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Synthesis of Fe-doped CuS nanoparticles for the combination
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Abstract: Copper sulfide (CuS) nanoparticles with strong absorption in the near-infrared region were synthesized in
oleic acid (OA)-oleylamine (OM)-octadecene (ODE) system using copper acetylacetonate and sulfur powder as cop-
per and sulfur sources respectively. By adjusting the activation solvent for the sulfur powder, the absorption peak
can be tuned to around 1 064 nm which was beneficial for photothermal therapy. The Fe and Mn elements doped
CuS nanoparticles were further prepared by the cation exchange approach, and the absorption peak can be retained
after the reaction. Then, these hydrophobic nanoparticles were transferred into an aqueous solution by the micro-
emulsion method, the obtained PEGylated (PEG=poly(ethylene glycol)) nanoparticles exhibited excellent dispersity
and colloidal stability. Their photothermal performance and the hydroxyl radical (-OH) production before and after
Fe™ - doping were investigated thereafter. The mass extinction coefficient of Fe® -doped CuS nanoparticles after
PEGylation (CuS: Fe-PEG) at 1 064 nm was 37.5 L+g"'-cm™', with a high photothermal conversion efficiency of
around 43.7%. Although these values were slightly decreased compared with undoped CuS-PEG, their ability to pro-
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duce -OH was significantly improved. A higher inhibition ratio of cancer cells was observed with CuS: Fe-PEG

nanoparticles under weak acid condition. And under 1 064 nm laser, these nanoparticles can kill cancer cells more

effectively. Therefore, the prepared CuS: Fe-PEG nanoparticles can be used for the combination of photothermal and

chemodynamic therapy.
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Fig.1 TEM images of CuS nanoparticles prepared with sulfide source dissolved in OA (a), ODE (b), OM (c), and OA/ODE

mixed-solvent (d); Corresponding absorption spectra of the obtained CuS nanoparticles (e); Absorption spectra of

CuS nanoparticles prepared under different reaction temperatures (f) and reaction times (g)
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Fig.2 Schematic illustration of the synthetic process of CuS:Fe-PEG (a); TEM image (b),
XRD pattern (c), and EDS spectrum (d) of CuS:Fe
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(@ o Mg'mL".

100 80 500
(b) —¢ S0pgml  —e— 10 pgeml?
—v—35pgml?  —8— Water 70

400
X o 80 e 20 pgeml =)
10 pg-mL~ S S 60
z E ;; 300
20 pgeml ! ER E 50 E
-9 =3 200
g £ N
= &0 e R=09999
35 pgemL! 40 —h— (.83 W-em? o
30 —— 0.56 Wrem? 100 N =452%
50 Lt —8— 033 W-em™?
e ..ﬂﬂm 20°C 20 20 o 0
0 100 200 300 400 500 600 0 100 200 300 400 500 600 00 05 10 15 20 25 30 35
Time /s Time /s -In6
Time / min
100 80 500
(€) 0pgemL! () ——sougmi  —o—10pgmir (8) (b)
—v—35pgml  —8— Water 70 400
P— 5: 80 —d— 20 pgemlt &
pgem P g 60
El 5 2300
= o o
20 pgemL! £ 60 £ 50 E
e fa0
= =
1 mm .
30 100
n=43.7%
!
— 0 100 200 300 400 500 600 0 100 200 300 400 500 600 00 05 10 15 20 25 30 35
0 Time /s Time /s -Ino

Time / min

O=(T-T)/(T,,..~T,), where T is the temperature of the solution, T}, is the temperature of the surrounding environment,

and T is the temperature of the solution after laser irradiation
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Fig.4 Thermal images of CuS-PEG (a) and CuS:Fe-PEG (e) under 1 064 nm laser irradiation; Temperature increase of CuS-PEG (b)
and CuS:Fe-PEG (f) with different concentrations under laser irradiation; Temperature increase of CuS-PEG (c) and
CuS:Fe-PEG (g) under different laser power densities; Linear fitting curve of time versus —In 6 obtained from the cooling

period for CuS-PEG (d) and CuS:Fe-PEG (h) after laser irradiation
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