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Abstract; Carbon dots( CDs) are a type of 1 — 10 nm nanosized particles with carbon as the main
element. They show bright prospects in the field of fluorescence analysis and detection due to its
many advantages, such as a wide range of synthetic raw materials, high biological safety, strong flu-
orescence signal, and stable optical properties. Latent fingerprint detection is a classical and reliable
identification technology. Latent fingerprint is the trace of human finger secretions on solid contact
surface which is hard to distinguish by naked eye. It needs to be processed by physical chemistry to
enhance the imaging effect. The application of fluorescent carbon dots to enhanced imaging of latent
fingerprints has given full play to the advantages of carbon dots and a series of advances have been
made in recent years. In this paper, the common developing methods of latent fingerprints are intro-
duced, the synthesis and preparation of carbon dots, luminescence mechanism, application in latent
fingerprint detection, imaging mechanism and efficiency comparison are summarized. The deficien-
cies and future development direction of carbon dots in latent fingerprint detection are prospected,

which provides an important reference for research work in related fields.
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416 (360 ~ 380 nm) | G (460 ~ 480 nm) ALk

(510 ~530 nm) % NCD FHilfERY, X285 E 5

YL T BE-NCDs-3 )2 i B ONZE B ORI AR
WS 7

Fig.8 (a) - (¢)NCD-formed fluorescent fingerprint on the

supra-NCD-coated silicon pieces under 365 nm exci-

tation. (d) Fluorescent image of fingerprint with the

NCDs powder. (e ) magnified images ( of the corre-

sponding areas in (d) ) showing the detail of the lev-

el 2 and level 3 characteristics of the LFPs. All of the

fluorescent images were made after exciting the NCDs

using UV light (360 — 380 nm), blue light (460 —

480 nm) , and green light(510 =530 nm) on the fin-

gerprint located on the supra-NCD-coated silicon

pieces (‘arranged by increasing wavelength number

from left to right) ™71,

Rl AR AESE PR R R O H R,
BEAh , TR SR DO R i, B2 A] RLsE ok F
BEES MBI G, NI AE B Bk SR K
AR 4 DR B LR A T OO0 T
RIS SR A SR T b AT V22 3 T (9] 0 i 1T
AR ) , A7 T AR Ao i Jo e FA 3 WA P 45 80 PL [
18, HE BOF I A — L8 5B 4 5 (A0 202k g 1 F 2y
SO TRRTAT ARG (BT 10) , X245 R K0 p-CDs
AL DS R SR i PO (], 880K
BBIHLH AT RE -5 MU AR R, BV LT Y CDs
FIE REH (I, eI MR TR ) 557K 73 48 U5k ik
ORS00 R N S0 el T D S e S B
TEH,

b)) B

K9 (a)TEEANCIS T A FRRENY) (B 2R )
AR FREAR) LAY CDs e @ag 80U A5 (b) L3k CDs

e (a4 AR RCR B R
Fig.9 (a)Photographs of CDs stained fingerprints on differ-
ent substrate( glass, plastics, tinfoil and weighing pa-
per) under UV light. (b) Corresponding magnified

pictures of above CDs stained fingerprints™*’ .

(3-)
0
OH HN™™  Microwave irradiation JRNCI
& N\/NH —_— =

OH —
365
Piperazine (),
pel Vligy
She

Phthalic acid

(b)

K10 (a) A CDs mE FMEE (c) JF
M_E(d)# CDs Qg QU i (N2 R I
LIV NIV AE AR B0 CDs B (36 S0 IR R Ko iy 41
(ER: V) ON DI

Fig. 10 (a)Schematic illustration for the synthesis CDs. Pho-

tographs of CDs stained fingerprints on desk(b), rea-

gent bottle cap(c¢) and coin(d) (from left to right: la-

tent fingerprint in the red circle on the substrate, pho-

tographs of CDs stained fingerprints and the enlarge

picture of corresponding red rectangles) .

3.2 HEX

W3 553 — MO B R TR 55 (L R AR FR S0
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EA R T 5 O R JE 56 B e B R AE 620
nm Kb ALLETEGRR A, K R T 3R MR, 18
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AP TRIG , ATRITE S ANERAT T 7 BE IR A5 2,
IFRES PR RFREE 1 d(JE 11 (a)) ™ LR R
BEAE TR AR R W A TR R b, T i R ]
T VEIRE R R R R 15 A B RSO
TGS, WA SO R PR 98 52 78 ¢ W B 157K T3 T

AL L3R THEECCT 11 (b)) . JEKHR A Zeta
Z N
(a) S . Drying ﬁ//\
pray / ) e o / \
/ Under UV light ‘//
R-CDs soluhun &

Drwng
Ele( trostatic
L()ffee ring attraction
effect
R-CDs dew

F 11  (a) TEFEMAEY |- R-CDs YL {038 801 98 e Y
SRR FHLIE R Z & 5 (b) ] R-CD um@iﬁf%}#iéﬁ
$840 10 ~ 100 min 4 CLSM &%)

(a)Fluorescence staining process and mechanism of R-

Fig. 11
CDs toward the fingerprints on solid substrates. (b)
CLSM image of the R-CDs sprayed fingerprints on a glass

sheet. The time is from 10 min to 100 min after spray®’.

—~
o
~

—300

FL intensity(counts)

FL intensity (counts)

400 500 600 700 800
A/nm

HLAZ A 18. 7 mV, 5 I 46 3% M 47 17 HL 19 F AL CD
A RFIX ], 1E 2 0 E fap X 35 SO H
PRI Ay FE YRR B2 R (%) 5% R ly B LT 3Rl P o
FPERM 11.2% , AT LIRS — it anfs 2, o
ML S L (E12),

bifurecation

25N

termination

K12 TEBOEAENE [ R-CDs BEHPTHE S0 9 1EMR, 43
SRR T U1 P AR R M
Fig. 12 Fluorescence images of the R-CDs sprayed fingerprints

on a glass sheet. The second-level details, termination

and bifurcation, are shown respectively™’.

2018 4F, Chan %5 DL L-4% Bt H BRI AT 162 182 Ay
HTSRAA , HCR B A 5 ¥R G T &L BB 24 1Y
DGR A ,T— 360 nm ﬁ'ﬁﬂ?@i?’i? TE 445 nm Ab9¢
DGR f e, BT RIS 48% o Ik PO
FERT A BEE ORI 400 nm BEHM%] 460 nm),
KGN 460 nm B4 %) 600 nm(E 13) . KL
A LASE S P AN TR] A8 I8 i 1ok 3R A5 2 8,51,

—~
=3
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— 300
—320
—360
—370
380
400

Normalized FL intensity
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A/nm

—~
o
—

Normalized FL intensity
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A/nm

E 13 N,S-SFCD:(a)fE 300 ~460 nm & B KALIEF 0 PL YGHE; (b) IH—1b & 5 61% . N,S-SFCD /KA : (¢)340 ~

430 nm R PR T PL OGRS (d) IH— L& SHEED
Fig. 13 N,S-SFCD: (a)PL spectra recorded at incrementally longer excitation wavelengths from 300 nm to 460 nm, (b) nor-

malized emission spectra. N,S-SFCD aqueous solution: (¢)PL spectra recorded at incrementally longer excitation wave-

lengths from 340 nm to 430 nm, (d)normalized emission spectra

[34]
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(a) I (b)I

Level 2
Core |Bifurcation | Delta Bridge

Qi =3

Hook [Termination] Island [Short ridge [Crossover - “

N S8 . 2]

Kl 14 fEBUR K 365 nm(a) 420 nm(b) 440 nm(c) Fl
460 nm(d) B A N, S-SFCD 7E47 7
4 1 LFPs KR, RS 19 B s 4R BAR
A, A1) IFALL (2) R (3) Bl (4) 73X,
(5) =M (6) B (7)) 5 .(8) Z 1k . (9) B . (10)
R (1) 28X

Fig. 14 Images of LFPs on the aluminum foil developed through

Level 3
Sweat pores|  Scar

powder method with N,S-SFCD under excitation wave-
length 365 nm(a), 420 nm(b), 440 nm(c), and 460

nm(d), respectively. The magnified images show spe-

cific details as listed below, such as (1) sweat pore,
(2)scar, (3)core, (4)bifurcation, (5) delta, (6)

bridge, (7)hook, (8)termination, (9)island, (10)
[34]

short ridge, and (11)crossover
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AFITFFEA AT A A A WSSk
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FULHTT . PRI, Chan S5 P P 55 A 25 1A U 4%
GRS AT 2.0 MHz A7 25 AL e
IKIEIRIERE S0 A58 T2 “Hirafs B (X
S, ) AR =R 8 (L) (181 14)
3.3 IMIRIEFRE
2018 4, Jiang 25 LA VR B R AN 5 2 4 S A4k
I, 3R 48 2 JBE 7K L B B B3 R 15 — 5 e 4k
72%%7%%@%‘%#(%&&*%% () 0 R SRk

i RABELEIEEE A RENS AT S 1k R AT
ﬁf(o %ﬁﬁﬂiﬂ%ﬁ(ﬁz&kﬁ 363 nm , F KK Gt
WM 435 nm, B O A A 350 nm 1 i 2]
510 nm, &P K M 440 nm HHNF] 550 nm, W
HILEXT B =R 2.1%  AIXT T8N 4.2% ,
PR, I8 18% , A B R H & K I TE
DS 18 802 A B s R, K Ve T8 R
A ARSI — 5 8, 4543 X sg XL (E 15)
[A4F, Zhao 55 LA DL-3 S [R Fll £, — e hy Js Ak o

UV light

Bifurcation

Crossover

15 (a)WCDs AYREIZS PL YGIE, A, =365 nm, 44 FAKIR WCDs ZE2ERE (22) A1365 nm 24M6(F) FHIIER; (b) CIE 1931 {6/
(&)L KR WCD B9 ARKR , {8 Biotek Cytation 5 %t WCDs 75 F5GAT T (Z5) F1365 nm 24MEIESTT () BidEyis -
HIRZ NG R IX (o) R MEEBLZ X () (R SUEUEEAT T30, I TG rany s s ™ |

Fig. 15 (a)Solid-state PL spectrum of WCDs, A

=365 nm. Inset: photographs of solid-power WCDs under dark (left) and

365 nm UV light(right). (b)Chromaticity coordinate of solid-power WCDs on the CIE 1931 chromaticity chart. Images

of sebum-rich(¢) and sebum-poor(d) fingerprints on microscopic glass stained by WCDs under day light(left) and 365

nm UV light(right) using Biotek Cytation 5. Inset: the second-level details, including bifurcation and crossover

[102]
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IR 8 T 2R ORI AL, R 5 R ek
A, 2T R R R 5 19. 6% , HAE pH =2 ~12
TR AR R A PERE . R A/ MBORLE T

Bl 16 LRAFIFIE] 1 d(a) 60 d(b) 7 G-CDs fEE W e 1
BIETFE
Fig. 16  Fingermarks developed on the transparent tape by G-

CDs of preserving time. (a)1 d. (b)60 d™°!.

Y/

Polypropylene Aluminum sheet

Stainless steel

AT TR BUHE 60 d DU IHAR 3525 5575
BT B 20T AR AE (P 16) B0
3.4 HEE

2018 4, Wang 55 LASE /N 8 IRk i — 2P
A 25 S FEAS TR R 98 R D T 430
A B A SR RO (17 (k) L (1)
(m)), FfJEHER SR TR OGBR MRS,
VERIZE R JE 19 5 A SCHE e PR B, 205 B AR
Ko FNE, EANSEIRDIRRESEA EA LFP B 5
(E18) . ZENA 8L K RENS 1 W & BFe 80

ghh, HRES R E e TP 2.5 4, X
oo feE 485 X FH T ES B2 U 80119 7 YV B 8 A A58 e IR
ST 5T, B G R L 4R a0 B S A0 s

—~
(=9
~

— Furrow area

: —Ridge area
=
é
E
I
=
500
A/nm
.

After 30 d

Carnelian

Aex=530 nm

(a) H CD/PVA #IEFEED LFP BB ESHLE AL ; (b) FH 365 nm S AMEIRSTTE CD/PVA IS I BT IS (148 8L

MR (o) W (b) Pros AR SCEEFLIX IR SEM 1R ; (d) 15 400 nm & T8O X (R, 55) FIF X (26,

VLK LFP 7E

R AR 30 d(i) F 60 d(j) MERI R s TEA R AR 121 360 nm (k) 430 nm (1) #1530 nm(m) T, 28

After 60 d Aex=360 nm Aex=430 nm
&l 17
3R [ PL ZSHGE A R FR TSR E M RSO CEE : (o) RIMER, (f) #888, (g) W, (h) LLEfE,
PVA/CDs WA HE 8006 8 B iz '
Fig. 17

(a) Photograph of a CD/PVA film picking up a LFP on a glass slide. (b)Photograph of the collected fingerprint on the

CD/PVA film taken under irradiation with a 365 nm UV light. (¢)SEM image of a random zone of the fingerprint shown

in (b).

(d)PL emission spectra of furrow zone( black, weak) and ridge zone(red, strong) of the fingerprint under ex-

citation at 400 nm. Fluorescence images of fingerprints collected from different surfaces of polypropylene surface(e),

aluminum sheet(f) , stain steel(g) ,

air atmosphere for 30 d (i),

and carnelian(h) ,

and collected from a glass slide where a LFP exposed prior in

and 60 d(j). Fluorescence microscopy images of fingerprints developed on PVA/CDs film

from glass slide under different excitation wavelengths: (k)360 nm, (1)430 nm, (m)530 nm""!.
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Visible fingerprint on
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K18 (a) /N4 CD 194 5 3 I A T I8 il 25
FIZEHT IR IBEA CD/PVA FA 4% 5 (b) A CD/
PVA WBEHEAT LFP SRAE AU M A B R R DT
Fig. 18  (a)Schematic synthesis of CDs from the small intes-
tine of pig and preparation of CD/PVA solutions for
ink-free patterned substrate films. (h) Sketch process
of LFP collection and recognition by means of CD/
PVA films""".
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UV light

K119 PVA/EEHLYS NFs BE 2 2 . (a) ~ (b)
T4 AR PVA/ U B 2 NFs I F /A R OR- 1Y
HOCFIZOLIER 4 8 e T HLIC ¢ A 5
A6 (365 nm) T RIFEIER, (¢) ~ (d) T4
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Fig. 19  Security application of PVA/microrods electrospun NFs
membrane. (a) — (b)Daylight and fluorescence images
of a kitten picture on PVA/microrods NFs membrane
before finger touch. The fluorescence image of the
membrane was recorded with a Huawei smartphone un-
der UV light(365 nm). (¢) — (d)Bright light and flu-
orescence images of the kitten on PVA/microrods NFs
membrane after finger touch. Scale bar, 1.0 em. (e)
Magnified fingerprints recorded by a Canon camera

(EOS 77D). Scale bar, 0.2 em. (f)Magnified images
of blue boxes showing level 2 details including cross-
over(1), termination(2), bifurcation(3), and island

(4), and level 3 details(pores in 2, 3, and 4)"%,
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