) 32 2 3R Acta Phys. Sin. Vol. 68, No. 6 (2019) 068701

F AR F TS RS AR LI B SR SR N

fr 7§ [ DY)

o7 b

JE 4 V4

1) (WL 2 B BRI B A 580 %, A 310053)
2) ("PEFBEEYEPITTT, b5t 100190)
3) (ML LAABifbF TR, SIF  02139)
4) (BT R2EMER A S TR, SN 310027)

(2019 4 1 H 30 HUkE; 2019 4¢ 2 A 28 Bk BMEH)

UTAESR, T SE 1 E IR A Al 27 AR BRI GE B R R 1R R B oA, e IR 4 | R
B, BREY, Bl SRR A R S (E TR R DN G DR R BRSO I R | BB R A
HRZE G, RERE [ Ik 3 IR 36 X8 G A9 40 o 2L Il R — 48 PR AR G, AN mT LA 7 B B2 T B8 IR ) o il o B LGy
A, 30 T LAAE A1 i 6 6 S SEURE A 0T D/ 2 0 A e A I T B P B A R S B, DR A A 5

Tk HA R R FRAEE . RSO UG Jx — i 7

F18 9 A 0 ) Ay 051, o 3t 1 i A B AR B A B AL

S AR T3 R AR IR e R s ) IO P, DA RE 1 A o A S 2 3 ) P 2 S PRI ) ) L A 2 AR WA T T
LRI T AR TR S0 I B 58 P AT I Y AR T B, AR AT DL LA AR L LD AR | B R

TR R AT

KA AN, DGR, BB IIR, 164

PACS: 87.64.-t, 82.80.Ck, 82.80.Ms, 89.20.Mn

1 5 =

St GBS BRI AT A, Fil e At
B BT R A S AR U ) L S R
(AR A S AR i ] B 7238 SRR A A 40
S, AN 2 SRR B SCIRG IR AR g L 2y
Sege s  IABEHTINAE, WP H W [l O DA 36 X
G0 A AU 5 o A2 T AR B s
BB A | FUEH AR EML S, [
AR ARG 50 X0 G 1) — 4E MR RN BT R R,
A SN TR R R 1T PR R ) A 3 K A A
I, PG AU, R A RIS HIVE L. JFH.,
FHECEE T AL A AR 367 vk, FHDEHE | B Al

DOI: 10.7498/aps.68.20190174

T, A F AU, A
el F H A6 ifg 1 K ) (R 2 F
M, BREEH A MER,
% 5 E Y 24 S ST L T
(IS NN VS & ey minh b
A SEHEE TAE. 201 14E 2 H AL 18
HZBEZERZATPOKAES
A W T BOER = L F AR
. 20154 A o [ B 2 B 4 B
ST BT it E AN A A, R4
A 7E R B B B 5 0T TAE
B4 BT R 2 B EAE T TG Y B S SR = RIF T R,
A3 P E R B AR R UE 4, Chinese Optics Letters¥n
T AR SIS E Laser & Photonics Review, Optica, Nanoscale,
Applied Physics Letters, Optics Letters S5 I & F#ARiE 350
K, RBERGEEEWHLH I, FERCEF IR HWAER
TS & TR R TN, R H AR B SE 4m LIH R T
Ao B 2 B B A 25 A5 F 00 H B A TN

*[EFE AR @S 2017YFC0110301, 2016YFC0800906) ., [ER H R Bl 34 HEHES: 61575219), WiiTA HRBl 3k
4 (S LQ16B050002) ., A3 ARBIF I GHbiES: 2016JSYJA32) Firh ERMEBE AR QIHHR#ES (S 2018007) ¥

B PR
t BIE1E# . E-mail: shaobo.fang@iphy.ac.cn
©2019 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

068701-1


http://doi.org/10.7498/aps.68.20190174
mailto:shaobo.fang@iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 68, No. 6 (2019)

068701

TREA T Y A 2 B i A GG D B AR kB
FRIBIE ), % A 36 T 1t HAT RAF RO TE.
AR LATR SO 303 — S PR ARG [l A 451, )
AR IR BB AR AR AN T THT A4 182

B — PP E A A )RR AR, DL YR AR
FEEN A7, 0 S 4 R B ke TR 3% (A b
T PR, IR T B gt B W B i R, B2
FROEA GO R (AR BAT F AN IR HL, th Tk
TRABTERIT 2L, A —FhE oy BAR ) 4L 27
. —HMERED, BEE AR RE T B . EH R
S LI o, DA QR R Ak S DA
Jo 4 Dy s A A 22 S PR Y, T4 Lk R AY
R o AR . B R o i A5 1. DI Al
I G i O AR A R AL S O Uk BT
ARTEPENE AR B I 10, BB PR AYT-E 38t B ) Jo
TR S, ARAESOE S AR AE. SR A
(IR R B i D S I 30 A 28, (EL R SRR AR B E
TE AU HE P i IR e A 2 21 205 O AR B

AN BN ik R o S e A2 ik 3 oL, 48 BRI 70
I W ERCE IR 259 | AR PR B2, X 2615
ATRETERS I SE R ah | AR A AR ER T H R I 2
AR B B9 EAb, S TR EnSL I S S B
JO7 X L figp ok S 0 EE B i S0 S5 B S R 1R A B )
L S CIR BURBOR AR ST T o A R 1R 80
BB T —Fhr B0 AT B, A B LT
WA O UK (=07 W V&3 R T L
WRIEBASER AN 2K, H AT 2 PR 8
s — R ARAE TN A A M T 5 2
Fesethgh & R BUR, B icy), JAsE T4
SEVESS & RS AR SO KBS 55—l S 2
LA DTS S5 AR AR DRI T 70 2 A
A PG AR JEL (3200 AR S 32 B [l B XS RE
Ao A=A SRR SE [ (19 B4R AL =2 iR 5
AT I8, B n] UL - I L AR | ZE A0
B = B Tt R A A R T B
FREG IR AU A BT (151 1).

B& — it

- PN/ ZNIEFE it 58 4
- G
N\\\—-— I &

TR L0
A2 % ARG
N :
RIH) e —> Heb
@\ Brdlsy
%@‘;&@ﬁfz - SN \ ——> i
FHesRI [ x =L VA
o ALEATA —
L%
§A§ AT i
Heterds — :
e g ot IR FRE S 145 S
ERAEENIE — i gy —— i
PEFT s il Ry

S A%

B ifg

@‘ Zkty

pre o e o FRRT

BT TR o AR B R 1 48 SORS: 36 1o 7 31

Fig. 1. Application of various chemical imaging methods for fingerprint visualization and trace analysis.
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Fig. 2. Hypercube of the trace sample obtained from hyperspectral imaging.
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Table 1.  Features and applicabilities of various chemical imaging methods.
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Fig. 3. Fingerprint image investigated with FT-IR focal plane array imaging/®): (a) Bright field optical image of the area investig-

ated with FT-IR focal plane array imaging; (b) FT-IR spectra of eccrine, sebaceoussecretions and skin debris obtained using the

conventional FT-IR spectroscopy; (c) the composite distribution map; (d) individual false colour images were generated by integrat-
ing over the O—H bending band for the eccrine material (1520-1719 cm '), the C==0 band for the sebaceous material (1713—

1773 cm!) and the amide II band (1507-1548 cm ') for skin debris.
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Fig. 4. Label-free chemical imaging of latent fingerprints with stimulated Raman scattering microscopy?”: (a) Image of merged
channels from 2850 cm! and 1067 cm?; (b) SRS spectrum of pure KNO3 on the LFP; (c) image of merged channels from 2850 cm!

and 1639 cm'!; (b) SRS spectrum of benzoic acid.
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(a) Total ion current (TIC)

(b) Extracted ion image for 166[M+H]+

(¢) Superimposed image of both TIC and
extracted ion image
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Fig. 5. Pseudoephedrine residue detection and fingerprint imaging using MLDI/TOF MSI*!: (a) Total ion current image; (b) ex-

tracted ion image for m/z 166; (c) superimposed image of TIC and extracted ion image; (d) the corresponding mass spectra of the
highlighted areas. Fingerprints were developed with fingerprint powder.
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Abstract

Developing on advanced light sources, especially those applied in the areas of spectral imaging and mass
spectrometry imaging, has made the trace analysis feasible and more reliable. These techniques show great
potentials in various fields including forensic science, environment, food, pharmaceuticals, archaeology, etc. In
many cases of trace analysis, it is expected to obtain both the spatial distributions and chemical compositions of
the target objects. Through the combination of imaging technology with optical spectroscopy and mass
spectrometry, it is possible to detect the trace chemicals on the surface of various materials as well as their
spatial distributions, thus improving the accuracy of detection and the range of application. Moreover, trace
analysis based on such methods can reduce or even avoid the use of special chemical reagents, and is compatible
with the traditional chemical detection methods. In the paper, we focus on fingerprint visualization and
analysis, as a typical trace analysis issue, to discuss the recent progress of the applicable chemical imaging
technologies based on the advanced light sources. The effect of latent fingerprint development depends on not
only features of fingerprint carrying object, but also the characteristics of fingerprint residues. In this paper, we
provide an overview of two technical approaches: specific component targeted chemical imaging and
nondirective chemical imaging. We describe the major technologies involved in this field, including visible-near

infrared chemical imaging, mid-infrared chemical imaging, Raman imaging, and mass spectrometry imaging.

Keywords: trace analysis, spectral imaging, mass spectrometry imaging, fingerprint
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