arrow shows the direction of absorbance changes).  Inset: time dependency of  Cr(IV) absorbance changes in diluted reaction solutions; points are the experimental data; and line is the first-order kinetic fit (A = 0.167exp(t/260) + 0.074).
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Figure S2.  XANES spectra of I (single scans).  Solid line: scan 1 (fresh sample and fresh spot); dashed line: scan 20 (12 h after preparation of the sample; fifth scan at the same spot).
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Figure S3.  Best SS XAFS fits for the first coordination shells in Cr(III), Cr(V) and Cr(IV) ehba complexes (correspond to the models 1, 5 and 14 in Table S3, respectively).  The used XAFS spectra were the averages of 20 scans.
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Figure S4.  Molecular structure of I, optimized by MS XAFS calculations (Table S4).

