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Synthesis, Characterization and Antibacterial Property of Ag-loaded
Carbon Dots

LI Wenlong!2, MA Wenyan'!, CHEN Hangrong'*

(1. School of Chemistry and Materials Science, Hangzhou Institute for Advanced Study, University of Chinese Academy of Sciences,

Hangzhou 310024, China; 2. Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai 200050, China)

Abstract: Silver nanoparticles (Ag NPs) have been widely applied in various antibacterial fields. However, their
preparation generally requires additional reducing agent and suffers from complicated procedures, high production costs,
and severe aggregation. In this study, carbon dots (CDs) with intrinsic reducing capability were employed to achieve the
in-situ reduction of AgNO3 and subsequent anchoring of Ag species onto the surface of CDs through a facile one-step
water bath method. As a result, silver-loaded CDs (Ag-CDs) with excellent dispersibility, uniform particle size (<10 nm),
and negatively-charged surface were successfully synthesized. This negatively charged feature is beneficial for
alleviating potential toxicity toward normal cells, suggesting high biosafety. The Ag content in Ag-CDs was calculated
to be 9.2% (in mass), mainly existing as Ag® and Ag>O. The sustained Ag" release was found in aqueous solution which
endows Ag-CDs with long-term antibacterial activity. Moreover, the obtained Ag-CDs exhibited excellent photothermal
performance in the second near-infrared (NIR-IT) window with a photothermal conversion efficiency of 32.43%. Further
antibacterial investigations demonstrated that Ag-CDs possessed remarkable antibacterial and biofilm eradication

capabilities against Escherichia coli (E. coli) and Staphylococcus aureus (S. aureus). Upon near-infrared irradiation
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with 980 nm laser, the CDs mediated photothermal effect in synergy with Ag* release, further enhanced antibacterial and

antibiofilm performances. This study provides a valuable insight into the design of low-cost, multifunctional, and highly

efficient antibacterial materials, showing a promising potential for their applications in infected wound healing,

antibacterial medical dressings, and other biomedical antibacterial applications.
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4% 7 R4 N (60.4+3.8) nm [K] Ag NPs, i% Ag
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Bk HL 3 HLOG A 95 5 R SR 5T A8 18T AL CDs 2%
ARG EIERZ L,

AHIE T AE R ACBR AN LS 2 R A Bl Y 30 3 7K 4
PG R L2 T — R R R AP A e B
5Pt EE R Ag 5130 CDs 499K M kH(Ag-
CDs), 245 T Ag-CDs LSS5 SedbERE.
R EEYE AU AR, DAV BT M RE BT B 40K
WAL R i

1 SLIHE

1.1 Ag-CDs By&I%&

H 56 25 mg NaOH 78 43V fi# T 100 mL 25 5§
Tk, B 0.025%(J5 & 73 B)NaOH ¥l . [l
J& F 250 mg L-K5 &R« 100 mg #E AL A1 10 mL
0.025%(Jii & 53 %0)NaOH ¥ N 20 mL B,
I TR B ISR 30 min. [l JER
W2 20mL R ZEH, 78 200 °CHAE T O 12
he RERMVEEHR H RN HARAH G, 13315 A R
B JE R, B54C2(8000 r/min, 10 min)Rg 25 A S S K i
FBvTvE, IS 0.22 pm i JE R g . 18
500 Da iEATLRIENT 48 h, &R 8 h #:— KK, &%
AT R B EMAK, 4N CDs.

¥ CDs. AgNOs fll NaOH #5170 BT 2 5 1K
Hp, 5 R 4331 33 mg/L0.06 mmol/L A10.01
mol/L, B RAE 50 °C R /KIBINFA 5 min. #5158 H
500 Da iZEATSIENT 2 h, AE T 15155 Ag-CDs
R IR A R AE WA A B ST S2.
1.2 Ag-CDs RO M REFRAE

RS T VR WA TR S3. # Ag-CDs 7K
WIRE TEe ATy, 435 A H K 13
S BB 10 min, [F] IS A 21 40 B AR A3 I Ag-
CDs 7KW IC il B AR A il 28, 0 ik fge A Ui RO
ik BEJG 2 B AR E Ag-CDs W EE . ARG
I Ag-CDs /KIFH G HET £, B01F Ag-CDs
SR RE PR AR AR AN Th R AR o B R SR I
Ag-CDs [HK BE FIBOE 2 Th R, X Ag-CDs /KR iR
55 10 min, BEJE R BOGE SERHEH B RA 2R =
e ZOLIRE A 5 Ik, LLIEAS Ag-CDs /K&
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Horp h NEZBRPMERRE(W-em 2K ), s NEARR
T FR (cm?); Timaxi A1 Tmaxz 73998 Ag-CDs &A1 Ho0
DU 0~ 487 38 (KO3 Tourr NIIRIRFE (K); Quis A
R IIRFE(W); mp N Ag-CDs ¥ W i &2 (2); cp 72
H0 (LR (4.2 T-g KN o NI TR H 5, THEA
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t=—In6r “4)
— Tur—T
QT_ Tsurr*Tmax (5)

b, ¢ NBRIR TR (s); T AZI ZIR RIS 00
Fe iR i 2 6 & N IR (Dimensionless
Temperature), H] TR AEAK R iR AR X T 8 = i
RS H— AR 1k
1.3  Ag-CDs BYfRIMaE M gE MK

K H KW FF W (E. coli) 1 4> 3% €6, %] 7% BK 1 (S.
aureus), WP EBUE RN Ag-CDs BT HERE
B -80 °CHEAEI] E. coli N S. aureus W AHEM
H4F ) LB Wiz s 75525 g/L)H, T 37 °CHE IR 1S
FEAR P4 24 ho BE S B, AT T EER b, PR
BIEHURCE T 37 CCHIR 5 7R 5 9% 8 he BB
HR IR E T 4 cCA IR AT, {3 FH B F — ik
TR Bk L 43 25 B 4 1) B B VR I N VR A s 7R Sk
B5 7% 8 h A4 B kN B AR K S AT S

g A T X6 5 A K () 41 1 F FE 22 108 CFU/mL.
BEEECA R 5 mL S0, iR RO N ERAE 4
AEFE . Control ZHANAN 1 mL 40 S WA 1 mL B8
Eh 2% PP (PBS); CDs 20NN 1 mL 41 B 23 F1 1
mL CDs /K ¥ (800 pug/mL); AgNOs+CDs 4 A 1
mL 40 # Z W . 0.5 mL CDs 7K ¥ (1600 pg/mL)AFl
0.5 mL AgNO; 7KV (234 ng/mL); Ag-CDs ZHHMA 1
mL 40 B 2 A 1 mL Ag-CDs 7K ¥4 (800 pg/mL);
Ag-CDs+NIR 40 A 1 mL i 2% A1 1 mL Ag-CDs
IR (800 pg/mL), FFH 980 nm ¥t % HE & 5 min.
B 5K T A B O B N 37 CCIEIR B 2 i 30
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min. 735l B2 AR 10 L VAR T2 5 7 T 35
JEAR L, B BREBURN 37 cCIEIR I FRAE T 7 F 18
h, ZJE A FHUN B3R AT R, DAIE 5 & AN B
HE T AR 4 B R A L, BRI g T T T AR
BRI E R A LRI =T S8 fTE
AR

Antibacterial rate= (l—CFU"

CFUO) x100% (6)
Horr, CFUL N 556 4H 1) 1 #% %, CFUo 2y Control 21
1) T 4

1.4 Ag-CDs BYfRSNE AREE BRIE MM

KH S. aureus PR Ag-CDs FJ ARG BRIETE .
& 1%(05 &7 BO W & B LB N7 55 75T S.
aureus B & WUHEAT W B, IR K UK R # N 107
CFU/mL, PA%EFL 200 pL (ARRUIMAN 96 FLAR T, I
¥ 96 fLIR B T 37 cCEIR S FRA 15 7% 24 he MG
Wk bR IR, R EEFKEE IR, [314E
KTE 96 FLARH I S. aureus W, FEi R DL #
YEXT S. aureus W) E3EAT 73 2H AL P : Control H A
200 uL % & F7K; CDs 4 A 200 puL CDs 7K %
(400 pg/mL); AgNOs+CDs 4 i A\ 200 uL CDs Al
AgNO; KR & 1 W (CDs Fl AgNOs 23K &£ 43 il N
400 ug/mL A1 58.5 ug/mL); Ag-CDs ZH il A\ 200 uL
Ag-CDs 7K ¥ % (400 pg/mL); Ag-CDs+NIR 41 i1 A
200 uL Ag-CDs 7K ¥ ¥ (400 pg/mL), [7] i 4 FH oh 3
SN 1.0 W/em? [ 980 nm #5523 IR 5 5 min.

BE 5B 96 FLIR S 2 37 cClE IR IR % 15 75 46 h,
£E 200 r/min 54T NI E 6 ho W FLH AT
A 50 uL 4% % R E A 1 h, REHREZ
RHEE, BT KPES 3 K, A 50 uL 0.02%
(RE B W G0 30 min, FH 251K
Ve 3 e M. A A A LT N 200 pL
95%(fA 4> ¥0) B I 1E 200 r/min 56 1F F IR 1
h, DAFRAE R A I A 5 R . R R TR R
& —He 96 FLAR 1, I8 B ARSI B S FLAE L TR
590 nm AL IR E

2 HER5iTE

2.1 CDs #1 Ag-CDs BI#I & 5R MR
CDs 1 Ag-CDs 1) il £ 77 72 APt AL Wi B 1(a)
FiR e RAVEARTR AN LR 208 9 I B JE k), i it —
WK IAAE BUE I # % T CDs W, FridilAs H )G
2 1 E M A 2B R N B R ARG L AR TR
JE13E] CDs Bk AR . N TIRT CDs 57 HPi
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Fig. 1 Synthesis strategy of Ag-CDs, schematic diagram of antibacterial mechanism and morphological characterization

(a) Schematic illustration of preparation and antibacterial mechanism of Ag-CDs; (b)TEM image and corresponding particle-size
distribution (inset) of Ag-CDs; (¢) HRTEM image of Ag-CDs; (d) Powder XRD patterns of CDs and Ag-CDs

PERE, B 7E CDs R 1 714k Ag NPs il & T Ag-
CDs?, H.o CDs H S A H ik, 7EiRMKHG
INFGAE T LUK Agtif )5y Ag NPs, 523 Ag NPs
7E CDs 3R 1732, 1% 77 2 T0 7 A AN I Ji 1)
AR R4, i T & L. S RS E
Mratifk 2B K I M. AgNOs Il NaOH, A% T8 )5
13 3] Ag-CDs gK Mk . 7EIL£LM RS R, CDs /i
FEAN S Ag BT AE N EEH, B —2 1
SEPUE AP EERE . B ST EIR T CDs fl Ag-
CDs 7K R IS i, wl DL SE 21 35 3 Re A e
SRECEKARAR Zrh, RIH BA R UK. B
Ja, K H % S B T & B (Transmission Electron
Microscopy, TEM)ZRAE Ag-CDs JE30 . W1 1(b) A,
Ag-CDs 23 70 B B 4F 9K BRI A, B4k
S —, RIWWHEFIRIE . 46 B ot Nk 42
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s gt BT, SR ] % ) Ag-CDs T BRiAR
298 3 nm. ik — Dl m o HEE R WA
(High-Resolution Transmission Electron Microscopy,
HRTEM)Xf Ag-CDs ) fh 445 1 347 RAE . W1l 1(c)
Fii7n, 1E Ag-CDs Hn] i BT UL 22 21 9 Fh A [5] (19 & b
%8l H, Sk AEE d1=0.21 nm, X} T Ag-CDs
A SR K ) (100) 4R T 22, AR (A EE d2=0.22 nm, Xf
N Ag NPs (I(111)fRTHIPY . 145 B3R 8 1k & A [
I AFAE IR IR AZ G 5 SR ARPUOK s . B 1(d)
X I 2647 T (X-ray Diffraction, XRD) & i & 7R, Ag-
CDs 43 HI{E 260=38.0°. 44.7°. 64.4°F1 77.5°4 i B
FRAEATS I, 23 A )8 T Ag NPs ff1(111) (200)+
(220)F1(311) &4 TH 231, XRD 45 % 5 HRTEM 43 #7 AH
HEME, J:FFRH Ag NPs E 713 T CDs &M
(231, T B2 & 9N KR
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Fig. 2 Spectral characterizations of different samples
(a) UV-Vis absorption spectra of CDs, Ag-CDs and Ag NPs; (b) Raman spectra and (c) FTIR spectra of CDs and Ag-CDs

2.2 CDs #1 Ag-CDs HYFIERAE

Rit— R 5T Ag NPs 5 CDs 2 [8] S THIAE H %
MRS TR, E— 2R T REAm
N2z 4. B 2(a)y AgNPs. CDs Al Ag-CDs ]
28 41 - 1] DL (Ultraviolet-visible, UV-Vis) W K 3% o
CDs 75 AN 38 K V0 [ P 52 300 96 02 EL 3R 2 R 1Y)
W SR AR, X 32 YR osp® 24 LB B 9 A A5
C=C n-n*EKiE24, Ag NPs 7E 410 nm iz H BB
RS, IR AR O T Ag NPs 1) J&) 38034 1 45
2 F 4K 4L ¥R (Localized Surface Plasmon Resonance,
LSPR)ZM 2, #H2 R, Ag-CDs AR T CDs
) B8 W SRS AE, [ B E 410 nm BRI [ RE 30 5% 2
Wi, HE—BUEsE Ag NPs 35| A\ CDs K E
A4, B 2(b) A CDs fl Ag-CDs fI$L & ik, Al
DL B S5 E L) 1330 A 1570 om! &b 52 3 8 704 1)
D i G 75 523, 43 % AR A AL - sp? i [ 25
¥5 sp? WSS (R T N AR BN o FHAH XS 58 FE L (In/16) PT
S CDs (135 e 2 52 A0 45 #4 O 7 M o T 45 SR R,
CDs #1 Ag-CDs 1] In/I 73 7l 4 0.48 #11 0.68. Ag-CDs
() In/lc .3 T, U6H] FLBR B B2 00 O e R P 16
sp? G 52 B — EREEERIR, - AEBE S 2 AR sp?
BB S PR AR, R SE IR BH Ag NPs (5] A
FrAE AT B ELVR A, SRl I S VR FH$R 3 CDs R
R PS50 5 AR, AT S BB S 3G

Rt — o i AR AL 5B Ak, % CDs 5
Ag-CDs # 17 {8 B i 748 ¥ 21 4} (Fourier transform
infrared spectroscopy, FTIR) Y #E MK . W1 2(c) &7,
CDs 5 Ag-CDs ¥R It 7Y (1) 3R 1 B e R 1E U,
Horf 3417 e ! X B.-OH 1 45 IR 3127, 1630 em™! 47
£ C=0 R Bh W UG8, 1453 em ! 5 N C-N {H 4 4R
29, RN, Ag-CDs 1E 1453 e ™! ALV &
T C-N A GAHR B (1 R AR WS e B S 1 i, X — A2 Ak
AT Agt5 CDs R & % Re A 2 18 ] 5 & AR i
REAEF, BE598 T C-N A SR 30 1 45 Bl BR L 5 FE,
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FEPR ] 7 I T T IRBIAT N, Ui AgNPs 5 CDs
Z MAFTE R R I s o A E . h4h, Ag NPs.
CDs fil Ag-CDs ] Zeta HIAL &5 F (K] S2)it— 5 3 #F
FiREE, 5 CDs AL, Ag-CDs 1M 1E H Itk g A 1
o X — AR T H R T 5 Agti o # e EAC AL A
454 F CDs R, NJES: Ag-CDs Bl Agh X F
VLB M RE S 7 B
2.3 CDs # Ag-CDs By X S4B FREIE RAE
NE— P Ag NPs 5 CDs 2 [A] [ 6 R A
R FA RS, TR 4 A BLAE FALEL, X FE
m3EAT T X 4 4Ok B T g i (X-ray photoelectron
spectroscopy, XPS)7r#T. MIE S3 1 XPS 41 I mf
PLEF], CDs EE i1 C.N. O =Flc KA/, 1M Ag-
CDs H1Bg ER TR, HIlHERN Ag THRES, £
B Ag 4153 3h 5l N CDs /o K LB &4 5 1
& B W {% (Inductively coupled plasma mass
spectrometry, ICP-MS)%} Ag-CDs #' Ag & &= 1T E
BT SRRY, FiT Ag TR ES R
9.2%(% S1), #—PIEL T Ag I . El 3(a)
4 CDs #1 Ag-CDs (757> 3 Cls XPS & &l P> FE
w51 0] o3 R 2 AN REIEDE, Hir 284.5. 285.6. 286.4.
288.1 eV fl1 284.8. 286.0. 286.7. 288.2 eV Ak
Sy VAR T CDs 1 Ag-CDs H C—C/C=C. C-N. C—
O 1 C=0 M TTMREO, X} b4 R IR, Ag-CDs 1 C—
N ZH 53 W AH O LG9 B 2 =1 (3R S2), 5 FTIR Jtil
a5, #—PHNE T Ag'nlRE S CDs K& &
TR R ERAAER . B 3(b)A CDs fil Ag-CDs 1)
T HE Nls i &, Hrh CDs £ 400.0 A1 401.7 eV 4
RT3 i) 6 2T 2B N A L N R STk, B A5
R B2, Ag-CDs Hgis 7 kg N 5t N 45
SUg, [FNTE 400.3 5 402.3 eV A5 AT A %2 5] 47 B
N 525 NP2, % S3 (IR 45 R P78 Ag-CDs 1
ZHE N L2 25 FRAR, T nE N S50tk N B 4] B
SR, FREERRY, ERNHET AN Agt]
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.‘? *:7 Graphitic-N
@ @*
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Kl 3 CDs fll Ag-CDs ) XPS i &
Fig. 3 XPS spectra of CDs and Ag-CDs
High-resolution (a) Cls, (b) N1s and (c) Ols XPS spectra of CDs and Ag-CDs; (d) High-resolution Ag3d spectrum of Ag-CDs

W CDs K1 H fe BT =040, (25 %
HREHI(N AL BERGHE) KA g5 A S IR,
TV 1 B 2 PRI L e %0 G PR AL g SN oo 3, 2
AR, g N RO E N AT DU R i EE 2
TR 5y F P HLes B B U, A R TS Ag-CDs IR
5 4 A8 5 LT AR AT AP i3 — BRI A Taue 2 50t
Ag-CDs Fll CDs ] UV-Vis IS T A5, &5
SRR CDs 713 Ag B G G5 RN 2.909 eV [
% 2.556 eV(I&l S4), IESLH TS5 kA B E
Mo a5 B B FEARA R Tl RO 56 A 30R +
LR, JE4G R AREE S i B AR, AT R 5 St B
Ptk RE SR 15 R 2440351, LAh, CDs I ZE L g N
SRV AgT B AR HE CDs R IMEE N FIRC A7
YEF, XAMUE BT AgNPs (514K, B A 3L
I, WAt S wE . R
YL N &5 5 Ag NPs JR A7 iz 54K R E
TEPEAL 861, 8] 3(c) v CDs F Ag-CDs [#1 75 43 3% Ols
XPS &, 7£ 531.2. 532.9 eV F1531.0. 532.5eV
Ak (0 53 53 %6 B CDs Fl Ag-CDs H C=0 F1 C-O 1]
TTRRET . ETHFEEME, 1E Ag-CDs ¥ Ols i &+
WL T AT 529.9 eV AL HIFTIEE, XA T Ag-O B (%R
S4)B381 KB > Aghs CDs F 1 & H L kA4 A
HAEH, B AgO PpFhBo, R4 DLA: SCHk i
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A0 VIFE NG A T ALK U B 4 78 Ag', &4
FEGOR TR B 3 1 1) A AR o) - B 3(d) N Ag-
CDs (1755 9 Ag3d XPS i &, 7F 367.2 eV AL
KR Agd F Agtr) 3dsp 45A RE, 7E 373.1 eV ALY
XTI T Ag® Il Agh ) 3dspn 45 A REO4], LIRSS R
B — P UE S Ag-CDs R 1E Ag® Al Ag AN 25
(3% S5). Z5& w0 HE Ols XPS it B 43 #r vl #EM,
TEIKRGFAE NI Ag i Seid il Ag® FF thal T
CDs % 1fi, B/J57ES A B ReHIEH N R A2 A4
TER AgO ¥0Fh, JEH @R Ag, SEBLPUE IS
PR YR
2.4 Ag-CDs HySEH I RE

i UV-Vis IR HE 4R 7R T Ag-CDs I %5 1 1
W, HE— 25Xt Ag-CDs BT 21 4l i ik g
AT 7RGV . B2, RIT T 400 pg/mL 1) Ag-
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FAKEBEML O EXEEF/K LY. S DMEM X785, FBS fA4-IiE . 55 =-555 = WP, CCK-8 i)
BANEEIR Eh 22 P (PBS)IW H _LiHE B AEVI R B IR A Al . RIGHFFB(E. coli)Fl4: 34 (078 Z BRI (S. aureus) K
HEwHE T ANRER. LB Rz LB WA NEW H A& TAY TRECEE)ROA R AR . L929 41
T B WL A P A PR A A o 45 SR (O BT A A 4% % T B R (A M ) e B [ 245 5 AL il A BR A A .

S22 {UEEFRAE

1 il NexION2000G 2 H AR A 55 B8 TR T RS A RAE Ag LR & & . SR JEM-1400 3% 5 i1 7 B 5Bt
MEMIES . 8 H Nano ZS90 Yk /R STk B FAALA I & Zeta HLAZ . F]H Rigaku D/Max 2200 PC 275}
OGRS X S AT B . A8 B UV-3600 AL 75 0t 0t BETHIN SR Ab- A IR SO . A8 H Bruker Vertex 70
{8 B I AR e 2 A GRS o AT B I AR e 2T AR IO 1S . (5 XploRA ONE-532 B 7 2 Y6 i A il ik iz 2 6
. f# F Thermo ESCA1ab250 %! X 528 ) H 1 RE WG SCINR X S 286 v 7 gt o 48 FH #f8 4U(FLIR A325SC
FEML)IC e T HER IS FE I A AR B A

S3 Ag-CDs Y SEIG

#4400 pg/mL Ag-CDs /KIEHBCE T A g tb ta i, 23 5 FHAS [F9 (660 808 980, 1064 nm) O
AR IS 10 min, 5] B F 20 A R AZ A W I Ag-CDs 7K 7 W AR UL B A A ol 2, 7 ad T 280 R e e PR O %
T )5 82525

¥ 400 pg/mL Ag-CDs /KIEWE T A9 b M, HBEOEHEK Y 980 nm, Th% 5178 0.5 1.0,
1.5 F1 2.0 W/em? IO 28 RS 10 min, [RIBS 4 A 2040 ARG A I Ag-CDs 7K I8 ¥R ) I 8 Ak il 2%

23 SIS HIAS R B ) Ag-CDs 7KV (400, 800, 1200, 1600 12000 pug/mL), FK H I E T Hvetb
Mrp, 3% A O K 980 nm, ZhEREEE N 1.0 W/em? FI3HOE 22 I8 5 10 min, [F] B4 FH 21 40 A R4 A 0
Ag-CDs /KR FE ARt 26

T VPl Ag-CDs ZKIE I RFRE 1, 1B HTOE KN 980 nm, DyZ% R 1.0 W/em? B A,
SEXT A S B L ) Ag-CDs HESF 10 min, Bl J5 X PBOERR SRR B AR A E B = . izt I FEIG 3L 5
R, (RIS A ZL A R AR A R Ag-CDs 7K R I P AR AN il 2% o A58 # g A 5% Ag-CDs 16 #THiiR it
PR AR R o

S4 Ag-CDs Hf &S 4L

1E = DMEM 55383 N 10% FBS i 4= ML Fl 1% 75 5 5% -8 5 2 0P, Hl e el TR %
L929 401, K CCK-8 VLV Al Ag-CDs HIMASMEMEF 1 . #F L929 ZHMILL 5x10° cell/mL % EE4EFH1E 96 fL
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W, £ 5% COx 1 37 °CH A TR E 24 ho RIS HGREFRIEHON T H A FIRE Ag-CDs 58775, B H
24 8 48 h. B/ A PBS i ¥E 96 FLAR =K, HH&H 10% CCK-8 175 (3G IR I & e, 37 °C T 4R EL0F E 30
min J&, FIEEARACAE 450 nm PAC T EBOGEE, 5 L1929 4Gt . Ay seie B = AT
F S1 Ag-CDs 1 Ag TEHRESH
Table S1 Mass fraction of Ag in Ag-CDs

Sample 1 2 3 Average
Ag content/% (inmass) 9.2 93 9.0 9.2

#S2 CDs 5 Ag-CDs BB 48 Cls XPS iZE h REML ¥ 2E MIEEF S
Table S2 Peak area proportions of different chemical bond components

in the high resolution C1s XPS spectra of CDs and Ag-CDs

Component C-0O C=0 C-N c-C
CDs 11.6% 14.4% 13.9% 60.1%
Ag-CDs 9.2% 13.7% 29.1% 48.0%

F#S3 CDs 5 Ag-CDs K538 N1s XPS i E h RREI @MMLE S EE A L EE
Table S3 Peak area proportions of different nitrogen species components
in the high resolution N1s XPS spectra of CDs and Ag-CDs

Component Amino-N Graphitic-N  Pyrrolic-N Pyridinic-N
CDs 38.2% 61.8% 0 0
Ag-CDs 10.3% 19.3% 42.5% 27.9%

& S4 CDs 5 Ag-CDs IE S # O1s XPS it Eh RELFEE S IEEm R L
Table S4 Peak area proportions of different chemical bond components
in the high resolution Ol1s XPS spectra of CDs and Ag-CDs

Component Cc-0 C=0 Ag-O
CDs 31.2% 68.8% 0
Ag-CDs 23.4% 41.5% 35.1%

£S5 CDs 5 Ag-CDs FIE ¥} Ag3d XPS EErM RELFEA MIETR HLL
Table S5 Peak area proportions of different chemical bond components
in the high resolution Ag3d XPS spectra of CDs and Ag-CDs

Component Ag3dsp» Ag3dsp
Ag’ Ag* Ag’ Agt
58.7% 41.3% 52.9% 47.1%

Ag-CDs

J. Inorg. Mater., XXXX, XX(XX): XXXX www.jim.org.ch



S I, T BARGORE S A R AR S L P P R T

14

Fig. S1
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K S1  CDs(% )M Ag-CDs 7KW () HIIE Ff
Photographs of CDs (left) and Ag-CDs aqueous solution (right)
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Fig. S2  Zeta potentials of Ag NPs, CDs and Ag-CDs
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Fig. S4 Optical band gaps of CDs (left) and Ag-CDs (right)
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Fig.S5 Comparisons of antibacterial performances for NIR and CDs+NIR
Optical images of (a) E. coli and (b) S. aureus; Survival rates of (c) E. coli and (d) S. aureus treated with NIR and CDs+NIR
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Fig. S6 Infrared thermal imaging of bacteria and Ag-CDs mixed system under 980 nm NIR irradiation

Effects of heating of (a) E. coli and (c) S. aureus treated with Ag-CDs+NIR, NIR and Ag-CDs;
Photothermal curves of (b) E. coli and (d) S. aureus treated with Ag-CDs+NIR, NIR and Ag-CDs
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Fig.S7 Biofilm eradication activities of NIR and CDs+NIR
(a) Crystal violet-stained images for S. aureus biofilm after treated with NIR and CDs+NIR; (b) Biofilm biomass (ODsgo) of

S. aureus biofilm after treated with NIR and CDs+NIR
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