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Abstract; Due to the advantages of excellent imaging contrast and high spatial resolution, red emis-
sive carbon dots( R-CDs) have attracted intensive attention. However, most of the reported R-CDs
exhibited low photoluminescence quantum yield (PL QY), wide half peak-width( FWMH) , and ex-
citation-dependence property ( excited mainly by blue or green licht) , which limits practical applica-
tions. Therefore, it is of great importance to furtherly elucidate the PL. mechanism of R-CDs and
achieve excitation-independent PL property as well as high PL QY. In this paper, the PL influencing
factors of red emission including the quantum confinement effect, surface states and aggregation be-
haviors have been explained. Then, the regulatory mechanism of different reaction conditions such
as the precursor and reaction reagent is investigated in details. Besides, we have briefly introduced
the current applications of R-CDs in the fields of light emitting diodes and bio-imaging. Finally, at-
tempts to realize the state-of-the-art performance of R-CDs is prospected.
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Fig.1  Histogram of research results numbers of CDs from
2004 to 2020 obtained from ISI Web of Science on
July 11, 2020.
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Fig. 4

(‘a)Model for the tunable PL of CDs with different degree of oxidation.

(b) Ilustration of the tunable PL emission from

CDs containing different O-related surface groups. (c)Schematic of structure and energy level alignments of nontreated

CDs (left) and CDs modified with S =0,/C =0-rich molecules(right) affects the carbon dot edge and band gap''®'*'*J.
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Fig.5 (a)Illustration of bandgap narrowing by enlarging m-conjugated system via conjugating CDs with poly aromatic rings or by
introducing intermediate n-orbital via conjugating with electron-donating groups. (b)Schematic illustration of the chemi-
cal structure of GQDs and aniline derivatives. (c¢)Fluorescence principle and proposed structure of H-CD’s core and sur-
face. (d)Photographs of the as-prepared H-CD solution by varying volume ratios of water(from 0 to 90% ) under sun-
light(top) and 365 nm ultraviolet radiation( bottom). (e)PL emission spectra of the as-prepared H-CDs solution with

different ratios of water 22",
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Fig.6 (a)FL emission photographs of the CDs. (b)FL spectra of the CDs under different excitation wavelengths. (¢)Maximum

[37,39]



$12 4 +

WK, S LIRS O EHLER R BN R ST 1587

FECHRE R T, R R 5 Wi e 9 T
FLCA B AT TN N A BUET Ak A, v G
I ASASURT LA S TR, 38 AT 76 5 751 $ad 2 o AR
R, il R CA R H P A A TSR A
Lin (145 B 278 U 1 Bl e i B 7 (160 °C 4
1 h) ## CDs, X% CDs & HF &1 330 ~ 600 nm
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mine, m-PDA ) “*) 1 %F % — W ( p-phenylenedia-
mine , p-PDA) ') Hh 0-PDA il m-PDA # 5 &
B CDs, 1Ml p-PDA 45 1 9 77 SR L0 Al
HFELEPR K .
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EATESAINDET 4 5 R 4 35 206 &5t
X 3 kSR OT R e 4 — 3, (2 p-CDs M L H:
MR B U £ . 5 K 2 B E AN [R] 1Y
J&, IX B CDs %% & T 7 R Bl & T 06 21 1 1
i, e IaE R E R B AR, R)E, KR
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KK &5t CDs, Yang RO EIZH ) e #848 H] o-
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p-PDA HEH AL, RIERIR L2 T —H 3,
I, SR 6 I K B T 460 nm B 9 Ah AT 9K (A
il £ 1 CDs R B JL I AR ) 19 58 56 & 31 (29 603
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ZRE N o5 — R B 95 % /N o F AR
TR HERS R A5 T AT i R T A K HL ik i 5%
AIEHE sp” TR, Yu ORISR 4 1
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LIRS SN TE  2 APORA R S IR ST
V&Y

K7 (a)o-PDA m-PDA #l p-PDA
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Fig.7 (a)Schematic preparation of CDs with different col-

ors from 0-PDA, m-PDA and p-PDA. (b)Schemat-

ic preparation of CDs with cyanogen dyes'* "7,

BEAh, 55 & /N o 1 s o — SRR IR Y
T # K P CDs B i 38— kL 73 1
REBRDI R 178 Fie UK DR A R B
S (H LA E TR 2 R R AL A R
A —E LR R S 5 B3 8, (NI, WF 5T A
AR AR EEAN VA A A\ -8 o 3 e i (B 1]
WA RLEL R A5, B A R B | I 5 R
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IKBGEA T AR e M2 A5, HAE 632 nm
(I & EH KA 530 nm) 4 LI Fe & 5T, it
A, Tia 2510 foff A TR 0 o K G A T e
PEICRGTIEN 745 nm BILLER &, VEF N A
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AR AALE A B M I 500 v A3 BEOPE B, T K R
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I8 (a) LK HlA DMF D35 CDs (/R RALHREE 5 (b) o-PDA Al I 2 IR & 2 16 CDs 7R 5 (¢) L TNP
HSKAR DMF B 258 T30 1,0 52k Bl B 0 45 1 CDs 78 B 5 (d) p-PDA RIS R 75 £ Bk a5 75 78
JAE 365 nm EAMEIRH T, CDs AKIE AR IELE [ ( 1) FES.OAE R (F ) IGEUR JE IR 5228

Fig.8 (a)Schematic diagram of the growth mechanism of CDs with water, glycerol and DMF as solvents. (b)Schematic dia-

gram of 0-PDA and [-glutamic acid synthesis of multicolor CDs. ('¢)Schematic diagram of synthesizing CDs with TNP as

the precursor, DMF or ethanol as the main solvent, and H,O or acetic acid as the auxiliary solvent. (d)Schematic dia-

gram of the synthesis of red light carbon dots by p-PDA and nitric acid. PL photos of CDs aqueous solution on filter paper

(top) and centrifuge tube( bottom) under 365 nm ultraviolet light irradiation ">>+9%-%8] |
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SR, Hrb & NERIAh CDs $2 L3 N
JRF52%, 5 66 & 9, W B DMF 45
T aE R & N BRI, 52 E A1
Bk, Xiong AL LA o-PDA F1 1-75 22 M
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G DMF | & B B IR ) 15 31 & 41 52 6 7T I3 1Y
CDs, 986 & ST I AE 443 ~ 745 nm (418 8 (b)) .
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B T AT AL R A1 T A 2 3 390 AR v )
VR, EATTFESEEE CDs K & 56 0 T LA i
EEIER . A T WFSET A BR X 28 % & i 1 52
M, Jiang 457 ZEA G AT AT BRI B0 T, et m-

PDA Fll o-PDA #FAT¥ I AL ] i) £ 11 HA 4 (1
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SLURB #5159 2 4 0, 5% B (L 8 ' CDs, WA 7 [N
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&, A s R F W CDs 22 1 FR 5L | iR 3k A
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il R 6 7K At 8 b [RAE WT A S A 350 o ik
SN 38 Ao S U AH BRSO & A O
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T H o-PDA RN BR IR, X EL TR R | A R R
PRI, 455 W R Eme T & s 8] T &k g fe
630 nm P IG IR F RN 31, 54% B = AL Gk
S B TR R TR 1 A 8 70 ik D) A AR A5 £ S ik
S T BB R 4 7 FH AL, 78 FL Al 45 A AR 15 Ol
T EE R R AR MY Rk IR 5T H s2 i, H
NaNO, ORISR KR IE NO, HUREM . Jo SR AE
R A B TGRS H R NO, 620 [R] A
TE . AEE IR R R R 23 5 | A Sk, (145 o
ILETZEA T I e, ek RO K gk MifS 2 215
B A o

BEAN W98 30 mT ad elAR B A Y pH
BRI CDs YEBUAOCHRE , R B R 11k 5
FIFACAE & B A < IF-O87 D RE Y 28 64
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SR E I R S AETRYEA T RE WS B 1L,
A HAERRYE 2 T B9 K& S0 AL 500 nm £
% 680 nm, Feng L) 3 e AR S WA SR A
pH {ERJEHE CDs M0 & ST, A A1 H 2
KK MR CA fEAIR pH 40 F il 45 7 Wish2¢
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nm( YG-CDs) ,J5 & RN FREE pH $/, 45tk
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K CDs(YG-CDs) BC =CHI C =0 F 8 ET
B-CDs, A% HA W = kAL BE . AR AR, RO
RUASIRIAPE70) pH PT RESY M 125 9 v i R AR £ 2 i

o, T 55 AOIR S BEAR w5 7= W) B B AL A BE R
sp’ JLHRLSHY , AR RPN RSP LIRS KR T
LIRERAN  BRERAE N K M 4R = CDs f1 22 fe
V47 AE T 30 (I 2R DR BE (0 B FAOIRES ) o BEDT B RAE 17O T Wl 928 CDs 4R
—RAE IR KA pH BB L P e S - PRI EHE AT

F1 BFETREFAFGE CDs B F S

Tab.1 Summarized optical parameters and applications of the CDs from various precursors and preparation methods
Cla. Precursor Solvent Emission peak/nm PL QY/% Ref.
iR CARE L) 7K (NaOH) 450 ~510 10 ~94 [35]
CA FERE (160 °C,1 h) 330 ~ 600 11.9~26.2 [37]
CA, LW FERZ (180 °C ,4 h) 627 53 [38]
CA,JRZE DMF (140 ~200 °C,12 h) 430 ~630 12.9~52.6 [39]
CA,JRE FI k(160 °C,12 h) 460/510/550/630 4.0~13.3 [40]
CA,JRE EBTIK(160 C ,4 h) 448 [52]
Hih (160 °C ,4 h) 550
DMF (160 °C ,4 h) 638
CA,JRE £BTK(180 °C,8 h) 442 19 ~47 [53]
Z (180 °C ,8 h) 545
DMF (180 °C,8 h) 620
FFEWE o-/m-/p-PDA (180 °C,12 h) 435/535/604 4.8~26.1 [43]
M ppA L £ FBEFK (180 C,8 h) 710 26.28 [44]
0-PDA , I-A R FAERE (210 °C,10 h) 443 41 ~54 [54]
H it/ DMF 515
DMF 571
iR 715
1,3,6- =M% DMF/ £ FK =2:1 460 6 [55]
B/ R =450 1 517 47.1
L 581 59.0
DMF(230 C,12 h) 620 27.4
o-PDA EBT K (180 °C,12 h) 512 ~565 7.7~38.3 [56]
(VAT DU K g, PR, DMIF,
HEE, 2, FF)
m-PDA/0-PDA(TA) 2T (180 °C,12 h) 435/510/535/608 4.8/10.4/28.22/22  [57]
p-PDA SRR (200 °C,2 h) 600 ~ 680 11.5 [58]
Wi (180 °C,2 h) 11.7
T2 (200 °C,2 h) 15.8
0-PDA fil§f#2 (200 °C,10 h) 630 10. 83/31. 54 [59]
2,5- A H KRR ZEE(150 °C,12 h) 603 9 [45]
28, & I LG (76 %) 588 [46]
gkt HIEEYR RO R ZEE(160 °C,2 h) 820 5.7 [47]
T bk, cA FETK(180 °C,4 h) 632 12.1 [48]
friNTs Jo/K (180 °C ,24h) 745 [49]

7E : Cla. 278 Classification ; Ref. 27/~ References; TA /R AR,
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K9 (a)~(b)ET CDs 89 LED #3F MHAER /R Z K ; (o) £ T M4 CDs A WLED &R~ 2Z K ; (d) 2T X4 CDs i)

Fig. 9

WLED F MBI EIE RS ; (e) TAETH) WLED (4 CIE (A ; (f) HOE T AFBI@ENE R (o) TR
WLED 98§83
(a) = (b)LED device based on CDs and its energy level diagram. (c¢)Schematic diagram of WLED preparation based on
two-color CDs. (d)Images of different color caps under WLED based on two-color CDs. (e)CIE chromaticity diagram of

[10,78]

WLED at work. (f)Images of pen caps of different colors in daylight. (g)Emission spectrum of WLED at work
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Fig. 10

(a) In vivo imaging of supine nude mice with intravenous injection of CDs at different time points( I : thoracic region,

Il ; area of liver, Il ; area of small intestine, IV : area of large intestine, V ; bladder region). (b)Real-time ex vivo

imaging of nude mice with intravenous injection of CDs at different time points. (¢)Schematic diagram of prepared near-

infrared emission CDs for nucleolus imaging, drug delivery and photothermal spectroscopy for cancer treatment. (d)

Schematic illustration of the Mn-CD assembly as an acidic H,O,-driven oxygenerator to enhance the anticancer efficiency

of in a solid tumor!’®""*7,
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