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Supporting Information Table 1: Metal binding properties of polyligands

Alog Mep2  ApMeP Surface

Polyligand Metal Alog{Me} ApH Coverage® | References
[Goethite Cu2+ 0.6-0.7 1.6-1.9 27)
[Rutile Cul+ 0.6-0.7 1.4-1.6 27)
[Corundum Cu2+ 0.6-0.7 1.3-1.6 Q7
|am-Fe(OH)3 cd2+ 0.7 2 (52)
[Rutile Ccd2+ 0.6-0.7 1.1 (52)
[Corundum Cd2+ 0.7 1.4-1.6 high (52)
ICorundum Cd2+ 1 low (52)
Jam-Fe(OH)3 vOy+ 0.8-0.9 (52)
[Rutile Voo + 0.8-0.9 (52)
ICorundurn VOt 0.8-0.9 (52)
[am-Fe(OH)3 CrO42 0.8 (52)
Corundum CrO 42- 0.9-1 (52)
[Goethite Cd2+ 1 low 43)
[Goethite Zn2+ 0.5 1.5 (53)
Jam-Fe(OH)3 Zn2+ 0.55-0.7 1.5-1.7 high (38, 54)
[am-Fe(OH)3 Zn2+ 0.9-1 low (38, 54)
[am-Fe(OH)3 Hg2+ 1 2 (38, 54)
|am-Fe(OH)3 Co+ 1 (38, 54)
Jm-Fe(OH)3 Ca+ 0.5 high (38, 54)
[am-Fe(OH)3 Ca’+ 0.9-1 low (38, 54)
Jam-Fe(OH)3 SeO42- 0.9-1 -1 (38, 54)
[om-Fe(OH)3 Cd2+ 0.66 1.6-1.7 high (55)
fam-Fe(OH)3 Cd2+ 1 low (55)
[m-Fe(OH)3 Cu2+ 0.66 high (55)
|am-Fe(0H)3 Cu+ 1 low (55)
fam-Fe(OH)3 Pb2+ 0.5 (55)
|am-Fe(OH)3 Zn2+ 1 (55)
[Hematite Thi+ 1 (56)
[Montmorillonite Cu2+ 0.5 1))
[Bentonite cd2+ 0.8 (52)
[Humic Acid Cu2t 0.4 0.9-1.0 (27)
[Humic Acid Cu2+ 0.4 1.5 (28)
[Humic Acid Cd2+ 0.6-0.7 0.9 (28)
[Humic Acid Cal+ 0.4 0.25 (28)
|Futvic acid Cu2+ 0.5 1.2-1.3 57
Sediment Cu2+ 0.6 1 @7
Hanford soil Cu2+ 0.6 1 27
[Hanford soil Cd2+ 0.7-0.8 (52)
I""M«‘:b--bound metal, {Me}--solution activity b__for constant metal bound
Chigh coverage lower bound may range from <0.01 to 1% of total sites
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Supporting Information Table 2--SCM copper binding fits (Table 4 of text)

TLM--SOCu*
IFigure: 6a
[[stoH12 |6.81E-4]543E-4|2.66E-4 | 6.81E-4] 6.57E-4| 5.26E-4 | 6.00E-4 | 4.80E4 | 4.00E-4
[[520H]Y 1.16E-6 [ 1.07E-6 | 1.07E-6 | 8.00E-5 | 2.00E-4 | 2.80E-4
[[S30H] 4.10E-4 1.50E-4 | 9.71E-7 | 1.00E-6 | 1.00E-6
fogKime | 259 | 276 | 3.06 | 241 | 245 | 254 | 224 | 207 1.93
tLgKZMec 592 | 593 | 597 | 305 | 2.83 | 6.00
0gK3Me 602 | 600 | 2.75
WSOS/DF]| 83.0 | 676 | 69.0 173 | 21.8 17.3 17.1 16.9 17.1

Mod TL--SOCu* 2.3/nm?2 DLM--SOCu* 7/nm?
IFigure: 6b 6¢
[SIOH]  |6.64E-4]|9.90E-4| 6.64E-4] 1.41E-3 | 2.13E4 | 1.88E-4 | 2.68E-4 | 5.70E-4 | 2.86E-4 | 5.70E-4
[[S20H] 5.28E-7] 1.15E-6 6.72E-7 | 1.08E-6 9.66E-7
lis3oH]
BogKime. 1.81 1.71 1.71 145 | 230 | 223 | 2.05 1.53 1.75 1.39
flogK2pmee 549 | 526 536 | 5.16 4.86
|logK3Me
WSOS/DF ) 79.7 | 68.0 | 500 | 11.5 | 1406 | 110.7 | 1107 || 1593 | 1719 | 111.8

TLM--S_OCu*(~Cl04")

IFigure: 6d 6rd
[[S10H] 81E-4 [3.89E-4 [2.21E-4 | 6.81E-4 [ 4.94E-4 | 2.78E-4 | 5.80E-4 | 5.60E-4 | 5.30E-4 | 4.30E4
[[s20H] 2.28E-6 | 1.43E-6 | 1.37E-6 | 1.00E-4 | 1.20E-4 | 1.50E-4 | 2.50E4
[(S30H] 4.60E-4 4.00E-4 | 1.02E-6 | 1.06E-6 | 1.13E-6 | 1.34E-6
fogK1me 212 | 237 | 2.72 1.89 | 208 | 2.40 1.39 1.32 120 | 0.59
fogK2Mme 516 | 536 | 545 | 283 | 276 | 266 | 244
fogK3me 562 | 560 | 5.56 | 5.46
PogK1wme. x| 255 | 281 315 | 232 | 251 | 2.83 1.83 1.75 1.63 1.03
fogK2Mme..x 559 | 580 | 589 | 326 | 3.19 | 3.10 | 2.87
BogK3Mme..x 6.05 6.03 6.00 | 5.90
WSOS/DF | 1369 | 873 | 868 | 223 15.7 14.5 11.1 11.0 11.1 13.2
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Supporting Information Table 2, cont.

TLM--SOCuOH

IFigure: 6e 6g¢

[[S10H] 6.81E-4 | 1.89E-4 [ 2.05E-4 | 5.30E-4 | 5.50E-4 | 5.80E-4
[[S20H] 2.05E-6 | L.SOE-4 | 1.30E-4 | 1.00E-4
lis3om 4.80E-4 | 1.39E-6 | 1.20E-6 | 9.58E-7
fogKimeon| -6.61 | -566 | -6.10 | -831 | 815 | -7.91
BogK2meon 329 | 587 | -578 | -5.61
fogK3nmeon 3.06 | 298 | -2.85
WSOS/DF | 5130 | 1333 | 377 | 136 | 127 | 163

Mod TL--SOCuOH

[Figure:

[[S10H] 6.64E-4 | 1.89E-4 | 1.75E-4 | 2.05E-4 | 5.40E-4 | 5.30E-4 | 5.20E4
[[S20H] 2.05E-6 | 1.20E-4 | 1.30E-4 | 1.40E-4
[[s30m 4,80E-4 | 4.60E4 | 1.11E-6 | 1.20E-6 | 1.29E-6
fogKimeon| 667 | 572 | -6.02 | -6.17 | -813 | -821 | -8.29
fogK2MeoH 336 | -580 | -5.85 | -5.90
logK3meon 3.01 | -3.05 | -3.09

WSOS/DF | 504.0 | 1309 | 138.1 37.8 13.2 12.8 13.0

2.3/nm?2 DLM--SOCuOH 7/nm?
[Figure:
[[S10H] 1.89E-4 | 1.88E-4 | 2.30E-4 ||5.70E-4 [ 1.82E-4 | 2.16E-4 | 2.04E-4 | 3.70E-4 | 4.20E-4 | 4.70E4
[[S20H] 1.42E-6 | 2.50E-6 1.98E-6 | 2.06E-6 | 2.00E-4 | 1.50E-4 | 1.00E-4
[[S30H] 3.50E-4 | 1.98E-6 | 1.39E-6 [9.54E-7
fogKimeon| -561 | -582 | -6.07 || -6.58 | -5.73 | 6.12 | -6.16 | -8.76 | -8.28 | -7.88
fogK2MmeoH 291 | -3.29 326 | 326 | 615 | -5.94 | -5.67
fogK3meon 332 | 3.2 | 290
WSOS/DF | 1659 | 948 | 73.2 |[ 4937 | 1441 | 506 | 42.7 | 30.1 17.8 19.4
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Supporting Information Table 2, cont.

TLM--(S0)2Cu

lFigure:
[[S10H] 6.81E-4 | 4.63E-4 | 6.81E-4 | 5.47E-4 | 3.50E-4 | 3.30E-4 E-4
[[S20H] 2.32E-6 | 1.46E-6 | 3.30E-4 | 3.50E-4 | 3.80E-4
[[s30H] 9.77E-7| 1.01E-6 | 1.07E-6
BogK1yime| 410 | -3.61 | -435 | -403 | -498 | -501 | -5.08
logK2pime -1.07 | -068 | -353 | 358 | -3.63
MogK3pime 027 | -027 | -0.26

Mod TL--(SO)2Cu
[Figure:
I[SIOH] 0.64E-4 | 4.66E-4 | 6.64E-4 | 5.31E-4 | 3.50E-4 | 3.00E-4 | 3.00E-4
[[s20H] 2.11E-6 | 1.45E-6 | 3.10E-4 | 3.60E-4 | 3.60E-4
[[s30H] 1.40E-4 | 9.57E-7| 9.41E-7| 1.04E-6
BogK1lpime| 422 | -376 | -446 | -417 | -499 | 359 | -5.08
BogK2piMme -1.16 | 083 | -3.62 | 497 | -376
logK3pime 041 | -030 | -0.39
WSOS/DF| 1408 | 965 | 320 | 257 | 199 | 199 | 1938

2.3/nm?2 DLM--(S0)2Cu 7/nm?2
IFigure:
[[S10H] 1.88E-4 | 5.68E-4 || 5, 70E-4 | 4.53E-4 | 5.70E-4 | 5.39E-4 | 3.00E-4 | 2.50E-4 | 2.00E-4
[[S20H) 1.62E-6 1.69E-6 | 1.50E-6 | 2.70E-4 | 3.20E-4 | 3.70E-4
[[S30H] 9.45E-7| 9.97E-7 | 1.07E-7
PogK1pime| 226 | 410 || 403 | 373 | 425 | 416 | 456 | 461 | 466
fogK2pime -0.75 092 | 082 | 350 | 365 | -3.78
llogK3pime 030 | 025 | 020
WSOS/DF | 551.5 | 59.1 || 1257 | 107.6 | 372 | 376 | 323 | 322 | 323
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Supporting Information Table 2, cont.

TLM SOCu* & SOCuOH

[Figure:
l[s10H]? 3.50E-4 | 4.00E-4 | 4.50E-4 | 5.50E-4 | 5.50E-4 E-
l(s20H1P 1.01E-6 | 1.04E-6 | 1.06E-6 | 1.30E-4 | 1.30E-4 | 1.30E-4
[[S30H] 3.30E-4 [ 2.80E-3 [2.30E-3 | 1.20E-6 | 1.20E-6 | 1.15E-6

B~

fogKlme 273 | 267 | 261 [ 265 | 067 | 027
fogK2Mme 599 | 598 | 597 | -028 1.71 2.58

0gK3M,© 2.52 4.51 5.40
E?gKlMeOH -8.01 | 834 | 865 | 815 | 817 | 823
fogK2meon | 475 | 503 | -529 | -5.78 -5.79 -5.92
fogK3Mmeon 298 | 300 | -3.11

WSOS/DF 16.7 16.7 16.8 12.7 12.7 12.7

TLM SOCu*(~Cl0O4") & SOCuOH

[Figure: 6hd

[[S10H] 2.58E-4 [ 2.64E-4 | 5.00E-4 E-4 | 5.40E-4 | 5.50E-4 |6.00E-4
|[son] 1.39E-6 [ 1.80E-4 | 1.50E-4 | 1.40E-4 | 1.30E-4 |8.00E-5
|[s30H] 4,20E-4 | 1.24E-6 | 1.16E-6 | 1.12E-6 | 1.06B-6 |9.54E-7
HogKime 250 | 2.41 | 0.59 0.53 0.54 0.60 1.42
fogK2y . 544 | 256 2.60 2.63 2.56 2.93
fogK3me 5.47 5.46 5.47 5.47 5.65
fogKime..x | 293 | 284 | 1.02 0.96 0.98 1.04 1.86
fogK2Mme..x 587 | 2.99 3.04 3.06 2.99 3.37
fogK3Mme..x 5.91 5.90 5.90 5.91 6.09
fogKimeo 717 | 2792 | 899 | -8.66 -8.57 849 | 913
fogK2meoH 489 | 702 | -6.58 -6.48 654 | -7.62
fogK3MmeoH 411 | -3.73 -3.64 362 | -490
WSOS/DF 739 | 147 9.2 7.7 15 7.6 10.8
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Supporting Information Table 2, cont.

Mod TL SOCut & SOCuOH

hiada S o wie ettt e R

IFigure: 6id
I[SIOH] 6.04E-4 | 2.88E-4 | 6,64E-4 | 2.73E-4 | 5.00E-4 | 5.20E-4 |5.30E-4
lis2oH] 9.21E-7 | 1.06E-6 | 1.60E-4 | 1.40E-4 |1.30E-4
[[s30H] 4.00E-4 | 1.19E-6 | 1.13E-6 |1.08E-6
fogK1ime 1.76 | 1.85 1.58 1.90 -0.25 024 | -0.21
RogK2Mme 5.14 5.02 1.94 1.95 1.97
fogK3me 4.81 4.78 4.79
fogKimeon | -839 | -730 | -819 | 717 -8.58 843 | -8.35
fogK2MeoH 463 | -4.05 -6.40 624 | -6.18
fogK3meoH -3.53 -3.41 -3.36
WSOS/DF 65.3 18.8 15.1 7.4 6.8 7.0

2.3/nm?2 DLM SOCu* & SOCuOH 7/nm?2
IFigure: 6jd
[[S10H] 1.88E-4 | 1.88E-4 [2.16E-4 || 5.70E-4 | 2.14E-4 | 2.08E-4 |5.70E-4 | 2.16E4 | 4.40E-4
[[S20H] 1.68E-6 | 1.92E-6 1.81E-6 | 1.88E-6 | 1.30E-4
l[s30H] 3.60E-4 3.50E-4 | 1.18E-6
flogK1m e 250 | 1.79 | 1.76 1.50 1.63 1.87 125 | 1.32 | -0.63
0gK2Me 461 | 4.60 447 | 416 | 1.52
ogK3Mme 4.30
ogKimeon | 250 | 179 | 1.76 1.50 1.63 1.87 1.25 132 | -0.63
0gK2Me0OH 461 | 4.60 2447 | 416 1.52
0gK3MeOH 4.30
WSOS/DF 949 | 346 | 266 || 1467 99.4 1071 | 720 | 26.1 6.2

site concentration, moles/g goethite; underlined, italicized values were fixed, not fit
bif blank there are no sites in this class

Cif blank, site class does not bind copper
dFigure:s included in Supporting Information
Regressions of pH5&6; 0.(0)1N data; 207 data points
Acid base parameters shown in Table 2 of main text
FITEQL Error terms--(Absolute:CuT--1.0E-7); (Relative: Cur--0.01; Cugs--.046; Hg, Nag, Cl1045--.023); T--

total, f--free

For bidentate reactions use (SxO)2Cu for total [SxOH] >1.00E-4M; use (S10)Cu(SxO) for total

[SxOH]<1.0E-4M, i.e., assumes a low density site is more likely to be located adjacent to a high density
site than to another low density site
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Copper binding by goethite. Data and model fits.
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Copper binding by goethite. Data and model fits.
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