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Bismuth Sulfide Nanocluster s-loaded Silica-based Hybrid Micelles:
Preparation and Photother mal Antibacterial Property
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(School of Materials Science and Engineering, East China University of Science and Technology, Shanghai 200237, China)

Abstract: As a new type of photothermal compound, bismuth-based nanomaterials have advantages of low toxicity,
environmental friendliness, and cheap raw materials, showing great application potential in biological photothermal
therapy, but their photothermal conversion efficiency and antibacterial property are still low. In this study, based on the
confined gelation method reported by previous literature, a silica-based hybrid micellar precursor with organosilica-
stabilized micellar cores was prepared using Pluronic polymer F127 and 3-mercaptopropyl-trimethoxy-silane as raw
materials, and a facile “confined reduction/sulfuration” method was further developed, that is, the abundant thiol
groups in the organosilica framework of the micelle core were used as restricted adsorption sites, sodium borohydride
was used as reducing agent, and sodium sulfide was used as vulcanizing agent to prepare ultra-small and amorphous
bismuth sulfide clusters-supported silica-based hybrid micellar system. The results show that the functional hybrid

micellar system has excellent photothermal performance, and its photothermal conversion efficiency is up to 8§6.93%,
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which may be attributed to monodisperse and stable loading of bismuth sulfide clusters with defective structure in the

organosilica framework of hybrid micellar system, which enhances light absorption capacity of bismuth sulfide

nanomaterials in the near-infrared wavelength range. The in vitro antimicrobial experiments show that this bismuth-

containing system exhibits excellent photothermal antibacterial properties under irradiation of 808 nm near-infrared

laser and good biocompatibility.

K ey wor ds: silicon oxide; block copolymer; bismuth sulfide; photothermal property; antibacterial agent

FRITIEAE N — P AT F B, LA
FERAE AT, RIRAELR = g 5k M. X FlTV208
Tl oA 4 )T 5 DK R Y 2 Sl TR B B R I R ER Y
L, il o B A OCEGN Y UR A RO, R
JRCET . X SR A AN A S 41 I P9 AL 2 IR
N7, NI K R R AR, I REE AR i A2 R A 2
MHEASBE. ek eetta, BxtEEL
FAFEERIER, CABE & — R 2 R iR
77, CHE TSR F R E AR
RLEIVE XU o iR 25, b, STt e JRK
YeBITH . SRFTHE 8 1 LA UL A 45475 S5 0 i
Sonh RIFREITIE AP, Rk, BEE NTTREE
J7 R R, SRR R — BT

N, BREEFAT-BEAERRE S, s n
FERMPRL, DL S I TE 0 v 280 R AR A e R
AR, BB GNKARME N —Flol B #al5R), B
BEMEK. BB BB ZEERA, 54
VIG5 T s O R ). 0% H A,
MATTE By il 2% B A AN R 30 B B 4ok AR,
BRIk ARy BRIRL B, X eegh R A 1
Py ERE T, A TR 2 T S AU R R B
FIRTSET, Ni U Th % T R Ak B gl K b
TR & HE LT E 31/ g 51 2 L T,
BRI A B PR R 0 P SR o) e R A K, R Rl
SRR T 2 8 s A M 0 e e B £ IR A Ak,
Wu 2% T —FhE A S AL BIOCT AR, H
BA a1, 7RI 20AMBOE T AT S A
PERE, £ 808 nm RS, JeRILIRKZE T IE 40%,
T A 207 o Do i P B T e, T i Rg 52k DA I
P FBR BB IT R . BARARIE Y KA B AR I 2
AU RN R A 0 SR 77, H O R e R AT)
SREGAR . X ETIERUNBRIE MR AR 45 7
FRSFsgmm 7 H SRS et . T 4 5 ik
F BRI RLE IR R, JeRIT AR FIk,
TERFH T 67 V1008 B w3 e e A R B 3 77
ATHERTHI I 35 KR

NT R BIRPRER, AT TR A E 52 R

5 /BRAL T A% T AR A SR A OK HTAE ) F127
A HLEALEE 24 44 % 3R (BiS-FOMs) H Tt #4414 vA
J7 o B, SRR A A AR e PR A s Ak 5
g, FTEBOL Y F127 W E AT AR
BT 3-% 2k A - = F AU R e (MPTMIS) 7E IR R A
W H B K RRAR SR BE, ) 2% 5 7 SRk SO i 2 AT (1)
AR S A B R g5 0, BEJS, RA“ZRR
SRR A T, BRI 240 I A LA A 19 2%
PR T 3 I 5 R 9 52 BRI PR s, AL
BPERIE SR, BRALERIE BRI, % T BHA T
5E TV 25 K6 R A4 B A 07 a8k ) ek R R AR RO AR R, A
T 15 21 5 B AL B 40 K AR (BiS) 1) F127 A HLE 4L
fi 2L A (FOMs) » W 7522 B, BiS-FOMs B A L. 75
e eae 1, B EA RIFRIAED 2T S
156 BT B 1 R

1 EWHE

1.1 FOMsHI#I&

£ 10 mL £ 5 F/K I 600 mg F127(43#4,
Sigma-Aldrich), #i#: 2 h H R &AM, 152 F127
A (FMs)o F I A0 500 pl 207K (705
25%~28%, FHEZRIBIEAT AR AF)F 400 pL 3-
B TH F- = AL S (MPTMS, & 250 95%,
BT R T AR A A R AT, ELEEE 24 h
JE ¥ ZIRE VIR R IENTIRTIENT 24 WEE > TE
14000), FrZ5k Y, FHEERG 2 h 4 —GET i,
3% FOMs.
1.2 Bi-FOMs %l &

7E 3.5 mL EEF/KF A 1.5 mL iR FOMs.
SRJE, T 10 mmol/L WSREK(BI(NO,);-5SH,0, 99%, |-
HER R T AR I A BR A 7R 12 mL, $iHE
15min J5, ML FIMANBEMRT 4 mL KKE
30 mmol/L & 4L 8 (NaBH,, i & $=96%, L
TR AL G R A R R ) &) B LA
600 r/min FA A HE 24 h )5, BIEREER R ET ST
BEATIENT (B 70 T & 14000), FF4EERE 2 h HH— Ik



10 AR, S5

7B Bl 99 A % Pk 3 24 P M R A 5% S EL O BT P

1131

BT CL BRI W, B 415 B Sk g oK ]
1 F127 A HLEARE 2 AL S R (Bi-FOMSs) »
1.3 BiSFOMsHI#I&

£ 4 mL Bi-FOMs ¥ 1 mL #KEAN
100 mmol/L AR AL EH(Na,S-9H,0, Jii /0% 99%,
EEERTR T AR A B IR A RN, £ 70 C
TR 4 h, BB IZRSER SIS IT
FEHT (R 4> T2 14000), FEAERG 2 h B —UGENT
i, CAEBRIREE Y, 5445 %] BiS-FOMs.
14 #ER S R

7E 200 kV TAEH R T K H % 9 H 55 (TEM,
JEM-2100F, H AL F b bk 2 4h) W 5E 5 iR
. KRB (DLS, Malvern ZEN3700, 3%
] T 7R 3C o w0 A R = N KA 3 1R
/NFT Zeta HAAT o R X SR ATHT X (XRD, D8 Focus,
WEAME T AA) WEFESWWAE, HBER
40 kV, A 40 mA, FHFHEEEN 8 (°)/min. K H
{8 B IH-AR He 2T AR5 3% A (INVENIO S-Hyperion3000),
Mk KBr He ik sk A d B AR e 20 SR (FT-IR) G
K. FI 37 k8 A 85 (FESEM, S-4800, HAH
SRR HEAT G R AR A - T X Ok TR
A (XPS, 250 Xi, EFEBCH/REARARAA)
g XPS Btk o R A Ab- 1] IL(UV-Vis) 736 B it
(UV-3600, H A & Epk 2o #8) W & £ 5 1 UV-Vis
Jeik Bl R RO & 45 B 4Ok 3 4 (ICP-OES,
752 ES, EE ) NMERMPTHESE. SHB
TR SR I A (EMX-8/2.7, 35 [ A1 & 0. 2 w5 )il
SEFE S IR 20T IR 74514 . KA FOTRIC 2208 #4 a4
ASCHE I e FAT il

2 HR5HE

2.1 BiISFOMsHI& R KRR

BiS-FOMs Myl &mMEamE 1 . &%, ¥
F127 REWIERT KT, FET R EK A ZENLHITE 5%
YUKBRSE M, ARG T MPTMS EERE 9 FEBR
FAF T B ARG TS, AR AL T e & B
FEANUAR B (R SR 48, TR IR R 454, 13 %1
FOMs. £ FOMs A N Bi(NOs); J&, FIF #iJt
B S8BT EAER, BIhfl4F Bi-FOMs.
Je A5 P B A AR e bR B ORE AT A A B, 15 2
BiS-FOMs. {Hf3FENIE, 7& Lkl & fEd,
VIR TE & B 50 A DU B 2 1 A AR SR B T 4R
TR P R R 2 B 2 R PR, AR T I8 TR AR AL
JS7, T IR GFL B P 52 PR 2 ) DA R B 8 5 4
S RIECAIE F, SR 38 B R4 s B R R A= 7R
AR AN AN Z T, BERF TR
KA ) 3 B R AR A R e 1

I FH & AR RN TR I 3 RO R T R OB
(HADDF-STEM)#AIE FOMs A1l BiS-FOMs (1)1 35 Al
RFo B 2(a)fizR, FOMs Bk K /NS —, P34 R~
219 10 nmo JGER M 45 R —PUESLAFTER TR,
HRE T WL A i B b 1 2500 25 AR XU i i 4]
ifid HADDF-STEM M8 5 n] &N, £did JF Afifh fe
NS 1S EI) BiS-FOMs [T SN R $5 K  A2 W
BB 2(b)), TR IR A0 B 40 K i 32 243 A
FEWEERMONE . DA TR DI
R, REamcafMcRESHEES, &
B LI AR T R B A K A%

S Q-
,0-Si-0. _/ L0-Si-0__;
Sk
{s’ %QJ‘SH SH o s f 0N .
s{:%’ﬁii,’s‘ L)Ii c o 5&0’ i
SH S’
f)(\:ﬂ’\gi ES? rl)sm ﬁ'})
k % \ / \ .0d
‘\ »é\lof'ro—gi{g’ rf I’ ' ‘ol
\
\ iSH \
\ 1
\\ Q\( ) II
e
Sol-Gel reaction ‘:-\'L*.\ Grown in situ
> =
< —NH; H;O/MPTMS = <~ Bi**/NaBH, =
J /{W\}i(/‘{\ ( .\‘((‘(l ‘
F127 FMs FOMs Bi-FOMs BiS-FOMs

~—~—_ F127 ' Organosilica g Bi cluster ‘ Bismuth sulfide cluster

B 1 BiS-FOMs & inE &

Fig. 1

Schematic diagram for the synthesis of BiS-FOMs



1132 T AL A R R

540 5

100 nm

2 (a) FOMs #1(b) BiS-FOMs ] HADDF-STEM & A FIAH N (1) 76 2 43 #ri (&
Fig. 2 HADDF-STEM images of (a) FOMs and (b) BiS-FOMs and corresponding element mappings
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Colorful figure is available on website
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Fig. 7 Photothermal performance of FOMs, Bi-FOMs and BiS-FOMs
(a, b) UV-Vis absorption spectra of samples with Bi concentration of 60 (a) and 600 mg/L (b); (c) Temperature-time curves of samples
under 808 nm laser radiation for 5 min (power density of 1.5 W/cm?, Bi concentration of 600 mg/L ); (d) Temperature-time relationship
of BiS-FOM s with different Bi concentrations under 808 nm laser irradiation for 5 min (power density of 1.5 W/cm?); (¢) Temperature-time relationship
of BiS-FOMs with Bi concentration at 600 mg/L under 808 nm laser irradiation with different power densities for 5 min; (f) Four ramp-up/down
cycle curves of BiS-FOMs with or without laser radiation (1.5 W/cm?, 808 nm, 600 mg/L for Bi); (g) Photothermal conversion
efficiency of BiS-FOMs (1.5 W/cm?, 808 nm, 600 mg/L for Bi); Colorful figures are available on website
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(1.5 W/em?) rediation for 10 min; (c) In vitro cell survival rates of HUVECs treated with BiS-FOMs at different Bi concentrations for 48 h
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Tablel Photothermal conversion efficiency of reported Bi-based materials under 808 nm wavelength laser irradiation

Photothermal conversion

Concentration/ Power density/

Material efficiency, 7 (mg-L’l) (W‘cm’Q) Ref.
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Fe;04@PDA@BSA-Bi,S;NPs 47.6% 900 1 [20]
Cuy.94S-Bi,S;@PSIOAmM NCs 31% 300 1 [21]
Au-Bi,S; HNSCs ~15% 50 1 [22]
Au@Bi,S; 35.30% 125 2 [23]
Bi,S3/Cu,S/CusBiS; 43.8% 200 0.75 [24]
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