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Abstract

HHEA—ARVRY KN (CDs) lF, RELCELVEERREREXRETHD, £EL, BEAEDC
Dsld. ¥{EIE60ONMZBIDEKLARI NILETRT, FEBIOMMKREBDS ¥ —TBREXART b
JIOCDSICETAMRFBFBEAEREENTVEV, RFRTE, 12RO HA—)ILZAVE
BMAISE T, MBGRE180°C, MAKBhS RFARFTESOZSHTHFEEXO7O00Y)
>/ —\FEEH—RYRY K (Ph-CDs ) ZHRIBDEICHI L. MEARISETOERICK
T, 70070L2 /=L FEOBMKBEERSHAREENLEZET, IST7IVORFBES
K —BEBEHHE (OHE ) 25T BPh-COsHERE iz, CORKMEOTRERI S 7 IV EE
HBRUBKMEDOOHEIC L 2T, Ph-COsR7TEEDOERBZZEMMEDBEICHEL 2. HOMO-LUMO
BOEBICFEEEhIME: BXE—JQ., PBECEMEANE<BEIRFERRRAIC 7ML
o BAE—OIXILF -G, BEOEMETRT/NIA—2—ETB0)ICX L TERHICHEML 1
o kY, COsHEDEXLVINNIOZIALZRTZENASHICE NIz, Ph-CDOsOENE
— U RRF463nmD SE5MNME TR TE 2, FEH ICRBEOIRTEE K F MK RICEKT
THY, TNTNOFERIFI0NME LTF27nm, TOEKXEBFIREEF51%TH 2 2, Ph-CDs7RJ
N—BE7AINALAEAEOVINM VOZAALAIL LD EALBENNS LK TEEXERLE,
D &S BIRFHEKXDOPh-COsICK Y, EEET 1 AT LA SAORBAEMN RRE Nz, €5
2, LREERFHOREICL ST, HABFIRRZOLTEDCENASHICE N, £, &
BRFRBICHXLERICOSOEMENRFNZEDTHY) ., SEROMROERNI BRFELD,
Fluorescent carbon dots (CDs) represent a promising eco-friendly next-generation phosphor.
However, most CDs exhibit broad photoluminescence (PL) spectra (full width at half maximum
(fwhm) over 60 nm); few works on CDs with sharp PL spectra (fwhm less than 40 nm) have been
reported. Here, we successfully prepared narrow-bandwidth emissive CDs from phloroglucinol (Ph-
CDs) in a glycol solvent of 1,2-pentanediol at temperatures as low as 180 °C for reaction duration
as short as 6 h under ambient conditions without any catalysts via an open reaction system. In this
system, dehydration and condensation reactions among phloroglucinol molecules were enhanced
to form Ph-CDs with ordered graphene structure and uniform OH functional groups. Ph-CDs were
dispersed in seven solvents with different polarities owing to hydrophobic 1r-conjugated graphene
structure and hydrophilic OH groups. The excitation and emission peaks corresponding to the
HOMO-LUMO transition shifted to longer wavelength with decreasing the polarity of dispersant.
The emission peak energy linearly increased with the solvent polarity parameter, ET(30). This
verified negative fluorescence solvatochromism. The emission peak wavelength of Ph-CDs was
readily tuned from 463 nm to 511 nm. They exhibited excitation-independent narrow-bandwidth
blue and green emissions with respective fwhms of 30 nm and 27 nm and high PLQYs of up to
51%. Ph-CD polymer composite films showed similar solvatochromic behavior and narrow-
bandwidth emissions. This novel narrow-bandwidth emissive Ph-CDs verified the feasibility of
applying them to wide-color-gamut displays. Furthermore, the fluorescence quantum yield could be
increased by improving the above-mentioned synthesis conditions. In addition, our research on
yellow- and red-emitting CDs is expected to progress.
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1. BFEpREBEOHE

HHEH—HRURYR(CDs) (X, REBICBLWE LR RMRELARTHS, 1=FZL. IFEAED CDs &, F1EIE 60 nm F#HBXDHHMLAR
HRILETRYT . FEIE 40 nm RBED S Y—THEHHLIARIMLD CDs IZHHTAHEIXIFEAEREINTULVEL , KR TIE, 1,2-R
VRO A—ILERW-RRRIGES T, IMEERE 180 °C, &R 6 h BLURRBESOEHETHEHEEE LOTZOOS )L /—IL
FBEH—RUR YR (Ph-CDs) #E & T 5 EICHMILT-, FAMREIBE TOERIZEST, ZRAS LY /—IL R FRIOBRKEES RIS
M REESN-CET. STV DBERER LUV — L EREE (OH #)ZHFT 5 Ph-CDs AEEIENT=, COBKMED m £ERY
STIUEESKIUVEKE®D OH &EIZ&k>T, Ph-CDs [L 7 D B DB DB EIZ5HEIL =, HOMO-LUMO DB IZIFESN
B ERE—IIL. DB OBENPNEIKEDIFERFERAICO I =, BRE—HIITRILE—IE, BEDOEHEERT/IISA—4
—ET@O)IZH L TEZMICEMLIz, Sh&Y, CDs NEDENLYVILAN OIS X LERT IENBALMNISNT=, Ph-CDs DHNE—
2iEEIE 463 nm HS 511 nm ETHRE TEf-, FRBLUVKREBEDOEFHENXIIMERREIZHKRETHY . FNENOFEIREE 30
nm B XY 27 nm, TDEALEFUNEIL 51%TH o1z, Ph-CDs RUX—EE T LERBFBDVILANIAS X LIZEEHEIEEEILS
FUMFEHELERLIz, COXIBEFFEEHHNLD Ph—CDs 1IZ&kY ., GBEB T RATUAICAORIRAREEN RSN, S5I12, £
HEAREHEDREICEI S T, EAEFINELR L TELZIENHELHIZENT -, T, BEROKBIZHINETT CDs DAEREDKRET
FHEDHTHY ., SEOHAEDERNAFINS,

2. MIREBRRAEEOBE R

Fluorescent carbon dots (CDs) represent a promising eco—friendly next—generation phosphor. However, most CDs exhibit broad
photoluminescence (PL) spectra (full width at half maximum (fwhm) over 60 nm); few works on CDs with sharp PL spectra (fwhm less
than 40 nm) have been reported. Here, we successfully prepared narrow—bandwidth emissive CDs from phloroglucinol (Ph—CDs) in a
glycol solvent of 1,2—pentanediol at temperatures as low as 180 °C for reaction duration as short as 6 h under ambient conditions
without any catalysts via an open reaction system. In this system, dehydration and condensation reactions among phloroglucinol
molecules were enhanced to form Ph—-CDs with ordered graphene structure and uniform OH functional groups. Ph—CDs were
dispersed in seven solvents with different polarities owing to hydrophobic 7 —conjugated graphene structure and hydrophilic OH
groups. The excitation and emission peaks corresponding to the HOMO-LUMO transition shifted to longer wavelength with decreasing
the polarity of dispersant. The emission peak energy linearly increased with the solvent polarity parameter, ET(30). This verified
negative fluorescence solvatochromism. The emission peak wavelength of Ph—CDs was readily tuned from 463 nm to 511 nm. They
exhibited excitation—independent narrow—bandwidth blue and green emissions with respective fwhms of 30 nm and 27 nm and high
PLQYs of up to 51%. Ph—CD polymer composite films showed similar solvatochromic behavior and narrow—bandwidth emissions. This
novel narrow—bandwidth emissive Ph—CDs verified the feasibility of applying them to wide—color—gamut displays. Furthermore, the
fluorescence quantum yield could be increased by improving the above—mentioned synthesis conditions. In addition, our research on
yellow— and red—emitting CDs is expected to progress.
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