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Preparation of Ag,S Nanocrystalsfor NIR Photothermal Therapy Application

DENG Li-Er', LI Yan?, GONG Lei', WANG Jia'

(1. School of Optoelectronic Engineering, Xi’an Technological University, Xi’an 710032, China; 2. School of Materials Science
and Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Photothermal therapy (PTT) is a promising cancer treatment with both high effectiveness and low side
effects. It is very important that the advancement of the NIR photothermal cancer therapy is dependent on the de-
velopment of photothermal agents. Herein, this study developed hydrophilic DHLA-Ag,S nanocrystals as a new
photothermal agent, which were synthesized by combining a thermal decomposition and ligand exchange route. The
as-prepared Ag,S nanocrystals appear good water solubility, photo thermal stability and biocompatibility. Under ir-
radiation of 980 nm laser with a power density of 5 W/cm”, HeLa cancer cells in vitro can be efficiently killed by
photothermal effects of the Ag,S nanocrystals (40 pg/mL). The photothermal effect of Ag,S nanocrystals and its
good fluorescence imaging function can realize the visualization and precision of photothermal therapy.
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Har, o7 TR #GaT7 Mgk kLo
UM BERIE MU R RS, A LRI A2 0 A 25 1
FERT AT, AH & FHOb AV s R Bk, BRI H A A
T I AR R AETOHIM RE, JCH 2 & Fh & 9Kk
TR, SH0KER. S90KE. SYURE 4%
O A HGA T e RO TS T
RILIR AL, & RIVGKEE M B R B s, R
VIR, EHG &R AR . mAKERA
MURE B S5 R R, AT DR U AIT 21 471 ' T % 46 ol A
RE, M A8 40 HR SRSB4 10L, BR g K A (CNTs) ) EL
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SERIR AN . BT 5T R P A R A 2 A 45 6 1)
Ji ik AgoS 9K, 1931 T B8 AETELF
YR FCIAMIRL, R IR e B TT B TR 2R B A LRI
WOTE, S PTT LR IR R L8R .

1 SR

1.1 AgSHKaATH EfFREIEH

SO RN RO B 2k AR A R AR
(CsH 0AgNS,, DDTC #RE)A 1-4 HREE(C,HaeS,
DT)# H Sigma Aldrich 1 [H fH [R 2 @& ; 4 B
(C.HsOH). £ &8t (CeHin)y = ZUi B2 (CsH160,S,,
DHLA) W H 75 2 6223 5 T & 20 8 B0 il
(TG20-WS)FE il i 7745 £ 2% (RCT) 73 51l 4 5 1 /e
VORFIEE IKA AF . 250 KN LB 7K, BTH
WA o4t

SR FH FAfifE AR 2 T P A B 36 (1) 7 V250 % AgoS AN
Kimb e, HAREEM R K 0.2 mmol DDTC R #h
15 g DT S E NN B T HE 1Bt HE48 1 = O Re il
W, S 3 min JEIEANES, TEER 3K, R R
PR RTE Ny SARY FisbAT. ¥R R LL 10°C/min (1)
R R 150°C, FFEMAERMN 4 h FAIE=E
T K= BN R, KXEFIKEN 24 h, 2%
RINLI o FRRLT o BEHTFIMA 50 mL 48, &
FEOHLH LA 8000 r/min FUHEH B0 10 min, 155
KM DT KHK AgS 9K FEMEHDT-Ag,S).
T AR e B8 S A R R KW 1 R4, DR i
TR AR E . B 0.1 mmol i DT-Ag,S. 25 mL
ke 30 mL ZFEEF1 0.35 ¢ DHLA =Gt 24 h,
12000 r/min &0 30 min, 2 51 /K i Ve i )5 8 7
SYEUEIE B TKH, 58] DHLA B Ag,S 41k
i EH(DHLA-Ag,S).

1.2 AgS K ERIFAE

T8 I 5 A —a] IL—3E £ 40 S 6 6 FE T (UV-3600-
Plus, HZ BEE) KA KR 622 0 X 4
LR A7 5 (XRD-7000, H A 5 3 ) F i i 32 5 H B
(TEM, H9500, H 7 H 7)WL %25 1 4K 4k T30
FRSE; H CO, i 3746 (3110, S£EFEER K)
B R dn ;R v e {8 B T BT (TE2000u, H A2
B ARC(ELX808, 3 [ 5 4 ) I X 24 it v 2 o
1.3 AQ:S K & IR

6 FH UK 980 nm Y £ /MO B A A PR, X
B AREREER AgS 40K KGR T
R, B IR A S B E SR 4 K K A 1 3R
A, VERXTEE, 0 SEBEOE I [FRE R 25 3 1
KR AR AL FESL I R T, B TR I T s, B
R AR, I ERE RE, TR oK b R I A 7 AR
TR, 3% FH A 3 O G D 2 5% B, A R ST I (1)
RESiE .

1.4 “HAEEESF

B #E (HeLa) 4B W B ATCC, ¥ HE T 37C.
5% CO, MEEFRAEW, HE 10%06 25 L& (FBS) L
FH 5 X 76 Tk i (DMEEM) 1% 32 W% 35, BE 9 i 2
R — R SLIHTH A 0.25% 15 & E g A
0.02% 1) 2. — & U0 2. FREN(EDTA) WU AL, UesE T
15 mL TS &0, 1000 r/min &0 5 min, FFH_E
THR, AR EREH.

1.5 fRAELEMEENR

K MTT VENNR AgyS 92K & i A= M AE 24k
Y AErE 96 FLARR AL 100 uL A4 i BV,
BRI R, AR MG BE S R B SR NN 150 pL
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I FEE B A A0 R ot 40 D 2 A IR B
16 EHRIETRE

96 FLH AR FLINN 100 pL 40 i B i, B
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FTh%5 1 9 5 W/em® (9 980 nm BG4 J5 HE 5 A
AgyS YK b IR BE R BE 77 10 40 BRI I N AS [R) R B
1 AgeS PR SR IR IR 40, HE S — i [H)
Ja, FASLANTE 150 pL AR 953, K597 12 h /5,
HUH 100 pL B9 E3E 2 55— 96 fLEkH, I 20 uL
1) MTT 4 2:0FE 4 h J5, 2B LIS, A 100 uL
DMSO & 3% %A 10 min J& 18 FH T EE e 728 K6 00 3G 0]
490 nm ARG E .

W BiE WS, 96 FLAR 4 AN 100 pL ik
PAWE (PI4T35 43 5 (Calcein-AM) Y4 k) PBS VEA
W, BERY 0.5 h 5, TERJERME T I
E{ELiE

2 FER5

2.1 AQS K RIS BR K LTSN R WA 4 14

Bl 1)~ &S 2 AFRIRER AgS 90K
KIS KGR, R R B, 1
WO HOE W, VLYK R TE R B RE S iCE
6 NHJG, WSS, WA U, U E
R4f.

K 1(b) N AR 1E4 DHLA ) Ag,S 49K i i) XRD
K, X BRI K 1=0.15406 nm. K35 Ag,S Hf}
g A T K AT 5 B %2 (JCPDS,  14-0072) 3% A W) 4,
WA e i I, E B e AR A A A )
BT HRANR A, XRFNTE 178 C UL NI Ag,S
BIAR R . ShadERA R, WHAAS 38 XRD
PRI PR 37 S 06 e s o B 0 — 26 TR T A KLY
AINRSF RN . B 1(b) 4 B9 AgeS 44K ik I TEM
TF, gk NERIE, W, gita ks
21°4 40 nm.

Bl 2(a) N7E 300 KV FIHNIE R R B IE S E R
(H 3L H-9500) 471 4% t 1 H1. A AgyS 92K & ) HRTEM
R, OKAEZ A 80 Jifis, nI LA H fhAs i HiTE R

Intensity / (a.u.)

Bl 1 Ag,S 9K ik R BN AR BE /K B A (a) Fl Ag,S 4
K ) XRD 3% (b) K J& TEM [ (4 K1)

Fig. 1 Photograph of DHLA-Ag,S nanocrystals aqueous dis-
persion (a) and XRD pattern (b) with inset showing TEM im-
age of Ag,S nanocrystals

U, ik AR T BE N 0.237 nm, 5 Ag,S HA}
JCPDS i £ o (103) 8 11 1 & 1 7] #5(0.238 nm)
AeF e, UiBA B 2(2) 8 (103) 6 T FI DI . 48 9h—
AJ =41 A0 53 56 5 BE v AT 21 1 20 A0 0 fic i
(Bl 2(b)) iR, 7EA] LB A0AM X 38 AgoS 40K di #6
AW BRI AgeS HURMEHRIZE T B0 B (1) g
BE 1.1 ev, #124T 1127 nm, ASLEH|&E 3
AgS YUK AR IUE(EAL T 1060 nm 4, AHXF T
1127 nm /=4 7 67 nm PJHERE, XIET YK T =
TR .
2.2 AQS YK &R B R
221 AGSHKBHIAARIRYE

K 3(a) AR (0454102040 1 80 pg/mL)
1 AgaS A9K 7KV TRAE 21 /MBI IR T 1) i
LR (TR SO TR N 5 Wiem?®, BB KA
980 nm) . fEIEFFELRRYT S min J&, WA 80 pg/mL
(1) AgaS 9K df 7K VI BRI BE v 17 20.5°C, TR N
XTREZH R atik, AHFEIE A AR A RA 6.2°C . Ui B AR
X FIK T, AgoS Gk T X6 T NG 6 A 5 3
e, Kb RE R LR AARE, T T 8 T IR
JEE 42 i PR B o O o VAR FE (1) 38 I (5~40 pg/mL), ¥
AR S min, AgeS YK & KIE R AR T 530 N
13.2. 15.5. 17.1 A1 19.8°C, i B RE A Fh e e R
D15 AR E R IE LG . FH R 6 BRI R R (5 min) 3 T+
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Fig. 2 HRTEM images of the synthesized Ag,S nanocrystals

(a) and UV-Vis-NIR spectrum (b) of Ag,S nanocrystals sus-
pended in water
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Fig. 3 Temperature elevation of the aqueous dispersion of

Ag,S nanocrystals with different concentrations as a function

of irradiation time (a) and plot of temperature change (AT) over

a period of 5 min versus the concentration of the Ag,S

nanocrystals aqueous dispersion (b)
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Fig. 4 Temperature evolution of Ag,S nanocrystals aqueous
dispersion (80 pg/mL) during heating (laser on) and cooling
(laser off) (a) and linear fitting curve between ¢ and 1né (b)
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4121 mW. Qys I8 I8 AR [R] D) 28 (13016 HE S5 47K
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wmr A=

m:Zﬁfﬁ

s

Horb m NI R E, C AH A, ALK T,
m=0.3 g, C=4.2 J/g-C . 1, N R G HT-17 i 1] 4,
HAT 5 J7 75 Bk [29):

T-T

;H:I:F‘ 9: surr
T . —T.

max surr

2

I'=-z,In0,

224 T 5 In0 (PR R ML, Wi 4(b)FTR, o R B
RE, 1=88.4 s. HARQ)AIITHIFE] hS=14.3 mW/C,
KENZERANAQ), 155 AgS 49K a1 G
AR 1 N 13.9%. IXANERRER S 490K 7%
(13%) [ 45 AR, AR T &K (21%)F1 CuoSs
(25.7%) IR % 0 2  BO (B H o) 4%y o, AR R,
MH AgS HEEBEGERMLAINRE hRe, CHIR
R HAE IS R ANENE RN, IEsHHEER
T 98 e A T RER 122, Ik, SR AgyS 1E ek
TBIT TR b R, T I 0 AR S ELTA
ST FE A S A I, A BT e R R E . K
AN K kL AR IR A E B, A BT I
iR 08 57 % ) 320 1 A 2R R AR A
222 AQSHAKBHIXHIEE M

18 FHI0E(A=980 nm, THHEZHE R 5 W/em?)IH
IR N 80 pg/mL [ Ag,S 49K F/KIEWR, &nt
420 s FHR & fm iR R B R, ORAEOE, R
T B P 22 R 5 B AT RO RS, R iR ERE
2 o B S S TR A B I A e SR P iR P AR B
AR 26, TTRLEH, U REEREEERG

50

a5t

40 -

T/C

35
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25 1 1 1 1 1
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K5 =ANEBBOCTT R DHLA-Ag,S 99K K iE il
it JEE AR B I T £ 2 A 2

Fig. 5 Temperature varied with time of DHLA-Ag,S nanocrys-
tals aqueous solution in three cycles of laser switching

FH O B B, KIS R AT, F T2
DRI R B s R P, IEB AgoS 4K b BB 1R 4
e v, TEERIA.
2.3 AQGSHKBHIEYHERNE

XF T AN R, AR AE AR A 2 R
HEW— AR R, Bk, 7ZEX &SR0
AZS YUK AT N, FH MTT 5 A
FEFE(S. 10, 20, 40, 80 A1 160 pug/mL)I Ag,S
G K TR A B B AT IR, S5 R BN, B
UK AR BE I 3N, AR I AE I R 2 — e TR
FEHI R B, AE 2 RFETE 90% LA (B 6). 47K
JEvEi5 160 pg/mL B, HeLa 20 (1) 7735 AR SRk )
91%, UEH Ag,S 4K db 4R BB LIS, & & T4
VIR o
2.4 AQ:S YK & BY IR TT U

ARSI — BT AgoS K S E R
FEIE 2 BRI SR, AR EE(0 104 40 A1 80 pg/mL)
1) AgoS 9K i 5 HeLa 40 Hu L5555 /5 78 980 nm ¥t
FELSR T D A4 L 3 2365 0K R P O B S B (1]
(5 2N 7 B (REHOE TR % 5 5 W/em?).
B 5 O IR R IRT (104 15 1 20 min) 341, HeLa
O B PR A7 2208 T B, (RS 20 min B )0 RE 2
Y M AF TG RARSRIL T 86%, FWIAINAIK i, #
4l 1) 6 S A R e 1A IR TGRS,
JEIET HeLa 2 1 473 26 bl A5 40K & ik BE 1D 9 1=
A RE S [A] PR S 3 B PEAIG, 4G IEIREIA] 4 20 min
i, SKEEN 40 pg/mL [ AgS 49K IR 311
I RAFIE RN 20%, AR AE. SKEN
80 ug/mL 1) AgyS K fh L1 7= A A7 1E 2R
8%, FEANM L EMPRIE. 2L REY], AgS 9
KEBIEHIE IS T, e A K an i, BA
B AR AN IR T BE 1 HeLa 4 LIL 214N 6 HGA

100
80

60 -

Cell viability / %

40

20

5 10 20 40 80 160
Concentration / (pg-mL™")

Ko SRR AgS 98K Sk WL H 7% 24 h J5 HeLa
YR A R

Fig. 6 Cell viability of HeLa cells incubated with different
concentrations of Ag,S nanocrystal aqueous solutions for 24 h



830 T AL A R R

33 %

120F . yg/mL 10 pg/mL
B 40 pg/ml B 80 pg/mlL

80

40

Cell viability / %

N\ Q
N Y
N N\
N N\
N N
N N
N X
Y Y
N N

¥

0

—_

0 15 20
t/ min

K7 ARFEDEHEE AR FR R AgS PUKFEDE G IT
JGi HeLa ZHJf 1773

Fig. 7 Cell viability of HeLa cells incubated with different
concentrations of Ag,S nanomaterials and then being irradiated
by a NIR laser for different time

J7J5H Calcein-AM (425380, WoRiEME)f Pl
(T3, SoRFLamiE)dbl e (& 8). 7E R
ZLAMEIE 20 min BT, SAFKE AgS 40K
PORMIEHE IR (0 AT I 08 S o BRI R b ok
TN AgyS HUKFEHO  pg/mL) Y 4H i 7E 6 HE S %
BRI GG TR BT, YA 41
RARAETE . BEE IR Ag,S 9K EIRE0. 40
A1 80 ug/mL)F I, SIS 4 €59 e s, 4

0 pg:mL™’ 10 pg-mL™!

O IEIBWI . 9 AgoS AUKERIKFEN 40 pg/mL
B, OOCH 8 4k 60, AgS 9K IR BE N
80 pg/mL B JLT-H A B4 45, HeLa 40 L T4
BT, RGMNALE R MTT il 45 RARRF

3 it

AW T IE IS L & T BOKE DT B4
Ag,S, 4N E # 515 /K1) DTLA 12
T AgoS BRIZANK &t o 49K G A H R B, R4 HK
PERGF, fEIRLLAMX B BAF BRI e RE . B 9T K
K E KT 40 ug/mL 1 AgS KM ER KN
980 nm FOLEHFEZEE N 5 Wem®) B 5T T % i 41
MR WR R ROR, BT I B . AgS
YK i R ) A% T B, AR B, B R I KIS W
FaoE PR EIFRE A AE YA S M . R RGP
N 80 pg/mL ) Ag,S GK R KIE T 7 min % T
R, R IRFHE &IE 21.3°C. SRR BEOL,
WA A i AR A H 0 R IR FE AR A i 2k, THE
133 AgoS 9K i I A B AR 13.9% . W T 4G
RER AgS 90Kl H T HUMIRIRIT A B & £ B
F A5t

40 pg:mL™! 80 pg-mL™

B8 Il 20 min J5 A FIWREE AgyS 9K i HREI K MR8 4 28R (1 5 G IR A
Fig. 8 Fluorescence images of HeLa cells after photothermal treatment with different
concentrations of Ag,S nanomaterials under NIR irradiation for 20 min
Green fluorecence: live cells; Red fluorescence: dead cells. All bars are 50 um
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