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Abstract: In recent years, with the development of carbon dots in terms of synthesis routes, reaction mechanisms,
and optical properties, a large amount of work has focused on carbon dots that emit long wavelengths such as infrared
or near-infrared. Long wavelength refers to the red or near-infrared spectral region whose emission range is 600-
1 800 nm. Compared with short-wavelength carbon dots, they have the characteristics of deep tissue penetration,
less autofluorescence, long fluorescence lifetime and less light damage, and can be further applied in the fields of
biomedical treatment, optoelectronics and optical device preparation. Therefore, in-depth exploration of the design
and synthesis of long-wavelength emitting carbon dots is of great significance for their development and wide applica-
tion. This article reviews the research progress of long-wavelength carbon dots in recent years, and introduces how to
prepare long-wavelength carbon dots from two aspects: carbon source selection and control of optical properties. For
example, choose some aliphatic compounds containing more amino groups and aromatic compounds with conjugated
structures. And its optical properties can be controlled through changing the effective conjugation length, surface
modification, and heteroatom doping. Finally, the latest research and future challenges of long-wavelength carbon

dots in some fields such as biomedicine, LED optics, encryption and anti-counterfeiting are introduced.
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(¢) A schematic diagram of the preparation of CDs with different particle sizes and emission wavelengths by changing the

amount of hydrochloric acid added using single glucose as a carbon source™. (d) A schematic diagram of the preparation

of CDs(GT) and its local delivery of drugs and cell imaging

[36]
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(a)Schematic diagram of how the different degrees of CDs and their m-conjugated domains of four different sizes are af-
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TEM of different luminescence of CNDs and band gap change diagram'**
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Fig.11 (a)Schematic diagram of the mechanism that surface modification causes the band gap of CDs to change and promote

the red shift of the emission wavelength™". (b) Schematic diagram of the preparation of high quantum yield R-CDs
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(¢) Surface functionalization by water engineering to prepare multicolor CDs schematic diagram'®’. (d) Schematic dia-

gram of the mechanism of CDs surface protonation promoting the reduction of band gap' ™. (e)Mechanism diagram of re-

alizing multi-color CDs through functionalization of ligands with different functional groups
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Fig.12 (a)Schematic diagram of the synthesis strategy and conversion process of G-CDs, Y-CDs, R-CDs and B-CDs and their

PL spectra™. (b) CDs change the band gap through self-aggregation resulting in different wavelength emissions and

their schematic diagram of photocatalytic H, production performance””". (¢)Schematic diagram of the preparation of R-

CDs and its solvent effect resulting in different colors™’. (d)Schematic diagram of the mechanism of adjusting the aggre-

gation state of CDs in ionic bonds to change the band gap to promote emission of different wavelengths'™’
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(a)Under 520 nm wavelength excitation, red fluorescent carbon dots with an emission wavelength of 637 nm are used to

detect Au® in wastewater, and Au’" can be recovered through redox reactions””’. (b) Fluorescence quenching mecha-

nism of red carbon dots, divalent palladium mixed red carbon dots and trivalent indium mixed carbon dots"™. (¢)Sche-

matic diagram of red carbon dots used to detect toxic dye malachite green and pH value”™. (d)Smartphone-based red

fluorescent carbon dots at the signal output end are used to identify the pesticide cyhalothrin in tea"™
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(a) Schematic diagram of the synthesis, structure and binding of M-CDs to RNA"™". (b) Schematic diagram of the PL

spectrum of R-CDs and different temperature sensing in cells™. (¢)Schematic diagram of the preparation of EDTA-CDs

and the establishment of its nanoplatform"*"’
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Fig.15 (a) Schematic diagram of multi-color CDs preparing fluorescent films and LED devices™. (b) Schematic diagram of

CDs@silica single-component solar simulation WLED"™’

4.4 XEBHIMME

1T CDs 38 HA 5 I A 1 A A A 3R T
A, PGB AT AT DAAR G b 43 57 7K R0 58 AT HL
A, LLARAS T B B BB R 6% 9l 2 . T CDs B A

SE LA A Y 2 4 R, 09 R I AR g PL L AT
P2 5 A6 FIRE IR AL 2 W) J5 375 5 14 m] U4 75
ot pH R B AR P 5 Ol | AT UL G I 21 AR UK
S Al DUAR G s T 2 e 22 40K T, H R HEOR



550 K b/

¥R 45 %

2 M 062 Bl O RN 2% 45088 Y R R o

Wang™ #1817 — Fl FH T il 25 2L A 00 9%
JGI Z (8 CDs Y ] 5L FT 1A 5 1) 5K W%, CDs (19 A 3t
WA AT DL 2 1 09 AR AR 25 5 H A 460 nm i
%) 654 nm H5 P EL = Fh CDs fR IR A S, 5L
BT A 00 B 2O Kk AT B A% 3 T CDs
76 Th R . A 16 (a) B/, W5 58 BRI A4 BT A
PR 2 B G B 0 28 e g 0k . 7 LA I,
1 CDs 5 m#AE T M7 1 Z e R A &5 A, 7T
DLSEEE 2 2 RN 2 90 . X Se s IR R, oA 0
1o 4 AV R IS €8 RN G BUIE €8 CDs 78 B8 1%
FUhn s Ty AT R N AT S, La® Y AT BAGE
i A HLRE BE A £ (0 CDs KU TR P K e i — A Ak
REALEE CDs 1952 & 4540, K #1OR Rj A1 33F — S Ak Ak
55 CDs Z 8] {9 22 86, B ALK & 1Y Si—0—C 2L fiy
St B BB b B A5 Si—O—C B % Ak g T HKI

(a) Daylight UV/25°C UV/55C Y-CDs/Rh B
x < [= TN
3 < L D
a1 I
©
w
vy
o0
5 ©
o a
&
@« a)
a v
N
—
& -
z
<
A )
o
2

PERY Si—C 5, [R5 ] AL 3 i — Al R 3 4, X
Bl M Y A A B ) BB fb 0 L B 45 R fl AT
CDs@SiO, B AW AT 208, ETEAM
BHE S5 09 856 BE TR R A i — B0
BRAE R G, A 16(b) i, 1] LRG> F
18 Al {5 8 A I 4 AN A7 6% o Chen'™ >R F— Fh 2R 44
TR A B I R Ik A T B UK 5 & 6 f RTP
FEPE B 5 (E-CCDs) o E-CCDs 784 HLIE 7 b 43
R i SR 8, Ik e R4t ue s, H B A
B B Wl A i, T LB O AR P AT S8 56 b &2 T
NRIGBL . ¥ E-CCDs I 78 L BE T, Wi E & 4K
b M5 A KBS, AU 2 B ST A 20 € 5 2 R mE
W 2 i, B0 52 R i 6 & 3 (T 16(ce) ) o It
AhFE K] 365 nm UV J& , B R A 8R & Y &% 6 i
o LRI T R W, E-CCDs 7] AR 0 2 hE
AR FH 5 1 1 B PR 438

Daylight

Bl 16 (a) Z {5 CDs 76 2 A% fin 25 4 4 805 I 2 LSS [ IR T 2 5 1 28 e 24 16 ) 15 (b) B 1 DU AR &2 & bRk =
A5 BAE G AIN 2 R G A5 (¢)E-CCDs il BB AE H BRI AME T (BB R, LK E-CCDs # A e €6 1 ¥ 7E 46 40
(AN ) B, W 7K R T I 7E E-CCDs W TR L 2 1l 1 P 281

Fig.16

(a)Multi-color CDs in QR code encryption and secure digital encryption and optical picture of the tiger pattern at differ-

ent temperatures™. (b) Schematic diagram of three-dimensional information storage and encryption system based on

- . . [87
four composite materials

" (¢) Photos of E-CCDs ink under daylight and UV light, as well as photos of latent finger-

prints(UV turned off) of E-CCDs powder dyeing, patterns drawn on E-CCDs solutions before and after spraying with wa-

ter and ethanol™®’
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Fig.17 (a)Schematic illustration of aggregation-induced enhancement of carbon point-assisted photosynthesis™. (b) Descrip-
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diagram of light conversion effect of NaYF,: Yb, Er@CDs nanocomposites under sunlight in mung bean seedlings™"
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