N I

2026 £ £ 71% 5 17 Hi: 3844 ~ 3846

4?(¢Eﬂ%>%ﬁﬁ

SCIENCE CHINA PRESS
CrossMark

& click for updates

TR e AR 25 A G T RURH VT T /b~ DX A

ERAR 3RY, T i

1 OB SR AL S BRI T S0 %, DL R REIC S ) AR AT & W) 2 R TR SR 2, LRIVE R A Al T2 B, 5K 261433

2. e Tl K222k T 228, KRN 450001
* KA, E-mail: liuyuan2020@haut.edu.cn; wangby@aqnu.edu.cn

Dual-phase NIR-II carbon dots for stable photonics and secure

information encoding

Nina Qian', Yuan Liu*" & Boyang Wang'"

" Anhui Provincial Key Laboratory of Advanced Catalysis and Energy Materials, Anhui Key Laboratory of Optoelectronic Magnetic Functional
Complex and Nano Complex, School of Chemistry and Chemical Engineering, Anqing Normal University, Anqing 261433, China

2 School of Chemistry and Chemical Engineering, Henan University of Technology, Zhengzhou 450001, China

* Corresponding authors, E-mail: liuyuan2020@haut.edu.cn; wangby@aqnu.edu.cn

doi: 10.1360/CSB-2026-0549

TEfE B H 48 UR AT WA 7 XHEAT ) . A% AOR 4 Y
AR, AR TGRS 5 Bl A B ) B 2. I
LA B RPN B AR 2 AR, A AR AR A HR IG5
(LI RE J) IEAETFRER A EOARRIHT . Hoeh, JEZ04h X
(near-infrared region 11, NIR-IDAA#}FE MR 535 A WAl
YU AR SR THERIBEHT R B AE i 45 32 06D, R
RS, RN i) i REAS R O MR XA
(T RM SR — TR LR IR BRI, (AT,
WFFE P A< XURINTR-TUA G SR LA B < S0 B ) 428 [ 25
JCHIMEE, h R SO A7 e R8RS R E PR 4
TR SRR A nTHp2e | S5kl i
PR AR E T IR A RS, B8 F—fOLFHARR
PRAEfg e bt 1) Hirfr, ¢ 5 (carbon dots, CDs)YE N2 Sk
TR N AL DO R BN T 452 55, 53X
SALGHARAMLL, COsEAMREME ., 5 T4 Mk m stk
JRAREAF R SR, RAECDSIE A GI KA w5 h
is TR PR, PR IT LA E 800 nm, {HAENIR-TIX i
S PERE R SR — T R BRART). M RIE W
NIR-IMA HLAER BT A R, BUA CDsill w2 B &
ERCREAR . FENEA R AR B AR AT R, X
BT = 5 PR BT SR - S HIL A BT L 2

KIerERE2E4, TERE] T CDsIE T4 YRR AR B
B AT SZ BRIV .

CDs R[5 A A H A — AR UM i 78 T H A R 25 R
Febk. HOCEVERE TRAZAS . RIE BB MR e
DB FERAVE T, Xl A5 2 7 45— A 45 4 - 1k I o6 RS A5 I
MESL RAE LU g ol 2R PR AR . A FRISRIA TR
RIS T In4roh— X R 5, (R ZHk R 17
EEFHCRIC, Rt 2 BT REMRS AR KT E
Sl R, A — i SRR A B A S S AR S
T EA R E AR B RNIR-ITL R ST CDs, A B B 10 Je A
FFEFSEhrn A, EHFER RN, WRESREEL
FHF RAERRAAE S I, 1 RS 2 6 B e oA e
PR TR R SR FH R BT AT, DRI S R R ek S L
PS5 98

J T REXE ke Pk, IR T & T — R T
A A FUE A EAE ] TR R A BT, TR XU
NIR-IUE 1 CDs. % ISR & 2 30 & 2807 F i+
VERRToRAA, IR IRV R P B i o 4 JE i e i T
B TR, SRR AR RO A, R R A T T AR
P, T AR 1A% e 5. WA AE R B -2 4, i e 1f
REFEAIE A PR, MM AR MR TS, %A

3846, doi: 10.1360/CSB-2026-0549

SIS BRI, XV, EA7. TR M 2 B B XU LD — XaR R, FR#il iR, 2026, 71: 3844-3846
Qian N, Liu Y, Wang B. Dual-phase NIR-II carbon dots for stable photonics and secure information encoding (in Chinese). Chin Sci Bull, 2026, 71: 3844—

© 2026 (PIEFRFE) Akt

www.scichina.com  csb.scichina.com


http://crossmark.crossref.org/dialog/?doi=10.1360/CSB-2026-0549&domain=pdf&date_stamp=2026-6-1
emailto:liuyuan2020@haut.edu.cn
emailto:wangby@aqnu.edu.cn
https://doi.org/10.1360/CSB-2026-0549
emailto:liuyuan2020@haut.edu.cn
emailto:wangby@aqnu.edu.cn
https://doi.org/10.1360/CSB-2026-0549
www.scichina.com
csb.scichina.com
https://doi.org/10.1360/CSB-2026-0549

ST FEIRIRPES M T I — A ARSI, fEt R v,
FIIRIRZE DK . BRALANERG RO, ST m s A B Ak
Wtz TR, BRAOTFTEAURSE Tk, 42t T4 & B
HREHI A, AR RS MBR S, X BB AR
eI T H T AMARE Ty, AITSERA T R AT SR A LA
i, eAHRAE T SR, O TR RS T TR
HAEHRXEE (B (a). HE—25H, P W 45 AR A 4L
BRI o3I s AR R ST BT, AT RS S R AT R
AL, XSRS & 1 SR IR, BTl £ CDsI
VR R LA BB ARE. TR, ORI B i
FITLTAMNAIE BRI, FEAERR S 1920 nmfHE H BLR 2
B &, &g — A EM 21000 nmbA [, #E ANIR-TI
DR (E (b)), BEEBEAR, D5 BETERE TE Y v B Y Rl P £
Fefae, RAHEARRNPTABRKRES. &Rk, K
T ERIA B B TV £ e R RE FNIR-THR AR R, 2
B8 T BEREACE (). FE, EEREKET, %R
AEORFFEZE 960 nm AR R I, X —Fptk i 3 X 1548
CDsRZ HH WA REETE KNG, (R B H HAE SEBR A1

(a) BPD H,SO,
“g b\"&\r ¢ ¢
L‘\‘\,L\% k‘ ’,&.
Y .
*agﬁ g ; CH
15 on
348 on
\ ®o
: & s

808 nm laser .

4+ Ao =920 N
em, liquid
+ /Iem,solid=960 nm

+ Ultraphotostable

Q_

L RLEOR U S N

WAR RS . ERaE MR LA — X (NIR-ID I REAG 45 &
fFHREAE N F T 2 AP et ek, 7615 B & 24U, CDsAI FfE
ZYNEN RGBSR e TE IR
KRR RN, TUAERDSZRETREGEZZEE. —
AR B B B4 TR 8 204 — XY i B (quick-
response, QR)FS AT (Kl2(a~d)). XL —HERTEIE H LI SK
PERART] L, (HAT3E i LA AR R G A ). (A
B, MRSk ER AL S, wmiS(E B AR TT
B, M TR OGRS B BE T (K12(e~g)). X
R\ HAE Y 2R M & AZ iR 5 R 5540
WEAWEANAME. ILoh, X EL R 5T e
SR, SRR — S BN S B O A R TR
LA

Z5 LAk, RSGHNIR-IURGCDsI I & A mi R G T4t
B TR HE T —FhBriiaX. @A TR, |
Tar e o R R A A B PP, PTRAEVRAS AN S T S
R E N R, I TAEAUMER T X SR & i 24t

(b) 920 nm ——Abs
3
8 -
2 1E
G | S
£ | 2
c || 2
2 E
& |2
0
2
g

500 700 900 1100 1300
Wavelength (nm)
(c)
6.01 9 pcM, 5.91%
4.71%
. o
/ Ace, 3.37%
A4.O' S
S 2/
> N
o o
-l DMF, 1 g3%
o
DMSO, 1.46%
—
0.0
IR-26 NIR-CDs Solvent

Bl 1 (BRI (L) (a) ITLLAMCDs IR, (b) IEZLAPCDsHY I — LD EHEFDEEC R LR #7808 niiOGHUA T DL T (o) L5t

CDsTEA R H AT T P25, A 68 Yo s AU OV Bl SR 42

Figure 1 (Color online) (a) Synthesis of NIR-CDs. (b) Normalized absorption and photoluminescence (PL) spectra of NIR-CDs; the inset shows an
optical photograph under 808 nm laser excitation. (c¢) The relative quantum yield (QY) values of NIR-CDs in different solvents. Redrawn using data

provided by Yu et al.'
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Figure 2 (Color online) (a) The production process of QR code. Images of QR codes under (b) sunlight and (c) 808 nm irradiation. (d) The
fluorescence intensity distributed on the red line in (¢). (¢) QR code identified by commercial WeChat software. (f) Schematic of the QR code
transmission penetration depth measurement device. (g) Fluorescence images of pork tissues with different thicknesses (0—5 mm) covering a QR code.
Redrawn using data provided by Yu et al.l'"}
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