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Resear ch progress on preparation and coloration characteristics of
three-primary fluorescent carbon dots
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Abstract: Carbon dots (CDs) have attracted extensive attention because of their excellent water solubility,
low toxicity, environmental friendliness, strong luminescence, tunable fluorescence, photostability and
bleaching resistance. Carbonization, hydrothermal (solvothermal) as well as microwave method, the
mainstream schemes for preparation of CDs, exhibited advantages of simple process, abundant raw
materials, low cost and rich fluorescent spectra. Herein, the latest progress in the preparation of blue, green
and red fluorescent CDs by the above-mentioned three methods were reviewed along with the property
analyses. The main influence factors, such as type and concentration of precursor, type of reaction solvent
and reaction temperature, as well as the existing problems were discussed and summarized. Meanwhile, a
potential solution for accurate control of the emission wavelength at 460, 550 and 630 nm was put forward.
In the end, the future development direction was proposed from the perspective of industrial application and
intelligent response.
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Fig. 1 Schematic diagram of core-shell structure!®
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Fig. 2 Schematic diagram of synthesis of water-soluble
fluorescent CDs from watermelon peel® (a);
Preparation of CDs by microwave method™! (b);

Preparation of S-doped CDs by hydrothermal
method™ (c)
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Table 1  Synthetic method and related properties of blue fluorescent CDs
A IERZS 25 ik Rofmm wefER A /am QY/% 22 30k
2007 ZREMRAIKE RS 2.8 410 6.4 [8]
2009 T3 A i AR 1.5~2.5 430 14.7 [15]
2012 It IR AT 2.5 455 26.0 [43]
2012 FrEme . 1,2-2 — [k T 5 2.2~3 460 30.2 [34]
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gk 1
G20 [UEISEN il £ 5 12 Robmm FefER K /am QY/% %% 3k
2012 Frigie . SRR 0 W A 6.2 460 425 [29]
2013 i KL 4.6 450 19.3 [44]
2013 FrEEmR . & KR 2~6 445 80.6 [45]
2014 Frigmg . Wi IR 241 452 70.0 [39]
2016 FRAGEIR . 2,2,6,6- DU H I R I i IR AT 3.16 430 212 [40]
2016 BBAR J5T 2% FAfige o [ R RES 1.5~2.5 442 — [46]
2016 Frigie . = (% B 30 2L H T 5 0.8~2.1 410 99.3 [37]
2017 1,3,6-=HHAETE . Wilk Pk 2.1 450 23.2 [47]
2019 FFEEER . Na,S KR 42 445 21.1 [41]
2020 P FeClye6H,0, JRZE IR 5 441 60.5 [42]
2021 25 P B far 1T T 5 2.43+0.02 436 17.0 [14]
He =7 FORCEAREK, TR,

2 HFBWK COsHHAR

21 #RBEWHK CDsHIHI&

2012 4F, FANG ZE"UR R AL A B T -k
% <5nm A AT CDs, %W R MR ATIRAEK,
FIF P,Os FIZK IR L A AR AR Bk Ak S R, TG
SNFIEA, WA 3a B, RONRZAFELE S min, A
BT RSN G L R &S 518 nm ZE A5 ISR (AT
CDs, 2017 4F, KHAN Z£WIDIFr iR | 2 kI,
YLLK E | L-P R . L-A B H K . EIEmAT
AW LL S BIR R AIR, K IR A WHE 5 e 2 R
180 CTFm# 1 h GHLT CDs, HHHAHFLRERN
RIRE CDs Wongptasist, mEREK A 537 nm,
QY ik 46.4%, RWIIKRENERNEIAE CDs 7
BATEEMEH, 2020 45, YANG 207113 35 W2 4 Al
PREZEATTIRAR, 8 IR A 5 [ ARt 1 U FE
251200 °CRINEA 2 h AR TSP CDs, i
CDs {8 TSR AR B e, Nt A
A A YA o (EL 25 5 Ry T 92 %o i R A7 ) e
Febkiran, KAd a2 S P o bess o It R
PR, A R A S O e S 1 A R AR A,
S AR 2 ] R

2012 4F, MITRA %500 B ot ik LIS U0 4
RE LI-BREANIG-BA LT BILERY (pluronicF-
68 ) NIERL, HIRAMR T BHA T RH K CDs,
% CDs BifR A TE 5~20 nm JG N, 46T 8K
e AIE, 1E 380 nm EAMEMA T, H QY N
7% MBI EF B NG & CDs W8 o] UG
NI /5 B0 ) N B <0F 8 2= AN s o £ A < 5 o
AELFER A g BT e 4P R g 2050 AT 2 W e e A A T R 1Y)
PR BEAN, IR 0 RO R BE 3% 7K R R A A
R, ELLIR BV R KO, AT AR £ CDs
KAB KB W AT RN . 2014 4F, LIU Z5UD

FERMRIORR,, DL s v ) H AR K, SR
Pk g T REHEK N 517 nm LR 656G CDs, 4%
TOHEER K, HAB RN SRS, il T AR
WAAUIEH CDs, IEIH S ¥ 57 1 R SS e R i vh
MEZEM. ITHIEES QY MIHEK LK
ff) CDs, 2019 4F, Tk AR AT DX RLTE M Tl B A A VR
H3PO, J AT, SR LT 2 T 7= %20 50% .
KFEAAE 522 nm e LR CDs, fEFIEXT
SERSHAT THOR, S593RW, Hil130) CDs Mt #1kiE
IR KA AL, AT RSB i o

Acetic acid
+
Water

|
|
|
|
|
|
:
i <>
|
|
|
|
|
|
|
|

Green
fluorescence

Dissolved
| ———
in water

b OH OH
(0}
(6)
OH OH

Tartaric acid 20 mL DMF ° ngca
@

[ ]
-CDs

]

]

]

]

|

! . %
' 150 °C, 8 h °s
| —+ .
]

]

]

]

|

]

]

|

]

K3 mfbikdl g rhzas CcDsM (a); AEW 3R JEURHR 4
QY ka5 CDs™ (b)

Fig. 3 Preparation of hollow CDs by carbonization method™®!
(a); Preparation of high-QY green fluorescent CDs
from bio-based raw materials®¥ (b)
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il £ 2% (98 CDs WP FR 30 3k, JUHEK (%

F ) $k N A U CDs, RS QY Ay
SIMRIAR , TS5 A0k Ny FH A B e il 45 k. g 2
ALOL, A RER Sy CDs BY2EG K BT i K 4 e
510~540 nm JE[EN, QY N 46.4%, FH Ak
)= EKF . Hi, KHAN 2699050 XU 2054
Bl & B & 5 ol 537 #1539 nm Y CDs, 5
=R 550 nm 00K FHE KOy R, (A A
28, Hiz CDs M EM AW KA #E, AN R&iE
FHERANE . 18 48 H S 25 LA R CDs £ 88 fb AR
JE, AIRESE RS ARSI KT 550 nm %)% CDs 11
— k.

® 2 HEYOE CDs WG Tk BRI B
Table 2 Synthetic method and related properties of green fluorescent CDs

Ay (IE/SZS il 4 77 vk RS /mm IR ST K /nm QY/% Sk
2009 U Job R R T PR 4 AL 1% 2~6 520 3.0 [9]
2010 HEME . VRBRIR wA 1~2 500 — [55]
2012 LR, K. PyOs wA <5 518 — [48]
2014 ] 2 Kk 7.5 530 — [53]
2014 REME . WemmR . A (D827 5 517 2.4 [51]
2015 PR S . NH;H,0. H,0,  /K#Aik 3.94 580 15.7 [56]
2015 MR . FEREERER Kk 4.11£1.23 500 16.8 [57]
2017 FEREA . RE A 4.6 537 46.4 [49]
2019 TEPETEERE . HsPO, (DeaES 3.4 522 13.0 [52]
2020 AR . BRI TR I 4.85 539 46.0 [54]
2021 WA e Kk 2~4 520 35.0 [58]
2021 ZLFISRAR K 5~7 525 27.6 [59]
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2016, WANG %M 0o 2 — Jfie s T C BE /7K 1 TR
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U8, RO IR i 48 T 20655k CDs, [RIBF R
GET WE/FR T L . A R VA R Al A e i ]
3ANHEXT CDs sZm, 25K, /MRy oy &
R R DO R ST R R, B e/ BR ) T i
FLRG3E TN, CDs H1Y N JGE S B Wi, %6
BB SR T A8, /MY 5 = R
2 1, CDs %A FIEKALT 600 nm, QY ik
15%, WOl g 4L (s CDs BA i . ERifn
AL H QY My LA R R

VP R 2T (0 58l CDs A 56 STk o & T RY
il Jrids, g AR IR RS N VA R AR L
It DA B N i R R T AR A QY AR KK
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TTE 365 nm 2AMEIUL T RITLLADOEH CDs, &
fE & SRR 604 nm, QY 4 20.6%. 2018 4F, LIN
G LOTIR) B A XS A e R AT IRAA . N, N- R 3 A
(DMF) SRR, RAERIIGEG& T RS K E
608 nm /£ 471 CDs, ¥ QY #&m5 40%. 2017 4,
WANG ZE180% 13- L 25/ KIO IR T OB, 4
10 min @5 1 h FRIREHE, SflE T QY
ik 53% MRS UEE CDs, QN 4b FiR, 1E
530 nm K AL, ATRAIK ST 628 nm )& 50 AL
A, HIAR SRR A RO K B AR R el

AR, T RO 5K R ) Rk
MGG Rw A T, BRRRSA R N IR, ST A5
B QY. 2021 4F, LIANG 250090 A= i it b ] 11
1) = R A P R SRR R R IR A&, NaOH Sy %4k 71,
R FHARCE -1 ) BRI AE SO0 & i v 150 CTR m#k 1
h, G T FHRiAE N 2.8 nm 1Y CDs., 7E 400 nm I
KTk, CDs I AE 483 F1 654 nm AbFEH H 4>
ANE ) & 50, s M ECRLL MO & T, 5 JIANG
S5O % 19 CDs BYZOE & ST ML H P 654 nm
Fe A B 22 S K AN i 38 A e K 1 A Ak T e A
A CDs 7EKBEW MBI QY 435N
10.52%71 18.16%.
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Fig. 4 Schematic illustration of the synthetic procedure for

obtaining CDs from bagasse!® (a); Preparation of
red fluorescent CDs by solvothermal method!®® (b)
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AR5 HAE LV LR R IE A A CDs. R
FAASTR) 0 4 i, 38 2o o078 s I i AR L 3R B 4%
Ak, EReEsHl CDs Mkt . RIEIRA, Mt
CDs W56 K S 7=k — 2 5% . H CDs 1Y9¢
JetE b R BLIK, CDs 18 R T 41 & ek
PR Tz T, HRZH CDs Hie & i ik (5
ST B EEENRTOL, L6558 CDs Bl &
MEFE R RHIBFIE L O R 202 th & S 6 A
LR CDs TERCK IR M & T &Stk m s,
ANRELIK = QY M E ML LS. CDs &4t
(2 T BRI & s e T Wk, R4
TR RE 5 B T8 B 2 DIAHOG , BB R B ys /N 2l
PL SLi%4i%%, CDs £z t)m il 2. % s
CDs MFRIRR ST ] 2 24454, CDs 56 & 4T K
R CDs Az RS | Ju JFF4p 2 R TE o
REF A 36, R 5 Rk 5 2R 1B BE A1 3E [E)E
sp’lsp® FEHEAE R MI RS 56, RS5O
CDs AUEA IR, @ AT EZFHARN
PRFEIVE A, PR, MPLEE A B 4% CDs 1t
WHABRWMERE . @A N A5 0F, 18 M4
RNCIREE, PAEA RIS H N O JEH &5
BRSO RTIRAR , AL R RO AR, Bk e
il & 41 985 CDs ] EiR 12 .
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Table 3  Synthetic method and related properties of red fluorescent CDs

A4y AT IR A& il £ 5 12 Rofmm  BAERGEKMm  QY/% 2% 3k
2013 WKL EY . B B WBERR AL 4~10 600 7 [85]
2015 MR . LBE WA 6~10 604 20.6 [66]
2016 PR CBEK T ¥ 2.2~6.5 615 15 [64]
2017 1,3- =3 FEZ8 | KIO, Sl EAS 5 628 53 [68]
2018 R . IRE SIS 2.5 620 47 [86]
2018 MR . & % (BES 4.05 600 15 [65]
2018 L-A &R . ABoR ik B 1.8~7.6 715 43 [87]
2019 =AM ZmAUKBR/ L’ Tk 6.5 620 6 [88]
2020 = (4-F IR aSiE2 87N 4.54 615 84 [89]
2021 R =1 . IR [#] 285 S 2.4 620 18.2 [90]
2021 =M NaOH TR - AR I 2.8 654 18.2 [69]

4 CDs Z &R

41 =EBRAEBESR

YIRB B G et ameramsE (K s),
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