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Photothermal Properties of Sericin-Templated CuS Nanoparticles
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Abstract: Using silkworm cocoons as raw materials, four types of sericin with different molecular weights were successfully
prepared via hot water extraction by adjusting the extraction time. With prolonged extraction time, the molecular weight of
the obtained sericin gradually decreased. Using this series of sericin as biomolecular templates, copper sulfide nanoparticles
CuS@Ser NPs were synthesized, and their photothermal properties were systematically investigated. Sericin with different
molecular weights could all serve as effective templates for the synthesis of CuS@Ser NPs. Moreover, the smaller the
molecular weight of sericin, the smaller and more uniformly distributed the resulting CuS@Ser NPs. Photothermal
performance analysis revealed a significant correlation between the photothermal behavior of CuS@Ser NPs and the
molecular weight of the template sericin: the smaller the sericin molecular weight, the better the photothermal performance of

CuS@Ser NPs, as manifested in a higher final average temperature, faster heating rate, and greater photothermal conversion
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efficiency. This study provides both theoretical insights and experimental support for optimizing the photothermal
performance of copper sulfide materials by regulating sericin molecular weight, and provides a valuable reference for
expanding the application of sericin-based composite materials in the field of photothermal conversion.
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FBR R AN WA IR, 15 8 T & A5, . FREL20 g A APC B TR R KM IA, & &
F120 0.1 MPa, {8k 121 C, 46t (ki & S5 A BRI R FUZ ) 1:10 ITA BB Tk i e K e —
IS 30 min J5 OCHT LR, FTHF O, B A 07, IFI A 078 B Rk 43455 e Bl 9 IE, BT A5 5 9 B Ry 22 e 2
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F-20 CRE, RIGHK -5 CHRIHRTEILT IR T, TSR T 7= W) S 001 J5 B A5 22 I 26 11U Ry K SS-30.
b AR5 B Y 22 e 8 S ) e R TR B DA R AR A O SR AR B 30, 60, 150 min, B ZR 342 HC ] 53 5]
60, 90, 180 min, 11522 i 8 Uk AR 431 i SS-60. SS-90. SS-180.
1.3 CuS@Ser NPs B & X

FEHAEC T 0.04 mol/L 1) CuSO4 ¥ ¥ 20 mL; 73 MU — % it 22 IE AR UM R, T i) B 0 £ 43 5500 1% 1Y 22 118 2R
FIIA TR 10 mL, 45 5 B2 mL F 3R CuSO4 ¥ ¥ 5 200 pL NH;3-HO 1A, 15 346 2 45 &5 W) W ([Cu(NH;),]?Y),
i J K 2 RO 22 JE B VA T, SR P4 58 IR A 45 22 B 2R 11 -4 B8 T (Cu) 2% 3 V45 T ( Sericin-Cu?*) ;
FEE Pl A b, R A T P T N 4 mol/L Y NaoS IRV, H EW WG . H A B T ACK Al
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CuS@Ser NPs, SS-90 CuS@Ser NPs, SS-180 CuS@Ser NPs,
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144 X HZ475(XRD) R X SHEATHHY (157 2% PANalytical 23 7 X Pert Pro %) X 4E 5 #4703, X 52k
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> 20 mL/min,
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Fig. 1 Photographs of sericin solutions and microstructural morphologies of their corresponding lyophilized powders
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AR A OG . BRI ABRC, 22 JiE 8 11 o0 1 BB AR, Bl LUE i g-Hr S 42 071,

& 3(b) AT, 4 T 22 I 26 L 7E 19,2006 300 35947 78 B S A A1 5 06g, 78 23.7°BFF I 77 76 T8 068, 78 41°BfHT S
TS RS S LA )2 BT 6] BT 15 22 )5 4 11 il XRD [&133% 7] %01, 22 J08 46 1L AR SS-30 78 19.2°0f 3 iy 17
SPERCN G, HLAE 10°F A7 21055 I8 V6 Bl 4 B2 IS [A] (1 A K, 19.2° BRI F2 737 S 06 (1) SR 0 R B B MR 41K, 10°
B 3 1 i W IS 28 T T 2K 5 SS-180 7E 19.2°BHE i E AT S I L 5 23.7°HE iy R W E &, I 9k — > M A e 04l
RS IR R, BE A 22 e HE 1 PR IO ) B SE K, T A 22 JE AR 1 45 o BE A B T R o (RT3 e A v LA
A R ED AT T Ey SN TR 5 €t i) N AN

Sy it — 2 i) B AN ) 22 ¢ 2 11 B JCRS [) JIT A5 VR T 22 J02 B 11 A SR A 485 o B A8 A A 100, X 4 R i i A7 T R
SEPERBINA, 45 R A5 3(c~e) B . 1K 3(c) AT, Bl 5 22 e A 11 FR U [ (4 S K, JHCbAG i B 0% I k340 W
155 E &L 3Cd) R, HA G fifp 0 VIR 32 it 88 SO 1] 194 A4 T 28 T B35l RT3 (e ) T R, WG A A /008 g ot 8 BB (1] 1%
FEA [ IR 7 RS o 3k Se 55 IR 5 SR [19] JEAR — B, #F—PDESE T Bl 22 e R AR BT ] A SE G, A 22
JUE B 1 45 b BE A BT T B

K2 22 AT SDS-PAGE 74 R
Fig.2 SDS-PAGE profiles of sericin solutions
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Fig.3 (a) FT-IR, (b) XRD, (c) TGA, (d) DTG and (e) DSC spectra of lyophilized sericin powders
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2.4 CuS@Ser NPs FIHI2 555

B F B A6 S (DLS) 1Y CuS@Ser NPs R A2 A 25 5 in 5] 4(a~d) iR, Ph SS-30. SS-60. SS-90. SS-
180 M BIAR A B CuS@Ser NPs Ji 1A 2 77 2# K42 43 5124 295 255, 245, 230 nm, HJV % 22 i 2 (1 4 B 6] Y
FEH, CuS@Ser NPs WA 5l ) 2 i A% 52 i A0 /NG 3 o 1Z0Ri AR AR AR 15 22 J0 B AR (14 43— 5 A 2800 %
YIAH GRS EC ] 19 184 B2 /R 3 FEERE R, 405 R R, AT 520 FHEXT CuS NPs (19 6 22 /5 B S 2%
LAT R BT R SS-30 CuS@Ser NPs i 1 % Bt 28 45 T il B b 90 28 25 4, L BRA0 8 U FH A — e
JE AR HEAK B0k R4, T BOHR AR B K5 it 5 4R BRI ] (4 S, 22 JI B 1 43 F SRR AIR, % B 0 25 0k 55, 4 PR
WERE ) T, RAEFER Z AL, Mo, A0 TR 28 A R B, TR EZRIL A
A TSR L, 38 A SRS B b 5 | S A A% 5 A, DO BOREAR T /N | 3 A B8 24 5] g A R SR 211,

il 4(e~h) W] UL, T & ) CuS@Ser NPs FUk7 3 52 30 B 5 (9 A BDIRAS, TR A% e 2540 o X LE 4 Fke
AT, SS-30 CuS@Ser NPs Ukr 4 8 # 0y 57 4% 5 bifi 45 $& HUAS (] 19 4 K, CuS@Ser NPs H LR ER , L A58 4.
B o5 W 22 A 1 R AR o i B IR RS B I S T SRR ), AT AE CuS@Ser NPs 2 T 78 774 i&
S, B E T B T TR, 2R E A REBA K R RR 2 R, 5 R EA T 4, (A CuS@
Ser NPs 5% . & 4(e~h) 11 CuS@Ser FURLKLAE B SETH45 R AN 4(m) 7R : B2 $2 O ] I8 4, CuS@Ser
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Fig. 4 (a~d) DLS-measured particle size; (e~1) SEM images ( (e~ h) before ultrasonication, (i~1) after ultrasonication) and (m, n) SEM-
derived statistical results of particle size of CuS@Ser NPs
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BRI 1.3 pm FEZ 0.9 um, iZ#E# 5 DLS ML R —80 (DA ER . 2 R T 2R F), DLS
FAEM RS 2 A 2 R R 2 oK Bl 15 BAR, 8 KT B S0RAR; 0 TR, 2B koK
J5 o THEAR B JE LI IR BL 45 HE, 4% CuS NPs 7% [ 26 45 Ui A B4R, S 80B0Rk 12 5K,

A B AR HL CuS@Ser NPs [ RL1%, Xt CuS@Ser ¥ WHE AT 22 YOI 7 157 B A B, W fe 270 ¥ WO T40 96
4 ML 64T SEM MR, S5 SR WA 4Gi~1) iR . 4l /3 BUUS . CuS@Ser NPs Fi A2 18 2k /N 2 27 40 nm,
HorAassys), bz i geit a5 L an i 4(n) s . W& 22 8 85 A $ B[R] A9 42 4, CuS@Ser NPs $742 M 42 nm
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Fig. 6 XRD spectra of CuS@Ser NPs

Fig. 5 EDS mapping images of CuS@Ser NPs
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# 1 CuS@Ser NPs [ICE H W FE
Table 1 Elemental composition of CuS@Ser NPs

Element Intensity/(counts-s ) Mass fraction/% Atomic molar ratio/% Mass fraction error (20)/% Detection limit (30)/%
C 63.27 10.209 21.463 0.344 0.844
N 43.11 7.048 12.706 0.316 0.811
(6] 294.67 21.132 33.352 0.246 0.450
S 821.81 20.504 16.146 0.130 0.190
Cu 190.19 41.106 16.334 0.555 0.873

o: Standard deviation
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Fig.7 (a) FT-IR spectra of CuS@Ser NPs; UV-Vis spectra of (b) sericin solution, (c) sericin-Cu®" solution and (d) CuS@Ser solution
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Fig. 8 Photothermal performance analysis diagrams: (a) Photothermal heating curves; (b) Statistical results of final average temperature;

(c) Statistical results of heating rate; (d) Heating curves of SS-180 CuS@Ser under different powers; (e) Cyclic heating-cooling curves
of SS-180 CuS@Ser
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Fig. 9 Photothermal performance analysis diagrams of CuS@Ser solution with different mass concentrations
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Fig. 10 Heating and cooling curves of CuS@Ser synthesized with sericin templates of different molecular weights, along with the linear fitting
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