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Liquid Colorimetric Sensor Array for TNT, Tetryl and PA Explosion Residues
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Public Security Information Technology and Information, Criminal Investigation Police University of China, Shenyang, 110035)

Abstract: In order to accurately, quickly and visually identify TNT, PA and tetryl explosives at the scene of the explosion
case, the liquid sensor array was constructed based on 5% diphenylamine ethanol solution, 60% ethylenediamine acetone solution,
0.1 ~ 0.2mol/L potassium permanganate solution and dye molecules A and B. The solution to be tested of the 3 explosives was
detected, and the RGB value of the liquid sensing array was collected to obtain the fingerprint of the 3 explosives. Combined with
principal component analysis (PCA), hierarchical cluster analysis (HCA) and linear discriminant analysis (LDA) pattern
recognition methods, the accurate discrimination and correct classification of 3 explosives were realized, and the recognition
accuracy was 100%. This method was applied to detect 15 “suspected explosives™ in real cases, and the test results are consistent
with the test results of the public safety industry standard method of the People’s Republic of China.
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iz SCHK 914 T 125 A3 1 5- P ok 3k -8- ¥ 56 s ok
(HQI1 ). B HQ1 ( 100mg, 0.58mol ) F 100mL FEIff
W, AL, 3-BiHR (101.71 mg, 0.69mol), #fit
F 15 mL JoKZEEH, IANREE 30uL, B h,

RN, G R iE, FJOK Bk a4,
T, BTSN, PASLbR A TR
YR A, 34.4 mg, 775 19.7%. '"H-NMR (400MHz,
DMSO-ds ): 11.51 (s, -OH), 9.27 (d, J=8.48 Hz, 1H,
Ar-H), 8.96 (d, J=4.00 Hz, 1H, Ar-H), 8.82 (d, J=8.00
Hz, 1H, Ar-H), 8.50 (s, 1H), 8.02-7.90 (m, 4H, Ar-H ),
7.79 (dd, Ji=4.00 Hz, J>=8.00 Hz,1H, Ar-H), 7.27 (d,
J=8.00 Hz, 1H, Ar-H), ppm. MS : Fif {1 [M+H]"=
302.07, MEAEH[M+H]=302.33,

FESCHR[10]/0 5 12 B N-FF Ik -4 FF R I 27
£h. BUHQI (50mg, 0.29mmol) F* 100mL 2L TESH
o, A N-HIEE-4 FRJEnEnE4Eh (67.88 mg, 0.29
mmol ), ¥EHIJC/KZEE 12mL, 582G AR
WE 30ul, A, FEFE, [ 3h, TLC BRERSHR, H
FRRLEEAR, BHIE BRI, g, wEPEH
TR, T E R REES &, Pk
AR EAB TRV T B, 20.1mg, 723K 26.2%.
'H-NMR (400MHz, DMSO-ds): 10.59 (s, -OH), 9.09 (d,
J=4.00 Hz, 1H, Ar-H), 8.95 (q, /=4.00 Hz, 1H, Ar-H),
8.85 (d, J=4.00 Hz, 1H, Ar-H), 8.70 (d, J= 8.00Hz, 1H,
Ar-H),8.70 (d, J=12.00Hz,1H,Ar-H), 8.36(d, J=8.00Hz,
1H,-CH,=CH>-), 8.17 (d, J=4.00Hz, 1H, Ar-H), 7.73 (q,
J=12.00Hz, 1H, Ar-H), 7.53 (d, J=12.00Hz, 1H, Ar-H),
7.24 (d, J=8.00Hz, 1H, Ar-H)4.26 (s, -CHs ), 2.51 (s,
-CH;) ppm. MS: FRIS{E[M]"=263.12, MHEA{E[M]=

26331,
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Fig.1 Synthetic routes of dyes A and B
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Fig.2 Fingerprint spectra of TNT, PA, Tetryl
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91.61%, FARER WURRASEAE ., HOkBT 3 4
YR N X AR RS 8]

K 4 g 3 FiEEYIRET 3 Fh SR RS
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Fig3 The cumulative variance contribution value histogram
of the first 10 principal components
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Fig4 The first 3 principal component analysis scatter plots of
3 different explosives
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Fig.5 Hierarchical cluster analysis diagram of 3 Kkinds of
explosive samples
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LDA ¥R “GHRL”, J—FhlE ) ket H.
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ARG o FLFR R A S 5
—SHZ b, R BOY ST R, A
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K, KHBGE R R L b, FHYEEOY S0
BRI HEA RS, 5 PCA AFIRZ, LDA ik
PR MRS I ], PCA BEFRARA S5
R IT 22005 Tl

iz J1] SPSS B xS 3 P EYIVE S
) RGB 2={HIHA T Fisher ZEHEFIHN 04T, FRAFEE—
W R 22 5 FE 72.4%, 5 — ML pR B 22 5 H
27.6%. ESEE 15 MHEARESE (3 FMEEMITERE
) RGB 28 ) 1ERMINGEA, v Fml sk, AR5
FRREBIY 3 FRKEYIVE G 1 RGB 22 IR AA L
AP REH A TINEE , 2% RS R A
BRI TIX Sy, HERPRISE] 100%, 25 RRINZIL
RS AT LAY 3 Rk TR A 532, A
FEARRSARI IR B, B RIFmfaetEmER
P
2.5 BARKMKE ST

R Ot P SR ARSI e 2 25 B A SRRV 471 R 1
HEIEIRZ — o WIUEZAL I 1) fc A R B
K] DMSO ¥ HZ i RE 3 FBKEYIRIGAR, 4R
FRHREE MM 1.5%10mol/L . 1.0x10°3mol/L, 7.5x10*
mol/L. 6.0x10*mol/L IFRFIIAWR . il PCA. HCA
F1 LDA ] LIBARE , U354 1.5%10mol/L, 1.0x
10°mol/L 1 7.5x10*mol/L A H4IRERSA 5B i 3 Fil
FEVEMIRORNSE, MIRIE N 6.0x10*mol/L i, 43Hrat i



76 A% TNT. Tetryl, PA BKESRE VIR H (o (5180051

2022 4F5 4 1

HEL TR . BRI, 3 R SIS e i
458 7.5%10*mol/L,
2.6 PR

HISEIZ AL B I SE BRI FHRE ST, TS
PRI 15 B “BERURKEY” #7501, 4RIRR
B “BERURLEY” 29 0.5g, KA 2mL DMSO 1 7#
B, AT 0.22 pm A HUBBEHES 7308, REUFINRR
AL ARSI A TR, SRR S,
FIF PCA. HCA Fil LDA Xt 15 Fr “BElk@KEd)” ik
50T, RIeEsRNER 1 P, R 1 ArAlL, il
Il ET el A e SR SYNYERE S S /NS o o B
#E (GA/T 1658-2019 JLEERI Y —fifEEHZR (TNT)
e SRR ETE-BT ) i ihaas R —5 B,
AL RS AT LA THRKESR I TNT . Tetryl

PA SRNEIRIRAMERT . PRagt . nTAEIX oy,
=1 158 “GRHURIEY HmEMONLER
Tab.l1 Test results of 15 ‘‘suspected explosives’’ samples
FiAs PCAZHR  HCASPR  LCAZR  Ahlbsfi s Azt

1 TNT TNT TNT TNT
2 Tetrly Tetrly Tetrly Tetrly
3 Tetrly Tetrly Tetrly Tetrly
4 TNT TNT TNT TNT
5 TNT TNT TNT TNT
6 TNT TNT TNT TNT
7 TNT TNT TNT TNT
8 TNT TNT TNT TNT
9 PA PA PA PA

10 TNT TNT TNT TNT
11 TNT TNT TNT TNT
12 TNT TNT TNT TNT
13 TNT TNT TNT TNT
14 TNT TNT TNT TNT
15 PA PA PA PA

N
3 g

ABIFFORE: 2 FYLRLA 3 FhgusAs s G Ha e 7]
AL TNT, PA. Tetryl 3 FIEEKEVIH B RNR AL
SIS, Rl RAE RGB B SARE 1 iR %) 3
FRERIEDIRISE TR LA, KT PCA . HCA, LDA3
FIORFIR R B ik, 435558 17X TNT. PA.
Tetryl 3 FEKEY A MERG X A FE R 432, fERRIA
100% o 1ZA% BB B R it B AR AS I MR B2 7.5
10*mol/L, EFXHEIEZR FH 15 Flr “SERUEIEY)” U
177k, failgh R S A R E A 224

PRI IERIREIAS R —2 I, ASCR R IR
VRBESAT LIRS IR “BERIRIEY)” IS
Bk, TEAMAL U B A TETER N .
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