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Spectroscopy and Spectral Analysis
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Fig. 1

Image of latent fingerprint deposited on white tile and developed by magnetic powders (a) ; and gray curves corresponding to

developed fingerprint and its substrate characterized by Image J software (b)""!
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Fig. 3 Images of latent fingerprints deposited on various

substrates and developed by different powders
(a): Bronze powderst2); (b), (e): Magnetic powders™2*); (¢), (),
(g): YVO, * Eu downconversion luminescent nanopowders'!®;
(d): LaPOy, * Ce, Tb downconversion luminescent nanopowderst ™ ;
(h); Green fluorescent powders?'J; (i): NaYF, : Yb, Er upconver-

sion luminescent nanopowders-2!)
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Fig. 4 Images of latent fingerprint deposited on marble and
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Table 1 Summary of sensitivity research in latent fingerprint development
————— >
AR oK A R % ik ARy 4K AR % ik
2012 TPE® o () [23] 2018 LaOF ¢ Sm ) [ ) ) [49]
2014 CdSe [ ) o [24] 2018 Cur Sy o [ [50]
2014 Au ) () [25] 2018 BaTiO; + Nd o [ () [51]
2014 HPS & MCSTPS™® [ ) () [26] 2018 Si0; @ZnAl, O, : Eu ) o ) [52]
2015  YVO, : Eu & LaPO,: Ce, Tb @ ) ) [27] 2018 CaZrO; * Eu o [ ) ) [53]
2015 NaYF; : Yb, Er o (] o [28] 2018 Ca;SiO; : Dy ) [ ) ) [54]
2015 NaYF, : Yb, Er [ ] [ ] [21] 2018 Gd; Ti;O7 ¢ Eu [ ] [ ] [ ] [55]
2016 NaYF, : Yb, Er () ) [ ) [29] 2018 BaTiO; : Eu () [ ] [56]
2016 NaYF; ¢ Yb, Ge, Er [ ) [ ] [ ) [30] 2018 La; Ti;O7 * Eu [ ] [ ) [ ] [57]
2016 DPPS derivative‘® o o [31] 2018 Si0, @LaOF : Eu o o o [58]
2017 CdTe [ ] o [ ] [32] 2018 BaTiO; : Eu@SiO; () [ ] () [59]
2017 CeO; [ ) o [ ) [33] 2018 SiO; @SrTiO; ¢ Eu, Li [ ] [ ) [ ] [60]
2017 ZrO; * Dy ) ] [34] 2018 CDs® () o [61]
2017 Zr0; /CuO o o [35] 2018 Si0, @CDs o o o [62]
2017 CdSiO; : Eu & CdSiO; : Th @ ) [36] 2018 CDs@ TiO; () [ ] () [63]
2017 CdSiO; : Dy [ ) [ ] [37] 2018 DPPS derivative [ ) [ ) [64]
2017 La; (MoO,)s ¢ Eu o o [ ) [38] 2018 Acridinedione derivative [ ) [ ) [65]
2017 LaVO, t Eu & LaVO, * Dy [ ] o () [39] 2018 Ir([ll) complex o o o [66]
2017 Zn;GeOy * Ga, Mn ® ) [40] 2019 Cu ) o [67]
2017 Y,Zr;O15 # Eu [ ) [ ] [ ) [41] 2019 Fe; 0, @Si0O; /CdTe [ ] [ ) [ ] [68]
2017 TPE derivative ) () [42] 2019 Si0, @SrTiO; : D o [ ] (] [69]
2018 Au/MMT@ [ ] [ ] [ ] [43] 2019 GdAIO; : Ce [ ] [ ) [ ] [70]
2018 Y:0; : Eu () ) () [44] 2019 YVO, : Bi, Eu ) ) [71]
2018 CeO; t Eu o o [45] 2019 BaTiO; : Eu o [ ) o [72]
2018 TiO; @ Ce ® o o [46] 2019 CDs: P ) o [73]
2018 TiO; : Eu [ ] [ ] [ ] [47] 2020 NaYbF, : Tm [ ] [ ] [ ] [74]
2018 MoOs o o o [48] 2021 Eu(PTA);Phen® ) () ) [22]
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Fig. 5

Images of latent fingerprints deposited on glass and developed by various powders

(a): Bronze powders; (b): NaYF, : Yb, Er upconversion luminescent powders with particle size of nanoscale; (¢): Microscale[287 ;

(a’)—(c¢’) are scanning electron microscope images of the developing powders corresponding to (a)—(¢)[#- 28]
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Fig. 6

(a) Image of latent fingerprint deposited on black tile and developed by super glue fuming method;

(b) gray analysis corresponding to papillate ridges and furrows characterized by Image J software!’
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Table 2 Summary of selectivity research in latent fingerprint development
RV A Ty T——
4 4ok 5901 L Y ks Ry
E 1 E FE JE
2014 Au [ ] [25] 2018 La; Ti;O7 * Eu [ ] [57]
2017 CaS: Eu, Sm, Mn [ ] [76] 2018 Gd; TiO7 ¢ Eu [ ] [55]
2017 Zn; GeOy : Ga, Mn [ ) [40] 2019 GdAIO; * Ce [ ] [70]
2017 Y. Zr;0p ¢ Eu Y [41] 2019 BaTiO; : Eu ® [72]
2018 TiO; : Eu ® [47] 2020 NaYbF, : Tm  J [ [74]
2018 CaZrO; * Eu [ ] [53] 2021 Eu(PTA);Phen™® (] [ ] [22]
H: (@ PTAFEX AR —H R, Phen 848 3E P ik
HTET- A IR Jr o Bk LaPO, = Ce, Th FHHEIGAK BS54 m Y B2 8] 1R 5 U AR T de 2 5 30T B i) oy ok 45
By AR BT 0y SR KM TR A . AP WL RS . AT I A R TR,
MR A5 5 /NI AL A Az W B ORIE FE T B B g ik
R L 70 gasOe I RE NGOk RE 4 FEEN

i, BFaith, BAEBEWMNEMMERR, RESS5/NALEHA
KA. SR T R R AR & 7 (b 1M,
a ' b /

EH7 ERATEAMARAHRBEGCREOEEFHNRA

(a): LaPOy: Ce. Th AL AAKFE; (b): LRETESH
Fig. 7 Images of latent fingerprints deposited on glass

and developed by different powders

(a): LaPO; : Ce, Tb downconversion luminescent nanopowders;

(b): Green fluorescent powderst?!
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Fig. 8 Strategies for enhancing the selectivity of latent fingerprint development and images of corresponding fingerprints
(a): Antibody combination’’"J; (a’). Aptamer recognition'’®); (b): Electrostatic adsorptiont”8);

(¢): Chemical bonding™?*; (d): Hydrophobic effect 2"’

B9 (a)fa(b)fEA LaPO, : Ce, Th THRZLZAMNAMKRENEBECREEEFNHNRE, Edh(a) hHABRA.
(b) A 7E 254 nm E KRB THREHR A () RELFED P ikfl DNA B STR 3¢5t 44 &%
Fig. 9 Images of latent fingerprint deposited on glass and developed by LaPO, : Ce, Tb downconversion luminescent nanopowders in
bright field (a), and dark filed excited with 254 nm ultraviolet light (b); and corresponding STR fluorescent spectrum for

touch DNA detection in developed fingerprint residuals (¢)
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Fig. 10 Scheme for fingerprint development and enhancement via electrodeposition of electrochromic

Co; O, films and subsequent touch DNA detection
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Research Progress on Evaluating the Effects of Nanomaterial-Based
Development of Latent Fingerprints

LI Ming" ?, NI Long', WANG Meng" ** , ZHU Zhong-xu', YUAN Chuan-jun' ?*, WU Jian®"

1. College of Forensic Sciences, Criminal Investigation Police University of China, Shenyang 110035, China

2. Research Centre of Crime Governance in the New Era, Criminal Investigation Police University of China, Shenyang 110035,
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3. Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, China

Abstract Researches on latent fingerprint development using novel nanomaterials including quantum dots, metal and metal oxide
nanomaterials, rare-earth doped up- and down-conversion luminescent nanomaterials, carbon dots, metal-organic frameworks,
and aggregation-induced emission materials have mushroomed in recent years, resulting in the emergence of nanomaterial-based
development of latent fingerprints. Fingerprint development employing nanomaterials has some outstanding advantages such as
simple operation, flexible approach, remarkable effect, and wide applicability, which can be served as an important supplement
to the traditional techniques. So far, most studies have focused on discovering new nanomaterials and the advancement of new
methods for latent fingerprint development. However, research on the influence factors and the comprehensive evaluations for
the effects of fingerprint development still remains scattered and unsystematic. The accurate evaluation of fingerprint
development effects is of great significance to the reasonable selection of developing methods and the objective assessment of
physical evidence. In this review, we systematically summarized the evaluation methodologies on the effects of nanomaterial-
based development of latent fingerprints from four aspects, namely, contrast, sensitivity, selectivity, and toxicity. In addition,
the influence factors on the effects of latent fingerprint development were discussed in detail. It was summarized that the optical
property of the nanomaterials had great effects on the developing contrast, the morphology and size of the nanomaterials had
great effects on the developing sensitivity, and the adsorption performance and surface characteristic of the nanomaterials had
great effects on the developing selectivity. At the end of this review, we also put forward some prospects for the nanomaterial-

based development of latent fingerprints. From the perspective of developing materials, the nanomaterials should be involved in
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the transition from single luminescent property to multiple luminescent properties, from direct use of available nanomaterials to
elaborate control of particle morphology and size, from simple surface treatment to targeted molecule modification, from toxic
materials to non-toxic materials. From the perspective of developing strategies, the methods should be involved in the transition
from strong background noise to weak fluorescent interference, from clear visualization of minutiae to distinct development of
sweat pores, from physical adsorption mechanism to targeted molecule recognition, from effective development of trace evidence
to nondestructive detection of biological evidence. While only focusing on improving the effects of fingerprint development, we
also suggest researchers pay more attention to the evaluation of development effects, which will greatly promote fingerprint

development techniques to play an important role in forensic sciences.

Keywords Fingerprint development; Nanomaterials; Luminescence; Contrast; Sensitivity; Selectivity; Toxicity
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