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1. Preparation of S-Cu-FC/CuS/GO
It is now known that the following reactions would occur in the presence of sulphite in acidic
solutions:
CuFeS,+4H™=Cu?*+Fe?"+2H,S, 2Fe3*+H,S=2Fe?*+S+2H", CuFeS,+2H"™=CuS+Fe*"+H,S. So,
it could be determined that the reaction between CuFC and TAA was mainly a complexation
reaction between Cu?" and S* or HS". Based on the principle of this reaction, then, the product
of the reaction between TAA and CuFC (Cu,[Fe(CN)g]) was assumed as: Cuy[Fe(CN)g]-
Cu,S (x+y=2). It followed that when all Cu?* participated in the reaction, x=2 and y=0, the
product was still CuFC (Cu,[Fe,(CN)g]). It also followed that when Cu?* did not participate in
the reaction, x=0 and y=2, the product was all CuS. Therefore, we assumed that the reaction
proceeds according to the most ideal situation, only a part of Cu?>* in CuFC were involved in
the formation of CuS and the producxt might be (2-y){Cu,[Fe(CN)s]}-yCuS. Meanwhile,
based on the mass of the raw material in the reaction, the following equations could be
obtained:
N(Cu)x+N(Cu)y=2N(Cu,[Fe(CN)s])raw=N(Cu)(2-y) { Cuy[Fe(CN)g] } -yCuS
2NA*n((2-y) {Cuy[Fe(CN)e] ) ) NA*n(yCuS)=2Nxxn(Cuz[Fe(CN)s raw-

We further assumed that CuFC was mixed up with CuS powders and a complex with the
same number of copper atoms as the ideal reaction product could be obtained:

2NAXn((2'Y) {Cu2 [Fe(CN)6] } ):2NAXI1(C112 [Fe2(CN)6])Direct mixing»
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Naxn(yCuS)=Nxn(CuS)pirect mixing

2NAXn(Cup[Fe(CN)s])pirect mixing™NAXN(CUS)pirect mixing=N(CW) 2-y) (cuz[Fe2(CN)6]}-yCus
2NAXm(Cuy[Fe(CN)g])/M(Cu,[Fe(CN)g])+Noxm(CuS)/M(CuS)=2N(CuFC)rayw
2NpAxm(CuFC)/(340 g mol)+Noxm(CuS)/(80 g mol!)=2Nyxm((2-y){Cuy[Fe(CN)g]}-
YCuS)raw/M((2-y) { Cuy[Fe(CN)g]} -yCusS)

If the suitation was optimal, 50% of the copper atoms were involved in the reaction:
2N xm(CuFC)/(340 g mol")+Nxm(CuS)/(80 g mol!)=2N(Cu[Fe(CN)]-CuS)=2N*xm(S-
Cu-FC/CuS)/M(S-Cu-FC/CuS)=2Nxm(S-Cu-FC/CuS)/(356 mg mol!)
m(CuFC)/170 + m(CuS)/80 = m(S-Cu-FC/CuS)/178.

Let m(CuFC) = A, m(CuS) = B, m(S-Cu-FC/CuS) = C, it could be obtained: 1.047A +
2.225B = C (for TEM, XRD and electrochemical test, S, C was set to the usual mass of 3 mg).
So, 1.047A +2.225B =3 mg. If C =3 mg and A + B was in the vicinity of 3 mg, A and B was
set up as 1.433 mg and 0.674 mg, respectively. Therefore, CuFC (1.433 mg) and CuS (0.674
mg) were mixed and grounded. The mixture was treated with ultrasound for 2 h and dispersed

in ethanol and lyophilized to obtain CuFC/CusS.



2. Supplementary Figures

a

Figure S1. (a) SEM images of CuFC. The scale bar is 200 nm. (b) TEM images of CuFC (left

scale bar = 20 nm and right scale bar = 20 nm).



CuFeS, +4H* = Cu** + Fe** + 2H,S  Reaction (1)
4Fe? - 4e = 4Fe* Reaction (2)
2Fe®* + H,S = 2Fe* + 8 + 2H* Reaction (3)
CuFeS, +2H"=CuS + Fe** + H,S  Reaction (4)

Figure S2. Mechanisms of the dissolution of chalcopyrite (CuFeS,) in acidic sulfate aqueous

solution.

The dissolution of CuFeS, in acidic solutions could be split into the above reaction processes.
As the shown in Reaction (1), the CuFeS, was initially dissolved by acidic solutions into ions
(Cu?* and Fe?") and H,S generated. Ferrous ions were unstable and easily oxidized leading to
Reaction (3) to produce Fe**. However, the reductive H,S would react with Fe’* to reduce the
latter to Fe?*. Generally, the reactions ultimately exhibited by the dissolution of chalcopyrite

could be summarized as Reaction (4).1-13]



CH,CSNH_+ 2H,0 = (NH,*)+CH,COO+H_S Reaction (1)
H,S = HS" + H* Reaction (2)

Figure S3. Mechanisms of the hydrolysis of thioacetamide in acidic solution.

Thioacetamide could be hydrolyzed in acidic solutions to form H,S or HS-, so it was often
used in analytical chemistry as a group reagent or precipitation reagent for metal cations
instead of the toxic and odorous H,S.Therefore, in order to ensure that a part of Cu?>* in CuFC
would react with TAA and material not be dissolved because of the excessive oxidation at
high temperatures or strong acids, the reaction of CuFC and TAA was carried at 60 °C for

only 30 min in a slightly acidic solution (pH = 5).[16:17]
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Figure S4. (a) SEM images of S-Cu-FC/CuS. Scale bar is 200 nm. (b) Particle sizes of CuFC
and S-Cu-FC/CusS.



Figure S5. TEM images of CuFC/CuS (left scale bar = 50 nm and right scale bar = 2 nm).
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Figure S6. (a) Schematic diagram of the preparation of the HH hydrogel and SEM images of
GO@CMC hydrogel and HH hydrogel. Scale bars are all 20 um. (b) XPS spectra of CMC
hydrogel, GO@CMC hydrogel, and HH hydrogel. (c) XRD of GO@CMC hydrogel and HH

hydrogel.



——CuFC S-Cu-FC/CuS ) — S-Cu-FC/CuS/GO

2.28 eV 1.48 eV 144 eV

[hV*F(Re0)]"?
[hV*F(Re)]"?
[hv*F(R=)]"

16 18 20 22 24 26 28 30 10 12 14! 16 18 20 06 08 10 12 14 16 18 20

hv (eV) hv (eV) hv (eV)

Figure S7. Energy gaps calculated from UV-vis-NIR diffuse reflectance spectra.

The energy gap (E,) can be obtained by the equation: (ahv)* = B(hv-Ez). And CuS is a direct

semiconductor (n = 2).
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Figure S8. Temperature changes of GO, CuFC, S-Cu-FC/CuS, and S-Cu-FC/CuS/GO under

808-nm NIR irradiation (0.6 W c¢cm2, distance = 5 cm, 10 min).
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Figure S9. ICP test of the Cu?* and Fe?" released from HH hydrogel in 14 days.
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Figure S10. H&E staining images of different group at day 10. Scale bars are all 200 um.
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