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Application of Biomass—derived Carbon—dot Composite Powder in
Latent Fingerprint Development
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Abstract: Two types of carbon dot (CD) —-based composite fluorescent powders, R-CD@AI,03
and R—-CD@Si0,, were synthesized using natural Epipremnum aureum leaves as the carbon source,
and their application in latent fingerprint development was investigated. Employing Al,03 and SiO; as
the matrix not only effectively suppressed the aggregation—caused quenching in CDs but also fully pre-
served their excellent fluorescence properties. Consequently, both powders demonstrated high sensi-
tivity, good stability, and broad applicability in latent fingerprint development. The as—prepared
composite powders exhibited excellent dispersibility and uniform particle sizes ranging from 2 to 6
pm. Under 365 nm ultraviolet light excitation, they emitted bright red fluorescence, thus enabling
the clear visualization of Level 1 and Level 2 ridge details on nonporous and semi—porous substrates.
Furthermore, they demonstrated outstanding anti—interference capabilities against various colored
backgrounds—including black, white, blue, and green—except for red backgrounds and sub-
strates with intrinsic fluorescence. The mechanistic analysis indicated that physical adsorption be-
tween the powders and fingerprint residues macroscopically overcame the inherent disparities in the
surface chemical properties of substrates, thus resulting in equivalent development for both pow-
ders. This study provides valuable insights into the application of biomass—derived CD composites for
latent fingerprint development and the optimization of visualization techniques for challenging sub-
strates.
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BIAR, WAL (CDs) AER—FE 6 ZOEA0REEE, B R CIERE T REHEAYE . XTSI, | %
PR SR S R SRR B SRR O S, TR R SCR B  PAR B TR, ORI U ST P
Jila) ot CDs TR B BRIV ERIEON, FNBIZS G AT RER m—m HEBL . RE S A RS FIRL 6] B 2
SRR PR ARG SRR (ACQ) ROV 7 ' Jihh, BHEKSE CDs fE AR A Lob AR M I, E 21
Ik o FE LB A R B e AS i S ) L

CDs & ek RE EEORIE FHAZ AR TS LG, e 12 B i e 5 0] DL &t
REpE 0 K CDs M BTERERE 0 L JEky T MTEHLER Y SRR R R, — 7 HRERS I CDs
SRAE S I S SRR TC R BRAT , 55— T3 T E R 3 sl O R SC i) 26 Ty, AT i g 25 it 5 CDs 21
E B 5 B2 S AR EHEAR R TR E R BB B R, SCRERSIHER ACQ ROV I THE, HE5Ra%
D FEFIA R S0 BUEOR o

YA A SRR SR WA R TR TOCTERER 2R R T, B S T CDs B 2R @il A,
HEBl TR ROt s I RIPGERISRAE R . RS AP A, [ AR RSP RSO
RE T LU Y4 SN ZHM D REA S M AT VA 5 R H . 0k CDs il & B3 7 ik o ARWFoT ALR
M YRR, AR RIRGES & TSRS (R-CD), #E—HHE T R-CD@ALO M R-
CD@SiO. PR E IO AR, FFHRTT 1 AL G R BLSUR B T W ios, I3 & &G990k
RABCAZ AN 78 7k CDs 5 WY ACQ UL, ik Je Bt e HARE PG IERE . TEBLEEAE b, i %)
He oA SR PR AL 2 0 5 S BUSOR Z MBI RO R, $a7R 1AL SR SRR LR, S BEARRE T
AFEZERTE BRI R, S S BARR BT SYLEPT S Bt T B .

1 SRIGERSY

1.1 XEE. iFIFasr e

HFRF (FA2004, Liggeii-PRHAR AR Iidhei hidiss (KSM-171B, RiEFHE L
FIRAED); FRRLZIEBOLIE (FO11A, RN KR ERE L RARA ) ; WS X TEA (BGZ-
140, i RETT EYES AR AR 5 /iR (GLI124-1SCN, _LifggEg PR PR EE
HBRZLHE); BEes (5000 pl, KIEXLAISEEAE (Jbsl) B ARD); BSHTTEN (DYYB-10,
R E I AR AT ) s SRR (FL8500, EEFIAIR/KEN) s H M AR /MG AL
(IS50, FTIR, EEFERR CHI/REHLAR]); K- (UV-360, HAREEAHR]); HilH
TRAMEE (ZEISS Sigma360, SEM, fEEF/RKER]); RWMIMAKIEG RNV E (SCRS, EZjERE
SERFAPR LT 5 B AHPL (Canon EOS800D, HALEREZNH]) 3 #IELUN (GE2=h], WTEHEL
15 mm); BEIEWIER; 0.22 pm AHLE IR St JEde i

gREm e (RIS, EEGHEE T I EFERM ) s TKCEE (rtral) . 4k EAE (v
HH, BLFES50 nm) . Ak AEAREE CRiAR 15 nm) (EZH{b2ERABR AR ) 5 MaliK (SLIREKiEh R
4, Thermo Scientific, USA, HPHZ18. 2 MQ)., A XA B, it patk, BIER . 6
Fel (e, gifa) . AR, difedieiik (B, a0, A, . Z05%) ., Sl AT R
BH PR
1.2 EMEKROHEE

P 22 8 oK TS T T 00 et s & T 60 CHEAR R, TR 6 h SRS Aty . FRER L. 0 g4t
K S 15 mL TBKLBER A YE), BB ERWROHE N EER N ZE . B RV &8 TR
150 ‘C PRI 4h, RVLEHREBREHEENR, S-S, SN Es ek (R-
CD ZFEAWR) , WG E T 4 COKF PG IRAE S H

HETRMFREL 300 mg 492K ALOSKY A, 23 AIMIAN 1~5 mL 3R R-CDIER . =i FRg il 1 h, ffiR-
CD T WL TR R B IR STE60 CF 424 by TREUGHNIR G RBUIR, SFMmEGE
FIRE AR LI E SR (R-CD@ALOS); LLSiO HIEFRIE GBI AR (R-CD@Si0,) )1 5 % F A ]
PRI W RS TAREAERE T, JFE T RSP IR

il E R-CD BT CD S &, RABRSHERBI4. 5 mLERE T EOE RN 40 °C
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HAETRAPTITEE 24 h, DBRERREPL RIS CREER . ARG ARSI & R & TK,
RO HE e, BEE DG T-80 CRANRIKA TSR 12 h K8 2RISR LTS 2
HAR G, F225T 240Dl b, AEFSEE T, FREFEGEHE R-CD SRHAE T CDIY
&4 (0.0057+0.0005) g/mL.
1.3 BiEaHELH&E. BUMEKEE

A AB G K Y W T, HARI T GRS F S 2,  F IR m B 51 BT A As TR &9
Rl LA S5 s 48 | B E T H R0, RFFE) 1 s JEake o H T D0 A0 AR 2 A e 438 B 0
Foo BERCRRL . NG A SRR . EE A4TENARSE; st B IR AR AR A AR T O, 1R
BYUE T ENRE PR LR EORAE, /A REMZIFUSER 30 min, 7d. 30 dAYRILEIG ; ELHL TR
AN E]— T8, TEBEER B iES45E 5 S MBS o ANTEZ 54388 B8 I 18] 6f il BLASCR ) 520
IF, RS0 WA AERE E R T, HORPTETRTE SO, YITER] & 58 s RN E TR e

BLORIRIN , HAAGESR 78S R AN E— N, SEIEAH R R ERR T e, SE AR SUR] EEER
DREGIAR, TS R RIN AT AR Y SRR S R R R AR S X Pl 4880
IR LS 07 R, H B IRSr g i Bl £BR 2 R0 ARG AP E G T 2 . 18
AN IR 2B B S G Bt i, 50 )5 ] Photoshop R #E— A A0 B, DL w55 145 04 175 Wb 22 0
LB
1.4 EIMBRITEN

R EAE R R 22, TR SRS . AR AE P BN R S TR 3 A
J7 D ISR ATV, G TESUR R0 SR BRI R E L T B AT FR 40 Hh O XIS i1 2%
X BT . T HER AR AR IE T HRR RS 45 2. DRLL R
ZASERHE A IENT; TR TR RS B OGS 365 nm KM TS KR S I AT
Wi, FELTREER S RMRYE WA 1, Hop 3 4 JIBLOT H THELEE -

F 1 FREUTR TN SR o AR

Table 1  Fingerprint quality assessment grades and criteria

Grade Description

0% REIARSL, SR SR ER BT R IR X

14 Fuin2s, JOSERARR, SURRHELE . JCATTRHE, HWETIUR

2% Pt s, RERTER, WSRO, D RAE T L, A I s T
3% Bl —f, fEERoEEE, RIMSRWT R EAEIN . AR AR, ST
4% FURELF, fROGERE, SURESE . ARG, O ST n] 2

1.5 #HmRIE

4 R-CD L 182 0. 025 mg/mL 1) L EEEWEH AT PG Sb- 0] RSO E RS RAE . 286 ek i3l
AR P A 240 nm/min, BEEETERE M 2.5 nm; KOG I KA TE Bl 200~450 nm, K% KK 670
nm; &G REE & KA 408 nm,  FHETE F 400~800 nm., 42 Ah— T DLW i ik 4 3 B A 200~800
nm, SEM FRAEE JE R T ISR E &, RETEFIRES TR h 5T 2 kV T 4%, FTIR #£IE
FEFRELS mg THEFESS 5 500 mg IRALANTE WS IG7E 8 MPa FIEF, 703K M4 em™, IETER 4 4000~
400 em™.

2 H#R5itiE

2.1 Bk, ES-FTTRKES

HIE TA LU, R-CD SFHEWAE HOG P BB M, 75365 nm FAMEHUN T B A58,
HIRIMA AN 408 nm, EREHHER R 670 nm, HIY AT . %8R8, Mg
A BRI & 6 CDs TECRHF R PR B, ARAAE ACQRUN, FHAE 365 nm SEAMEHRE T R HAY
AATOEYERE. BB EIR, HHULICHIEKAE 360~560 nm T A SCAERS, HFERIL T EI
W, B R ESHEAR AL E FEARAE , R R-CD HA TCIR M, & B A SRR K i e
AR R AR
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Y CDs 2 . S 7, (TSR FE R IRIERE, S ATA N
Lk C=0 $AI C=N BEHY n— o HL BRI CDs R AL AT E BRI "o R-CD ) 5 4h-n]
WO (E1A) H, 7E275 nm AT410 nm AR JRBUH PIASINSE 2350 B w—arfll n—>ar R IE ™o X
Bt — G RYIFER-CD (Ol g g, e Ao BT S BRI EN T CDs 25, HALEATO0R
PERTU P Tk 2R N R L HE 4 44 BT e SRS O SR RRE 0 S3h, FEKIAR A, LRFRENS fe it
CDs T R BT M, 75 CDs RMTEMAARRER IR TS, (TR ST LR =,

25 8.0x10"
A —Ex B (670 nm) ——360nm
8.0x10° - 408 nm ——Em : —— 380nm
— UV-Vis 670 nm ——400nm
20
6.0x10" ——420nm
E . 6.0x10" 4
] . 5 —— 440nm
< 5.0x10* 5 &, 480nm
= T
z sz =y 480nm
E g 2 4ox10'4 —— 500nm
2 4.0x10" 4 gE" ——520nm
g 108 EEJ ——540nm
3 F 8 560nm
] " ]
£ 2.0x10° 4 g 2.0x10" o
Los
0.0
T T T T T 0.0 - = " I
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Wavelength /nm Wavelength (nm)
~ S5 (1 P Mk 1) > Sy I Ty B T N - S
1 R-CD SRR TEGHCE (20) . &ht (R Sl s sbnl Wmlle (i) 6kl (A, WA R-CD SFFHER

TEESOE (Z2) MI365nm UV (F) TFHIREF) FIAFEGECA B TR G R (B)
Fig. 1 FL excitation (red), emission (black) spectra and UV - Vis spectra (blue) and emission spectra (A, inset:
photographs of R=CD ethanol solution under sunlight and 365 nm UV) at different excitation wavelengths (B) of R—CD etha-

nol solution

2.2 LI5MRiES I

Transmittance /a.u.

[ IR GO T TR ORI

——R-CD@AL03
——R-CD@SiO2

4000 ‘ 35l00 ’ 3OIOO ' 25'OO ' 20100 ' : 15l00 ' 1OIOO ' 5(I)O
Wavenumber /cm’
K2 R-CDAIR-CDE S AR FT-IR GRS
Fig. 2 FT-IR spectra of R—CD and R—CD composite powders

& 2 751, R-CD. H & ¥R R-CD@ALO-FI R-CD@SiO, B AT AL L ARG i, ~3433 em™
A O—H BIR4EIES), ~3250 em™ 204 N—H BIMPZ4EHEE, ~2916 em™ F1~2850 em™ 245 C—H 45
#1, ~1738 em™ A C=0 MRS, ~1626 cm™ A C=C MRS, ~1384 cm™ FI~1083 em™ A
O—H Wy TH P AR TEPR SR C—O 493N ; J35h, R-CD 7E~1169 em™ 2 O—H 35 9R3IWL M, 1
R-CD@ALO:ll R-CD@Si0-7F < 1220 em™ Zb O—H HsRIRILIRSN 2, XULEIRFE R-CD, H oA
R-CD@ALOFI R-CD@SiO A I R HEFE A, L3 H R R 5 CDs KAE THBAEM, X—45
K5 UV-VisRER —3 R ARG &R, IR HAMER AR R-CD By K R PR
A2, HFEE TE S RERDN O—HECR, #hmfest ¥ HX 8Lk v EE 77
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2.3 E&MAKH SEMERIE

6 8 10 12 14
Particle size /um

2 4 6 8 10 12 14
Particle size /um

K3 H&HAKR-CD@ALOs (A, B) FIR-CD@Si0, (C, D) HISEM A
Fig. 3 SEM images of composite powders R~-CD@ALO; (A, B) and R-CD@SiO, (C, D)

[#] 3 B £ W Fh 4 A8 7K R-CD@AL O+ R-CD@Si0- 1) SEM [#15 . FiFhE &85 K 2T Fi i
JEALBR G X IR, R A AE, R, RMEERIRIRNS ; Rl F B TE
2~6 pm Z[H), R-CD@ALOst R-CD@Si052 A ¥y R HVRIARE K o FELORR PRI SRy . BRI
BRI TR 15~25 wm Z ), BORBPRIARZEN 21 A 247D D ISR S AR 255 5 iR AR
FHE B T £ 1) R-CD@ALOFI R-CD@SiOE S K AR, HA /N RSP FIE R fVE .
W, XTSI ERTE SR > FEFRLCh iR B, BE SR R AT S TRk Y b, AR
7. BIEMISL, S/NRLATERE RAOXTHLEE , IAITTRE RS I g 82 UG (R 35 I
2.4 EEMERBITH

R-CD ¥ & TRUE GBI R BIRGE, 7E365 nm 2RIME T HB AL FkAs, R T
QPR IG HAEMERTIE AR, IX IR AE CDs #PRHA i 25 i R 5l A7 AE > o CDs FERGA P I 28 EAR
ok, (HAEER B SN, BT PRI m-a M EERUWEH &% 42 ACQRU. 7 7, IR H & EsmE K
MRS . B4R 14 ALOs 2l SiO PR 58 R TE B AREH 365 nm SAME T AN ZE R . FEA AR
HF, 4l ALOFIZE SIOF) A A A, R-CD@ALO:RRE MR A, R-CD@SIOEIRELKM; 1365 nm %
SMERE T, 4l ALOSHI SiO K AR B S IR 5 2Ok, MM E 5B ARE A T 5 R-CD LFEE
WAHVT IR 058 . X R 482K ALOSFI Si0A5 K R RE il £ W0 Ak R, 3 L o o B A R
TP FHREVER, ARG 7 R-CD W TG SR S A ACQ RN, M R B B TF i 2
HetkRE . 6 40 E GBI TR AECR T R-CD I R 9O MERE M BT, $2 55 1 CDs RIS fe 8 i B fif
R

WM, SR CDs I 5 58 IR & A B 5 1501 25 B B A CDs P K K T BEFE1E CDs 4 1 A2
A0 AT PEFFAE PE S A WA, Y CDs TERLTT P 1 A B BEAARINT, B R ) &G
SFARE SRR TR 14 CDs WAL BT, X3P CDs 73 1-#E &5 19 48 /N BB 5 [ R ACQ RN 1Y
R, SEPOLE TR, EEFETOREKISR 7 Bk, %287 R-CD Bk B Ha ok
PERA A E R, 45 mE SR, HEWTLIEL, fEHEUENE SR RN ZOEERE I RS2 21408l
WREER) M . A 1~5 mL/300 mg (1.9 wi%~9. 5 wi%) J3rHKEETEEIP, PiFhE A8 A LIS 2
BN, HENMERARRREALE, N2 A E A AR B R B R Re 20
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gk b, FRLCATIRFETE T AT W K, (EREE BRI, RS T IR E R 1 mL/300 mg Y5 &
Ky AR 0 IVERE .

R-CD @AL2O3 R-CD @SiO2

4 2 ALOs, ZAiSi0FIR-CD@ALOs, R-CD@Si0, (3 mL/300 mg) EAMRN () MI365nm UV (F) TFHYKG
Fig. 4 Images of pure ALO3, pure Si0>, R-CD@ALO;, and R-CD@Si0O, (3 mL/300 mg) under natural light (top) and
365 nm UV light (bottom)

0/300 mg 1 mL/300 mg 3 mL/300 mg 5 mL/300 mg

[§15 R-CD 5B A L R S ARy R DO RE R 5200
Fig. 5 Effect of R—CD ratio to matrix powder on fluorescence properties of composite powders
substrate: hard plastic, 365nm UV, Top: ALOs, bottom: SiO, (Ffk: SEFEEL, 365 nm%E4MG, L. ALOs, TF: Si0,)

2.5 EBEIHEN
2.5.1 ARREMESEENZID

IR BAAR B IO R 3 T P IO A e P TR S BRI SRR R 32, AR B i e DL S L SR i 1) e i
TR . B ARSI F 400 BUE R & - R . 1 6 A E AR KRS RIS 2k R
BEFRLC A ISR

MTAEBEERMA (BEE . e, PR S0 K RETE T B3 8 80 — R —RAHIE (4
K)o EAKNT, HEIMIBLLIEREF T R —E R ZE; 15365 nm BIME T, LUkIEA W T
M, SR MR FZER M, FERMTBORME 7R, WTLEL, $BSekINc), i
) A RTINS B AR AR R, FRE0RRY/NE L HELL ., S 1RLE . AME L 4N
3 S A TR A T BT T

X2 E N R, PR E SRR IR TR EREE 3%, B
T, $8LLR S RN RS R g R I R, AR TSR BE I Y FE Sca A in A AR, H
B4 B R S A B AT AU ik, XX FRSC UG R Sk T e R (HAESR MG PR L
Sl (BERALfe) WBe, MRS R Af (BURIES) 208, WRE BN ARMEFET A
R RIS, e TR 2, BEEES TR Sac i) T, BB G B AR T IS FE AL
BEUE . 53ah, BT N B S T A MRS R A — MO FLBR G4, DR o0 D By AR e A T i
B, BRSNS MBS TEFI IR
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Clear glass  Rigid plastic ~ Artificial leather Corrugated board A4 paper

K6 HBEIETON R-CD@ALOs (1), R-CD@Si0, (F) BUCRAZI
Fig. 6 Effect of porous substrates on development of R-CD@A1,05 (top) and R-CD@SiO, (bottom )
N: natural light, U: 365nm UV (N: HZRJEG, U: 365 nmZ4M8)

K7 R-CD@ALOSEZEWI B L mBLCRIE
Fig. 7 Development of R—-CD@AI,0; on transparent glass

A: dots; B: center pattern; C: combination; D: fingerprint triangles; E: small rods; F: endpoints; G: divergence (A: /N

B: HULIELL: C: Zids D: JROCSS Eo N Fo 4G G A

MFBELE A (RKMAHR) , PR SRR R ARER I BB RSSO TR IE. EA G T,
ARtk B ABEMEE BRI SRS BT, Wl gtsk EILPMBEARNLL; ERIMDE T, Rbmgtsk Ly
REMEWLSE B s TR LA BT, SURBMITCIEIHR (ORI 20) o X TAKEBINIBE LRk, 18
LG RR Y AR B R AT A B A AR B, TS B AR 5 S R W TR Dol RIS R AR 985 3 4h,
TEZAME T ARK RN TOL 2RSSR T, dE— s 7 &G BTG, WIS S AR R4
i R BUEE J1 32 BRI o
2.5.2 BE=EMEBMEME  DIKRM M PLE S0 TRESONTIm R Es B IECR, il
FHFE I P oAz ZIRR ) o P 8 A AN S8 ARAE 6 PSR B (0, i SR 20k LR BUHCR . i BT LA
TEEIME T, BRAGERSS, HoRER LIRSS BRSO R ; PARPE SRR RIUESCRAH
(GHMAL), RLLEERI BRI E R E) FO6, SRES:. T, —R%M e



8 SR AR (http://www.fxesxb.com) XX B

WU X T @R, KA SEO S POE AT, Wi SE8piE i 2 m, Rt
SR, AREMSEBIBIMIBIELAR I (120) . X RWIBRALAZESS, PIRE S B A HAd B

= BA R PP THEE
-

B8 BRI BB AR A I BLRCR B
Fig. 8 Effect of plastic substrate color on development of composite powders
A-F: R-CD@ALOs; G-L: R-CD@SiO, (A~F>& R-CD@ALOs; G~L A R-CD@Si0,)

2.5.3 SHEBABEMIELBMEROZE  ZIHEEBOCFEEYNERR h5ohH HN TH —, Wife
i R IR S IR R B A ) Sy 0 U7 ik . ETRIELCR I, B VIR AR KAE, WLk RRE &
PREPEN, AR IRLER IR PB4 a 5 KRB0 LB, IS Te s & I J LA
P, PR AR ARTE L B BRI T B B BURCRIE T T 5%,

ME PR, WMBHOREE 2k BOGIRE KA b & 284, a3 ae . ¥, Hma.
R, IREMEGOFELMEE, FERTELSCP A TRHMEREWTHE (420 . XRPE HHAKR-
(m@mmﬂﬁcmeM%%ﬁﬁﬁﬁ—mmTﬂ@ T Ik SO TR G IR RE A 0 L& S e
Bift, X—FHEREEIE RIS ST w2, R Ta 20 IR

SEsnm.  diSum  ASDmm  cse 4S0nm  Si0nm
Ko Lk BOGIEXE A4 AR IR 5200

Fig. 9 Effect of multiband light on development of composite powders
R-CD@AL0O3 (l()p); R-CD@Si0, (bottom): P: black rigid plastic; G: clear glass (R-CD@ALO; (F); R-CD@Si0, (F): P:

N

EWEFIEE: G JoaBa)
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2.5.4 EEMRNREE K 108735 ESHZE 5 IKFTE I8 LU BUSCRIE (42%) . wLLEH,
WEE L FEUCEH) I N, T8 T nT A2 BOTTIORI B AR 22 5k B ) 2 i /L, TR SR DU RE 2 3
LRI TN ZHIZ G A RS, (HFELC %t b BE RN B B AR & AR AR Y, PIRIE B Ry R 3RS BB SE
g, HARL—RA " AHETRIT, 8. 256 ADNSEESCBERHET I T F, XRWIPIRME S8R
P RAT LI RGP . I SEM RAEMZEOC/ AT RIS, AR FARERTSLOM AR, Prifl & i &
By ARBPRIARTE N, /BRI RE SE R B T 120 ek b5 ]I RE o i) 21 0. 55 BE AR S0k 5
S TR R 2R E s M, BEE RSSO IR ERI AR, PR SRR BB TR R
.

K10 R-CD@ALO; (A~E) FIR-CD@Si0, (F~J) MFEELAEH S RTFLH RIHER
Fig. 10 Development of R-CD@ALOs (A-E) and R-CD@SiO, (F-J) on five consecutively pressed latent fingerprints
substrate: clear glass, 365 nm UV (%K. FEOIERS, 365 nm EIME)

2.5.5 EERERRE LIRS A SRR — IR BL, IR0 AR 1k
RMPIRBL, JEH SRR 8] o #E RS R PR TH )0 B I ()R, 5 BR v 69 K 23 4% 4 1l
SRS, BUEREBOR . A 11 PR, O TR R SO S B I )R (30 min) HY4ELC, Hm Bl
R, PR AR I T S R IR (44%); mbEE A SR (7d), Lk
FERESLPENSA T, (HUREMBE B LAHMER (32%); MBI 30 di, FRM AN/ INEFIE A AR
R, WANGARHBUEM, (HISLA IR PN PrRR AR LRSS (350) .

Instant 30 min 7d 30d

11 e B I )0 5 A Ry AR L BUSCR ) 5
Fig. 11  Effect of residual time on development of composite powders
A-D: R-CD@ALO;, E-H: R-CD@SiO,, substrate: clear glass, 365 nm UV (A~D 41 R-CD@ALO;, E~H A R-CD@Si0,, ZAK:
TEEIIE, 365 nm HHME)
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2.5.6 EAHRRERERZE & 12 55k & 5 0RAF 6 N H I S8 AT L0 W BlgCR
Bl wTLURBL, SEEHRE BBUCR A R A, TEASCEimmT, JOmENR (490 T2t
B, B RSERBU B 22 5 9F AR t T CRAFIS TR FF it SR SN, TSR SOR B B Hh i) 38t B2 2
Bl 7€ SR AR ) o AEIET B PRAAZRAE T, PIRME SRR RER 2O RE B R A2, B
RIS 1

12 DRAFI T AL BBy R BRI 52
Fig. 12 Effect of stored time on development of composite powders
substrates: rigid plastic (top), clear glass (bottom); A, B, C, D werefreshly, A’, B’, C’, D’ stored for 6 months (%K. ff
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Fig. 13 Development of R—~CD@ALO, on common substrates
N: natural light, U: 365nm UV (N: H#KE, U. %408)
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Fig. 14 Development of R—-CD@Si0; on common substrates
N: natural light, U: 365nm UV (N: H#KE, U. %408)
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Fig. 15 Development of composite and conventional commercial powders
substrate: transparent glass, 365 nm UV (%4k: ZEWBEFS, 365 nm %K5M6)
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Table 2 Performance comparison of composite and typical carbon—dot fluorescent powders

Type Fluorescent color Main advantages Applicable or limited Ref.
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