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FePS; Nanosheets: Preparation and Potential in
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Abstract: Phototherapy, a tumor therapeutic modality, has been widely studied due to its advantages of minimal
invasiveness, low side effect, and high therapeutic efficacy. However, single phototherapy cannot achieve complete
tumor elimination. Recently, the emerging two-dimensional nanomaterials have attracted great attention in the field
of phototherapy. Here, FePS; nanosheets were prepared, and then its phototherapeutic properties were investigated.
The bulk FePS; was synthesized by a high-temperature solid-phase method and FePS; nanosheets were obtained by
an ultrasonic-assisted liquid phase exfoliating method. The nanosheets displayed particle morphology with average
hydrated size of less than 200 nm (153 nm in average), performed photothermal conversion efficiency of 19.7%
under 1064 nm laser irradiation, and generated reactive oxygen species under 660 nm laser irradiation. Cell
experiment results showed that FePS; nanosheets had excellent photothermal and photodynamic therapeutic effects.

Therefore, FePS; nanosheets can be used as both photothermal agent and photosensitizer to achieve combined
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photothermal-photodynamic therapy for treating tumors, which shows great application potential.

Key words: two-dimensional nanomaterial; FePS; nanosheet; phototherapy; combined therapy
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Fig. 1 XRD pattern (a) and SEM image (b) of bulk FePS;
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Bl 2 FePS; NSs HIiE 5 LR F (a), PEG &4 I (b) AMEAM 5 ()W 341 /K & i 4% & H 43 BT PBS A1 DMEM A {9 B8 (4 )
Fig. 2 TEM image (a) of FePS; nanosheets (NSs) and hydrodynamic size of FePS; nanosheets (NSs) before (b) and after (c)
PEGylation with inset showing the picture of FePS;-PEG dispersed in PBS and in DMEM
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Fig. 3 UV-Vis-NIR diffuse reflectance spectrum of FePS; NSs

with inset showing the estimated band gap potential
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F-OH(EL O, gk RATEROLER IR T A e %2
BIAA 11 1 =EENEN 0y (5 SHE, (A
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ANFIHRE FePS; NSs [ Vis-NIR WU it
A BRI 41 A — X (750~1000 nm) Fil — [X
(1000~1200 nm) A %52 58 ) 6 B USCRE 77, WKl 5(a)
FiR o

BT 40 40 = XBOE B AR M AR 2395 5t
FVE 55 106 7 BUR, R HGEIT e A A AL
A FERCSN, HEA RN BOER R R ig
Y% & (Maximum permissible exposure). 3 [K FePS;
NSs TEITZLAF — X A= Wit 52 75 =56 Bl B 7 1
JEMRSCRE T, AHEFEVPAL T AE 1064 nm AL 1) E#
M RE

%6, 1E 1064 nm KPR IR R, FePS; NSs
I H B AR U FE B0 T 2 8 R 48 o i . = 0
I FHERCR (B 5(b, ). 1E 1064 nm #Ot(1 W/em?)
488 10 min I, FePS; NSs £7F (300 pg/mL) iR
EFE T 21 °C, MAEAMARMNBOCREET, %
BT KRB TR ISR o @ KR 5 T
REEAT IR AMERE () 5(c)), HE—PIEH] T 1%
Gk A AL R TR AT RE AT, AN, R
AP BAGAS S I TE SR R 21 A B R A5 P B Wk S R T
RIFIIKFE FePS; NSs 7£ 1064 nm 06 (1 W/em?)iE
10 min P 1= #4EE 71 (E 6).

BEAh, WK S(A)FTR, 16 5 KL/ 4R R IE R
L8 F] FePS; NSs 1R A0 Il SE A AH [H], HL

1.4 0.5
1.2 ; () —0min © TEMP
~ el ~ 04
= s 7 ~
s Lo 8 03 g Light
?6 0.8} g : = [ [ /
g 0.6 5 02 2 ——— Daxk
2]
"‘g 04F g 01 § DMPO
S 02} S RS Light
< (1)" < 0t Dark
300 400 500 600 700 300 400 500 600 700 3300 3325 3350 3375
Wavelength / nm Wavelength / nm Magnetic field / G

K4 660 nm HOGH T FePS; NSs 55 DPBF K & ¥fi(a) 14l DPBF ¥4 (b) H 55 4h—m] IR SO,
AR AN[A) Je 2 A 22 1) ESR 61l (c)
Fig. 4 UV-Vis absorption spectra of the mixture solution of FePS; NSs mixed with DPBF (1,3-diphenylisobenzofuran) (a) and
DPBF solution (b) under 660 nm laser irradiation, and ESR spectra of different reaction systems (c)
TEMP: a reagent used to detect 'O,. DMPO: a reagent used to detect O, and -OH
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AR FE FePS; NSs [ AJ JL—IT £ AR IS 6 1 P (a), A [R) R B2 (b) AN AN [R) 38400 T 3R 25 B (1064 nm 3% )(c)

ZAF T FePS; NSs B 8] (1 6 # il i 26, B FePS; NSs 5 Y AT P4 8 1k 182 it 286 ()
Fig. 5 Vis-NIR spectra of FePS; NSs with different concentrations (a), photothermal heating curves for
different time at different concentrations (b), and different laser power densities (1064 nm laser) (c),
and photothermal curve of FePS; NSs under 5 cycles of laser “on-off” (d)

10 min

2min 4min 6min 8 min

55°C

100
pg/mL

‘Water
26 C

Bl6 ANIFH<E FePSs NSs 7E 1064 nm SO RS T B ]
T F) £ A F AR TR
Fig. 6 Thermal images of different concentrations of FePS;

nanosheets heated by 1064 nm laser irradiation for different
time
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24 WEHHEBSEREFBTHR

A FE R FH CCK-8 73 T P4l 1 FePS;-PEG A
SR EEYE. Wi 8 Fran, 4T1 45 A [F K B
FePS;-PEG 4K Jv 7E A WE R 3l 2 & 12 A1 24 h
Ja, MTE R R EME, HE 120 pg/mL
] FePS;-PEG L% & 24 h 5 il BELR KR 94.7% 1141 D
677, REARHEAL IR B Y0 BN B R AT 4
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Fig. 7 Linear fitting curve between normalized absorption intensity of FePS; NSs at 1=1064 nm divided by the characteristic length
of the sample at corresponding concentration (4/L) and the corresponding concentration (a), linear relationship between —Iné and
time of cooling process of FePS; NSs after 1064 nm laser irradiation (b), heating and cooling curves of FePS; NSs under 1064 nm
laser irradiation, and linear relationship between —Iné and time of the cooling process (c)
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respectively, of FePS; NSs under 1064 nm laser irradiation
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Calcein-AM/PI, DCFH-DA and JC-1 represent methods for detecting cell viability, ROS production,
and changes in mitochondrial membrane potential, respectively
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