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PRI Gl B vk DLR & 1l (PEG400) (EuCly %A JFORE 78 AU T 3G in#4 (200 °C L, 20 min) #1545
T I B T VR 0 50 IR 040 U5 15 B B R X BB K 7E 300 nm UL K IR T, R I SR B0 1Y 21 67 9%
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ALY Fe K 7C0.

White Light 455 nm 523 nm 595 nm

1N

605 nm 635 nm

PPV & r-CDs| r-CDS@PVPES

N

661 nm 704 nm

(b)

@ 5N co-doped carbon dotsephenylboronic acid tags |- Fe*
excitation light @ fluorescence
Pl 7 (a) 4E 455.523.595.605.635.661 F1 704 nm A [a] # 5 WA T/ UK 98 M6 4R , 20t R gk €4 4 i AR CDs Fndl 4!
F 56098 4% 5 5 (b) i CDs L9556 ¥ ) 45 WLEDs BRI ; (¢) #5% S,N i) R-CDs tR £ Fe** 75

6 SEERig
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A PG B SRR L BATH R £ 55 R-CDs A3 89 A8 BT Uy o 7 fa 5010 A R0 5 3% - R o 42 1) B2 L 2% F
ok T4 %5 R-CDs #7775, BAR AT CDs B & CH O 1 B E 18 - (HZ TR AT R-CDs AR By 25 kg 1 % L Hvh (4
B A% sp® JEHE DX ) SR/ A T AR 2 B 24 R ) 2 2 W e R R Bt T B T R S I s R B Y
M0 AR L 2 5 BOF 2 09 FR sk 5 AT P 22 09307 LR QY B4R . Ah  R-CDs BAT B AR
TENVE EYI AR R B R AE Y A SO N B R S L T AR SRR )T B T A AR ) B ) R
Hop R TR X R-CDs 1 BB X 284 R Tl i AU . BARAEd A9+ LAF X R-CDs # it
FEEUAS T I AR {EE [ B 16 0 25 4 22 PR U R-CDs Fh A 520 DL R QY % i 42 1. 3k 28 [H 38 7™
il 2977 R-CDs 1AM AR G 2y A% IR AT AU A O ] & 7 28 S IR A BB TR & O M2 ) R-CDs LUK &
QY ) R-CDs. B4k, i F R-CDs @4 %k RSF i 450 | A2 B Ag L5 5 45 44 50 v B URR 36 5 22
FE R G AT BT vk T AT B 22 5E L B B 45 7 ik

298 ,R-CDs ¥147 K419 & 8 i1 5t o 76 Kok JLAR BL . R-CDs 1B Ry 31 2% 09 AR W) 3 28 70 A B8 kg AL L BB TR S
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% % X ik

[1] Patel K D.Singh R K.Kim H W. Carbon-based nanomaterials as an emerging platform for theranostics[]]. Materials Horizons.2019,
6(3):434-469.

[2] BT L IGITm. RO FE N YOI B A8 T i B B AR L) ], W R 524 R CH SRR 10D . 2016.,29(4) 1 14-18.

[3]  BJF.EMEZE. T /Sm®" 45090k KaGdy B, O Wil & A1 £ (4 & e PR DR 7T LT ). W3R % % M CA SRR3R0 . 2019, 32(4) :85-89.



56

LIISY AN e S - A = IF AN S = 1)

[4]

[5]

[6]

7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]
[18]

[19]

L20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Arppe R,Carro-Temboury M R, Hempel C,et al. Investigating dye performance and crosstalk in fluorescence enabled bioimaging using a
model system[J]. PLLoS One,2017,12(11) ;e0188359.

Chen J,Wei J S,Zhang P,et al. Red-emissive carbon dots for fingerprints detection by spray method: coffee ring effect and unquenched
fluorescence in drying process[J]. ACS Appl Mater Interfaces,2017,9(22): 18429~ 18433.

Ge J,Jia Q,Liu W,et al. Red-emissive carbon dots for fluorescent, photoacoustic,and thermal theranostics in living mice[ J]. Adv Mater,
2015,27(28) :4169-4177.

Li C,Liu Y,Wu Y,et al. The cellular uptake and localization of non-emissive iridium(III) complexes as cellular reaction-based
luminescence probes[ ] . Biomaterials,2013,34(4) :1223-1234.

Guo L,Ge J,Liu W,et al. Tunable multicolor carbon dots prepared from well-defined polythiophene derivatives and their emission
mechanism[ ] . Nanoscale,2016,8(2) :729-734.

Liu Q,Guo B,Rao Z,et al. Strong two-photon-induced fluorescence from photostable, biocompatible nitrogen- doped graphene quantum
dots for cellular and deep-tissue imaging[J]. Nano Lett,2013,13(6) :2436-41.

Tetsuka H, Asahi R.Nagoya A,et al. Optically tunable amino-functionalized graphene quantum dots[J]. Adv Mater,2012,24(39) .
5333-5338.

Li L L.JiJ,Fei R.et al. A facile microwave avenue to electrochemiluminescent two-color graphene quantum dots[J]. Advanced Functional
Materials,2012,22(14) :2971-2979.

Zhu H.Wang X, Li Y.et al. Microwave synthesis of fluorescent carbon nanoparticles with electrochemiluminescence properties[ J |]. Chem
Commun (Camb),2009(34):5118-5120.

Bhunia S K,Nandi S, Shikler R, et al. Tuneable light-emitting carbon-dot/polymer flexible films prepared through one-pot synthesis[]].
Nanoscale,2016,8(6) ;:3400-3406.

Dong Y,Chen Y, You X, et al. High photoluminescent carbon based dots with tunable emission color from orange to green[ J]. Nanoscale,
2017,9(3):1028-1032.

Karthik S,Saha B,Ghosh S K, et al. Photoresponsive quinoline tethered fluorescent carbon dots for regulated anticancer drug delivery[]].
Chem Commun (Camb).2013,49(89):10471-10473.

Zhang Y. Yuan R.He M.et al. Multicolour nitrogen-doped carbon dots: tunable photoluminescence and sandwich fluorescent glass-based
light-emitting diodes[J]. Nanoscale,2017,9(45) :17849-17858.

Eda G,Lin Y Y.Mattevi C,et al. Blue photoluminescence from chemically derived graphene oxide[]J]. Adv Mater,2010,22(4) ;505-509.

Bao L.Zhang Z L,Tian Z Q.et al. Electrochemical tuning of luminescent carbon nanodots: from preparation to luminescence
mechanism[J]. Adv Mater,2011,23(48) :5801-5806.

Wang Y,Li Y,Yan Y,et al. Luminescent carbon dots in a new magnesium aluminophosphate zeolite[J]. Chem Commun (Camb),2013,
49(79) :9006-9008.

Shamsipur M,Barati A, Karami S. Long-wavelength,multicolor,and white-light emitting carbon-based dots: Achievements made,
challenges remaining,and applications[ J]. Carbon,2017,124:429-472.

Wang Z.Yuan F.Li X,et al.53% efficient red emissive carbon quantum dots for high color rendering and stable warm
white-light-emitting diodes[ J]. Adv Mater,2017,29(37):126-130.

Shen J,Shang S,Chen X, et al. Facile synthesis of fluorescence carbon dots from sweet potato for Fe’" sensing and cell imaging[ ] ]. Mater
Sci Eng C Mater Biol Appl,2017,76.856-864.

Ding H,Ji Y.Wei ] S,et al. Facile synthesis of red-emitting carbon dots from pulp-free lemon juice for bioimaging[ J]. Journal of Materials
Chemistry B,2017,5(26) :5272-5277.

Jiang B P,Zhou B,Shen X C,et al. Selective probing of gaseous ammonia using red-emitting carbon dots based on an interfacial response
mechanism[]]. Chemistry,2015,21(52):18993-18999.

Tan C,Su X,Zhou C,et al. Acid-assisted hydrothermal synthesis of red fluorescent carbon dots for sensitive detection of Fe(iii)[J]. RSC
Advances,2017,7(65) :40952-40956.

Jiang K,Sun S,Zhang L.et al. Red,green,and blue luminescence by carbon dots: full-color emission tuning and multicolor cellular
imaging[ J]. Angew Chem Int Ed Engl,2015,54(18):5360-5363.

Wang J.Zhang F,Wang Y,et al. Efficient resistance against solid-state quenching of carbon dots towards white light emitting diodes by
physical embedding into silica[ J]. Carbon,2018.126:426-436.

Ding H,Wei ] S,Zhong N.et al. Highly efficient red-emitting carbon dots with gram-scale yield for biocimaging[]]. Langmuir,2017,
33(44) :12635-12642.

Gao W,Song H,Wang X, et al. Carbon dots with red emission for sensing of Pt**, Au**,and Pd*" and their bioapplications in vitro and in
vivo[J]. ACS Appl Mater Interfaces,2018,10(1):1147-1154.

Vazquez-Nakagawa M,Rodriguez-Perez L,Herranz M A,et al. Chirality transfer from graphene quantum dots[J]. Chem Commun
(Camb) ,2016,52(4) :665-668.

Yuan F,Ding L,Li Y.et al. Multicolor {luorescent graphene quantum dots colorimetrically responsive to all-pH and a wide temperature



%5 3 KRB TT 5 AL 0BT A P S N 57

range[ ] ]. Nanoscale,2015,7(27):11727-11733.

[32] Ding H,Wei J S.Zhang P.et al. Solvent-controlled synthesis of highly luminescent carbon dots with a wide color gamut and narrowed
emission peak widths[J]. Small,2018,14(22):e1800612.

[337 Yuan F.Yuan T,Sui L,et al. Engineering triangular carbon quantum dots with unprecedented narrow bandwidth emission for multicolored
LEDs[J]. Nat Commun,2018,9(1) :2249-2253.

[34] Zhu J,Bai X,Bai J,et al. Emitting color tunable carbon dots by adjusting solvent towards light-emitting devices[J]. Nanotechnology.
2018,29(8):085705.

[35] Karakocak B B, Liang J,Kavadiya S.et al. Optimizing the synthesis of red-emissive nitrogen-doped carbon dots for use in bioimaging[]].
ACS Applied Nano Materials,2018,1(7) :3682-3692.

[36] Miao X,Yan X,Qu D,et al. Red emissive sulfur,nitrogen codoped carbon dots and their application in ion detection and theraonostics[J].
ACS Appl Mater Interfaces,2017,9(22):18549-18556.

[37] Yang W,Zhang H,Lai J.et al. Carbon dots with red-shifted photoluminescence by fluorine doping for optical bio-imaging[J]. Carbon,
2018,128.78-85.

[38] Dong H.Kuzmanoski A.Wehner T, et al. Microwave-Assisted polyol synthesis of water dispersible red-emitting Eu(3+)-modified carbon
dots[J]. Materials (Basel),2016.10(1) :163-168.

[39] Fan Y.Guo X.,Zhang Y.et al.Efficient and stable red emissive carbon nanoparticles with a hollow sphere structure for white
light-emitting diodes[J]. ACS Appl Mater Interfaces,2016,8(46) :31863-31870.

[407 Ko H Y,Chang Y W,Paramasivam G,et al. In vivo imaging of tumour bearing near-infrared fluorescence- emitting carbon nanodots
derived from tire soot[J]. Chem Commun (Camb),2013,49(87):10290-10292.

[417 Pramanik A,Jones S,Pedraza F,et al. Fluorescent,magnetic multifunctional carbon dots for selective separation,identification,and
eradication of drug-resistant superbugs[J]. ACS Omega.2017,2(2) :554-562.

[42] Tao H,Yang K,Ma Z.et al. In vivo NIR fluorescence imaging.biodistribution,and toxicology of photoluminescent carbon dots produced
from carbon nanotubes and graphite[J]. Small,2012,8(2) :281-290.

[43] Wang Y.Meng Y.Wang S.et al. Direct solvent-derived polymer-coated nitrogen-doped carbon nanodots with high water solubility for
targeted fluorescence imaging of gliomal J]. Small,2015,11(29):3575-3581.

[447 Sun C,Zhang Y,Sun K,et al. Combination of carbon dot and polymer dot phosphors for white light-emitting diodes[ ]J]. Nanoscale,2015,
7(28):12045-12050.

[45] Zhai Y.Wang Y,Li D,et al. Red carbon dots-based phosphors for white light-emitting diodes with color rendering index of 92[ J]. J Colloid
Interface Sci,2018,528:281-288.

[46] Guo R,Zhou S,Li Y,et al. Rhodamine-functionalized graphene quantum dots for detection of fe(3 4) in cancer stem cells[J]. ACS Appl
Mater Interfaces,2015,7(43) :23958-23966.

[47] Li C,Wang Y.Zhang X.et al. Red fluorescent carbon dots with phenylboronic acid tags for quick detection of Fe(III) in PC12 cells[J]. ]
Colloid Interface Sci,2018,526:487-496.

Red-light Emissive Carbon Dots: Synthesis, Properties and Applications
ZHU Pei-yuan LI Zhen-hua ZHU Zhi-jun TANG Jian-guo

(Institute of Hybrid Materials,School of Materials Science and Engineering. Qingdao University, Qingdao 266071, China)

Abstract In recent years,carbon dots as a new type of photoluminescent nanomaterials are developing
rapidly. It is well known that carbon dots has good simple synthesis route,water solubility,high stability,
low toxicity,and other properties,which are even better than conventional semiconductor quantum dots in
some aspects, In particular, red-light emissive carbon dots has attracted wide attention due to their excellent
optical properties. This review summarizes the research results of red-light emissive carbon dots in recent
years,discusses the current challenges and prospects for the future. We hope that by discussing the
mechanism of photoluminescence,we can design and use specific precursors,synthesis methods, heteroatom
doping,surface treatment and other methods to emit special red light and apply it to bioimaging.
optoelectronics,sensing and other fields.

Key words carbon dots; red fluorescence; synthesis; applications



