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1 CQDs@BaSO,

Fig 1 Schematics of the fabrication and schematic illustration of possible phosphorescent emission energy struc-

tures of Ba CQDs@BaSO,
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Fig 2 Absorption spectrum of CQDs dispersed in water, FT-IR spectra of CQDs, XPS spectrum of CQDs, XPS
spectrum of Cls, Ols and Nls
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4.8 nm( 3(a)), 3(b) . TEM ,
0.32 nm, B2l 3¢ )

, TEM

3 TEM N 12h HRTEM
Fig 3 TEM image and size distribution,electron diffraction pattern of carbon quantum dots and HRTEM image

of carbon quantum dots after 12 h of stasis
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N CQDs@BaS0O, 1.3%.,

4 CQDs@BaSO, TEM |(HRTEM [SEM EDS
Fig 4 TEM, HRTEM, SEM and EDS pattern of CQDs@BaSO,

2.3 CQDs@BaSO, zeta ¢ 5)), 365 nm
450 nm CQDs @ BaS0O,
zeta —38 mV, , BaSO,
BaCl, Ba®t zeta . CQDs@ BaSO,
+4.28 mV., Ba*" (16.9%)
. Na, SO, ,SOT Ba*’ (12.6 %) ) CQDs@ BaSO,
CQDs@ BaSO, , BaSO, . tes]

5 CQDs@BaSO,( 5(a))

5 CQDs@BaSO, 365 nm ( ) 365 nm (
)
Fig 5 PL emission spectrum image of CQDs@BaSO, and CQDs under sunlight (left) and under UV light (365
nm) (right)

2.4 CQDs@BaSO, BaSO, XRD FT- 6(b) ) 882 1668 cm ™!
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6 CQDs@BaSO,

BaSO,

XRD FT-IR

Fig 6 XRD patterns and FT-IR spectra of bare BaSO, (black line) and CQDs@BaSO,

2.5 CQDs@BaSO,

CQDs@BaSO, )
CQDs@ BaSO, 7(a) ,
CQDs@BaSO, 365 nm

520 nm, 0.5 s
CQDs@BaSO, 365 nm

7(a) . CQDs@ BaSO,
7(b) . 3
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Fig 7 The phosphorescence emission spectra of CQDs @ BaSO, under excitation of 365 nm and time-resolved

phosphorescence spectrum of CQDs@BaSO, monitored at 520 nm with 365 nm excitation

1 CQDs@BaSO,

365 nm

520 nm

Table 1 Fitting results of the phosphorescence lifetimes of the CQDs@BaSO, at 520 under 365 nm excitation

B, /% 71 /ms B,/ % 7,/ms B,/ % 7;/ms Tavg/MS
4.64 12.164 38.79 64.422 56.57 281.044 251
2.6 CQDs@BaSO, o
BaSO, ,365 nm ,
CQDs@ BaSO, .pH =1 HNO, .
pH =13 NaOH A4 , ,
8 , CQDs @ BaSO, , 8
2 . . 9 s 9
2.7 CQDs@BaSO, 365 nm , 0.5 s

, CQDs@BaSO, ,
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8 CQDs@BaSO, .pH =1 HNO; pH =13 NaOH ;CQDs@
BaSO, .pH =1 HNO, pH =13 NaOH

Fig 8 Phosphorescence image and fluorescence image of CQDs@ BaSO, RTP composite materials in water, in
HNO; with pH of 1, and in NaOH with pH of 13, respectively

9 , 365 nm 0.5,1.0 1.5 s
Fig 9 The photograph of printed on paper under sunlight; phosphorescence photographs under 365 nm UV with
exposure time of 0.5, 1.0 and 1.5 s

3 [18,33-34]

b

4.8 nm, C=0.C—0 C=N o
, 335 nm, 365 nm , CQDs@BaSO, ,
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A carbon quantum dots matrix composite with

room temperature phosphorescence

LIU Wu, XIE Rongjun

(College of Materials, Xiamen University, Xiamen 361005, China)
Abstract: Although the fluorescence performance of carbon quantum dots (CQDs) has been extensively studied,
few people pay attention to the phosphorescence phenomenon and the mechanism of CQDs. The carbon quantum
dots are fixed in the barium sulfate matrix by electrostatic self-assembly. The carbon quantum dots, as the core
attraction active ion, provides the luminescence center for the room temperature phosphor composite material.
The obtained materials (named CQDs(@BaSO,) are not only scattered in the water to show unexpected room
temperature phosphorescence emission, but also steadily dispersed in acid/alkali phosphorescence. Under exci-
tation of 365 nm, the long phosphorescence lifetime of CQDs(@BaSO, composite material is 281 ms and the dis-
played average lifetime of phosphorescence is 251 ms. The phosphorescence mechanism were studied. The trip-
let state of aromatic carbonyl compounds on the surface of carbon dots and the fact that BaSO, molecular can ef-
fectively rigidize these aromatic carbonyl radical groups suppress phosphorescence of the composite in the non-
radiative passivating route. Based on the advantage of the phosphorescent materials performance, its anti-coun-
terfeiting inkpad material was successfully made and its application in the phosphorescence anti-counterfeiting
was also discussed.

Key words: carbon quantum dots; room temperature phosphor; fluorescence; composite; anti-counterfeiting



