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Abstract

Multifunctional silicon nanoparticles (Ce6-SiNPs) with long-wavelength fluorescence emission and
singlet oxygen generation ability were prepared by aqueous synthesis at room temperature, and
fluorescence imaging and photodynamic therapy were performed for tumor cells. The structure and
optical properties of Ce6-SiNPs were analyzed by a series of characterization methods. The biologi-
cal safety of fluorescent Ce6-SiNPs and the imaging effect of tumor cells were investigated by CCK8
method and cell imaging experiment. Experiments related to photodynamic therapy were carried
out to detect its singlet oxygen production ability in vitro and in cells, and to explore the killing effect
of singlet oxygen on tumor cells. Cytotoxicity evaluation based on CCK8 method shows that fluores-
cent Ce6-SiNPs has low toxicity and meets the basic requirements of biological application. The ex-
periment of tumor cell imaging proves that fluorescent Ce6-SiNPs can achieve good fluorescence
imaging effect in tumor cells and can be used in the field of biological imaging. The detection exper-
iments of singlet oxygen generation ability in vitro and in cells show that the prepared fluorescent
Ce6-SiNPs can effectively generate singlet oxygen, which has the core function foundation for pho-
todynamic therapy. The cytotoxicity experiment further verified that fluorescent Ce6-SiNPs has the
ability to Kkill tumor cells, and provided a new nano-material with both imaging and therapeutic
functions for precise treatment of tumor cells.
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1. 5|8

ITAESR, BEYNKRLF(Silicon nanoparticles, SiNPs)f N —8 B (R AW 5514 5 AL AR 2514 1 9% e Rk
BIREY, RO S U AT SRR [1] [2]. SINPs A — M BRLR 26 IRE, SRS EER
T R, BRAAY e E . AR Jasr rERe 4% HARE DL & iliAs B AIGSS:
WS, WO 2N AR AR A R FE U [3]-[6]. ARPTREF, FERIGHAR N,
REF VR ROCE TR SHNFER IR IEHRKR, MRSEKEK, B8, HE
ZHZ\ 5 i Re s, R RO B R AR 7]-[9]. AT,  H R K A sk il & 1726 SiNPs,  Haoh
RGP B 2 R T SROEIX 3. i, Ye SF[101R MBI G fng, £ 180°C &M Ml &R L&
TP AL 28.8% MM A SINPs, I LT B T 40 ML SR BT 5T Na VR 1115 Bl SR 38 0 428 S
A, 5 150°C NRRBLS h, 3G T EEREORGK S SINPs, SLHL T iE4HMA pH E R P RAL BRI ; Ma
W58 B[ BRI R S T, T 200°C 4640 T I 15 min, A5 T &R G5 FE 4 1 5 2% (.98 Y SiNPs,
BRI IR TR RO RE . RO AL U — e b, (HIA 286 SiNPs [
A T RO e 1 R T R RS S A, B OB R R U R A R, E AR N AR AE B R PR
W, AR SR A ) SR S A T ] R A T RS I SINPs, AT 122 U ik ARy B P O B R A

AT, XTGBT (SINPs) B Fe A7) 2R AR T HAOURME,  IF DA AR R FH T 4% S5 A PR
BEETTTH o WETHEAE 121K F S e L il 25 tH AR 1 328 W 5 R R R B KR, R L 58 g e o
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TR B 80w 40 Hela 4000, ZRL[ 131K T — M B0 T FRET MIXOLF R EAPRIRETF &,
M T40Ma A AVRTE ATP IR B 1 A s R I 2 LU SR AE MR s Zhou 55[14] BAF5 IR BE AT 2k UM
A, ESE T IO RGD-ARILHEY SiNPs 7] DARF S PEFR LIS 75 IR AT 26 dU b IR LI B & 4544, H4E 120 min
BOEE A R R B 80% K Y6155, 43 JIEW] T 1% SiNPs 754 W0 A AT v B A 8. 25 B vl %0, il 4%
BN SINPs (198 3 B FAE Y G OUR, BARKKRIRE, Ktk & BA 2 D6 SiNPs
R TUEA PRER M T AR

AR FH IR KA A B 4% T R S A S I RE YKL (SiNPs), 1% 7 VAU BEAE TR A 264
A, TR i, SO I il T 4250 SINPs R 5 KA 1 [ A B . #1175 198k Ce6-
SiNPs [ 7 HAG RGFBAAHIIL A, B8 65 5 0 H S T 4 AR AT, 3 B = AR B 2R A8 (P Oo) B AT I
JEANLEB) iR T I RE ). I CCK8 LS 45 KW, L (5 Ce6-SiNPs HA KL 5 1) 4
VIR E, AR R4 HepG2 4 AR S50 LA R 6B J736 7 AH G SEB0 IR B iZ 41 6458t Ce6-SiNPs 7] LA
FEAR RIS BUGRIBN 1R YT AR . 47 b, ARIRBEFTIRZL 658 Ce6-SiNPs £ 8 4H i AR A6 5)
JIETT USRI R 1 R 5.

2. SEEGER4y
2.1. {XB55

M7 RF(BS-224S, #EZ FIIRH AR A PR A R]) ;s H% il A g v s (JP-040S, IR vl B TE bE &
BHRATF); R IHEIF(F-4500, HAHLAF]); E4Mr6otE T (Lambda 35, PerkinElmer {25
HIRAT): HHZ AN RE{ (Spectrum Two, PerkinElmer X #5745 R A F]): FV1000 7% 3E 5 A 8 s
(IX71, BEMREHHRA ).

N-F2 FERHA T W (NHS) AT N-(2-% £, 55)-3- & A 2 = AU R St (DAMO) I BBl 47 T AR Ak B
HIRAF . Ce6. 2-(N-NLIRAL) Z MR 2 pH(MES) . thER(HCI). 1-£.%E-3-(3- R I P )i — Wik
(EDC). MM =W LR OB, S M. BALHHI(KBr). Jo/K SR F RE T AR R IER %A
WA . 1,3- F IR IR IR (DPBF). A A HI(NaOH) AT &AL (NaC) I H R 3 7k KA 225 PR A
H . KBRS (NaHPOL )R LK R A 8 (NasHPOL) I B i3 T BB A IR A T . 4%% R
% (PFA). 4°,6- —JkJ-2- 2R B W (DAPD) W B AL i B ERHE AR AR 20, 7- & RN TR Z LR
(DCFH-DA)W H g2 i RAE ARG A G IR A ] o SIS = il 4% 25 38 TR IR T AT s2 56 . i iy
NI, TR AT B

2.2. FE3 Ce6-SiNPs BI%IE S5 &EHIL

K FH B IR KAR B A 45 ¢ % Ce6-SiNPs. B, # 1 mg Ce6 IIAZE] 10 mL pH = 5 [1] 2-(N-FSfAR)
AP MR (MES) A, NS I IR S . RIVA A Ce6 ) MES %M 4 mg N-F2EL 55
PV HZ(NHS) R 1-2,38-3-(3- B L I 3k ik — W (EDC), FFAEKI L 25°C, 350 t/min X 40
min 5, M 500 uL N-(2-28 £.55)-3- 2 N 2 = F AU e (DAMO)EIR 25°C, 350 t/min B 15 h, 58K
TEJH Ce6-DAMO fiil#% . & MEEJR Ce6-DAMO HII AN LR 5 1R 21 5 AT IR =4y, fHIR 25°C,
350 r/min AT [N Ny T AE 845 B REGN AR T BA I S A0 A V5T, %o S5 v i T AR50 5770 ) FH
BT T A5 B2 Ce6-SINPs WL N4y T R B E N 3500 (T4 hdk AT & T 44k,
FENTI RN 12 h, FFEERE 4 h BB GENTH K. 4ifb )5 158 Ce6-SiNPs IIRARAF T 4 CukFEH & H
(] B H 7 A ot R AT VA R TSR AC B DASRAS [ A 7=, F T R e M S PERERALE
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2.3. Y Ce6-SiNPs BYZHRE S 140 E

UL T BRI HepG2 4HM, W H A 58 3G 7Rk AT Moke, FERUEFL 100 pL. & 5 x 103741
PRI 2 R T 96 FLAR R, AREEFFA AR S AL I N SE B JC B PBS Z20P . K 96 FLARE T 534
WHE 24 h, FRAUMISEANGREES, WA FLINEARTFREE, BEEIIIN 100 L &5 AR FREM B Ce6-
SiNPs VAW, WEEFAEERXE N Oug/mL. 32 pg/mL. 64 pg/mL. 128 pg/mL. 256 pg/mL, FEANKEE I8
6 NEAL, HFIPRETAMHSHIRA. kel 96 FLBINRFRMITE 240 f5, BERILARFRE, HH
T PBS SRRV, ZJERALINN 90 L & (AR5 5 10 pL CCKS 7, (E8; 40 b4k 4t
¥ E 3 he I A HEEFRAE 450 nm A FIE % FLIJ(ODYE. &M A Rt F 40 fAF 5 % (CVR):

A 5 (%) = o000 10

oD, -OD,

a

i
OD,—— SR IG 20 1R % B AR s
OD,—— X} IR AL e B A 5
ODy——%* A KW A

2.4. T&¥t Ce6-SiNPs BB 4 BERR 5 18

I T BRI ) HepG2 AN, KL e A8 2 B AT AR, B 21 24 FLAR (24 FLER DA
TG IS, REFII P2 AL =G PBS Z2PiR, TN FE 24 h S,
IO 300 pL AEHKREE(8 pg/mL+ 16 pg/mL+ 32 pg/mL Fl1 64 pg/mL) %5 95 75 3 M Be 1) 9¢ ' Ce6-SiNPs
W, JEPRESAH, BB FRAARFE 24 hy [HE %% Ce6-SiNPs I IR E N 64 pg/mL, HiFRE
[H4r529 3hy 6hy 12hy 18h 124 h, [FEFFRET AU, FERNEEFRAEUHERTTE 240, HFRERENC
22 C 5 i A0 M EAT DAPL Gy, 7E5EEIL IR AR AU N0 U A L

2.5. PELERRYEEN SR TR I

2.5.1. {FIMRLEISERN

FREL 3 mg DPBF ¥ T 30 mL DMSO 1, 4306 {3 5 mL i%&WR, 41355 3 mL %t Ce6-SiNPs ¥
WIRES), FERK 6 MiRA . BEGTERBEZMET, 6 MBEWKIKE 660 nm FOEHST 0 min, 3
min. 6 miny 9 min. 12 min. 15 min, #/J5 &M G THIE E R P A AR

2.5.2. AR RLEISERN

¥ HepG2 A LAREAL 1 x 10° B LM T 12 fLiRh, B TIFRAAMNE 24 h, B EHRNETROL
Ce6-SiNPs [R5 FRELAREE R 95 24 h, G HUCH#OHT e 775, B8, {EH 660 nm T £LAMNEOE 43 il
SIZHME 2 miny 4 min. 6 min. 8 min Al 10 min, #J5IET 2°,7 - Z KGR = LR ER(DCFH-DA) 554 il
AN = A BB S

2.5.3. CCK8 FMFzh 1115 S B M B R

UG AE KA HepG2 41AE, FFLAREFL 100 L 75 5 x 103 NI 2 0T 96 FLIRH, =HE4L
MEEETCE PBS, B THFRMME 24 h ZAME 2N FEIEEFREE, B0 100 pL 75 3 H IR IEMRER)
W Ce6-SiNPs W (AR ERSE: 0 pg/mL. 2 pug/mL. 4 pg/mL. 8 ug/mL. 16 pg/mL. 32 pg/mL. 64
pg/mL. 128 pg/mL, 256 ug/mL), ®H 6 NEIL, FE RS AHAEXM A, HE 12h J5H 660 nm (1
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ANHOC LRSS | min, Zk4EE55% 12 he [f)5H PBS 4RI 4IM, L0090 uL =5 [ FRIt
10 uL CCK8 iRX7fl, W E 3 ho KRBT 450 nm K FillE &L OD 1H, %A R EAMAER R,
3. SCIGZER

3.1. T Ce6-SiNPs BB F 5 & EML

3.1.1. Yt Ce6-SiNPs HIHIF
Pl 1 Sl it KM A a2 ) 4% ¢ ' Ce6-SiNPs 77

DAMO Sodium citrate @ : ®
— ——
NHS/EDC © P ®
© 0
Ceb6 Ce6-DAMO Ce6-SiNPs

Figure 1. Schematic diagram of preparing fluorescent Ce6-SiNPs by aqueous synthesis method

1. IKHEEBUESI BT Ce6-SiNPs RIREE

3.1.2. T Ce6-SiNPs HIZEZ LML

AR F o — AR E i, RIS (44 Thy 2hy h3. 4h. Sh)FIFFEER = 837502 (55l
410 mg. 20 mg. 30 mg. 40 mg. 50 mg)KXF 7% Ce6-SiNPs [ % 26 FHEAT AL, WIS )5 61 Ak
TN REGURRL T . B 2(a) ] LR, [EERRIR = 4050 B8 40 mg, SBIf[EJA 1 h 3KF] 5 h
Mt fed, [RMETIEA 3h B, 26 Ce6-SiNPs 78R fenik: t I 2(b)aT LA Y, [ 52 [ RS2 )R 3
h, FPEEE =B N 10 mg 3K F] 60 mg MRS, AFIEIR =407 & Y 40 mg I, 525 Ce6-SiNPs ) 75¢
JEHREE . HIESE 0 Ce6-SiNPs R AL 4% S5 A RST8] 3 h A4 R = #7154 40 mg.

12000 — 10000 —
b — 20 mg
10000 ~ 8000
= =
£ 5000 < 6000
"? 6000 éi
2 2
< 4000 g 40
= =
- 2000
] ]
= 2000 =
0 0
600 650 700 750 550 600 650 700 750
Wavelength (nm) Wavelength (nm)

Figure 2. Optimization of preparation conditions for fluorescent Ce6-SiNPs

2. T Ce6-SiNPs R &Z & E ik

DOI: 10.12677/aac.2026.162017 151


https://doi.org/10.12677/aac.2026.162017

JUvE AE

3.2. P&t Ce6-SiNPs BIFRIE

3.2.1. K4S

SRR BEAT LD AR b, ] 3 2P Ce6-SiNPs HILLAMERE R . B 1107 cm™! XF M Si-O-Si [
iRz 2932 cm™ F1 1388 e ! A3 il 5 AN AN C-H (A7 IR 21 AR 2N AHIC; 1388 em™! 55U 2 C-N
M 4EIRBI[15] [16]; 3396 cm! AbX Sk i B v N-H (R4 IR 305 1582 em ™ Kb (W e e ot o Ik e 15 (C
= O MMZEIRAN); 1205 em™ 5 1272 em™ ARSI A BEZ 1L 7 (C-N R 4R 20 5 N-H 2 Hh RSN &
Psh). L5 R, AP Ce6-SiNPs & & Bbizcsd, UFI T %)t Ce6-SiNPs [N & .

Transmittance (%)

3396 1582

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Figure 3. Infrared spectrum analysis of fluorescent Ce6-SiNPs
B 3. 3k Ce6-SiNPs RULIIMHIE 34

3.2.2. KBNS SEIENE

FHBENIER LR OB —EFRERK, K& 758 Ce6-SiNPs AT /KIS /- BtEdl . i &
4(a) AT F H 5 Ce6-SiNPs 5E AT /KA, 7KAH S BOR 235 W 138 — FEIRES, R TR HIR
SR, HKMSENMEI T EE0E. HE 4b)TEH, ERIMTRET, (UKHZRBIH AN
LA, AN E N TS 526, Y1 5E % Ce6-SiNPs 58 4 Va R T- /KAl . 45 _E % W14 [199¢ % Ce6-SiNPs
HA R R Sk o Bioka e 1

Figure 4. Determination of water solubility and dispersibility of fluorescent Ce6-SiNPs, (a) Dispersion of aqueous Ce6-SiNPs
solution in organic solvents under sunlight; (b) Dispersion of aqueous Ce6-SiNPs solution in organic solvents under UV light
& 4. T Ce6-SiNPs BYKAMES S RUMEME, (a) HA TR Ceo-SiNPs 7KRBREBIATIPHIFELIER; (b) FIb
KT TR Ce6-SiNPs KR IRIEBHAFI PRI D HUIER

3.2.3. REMITMH
BRI NaCl s2maiiitik, X6 miwe it Ce6-SiNPs HEAT Ehfa @ thvEAt, &l 5(a)fis, %% Ce6-
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SiNPs 7£ NaCl ¥ &y 10 mM~50 mM i [l P B A5 % 5 ELAR RS 0E 1R 58 6 9 i, 36 BH & B ¢ 6 Ce6-SiNPs
FERE T4 N BA BRI EE: BB Hk T pH BEtEvril, il 5(b)fFs, %t Ce6-SiNPs 7
pH v 2~12 Ju [ N B RE AR AR AR 9 Y65 E, R IH & %< 6 Ce6-SiNPs E 4410 7+ 1 pH g Pk .

a . b .
- 10 £ 1.0 +
= -~
E o8} = 0s8f
2z s
£ 0.6 £ o6
5} )
E g
= 0.4H s 04}
B E 0.4
R =
0.2 H &~ 0.2
0.0 1 1 1 1 1 1 0.0 1 1 1 1 1 1
0 10 20 30 40 50 2 4 6 7 8 10 12
Concentration of NaCl (mM) pH

Figure 5. Stability evaluation of fluorescent Ce6-SiNP, (a) salt stability evaluation; (b) pH stability evaluation
[E 5. 3 Ce6-SiNPs HIFREMITAE, (a) ERIREMITEME; (b) pH IRE T

3.2.4. JEMRRIAE

(1) EHM T

FIFEAN - 0T WA e BE T H IR S 3, % il £ (12 K Ce6-SiNPs HEAT 2=l 43 #r - W&l 6 R,
£ Ce6-DAMO H17Z )t Ce6-SiNPs [ 5841 - W] WIS ElH, 400 nm P A2 660 nm 4b 231 tH Ce6 [RHFAE
Wi, B Ce6 5 DAMO JERIIHTHENR, PAA I 15t Ce6-SiNPs FHARMIR Ceb 451, UEH] Ce6
5 DAMO IR B LA K 5%t Ce6-SiNPs B Uil % o

— Ce6
—— Ce6-DAMO
—— Ce6-SiNPs

400 500 600 700
Wavelength (nm)

Figure 6. Ultraviolet spectrum of fluorescent Ce6-SiNPs
] 6. T Ce6-SiNPs HILINLILE]

(2) THBIESHT

7 I Ce6-SiNPs ZGIEE, MIBEIRT WL, A M7t Ce6-SiNPs B LUK KN 505
nm, R SHEKN 660 nm. H [ 7 FfHE E T LUE B, 4 175 Ce6-SiNPs W UBTE 5K AN T HEST,
REWE R B AL a5, BRI R —3, RUBIEIITE Ce6-SiNPs Refi KR KK ML
(LS
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Figure 7. Fluorescence spectrum of fluorescent Ce6-SiNPs
7. T Ce6-SiNPs BT K E

3.3. ‘ApREEstIe

Wik 8 ATz, HepG2 AHMIAEME N 0 ug/mL. 32 pg/mL. 64 pg/mL. 128 pg/mL. 256 ug/mL i H 4%
IS TR R 2 Ce6-SiNPs W IF & 24 h f5, EWRFE A 256 pg/mL B, A7 & AR FFR S
K, BEHILE Opg/mL~256 ug/mL ¥R EETE B 7 % Ce6-SiNPs IR, EM 2 et R, SR
TAFUREGUER Ce6 TR RING: ST —BU[17], I %) Ce6-SINPs FLA BT A WIAR Ak «

100:—%%—1—%%

e
=
L

S
(=
LI

Cell viability rate (%)
=
T

[
=
T

0 I I I I I
0 32 64 128 256

Concentration (ug/mL)

Figure 8. Cytotoxicity result graph of fluorescent Ce6-SiNPs
[ 8. 3 Ce6-SiNPs HILAAE S M L5 RE

3.4. FOLRIGSEE

¥4 987t Ce6-SiNPs 5 HepG2 IR AHAILIFE, LAFRIL Ce6-SiNPs 7E M8 4l A b 1) 5 G s it . il
1) Ce6-SiNPs BAT R U7 HISE/K R /B, B> T AMORHEE BRI Hr SR 4, AT AT LA s 7E e
A PR . Ce6-SiNPs SRt & 5, F 2@k 40 N B4 A IUE N4, Ce6-SiNPs
SR AR EAEF, 7 S AN A BT IR, KSR IURL G T A N HE N

PARFIRE (8 png/mL. 16 pg/mL. 32 pg/mL A 64 pug/mL)K)7¢ % Ce6-SiNPs 5 HepG2 fi 57 41 Hu i &
24h J5, WE 9 R, 20532 nm WUROGIEH G, Ui BB A GARONE S, HR IR Ce6-SiNPs
WL T 2B E R 3. K99t Ce6-SiNPs D8t % 15 DAPL Y€ (14 i % sl A% i3k 47 B i o
B, SRR, Y8t Ce6-SiNPs W] Ik N HepG2 4Py,  H. 5 245 A5 T 20 o % 8 [ 4 it 5 (X 3

PEE TR TR RS 2 W E (64 ng/mL) % ) Ce6-SiNPs Xt HepG2 4 i i2E47 AN 5] s 18] (55 & S8 . i 1A
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10 /] %0, 7E£3h. 6h. 12h. 18h. 24 h [FIBEIERFE I RIS, 2002 ' 52 P B 7 1 Ao 1) 1) B K T 25 3
0, X IR W NI K17 Ce6-SiNPs FUm 2 a3, BIIE 7 2¢% Ce6-SiNPs nJJl i 4 #+1E
iz NG N, BRI O ANEIRBEACERAL, 2P 10 AN[RIBE IR A1 2H, 1 mT A& B Fie 8 4 fifa 7
AR, [F CCK8 frllzs R —3, Wt Ce6-SiNPs I EEER/ M. 2% BB Ce6-
SiNPs 7£ HepG2 4l A& R I 8 5 (072 e AR PERE,  TIESEAHIE FE i) £ (1758 ¥ Ce6-SiNPs & FH T 144k

FEARITTT -
Control 8 ug/mL 16 yg/mL. 32 pg/mL 64 ng/mL
A~
<
)
£
Z
N
O
(]
O
!
£
(]
=

Figure 9. Fluorescence imaging of HepG2 cells incubated with Ce6-SiNPs with different concentrations for 24 h (blue is
DAPI-stained nucleus fluorescence, red is Ce6-SiNPs fluorescence, and Merge is the superposition of them; Scale: 100 pm)
9. HepG2 S FRIRE LN Ce6-SiNPs ££IEF 24 h FHITE ARG E(EE A DAPT LG HMAKTE, 4&A
Ce6-SiNPs R, Merge APEZME; #RR: 100 pm)

3h 6 h 12 h 18 h 24 h

Figure 10. Fluorescence imaging images of 64 ng/mL fluorescent Ce6-SiNPs solution co-incubated with HepG2 cells at dif-
ferent time points (blue is DAPI-stained nucleus fluorescence, red is Ce6-SiNPs fluorescence, and Merge is their superposition;
Scale: 100 um)

10. 64 ug/mL 3K Ce6-SiNPs iA&K S HepG2 4HREILHE T 4[5 8] 52 /5 AU F AR & Bl (5 2 9 DAPI & B 4HAEZ R
3¢, 4189 Ce6-SiNPs I, Merge AFEEME; #xR: 100 um)

DAPI

Ce6-SiNPs

Merged
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3.5. KN FaTTHERSER

3.5.1. {RIMREISERN

R R 3% 1 SR s R K ) 4% 1 98 Ce6-SiNPs BEAT RN 2R A S AAR I o 1,3- 2R 3k 57t 8 I kg
(DPBF){E44h 420 nm A BRI ICIE, 2P0 PT 5 SR 28 25 (L Oo) R AE AN T I (R S Ak S BT T R, 24
HE5 10, 548, 1E 420 nm ARG AL, Rk al FIH DPBF M@ s = A i sk 5. il 11 af
Fih, 7E 660 nm WOEKS N, BEE IR RIALEK, DPBF 7E 420 nm KA IR ERFSE N R, X—
W% K W] DPBF #i ik R P 7= [ R S A SE A, UESEAE OB T, 9% Ce6-SiNPs HA LR
ARREE ST, RS SR R R A RO B TR T SRS B T OB I S B A

20} —— Omin
—— 3 min
—— 6min
9 min
15F 12 min|
15 minf
< 10

360 380 400 420 440 460
Wavelength (nm)

Figure 11. Absorption spectra of the fluorescent Ce6-SiNPs solution containing DPBF after being irradiated with near-infrared
light at 660 nm for different durations

11. &% DPBF HIZCH Ce6-SiNPs SRR TE 660 nm LTINS BR ST AN [E] B8] fE A IR AL it

3.5.2. AR R ESEEN

AURBER F AR 2,7 - SR R — CRBR(DCFH-DA) R 2 AL A0 i ) H 48 0K P A b,
DCFH-DA J2dE% 6], {HZ M A 1) 5 4482 mT LUK DCFH %4y DCF, (R s, i 12 /fF
. RE 660 nm ITZLAMEOGHRS A MRRILH /AN T, WA BN, TMRFE T 660 nm L4L5MN%
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Figure 12. Experimental result diagram of intracellular singlet oxygen release
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Figure 13. Survival rate of HepG2 cells under illumination treatment with different concentrations of fluorescent Ce6-SiNPs
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