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Figure S3. Representative SEM images of the composites: after 7 day exposure to aqueous
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Figure S4. Representative elemental distribution in the 10, treated Co-Cr composite: (A)
Representative SEM image of the Co-Cr composite after being exposed to 10-! M 10, for 24
hours, (B, C, D) Co, Cr and I mapping for region represented by pane A, (E) Representative
SEM image of the Co-Cr composite after being exposed to 10" M 104 for 7 days, (F, G, H)
Co, Cr and I mapping for region represented by pane E.
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Figure S5. (A, B) Representative TEM image of Co-Cr composite after exposure to 10! M
10, for 24 hours (C, D) the EDS analysis of regions marked 1 and 2 respectively in pane B.
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Figure S6. Representative elemental distribution in the 105 treated Co-Cr composite: (A)
Representative SEM image of the Co-Cr composite after being exposed to 10! M 10, for 24
hours, (B, C, D) Co, Cr and I mapping for region represented by pane A, (E) Representative
SEM image of the Co-Cr composite after being exposed to 10-' M 105 for 7 days, (F, G, H)
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Figure S7. (A, B) Representative TEM image of Co-Cr composite after exposure to 10! M
105 for 24 hours (C, D) the EDS analysis of regions marked 1 and 2 respectively in pane B.
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Figure S8. Representative elemental distribution in the I treated Co-Cr composite: (A)
Representative SEM image of the Co-Cr composite after being exposed to 10! M I- for 24
hours, (B, C, D) Co, Cr and I mapping for region represented by pane A, (E) Representative
SEM image of the Co-Cr composite after being exposed to 10! M I- for 7 days, (F, G, H) Co,
Cr and I mapping for region represented by pane E.
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Figure S9. Co-Cr composite exposed to 10! M I for 24 hours: representative TEM images
of the spinels (A) embedded in the heterogeneous matrix and (B) the magnified spinels, (C)
representative TEM of the heterogeneous matrix, (D) EDS of particle in region 1 of pane B,
(D) EDS of matrix region 2 of pane C.
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Figure S10. Representative elemental distribution in the 104 treated Ni-Cr composite: (A)
Representative SEM image of the Ni-Cr composite after being exposed to 10! M 10, for 24
hours, (B, C, D) Ni, Cr and I mapping for region represented by pane A, (E) Representative
SEM image of the Ni-Cr composite after being exposed to 10! M 10, for 7 days, (F, G, H)
Ni, Cr and I mapping for region represented by pane E.
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Figure S11. Representative elemental distribution in the 105" treated Ni-Cr composite: (A)
Representative SEM image of the Ni-Cr composite after being exposed to 10! M 105" for 24
hours, (B, C, D) Ni, Cr and I mapping for region represented by pane A, (E) Representative
SEM image of the Ni-Cr composite after being exposed to 10-' M 105 for 7 days, (F, G, H)
Ni, Cr and I mapping for region represented by pane E.
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Figure S12. Representative elemental distribution in the I- treated Ni-Cr composite: (A)
Representative SEM image of the Ni-Cr composite after being exposed to 10! M I for 24
hours, (B, C, D) Ni, Cr and I mapping for region represented by pane A, (E) Representative
SEM image of the Ni-Cr composite after being exposed to 10-' M I- for 7 days, (F, G, H) Ni,
Cr and I mapping for region represented by pane E.
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Table S1. Concentrations of the selected specified constituents in the groundwater collected from U.S.
Department of Energy Hanford Site (200 area, well 299-W19-36). The complete groundwater
composition is reported in reference 1.

Molarity

Constituent Concentration (pg/L)

(M)

Barium 113 8.23x10°7
Calcium 122,000 3.04x10°0
Chloride 181,000 5.11x10°0
Total Cr 17.3 3.33x10°%7
Cr(VI) 0.05 9.62x10-10
Magnesium 36,400 1.50x10°93
Molybdenum 65.9 6.87x10°%7
Nitrate 317,000 5.11x10°0
Potassium 7,010 1.79x10704
Sodium 118,000 5.13x10°03
Sulfate 50,000 5.21x10°%
Strontium 618 7.05x10-96
Tin 216 1.82x10%
Alkalinity (CaCO3) 116,000 1.16x10-03
Uranium 174 7.31x10°%7
Todine ® 8.6+0.9 6.8 x1008

9 Jodine concentration was measured in this work by ICP-MS analysis.
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Table S2. Assignment of XPS peaks.

Assignment Position (ev)
Cr 2psp, for Cr3* 577.21
Cr 2ps, for Cro* 579.22
Cr 2p,,, for Cr3* 586.83
Cr 2p,, for Cro* 588.73
Co 2p;,, for Co** 780.94
Co 2p;,, for Co’* 779.83
Co 2ps,, for Co?" satellite 782.6, 786.4°
Co 2ps,, for Co’" satellite 781.16
Cl 2ps, for ClI- 198.77
Ni 2ps; for NiZ* 855.7¢
Ni 2ps, for Ni?* satellites 857.7, 861.5, 866.5°
O 1s for Cr(OH); 531.78
O 1s for Cr,04 530.7°
O Is for CrO; 530.6'0
O 1s for Co;0,4 531.4M1
O s for Ni(OH), 532.0"2
I 3ds), for I 618.8"3
I3ds, for I, 620.5'4
I 3ds, for IO5° 623.915
1 3ds,, for 104 624.215
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Table S3. Elemental analysis of the marked regions in Figure S2 for the untreated Co-Cr and Ni-Cr
composites obtained from EDS analyses showing the respective atomic percentages of the elements.

Co-Cr
Region C (0) Cl Cr Co
1 22.93 50.66 4.76 6.37 15.28
2 21.99 50.46 4.92 6.22 15.42
3 24 49.06 2.96 3.33 20.64
4 24.85 50.44 2.95 3.11 19.89
S 21.72 49.91 3.21 3.22 21.94
Ni-Cr
Region C 0) Cr Ni
6 32.21 45.44 6.40 15.95
7 27.63 44.87 7.39 20.12
8 24 49.06 3.30 20.67

Table S4. Elemental analysis of the marked regions in Figure S4 for the 10, treated Co-Cr composite
obtained from EDS analyses showing the respective atomic percentages of the elements.

Region C 0) Cl Cr Co 1
Exposure to 104 for 24 hours

24.63 45.37 0.63 8.48 20.88 0

2 25.08 48.24 2.63 3.42 20.64 0

14.6 49.52 1.74 10.33 19.94 3.85
Exposure to 10, for 7 days
4 21.63 49.15 0.63 3.48 23.88 1.23
5 23.08 38.24 0.63 12.42 20.64 4.99
22.08 39.24 0.63 12.37 20.71 4.97
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Table S5. Elemental analysis of the marked regions in Figure S6 for the 105 treated Co-Cr composite
obtained from EDS analyses showing the respective atomic percentages of the elements.

Region C 0) Cl Cr Co |

Exposure to 105 for 24 hours

25.5 51.31 0.95 5.29 14.2 2.76

2 17.7 57.3 1.32 5.63 15.57 2.48

29.74 47.28 0.29 2.95 19.33 0.42

Exposure to 10; for 7 days

21.64 49.14 0.57 3.56 23.80 1.29

5 22.08 39.24 0.63 12.37 20.71 4.97

21.18 40.14 1.83 12.56 20.50 3.79

Table S6. Elemental analysis of the marked regions in Figure S8 for the I- treated Co-Cr composite
obtained from EDS analyses showing the respective atomic percentages of the elements.

Region C 0 Cl Cr Co |
Exposure to I for 24 hours
1 22.26 56.22 1.44 5.84 13.64 0.61
2 23.89 52.61 1.17 5.7 16.09 0.55
3 22.89 50.58 0.71 3.01 22.56 0.26
4 19.62 55.48 0.82 3.98 21.99 0.31
Exposure to I- for 7 days
26.64 39.14 0.57 8.56 20.80 4.29
6 26.08 39.24 0.63 8.37 20.71 4.97
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Table S7. Elemental analysis of the marked regions in Figure S10 for the 10, treated Ni-Cr composite
obtained from EDS analyses showing the respective atomic percentages of the elements.

Region C 0 Cr Ni 1
Exposure to 10, for 24 hours
21.26 56.44 6.46 16.84 1.15
2 13.61 62.58 3.22 21.59 1.63
19.84 51.68 6.61 16.80 1.20
Exposure to 104 for 7 days
22.57 50.43 3.02 16.89 7.08
5 27.86 45.14 3.13 16.87 6.99

Table S8. Elemental analysis of the marked regions in Figure S11 for the 105 treated Ni-Cr composite
obtained from EDS analyses showing the respective atomic percentages of the elements.

Region C (0] Cr Ni |
Exposure to 105" for 24 hours
22.35 54.75 5.75 15.00 2.15
2 25.15 52.13 5.53 14.56 2.63
36.05 40.10 2.94 20.71 0.20
Exposure to 10; for 7 days
28.01 47.36 2.74 15.91 5.98
5 30.81 44.56 3.74 15.46 5.43
27.86 45.14 3.13 17.87 5.99

Table S9. Elemental analysis of the marked regions in Figure S12 for the I treated Ni-Cr composite
obtained from EDS analyses showing the respective atomic percentages of the elements.

Region C (0] Cr Ni 1
Exposure to I for 24 hours

16.79 57.01 3.90 21.40 0

17.48 59.74 5.83 16.35

22.89 45.81 3.14 23.69

Exposure to I for 7 days

4 36.74 44.66 3.21 15.39 0
5 38.81 42.59 3.74 14.86 0
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Figure S1. XPS patterns of (—) unexposed composites, and exposed to (—) 10 M I, (—) 105~ and (—)
104 for 24 hours: O 1sregion for (A) Co-Cr, (B) Ni-Cr.

Figure S2. Representative elemental distribution in the untreated M-Cr composites: (A) Representative
SEM of Co-Cr composite, (B) Cr mapping of the represented region (C) Co mapping for the represented
region, (D) Representative SEM of Ni-Cr composite, (E) Cr mapping of the represented region (F) Co
mapping for the represented region.
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Figure S3. Representative SEM images of the composites: after 7 day exposure to aqueous solutions of
anions: (A) Co-Cr exposed to 10! M 10,7, (B) Co-Cr exposed to 10! M 1057, (C) Co-Cr exposed to 107!
M I, (D) Ni-Cr exposed to 10! M 10,4, (E) Ni-Cr exposed to 10! M 105", (F) Ni-Cr exposed to 10! M I

Figure S4. Representative elemental distribution in the 10, treated Co-Cr composite: (A) Representative
SEM image of the Co-Cr composite after being exposed to 10-! M 10, for 24 hours, (B, C, D) Co, Cr and
I mapping for region represented by pane A, (E) Representative SEM image of the Co-Cr composite after
being exposed to 10! M 10, for 7 days, (F, G, H) Co, Cr and I mapping for region represented by pane E.
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Figure S5. (A, B) Representative TEM image of Co-Cr composite after exposure to 10" M 10,4 for 24
hours (C, D) the EDS analysis of regions marked 1 and 2 respectively in pane B.

Figure S6. Representative elemental distribution in the 105" treated Co-Cr composite: (A) Representative
SEM image of the Co-Cr composite after being exposed to 10-' M 10, for 24 hours, (B, C, D) Co, Cr and
I mapping for region represented by pane A, (E) Representative SEM image of the Co-Cr composite after
being exposed to 10"! M 105 for 7 days, (F, G, H) Co, Cr and I mapping for region represented by pane E.
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Figure S7. (A, B) Representative TEM image of Co-Cr composite after exposure to 10-! M 105" for 24
hours (C, D) the EDS analysis of regions marked 1 and 2 respectively in figure B.
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Figure S8. Representative elemental distribution in the I~ treated Co-Cr composite: (A) Representative
SEM image of the Co-Cr composite after being exposed to 10! M I- for 24 hours, (B, C, D) Co, Cr and I

mapping for region represented by pane A, (E) Representative SEM image of the Co-Cr composite after
being exposed to 10! M I for 7 days, (F, G, H) Co, Cr and I mapping for region represented by pane E.
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Figure S9. Co-Cr composite exposed to 10-! M I~ for 24 hours: representative TEM images of the spinels
(A) embedded in the heterogeneous matrix and (B) the magnified spinels, (C) representative TEM of the
heterogeneous matrix, (D) EDS of particle in region 1 of pane B, (I) EDS of matrix region 2 of pane C.
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Figure S10. Representative elemental distribution in the 10, treated Ni-Cr composite: (A)
Representative SEM image of the Ni-Cr composite after being exposed to 10! M 10,4 for 24 hours, (B, C,
D) Ni, Cr and I mapping for region represented by pane A, (E) Representative SEM image of the Ni-Cr
composite after being exposed to 10! M 10, for 7 days, (F, G, H) Ni, Cr and I mapping for region
represented by pane E.
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Figure S11. Representative elemental distribution in the 105 treated Ni-Cr composite: (A)
Representative SEM image of the Ni-Cr composite after being exposed to 10! M 105" for 24 hours, (B, C,
D) Ni, Cr and I mapping for region represented by pane A, (E) Representative SEM image of the Ni-Cr
composite after being exposed to 10! M 105 for 7 days, (F, G, H) Ni, Cr and I mapping for region
represented by pane E.

Figure S12. Representative elemental distribution in the I treated Ni-Cr composite: (A) Representative
SEM image of the Ni-Cr composite after being exposed to 10" M I~ for 24 hours, (B, C, D) Ni, Cr and I
mapping for region represented by pane A, (E) Representative SEM image of the Ni-Cr composite after
being exposed to 10"! M I~ for 7 days, (F, G, H) Ni, Cr and I mapping for region represented by pane E.
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