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Tables

Table S1: Characteristics of the raw wastewater sample (0.4 um filtered, aerated)
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Table S2: LCF results along with statistical parameters for samples collected at
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increasing reaction times of the sulfidation of CuO NP with HS- (1.3 mM CuO, 4 mM

HS-) in the presence or absence of different organic compounds, obtained from

XANES spectra between 8964 and 9064 eV.

Concent
Time Organic ration LCF Cu,S LCF Cus LCF R-
[min] compound [mgL?!] CuO error primitive error (Covellite) error Sum factor Red. x2 X2
0 None 0 1.00  0.00199 0.00 O'OSOO 0.00 0.00000  1.00  0.00E+00  0.00E+00 0.00E+00
0.0118
0.25 None 0 051  0.00278 0.39 8 0.10 0.01337 101  1.32E-04  2.28E-05 3.79E-03
0.0184
5 None 0 0.28  0.00430 0.51 8 0.21 0.02079  1.03  3.09E-04  5.40E-05 8.21E-03
0.0224
15 None 0 0.19  0.00523 0.52 o 0.28 0.02520  1.02  5.05E-04  8.11E-05 1.35€-02
0.0175
60 None 0 0.10  0.00409 0.34 8 0.55 0.01979  1.01  2.94E-04  4.89E-05 7.44E-03
0.0205
180 None 0 0.01  0.00480 0.09 . 0.90 0.02312  1.02  4.26E-04  6.83E-05 1.13€-02
0.0000
0 BSA 1000 1.00  0.00199 0.00 0 0.00 0.00000  1.00  0.00E+00  0.00E+00 0.00E+00
0.0142
0.25 BSA 1000 0.54  0.00330 0.39 1 0.08 0.01599  1.02  1.72E-04  3.19E-05 4.86E-03
0.0128
5 BSA 1000 045  0.00298 0.37 3 0.17 0.01444 101  1.46E-04  2.60E-05 3.96E-03
0.0109
15 BSA 1000 043  0.00254 0.41 1 0.16 0.01228 101  1.06E-04  1.88E-05 2.86E-03
0.0155
60 BSA 1000 036  0.00362 0.42 p 0.22 0.01751  1.01  2.20E-04  3.83E-05 5.82E-03
0.0136
180 BSA 1000 032  0.00316 0.36 1 0.32 0.01531  1.01  1.68E-04  2.93E-05 4.45E-03
0.0270
300 BSA 1000 029  0.00649 0.53 p 0.19 0.03093  1.04  6.72E-04  1.256-04 1.68E-02
0.0000
0 ALG 1000 100 0.00199 0.00 0 0.00 0.00000  1.00  0.00E+00  0.00E+00 0.00E+00
0.0138
0.25 ALG 1000 043  0.00323 0.43 9 0.14 0.01564  1.02  1.72E-04  3.06E-05 4.64E-03
0.0152
5 ALG 1000 0.28  0.00355 0.53 s 0.19 0.01720  1.02  2.15E-04  3.70E-05 5.62E-03
0.0153
15 ALG 1000 022 0.00358 0.52 8 0.26 0.01730 101  221E-04  3.75E-05 5.70E-03
0.0150
60 ALG 1000 0.11  0.00350 0.39 o 0.50 0.01694  1.01  2.14E-04  3.59E-05 5.45E-03
0.0121
180 ALG 1000 0.04  0.00283 0.11 8 0.86 0.01371 101  1.40E-04  2.35E-05 3.57E-03
0.0000
0 PAA 1000 100  0.00199 0.00 o 0.00 0.00000  1.00  0.00E+00  0.00E+00 0.00E+00
0.0242
0.25 PAA 1000 046  0.00565 0.32 5 0.23 0.02734 103  5.05E-04  9.34E-05 1.43€-02
5 PAA 1000 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
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0.0167

15 PAA 1000 0.23 0.00390 0.47 7 0.29 0.01887 1.02 2.63E-04 4.45E-05 6.81E-03
60 PAA 1000 n.d. nd. nd. n.d. n.d. n.d. nd. nd. n.d. n.d.
0.0172
180 PAA 1000 0.03 0.00401 0.12 2 0.85 0.01940 1.02 2.83E-04 4.70E-05 7.20E-03
0.0000
0 HA 600 1.00 0.00199 0.00 o 0.00 0.00000 1.00 0.00E+00 0.00E+00 0.00E+00
0.0241
0.25 HA 600 0.48 0.00580 0.50 9 0.00 0.02765 1.00 5.52E-04 9.97E-05 1.36E-02
5 HA 600 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
0.0348
15 HA 600 0.22 0.00836 0.75 7 0.07 0.03985 1.08 1.06E-03 2.07E-04 2.82E-02
60 HA 600 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
0.0308
180 HA 600 0.06 0.00740 0.41 5 0.54 0.03525 1.04 9.13E-04 1.62E-04 2.20E-02
0.0000
0 BSA 100 1.00 0.00199 0.00 o 0.00 0.00000 1.00 0.00E+00 0.00E+00 0.00E+00
0.25 BSA 100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
5 BSA 100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
0.0153
15 BSA 100 0.28 0.00356 0.51 1 0.21 0.01723 1.01 2.17E-04 3.71E-05 5.67E-03
60 BSA 100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
0.0143
180 BSA 100 0.09 0.00332 0.30 0 0.61 0.01609 1.02 1.94E-04 3.24E-05 4.95E-03
0.0000
0 ALG 100 1.00 0.00199 0.00 o 0.00 0.00000 1.00 0.00E+00 0.00E+00 0.00E+00
0.25 ALG 100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
5 ALG 100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
0.0170
15 ALG 100 0.21 0.00399 0.53 7 0.26 0.01920 1.02 2.89E-04 4.71E-05 7.82E-03
60 ALG 100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
180 ALG 100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
0.0000
0 HA 100 1.00 0.00199 0.00 0 0.00 0.00000 1.00 0.00E+00 0.00E+00 0.00E+00
0.0341
0.25 HA 100 0.48 0.00820 0.53 3 0.00 0.03906 1.05 1.06E-03 1.99€-04 2.71E-02
5 HA 100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
0.0360
15 HA 100 0.21 0.00866 0.74 9 0.04 0.04124 1.03 1.27€-03 2.22E-04 3.02E-02
60 HA 100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
0.0462
180 HA 100 0.02 0.01109 0.37 2 0.64 0.05283 1.08 2.01E-03 3.64E-04 4.95E-02
0.0000
0 BSA 10 1.00 0.00199 0.00 o 0.00 0.00000 1.00 0.00E+00 0.00E+00 0.00E+00
0.0139
0.25 BSA 10 0.44 0.00325 0.44 3 0.11 0.01567 1.01 1.86E-04 3.14E-05 5.21E-03
5 BSA 10 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
0.0171
15 BSA 10 0.19 0.00400 0.53 2 0.28 0.01926 1.02 2.94E-04 4.74E-05 7.87E-03
0.0142
60 BSA 10 0.11 0.00331 0.37 2 0.53 0.01600 1.02 1.90E-04 3.21E-05 4.87E-03
0.0180
180 BSA 10 0.02 0.00423 0.16 9 0.82 0.02035 1.02 3.30E-04 5.29E-05 8.78E-03
0.0000
0 ALG 10 1.00 0.00199 0.00 o 0.00 0.00000 1.00 0.00E+00 0.00E+00 0.00E+00
0.0145
0.25 ALG 10 0.43 0.00339 0.50 0 0.07 0.01631 1.02 2.03E-04 3.40E-05 5.64E-03
0.0142
5 ALG 10 0.29 0.00330 0.49 1 0.22 0.01599 1.01 1.86E-04 3.19E-05 4.86E-03
0.0163
15 ALG 10 0.20 0.00383 0.54 9 0.26 0.01844 1.02 2.69E-04 4.34E-05 7.21E-03
0.0157
60 ALG 10 0.10 0.00366 0.29 5 0.61 0.01769 1.01 2.33E-04 3.91E-05 5.95E-03
0.0181
180 ALG 10 0.03 0.00424 0.14 2 0.83 0.02041 1.02 3.32E-04 5.32E-05 8.83E-03
0.0000
0 PAA 10 1.00 0.00199 0.00 o 0.00 0.00000 1.00 0.00E+00 0.00E+00 0.00E+00
0.0145
0.25 PAA 10 0.46 0.00339 0.47 2 0.07 0.01633 1.01 2.02E-04 3.41E-05 5.66E-03
5 PAA 10 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
0.0186
15 PAA 10 0.17 0.00436 0.54 7 0.29 0.02100 1.02 3.52E-04 5.63E-05 9.35E-03
60 PAA 10 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
0.0212
180 PAA 10 0.02 0.00495 0.12 o 0.87 0.02385 1.03 4.50E-04 7.27E-05 1.20E-02
0 HA 10 1.00 0.00199 0.00 0.0(())00 0.00 0.00000 1.00
0.0164
0.25 HA 10 0.47 0.00385 0.44 9 0.09 0.01855 1.02 2.59E-04 4.40E-05 7.30E-03



5 HA 10 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
0.0173
15 HA 10 0.20 0.00405 0.53 2 0.27 0.01948 1.02 3.00E-04 4.85E-05 8.05E-03
60 HA 10 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
0.0183
180 HA 10 0.01 0.00430 0.10 3 0.89 0.02068 1.02 3.42E-04 5.47E-05 9.07E-03
0.0000
0 FW 536 1.00 0.00199 0.00 0 0.00 0.00000 1.00 0.00E+00 0.00E+00 0.00E+00
0.25 FW 536 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
5 FW 536 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
0.0134
15 FW 536 0.30 0.00313 0.48 7 0.22 0.01516 1.01 1.67E-04 2.87E-05 4.36E-03
60 FW 536 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
0.0161
180 FW 536 0.06 0.00376 0.16 0.78 0.01820 1.02 2.46E-04 4.14E-05 6.29E-03

n.d.: Not determined

Table S3: LCF results for samples collected at increasing reaction times of the
sulfidation of CuO NP with HS- (1.3 mM CuO, 4 mM HS") in the presence or absence
of different organic compounds, obtained from EXAFS data between 3 and 8 A-".

Organic  Concentration CuS

Time [min] compound [mg L] CuO Cu,S primitive! (Covellite) Sum
0 None 0 1.00 0.00 0.00 1.00
0.25 None 0 0.49 0.42 0.14 1.06
5 None 0 0.24 0.67 0.25 1.16
15 None 0 0.34 0.84 0.05 1.23
60 None 0 0.14 0.55 0.46 1.15
180 None 0 0.00 0.26 0.94 1.21
0 BSA 1000 1.00 0.00 0.00 1.00
0.25 BSA 1000 0.56 0.58 0.03 1.17
5 BSA 1000 0.48 0.54 0.05 1.07
15 BSA 1000 0.46 0.43 0.14 1.03
60 BSA 1000 0.38 0.66 0.08 1.12
180 BSA 1000 0.36 0.45 0.28 1.09
300 BSA 1000 0.27 0.70 0.12 1.09
0 ALG 1000 1.00 0.00 0.00 1.00
0.25 ALG 1000 0.43 0.33 0.23 1.00
5 ALG 1000 0.27 0.69 0.13 1.09
15 ALG 1000 0.27 0.67 0.14 1.08
60 ALG 1000 0.14 0.62 0.39 1.15
180 ALG 1000 0.03 0.24 0.91 1.19
0 PAA 1000 1.00 0.00 0.00 1.00
0.25 PAA 1000 0.50 0.51 0.00 1.01
5 PAA 1000 n.d. n.d. n.d. 0.00
15 PAA 1000 0.30 0.68 0.14 1.11
60 PAA 1000 n.d. n.d. n.d. 0.00
180 PAA 1000 0.04 0.41 0.72 1.17
0 HA 600 1.00 0.00 0.00 1.00
0.25 HA 600 0.40 0.60 0.00 1.00
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5 HA 600 n.d. n.d. n.d. 0.00
15 HA 600 0.22 1.00 0.00 1.22
60 HA 600 n.d. n.d. n.d. 0.00
180 HA 600 0.06 0.54 0.51 1.11
0 BSA 100 1.00 0.00 0.00 1.00
0.25 BSA 100 n.d. n.d. n.d. 0.00
5 BSA 100 n.d. n.d. n.d. 0.00
15 BSA 100 0.32 0.66 0.14 1.12
60 BSA 100 n.d. n.d. n.d. 0.00
180 BSA 100 0.10 0.60 0.49 1.19
0 ALG 100 1.00 0.00 0.00 1.00
0.25 ALG 100 n.d. n.d. n.d. 0.00
5 ALG 100 n.d. n.d. n.d. 0.00
15 ALG 100 0.26 0.71 0.16 1.12
60 ALG 100 n.d. n.d. n.d. 0.00
180 ALG 100 n.d. n.d. n.d. 0.00
0 HA 100 1.00 0.00 0.00 1.00
0.25 HA 100 0.44 0.56 0.04 1.03
5 HA 100 n.d. n.d. n.d. 0.00
15 HA 100 0.21 0.63 0.15 0.99
60 HA 100 n.d. n.d. n.d. 0.00
180 HA 100 0.02 0.23 0.88 1.13
0 BSA 10 1.00 0.00 0.00 1.00
0.25 BSA 10 0.45 0.51 0.09 1.06
5 BSA 10 n.d. n.d. n.d. 0.00
15 BSA 10 0.25 0.72 0.16 1.13
60 BSA 10 0.11 0.67 0.38 1.16
180 BSA 10 0.02 0.46 0.74 1.23
0 ALG 10 1.00 0.00 0.00 1.00
0.25 ALG 10 0.46 0.40 0.17 1.03
5 ALG 10 0.30 0.69 0.13 1.13
15 ALG 10 0.24 0.76 0.16 1.16
60 ALG 10 0.14 0.63 0.40 1.17
180 ALG 10 0.00 0.30 0.89 1.19
0 PAA 10 1.00 0.00 0.00 1.00
0.25 PAA 10 0.44 0.39 0.17 1.00
5 PAA 10 n.d. n.d. n.d. 0.00
15 PAA 10 0.21 0.61 0.29 1.11
60 PAA 10 n.d. n.d. n.d. 0.00
180 PAA 10 0.06 0.32 0.79 1.17
0 HA 10 1.00 0.00 0.00 1.00
0.25 HA 10 0.47 0.68 0.00 1.14
5 HA 10 n.d. n.d. n.d. 0.00
15 HA 10 0.21 0.70 0.21 1.12
60 HA 10 n.d. n.d. n.d. 0.00
180 HA 10 0.01 0.27 0.88 1.17
0 FW 536 1.00 0.00 0.00 1.00



0.25 FW 536 0.34 0.78 0.00 1.13
5 FW 536 n.d. n.d. n.d. 0.00
15 FW 536 0.11 0.37 0.68 1.15
60 FW 536 n.d. n.d. n.d. 0.00

180 FW 536 0.14 0.15 0.76 1.05

n.d.: Not determined
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Fig. S2: (A) Normalized XANES spectra of the references used for the LCF analyses
.The reference spectrum for amorphous Cu,S was obtained from Pattrick et al. (see
ref' Figure 3, 2n — blue/black primitive). (B) Experimental spectra at t = 3 h (solid
black lines). “Control” refers to the experiment conducted in the absence of organic
compounds. Corresponding LCF fits for each experimental spectrum are shown in
solid red lines.
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Fig. S3: (A) Normalized XANES spectra of CuO-NP reacted with 1000 mg L' BSA
(dark red line) and 600 mg L' HA (dark yellow line) at t = 3 h together with
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references for Cu(ll) or Cu(l) complexed to humic acid from Fulda et al.?2 (H2-untr,y
and L1-redanox, measured at 4 K). Cu(ll)-PUHA was measured at room temperature
and prepared by mixing 20 mL of a 2.27 gTOC L' purified Unterrickenzopfen humic
acid (PUHA) with 400 pL 0.5M NaNOg, adjusting to pH 6 with 0.1M NaOH, adding
800 pL 50mM CuCl,, shaking slowly for 1h and subsequent freeze drying. (B) LCF fit
results for CuO-NP reacted with 1000 mg L' BSA and 600 mg L' HA att = 3 h using
the CuO-NP/amorphous Cu,S and CuS reference shown in Figure S1. (C) LCF fit
results using only the three Cu-humic acid complexes shown in A. (D) LCF fit results
using the three Cu-humic acid complexes shown in A together with the amorphous
Cu,S and CusS (for BSA) or the CuO and CuS (for HA) reference shown in Figure S1.
Statistic parameters (R-factor and reduced x?) are given below the graphs. If
references for CuO and and for Cu2* complexed to HA were both included in addition
to Cu,S and CusS in the LCF analyses, the reference of CuO was always preferred
over Cu?* complexed to HA.
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circles). Error bars in the center of the symbols represent the error returned from LCF
analysis.
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Fig. S5: Bisulfide (HS-) concentration over time in the absence or presence of organic
compounds at 1000 mgL-'. The HS- concentration was determined in the absence of
CuO NP.
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Fig. S6: Cu concentration in 10 kDa filtrates with and without 1000 mg L-' BSA. The
experiment was conducted as follows: 200 pL of 0.1, 0.5 and 1.3 mM Cu?* (Cu-
nitrate) solutions were prepared in Tris-HCI (50 mM, pH 8) with and without 1000
mg/L BSA, mixed thoroughly and equilibrated for 15 minutes. The resulting solutions
were diluted 1:5, resulting in concentrations of 0.02, 0.1 and 0.26 mM Cu?*, and
subsequently filtered as described for the experimental samples. The filtrates were
then diluted further in 2% HNOj; for Cu determination using ICP-MS. The dashed line
in the graph represents the 1:1 line.
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Fig. S7: STEM — SE (upper panel) and corresponding STEM — HAADF (lower panel)
micrographs showing reaction products of 1.3 mM Cu?* (from CuNO3) and 4 mM HS-
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after 1 h reaction time in the presence of 1000 mg L' BSA, ALG and PAA, 600 mg L-

T HA and without added organic compounds.

+ALG

+PAA

Fig. S8: STEM — HAADF (left) micrographs and EDX elemental distribution maps
showing agglomerated particles after 3 h of sulfidation in the presence of 1000 mg L'
ALG and PAA.
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