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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.

068701-3


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

) Y, JF H AP ) R E B4 EDRLY, 1
HEGIE pite A A I S R S g e SRl
ey, A B TRE:; ol RS AG, feR A
ARG L o5 B BT, AN TS

TS RE LU AN AR US| LLAMAR | gl
BRBE AR EOR, XLEE ARG N HAFR AN
P 1. 2 1 XM IEREAT T XL, R R Sk
(Encaiivin

R 1 AFEMEEIGE R A

Table 1.  Features and applicabilities of various chemical imaging methods.
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1773 cm!) and the amide II band (1507-1548 cm ') for skin debris.

[ 25 R DO Ik e 19 32 SR = O AR R AR
HE— 9 T P2 G s IS . Figueroa &5 [
FIHZFE ARSI T 5T N IR s M EME T En 4L 4
MHELSUBAR. RINZBARSE R T OGS REHE | K
M REGE | 2SR PR SEB TREE, TR T $i
BT R —Fh AR ORI R R ST (] 4).

3.4  JRiEm&

SR AR AT L A A R b 0 R 201 KPR AL
PR B O R ARSI H AR RS A A e
SE ST HE AL G A 1 R PR T L B T A
HAR 5 USRI SRR . 2 EARA B2 Mo

BRI 2y NIRRT Y SR () sy
THI B B 43 B AR . 4N, Tang 55 1Y 38 0 78
FREU L WEPE — )2 gL, FI R 45 5 R
FHOEA /L B+ R (laser desorption ionization
mass spectrometry, LDI MS) 3R 3% F A 7] fig i
PR 43 i 46 0% . Cheng S5 1258 i 75 45 S0 R
e A7 AR - 5 A N K UK, R FH 2 T B O
fifl ) B (surface-assisted laser desorption/
ionization-mass spectrometry, SALDI-MS) 3£ Ht
FEHHBMEE (WAsIIR) LT LT is e
MFE S %45 B.. Hinners 55 43 X ENSEATAR 40K
ORI W , 7] P 5 Jo i B O i I v 25 o 3 AR
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SRS imaging
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(a) 2850 cm ! il 1067 cm * i Be il & BIR; (b) 4R80T

KNO (132 0 263 (c) 2850 e Al 1639 em ! I Bl & % (d) 2% H B2 14 52 ¥ hE 2 i
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.

(matrix-assisted laser desorption/ionization mass
spectrometry imaging, MALDI MSI) £ R 43 #r 5
B A SN BT (B AR B A 2R
K H). Kaplan-Sandquist 55 444] ] F JE 5 48 B
WOCHR I FL 2 RATHS ] T3 M4 (matrix-assisted
laser desorption/ionization time of flight mass
spectrometry imaging, MALDI/TOF MSI), 43#7

(a) Total ion current (TIC)

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

(¢) Superimposed image of both TIC and
extracted ion image

B 5 Fl A MALDI/TOF MST 4 H Dh Jbk # Bl il 15 2 15 1% (49

TRENT I 255 R IEY LY. 35 R A AR I B
TR, AR . o -4 S P R
Z5AbEE (MALDI JEimE55 ) 5 kb T b 3, 4%
JF% M MALDI/TOF MSI #2255, 18] 5
&R T 20k A M AL #E5 A MALDI/TOF MSI
Kz R TR ST B DR RR B LA B 18 UG ACR 191,

W EVIARR T B UG EAR B T 52 BR

(d) Mass spectra
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(a) BB TILIEMR; (b) Bifi 1L 166 RYFLHES T 1&1; (c) B8 T filfe

HEs 7 & m i s (d) FRic KRBT B s s Sr g m AR R Ak 2
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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FAOFEBOG IR AT AT1E. 2017 4F | Bradshaw 45 140
K MALDI MST 4% AR # T ok F B SL S 41 Y
T EIREAR . 3k DUMOREAS A AN [ 19 33 B 254, R
FH BRI A9 A R S e oy Bl e 0 s 2 S A 3L
FIFH MALDI MSI 808053504, 45 R R A AT
ENAG o 15 B AR TR AL TR EE(E .
Ho— MR T 7 HE 14 28 s Il 8 A TF-E B
Ko AT R A TR A I A LS. i 5T EUESE
7 MALDI MSI $ARRRAER AT, D 516510
PR A A e 1790, (EA I A, PFoE 4R
FEWIXF B S T-E1 MALDI MST i ¥k L3R AR 1o 1%
ST BE 3 o NU AR S M VES €3 5 2y [0 5 MBS d e BT £2' G4 1]
FAFUER, e8GR B B Rt AR
15t B4 I [ B A R A S S a2k Sk A5 B 31X
SH R 1 e PR 28 06T I i B AR [ A A 10,

JoT e AR AR AN T T SRR X G2 iR AT HE
oy s, PR oA SR & A Al o, SEELEA A3 AT
YN R A B EIR. H 55— T, S SE R A
AT IRSE S T A ATUERE, Rl TR AT AL 2
()48 BList B W) oL LA 48 R B 2%, R H 5y B 52 BB
Hil. BT, VP25 TR T B S A AR T
BRI (283 F) 19, ¥ S B ST 2k A1) 10)
LSRR R T s b, DL BT AR T
B, X ELSE RN B A, BT BRI
WA, ME LA SR . e Ah, 51 R A Bh S B
O FEL SR, R 5T ARSI A o [ ) A A
T S ARG I R0 B4 5% i A R AR ST 1S SRR i F
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FER TR i | BRI e R 3 5
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5% 3% B 1% R 3 A5 R AT FH T 48 8UR
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MALDI fil ATR FT-IR. B #35 [ P EE8 0 Rl
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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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