1228 BRI R, BT R, HARAE O

XEHS:1006-9941(2025)10-1228-27

1 M W B B 375 R 4G T 45 R B 3R g PR
EoORLVARRGET L ERE AEE KEP

(1. IHEF2E, TH FE 210031; 2. KL ALR, T#H Fif 223652)

o

B O %4 SR I P ORI R (R - B B R DGk T R B R R RS R AR AR R ) R BIF 5 R B i
AT T &5, AW g LTS I 42 0 AR IR, O L& e Ol iff AT TR . % - B I B A b, BRI E AR (GC-MS) R Al
BE T 2 48k BT FE 2 5 W BTk T R (LC-MS) 4 A5 15 20 (B IE ] T R 2800l A BLEZ . Sk st iR fir iz
i (Raman ) BURE daE /I A5 11 187 B0, 0T 725 J8% 32 0 24 A7 A B8R 0 JRURS: 5 KR 220035 (THz) Z Ak e o8 PE (A 5 2 R BE s ), 35 T T
B RRAE R 2 . B TR RS IS B R (IMS) A6 00 BR ALK Lo 1o P, R e I 2 o6 5 RS, FUE T A R MR 20 . AL IR R
oL POGIR A L R BUE R REEGE AT (BT T 58 HARAE SR A, A L 6 ik (AT A BR A o o P, (8 A2 T B 4 A2 BR T T
DG, W B AUE TR R . 382 AT LA R 38 Hh R SR A 5 O ) 0 SR AR T 2 HRRLG & &/ NEUE BT TP EE ) B
K Z2 B bn ke D AE J7 A4S 7 T, DA TR I O B BT 2 HAREL eAs 5 AR ALK T, D S8 B B KE W LA R B R B P AR
B TAE A ST RS %

KR BEY GR35 -FUE DT E AR OIS AT AR B Pl RIS AR (IMS) s (L B R

FESES: TJ55;065 XHERER: A DOI:10.11943/CJEM2025188

N2 BRIV AT S g g K O o D k5 R R e
IR 24 RN 7 e, T L2 i AR I ) B I ) o L

A Al 5 a0 e b ey T DB R AR A0 A 2
: B bR O 25 A O LA AR TS 9K 6]

L A RO R 0 TR s EER e PRI

S ML 855 1 K 7 B 170 ABE T, 2023 4 130 B 4 AL AR BE 3% R I TR R AR R AT TR
LI SRR R LB 200 A B, i aakgy  TRIERIPIVEEREROC. WBY ERAER frA0 Sk 22
i £ L E W (GTD, Global Terrorism Database) £k AN G 2 RUFAOCK REA, 12N SRR 5
i 7T 2001~2020 4F LUK FE )5 2% % 74 1 28 22 = 4 25 TR P ) K 0 T AT A DR 28 5, DA S B T I 0 7
13T AR 52 Y 50.47% , i R 4G i, DT b % I SRR AR K DG BT X K5 A 40 it RS T B AR
T AE 6.4 T 4 AL AT A BN 65.72% 72, 4t AR A . HT, @/ Ot B T IE R
VW) i 2 4 T 15 06 T L B E A bkt s g ARSI EOR R RO AL 2 HOR R 5 I E
I 0 R R AR IE v Bz MEREORACNISROTIE R B L BB E R B A

LA 38 o 4 00 3045 ) 1AM IR 0 % i I A B S R IR T 38 - iRk £ A 68 op
BIE AR5 T B4 T BB AR, 55 ITHROR BT HR AL A2 BEOR 55 2 Jiw TR
T 8 2025.09-02, 1 8 8 2025-09-30 Hi 0 ) B 7 D ARG U B R, R0 T G 4 28K I R O

0 5 8§

o4& H kit B8 : 2025-10-21

EEWAB: ILRA &SR H KRB ZDE5E 0 H (24K)B430076) 5 7L
INEEF R HARFIF IS E (20225)YZZ01)

EE @ B4R (1990-) , Lo, PRI, 32 22 D= & 68 A1 R L Al 5 157 1)
H AR . e-mail : tangle@jspi.cn

SRS IR IR, 20T A5 H K i B R AR W AR BT S S T ().

AR TR RS I v Y e BT F 5 T BRY , O A
AR BE T 05 AR BRAE HE AT T4 B0 A S
45 A B T HOR N B3 25 R 4 4 K ) BA b PR A N
ARA A FEIr 1 T, 5 AE N HOR N GRS T AR

T e kL, 2025,33(10):1228-1254.

TANG Yue, HU Chen-chen, MA Yi-ning, et al. Research Progress on Rapid On-Site Detection Technology of Explosives[)]. Chinese Journal of Energetic Materials

(Hanneng Cailiao),2025,33(10):1228-1254.

Chinese Journal of Energetic Materials, Vol.33, No.10, 2025 (1228-1254)

Sttt

www.energetic-materials.org.cn



H K W B B S R A N B AR B 5 T

1229

e % doe A A 1 K W AG I 7 05 SR AR AR . R AT
X 5 R 7 4% U0 IO 7 R, R B R ARR K W B R
RAG I £ R Y A e R B, 5 AR O S8 3 M KE ) B A T
PR R R TR A RO RIS S % . A3
It B e ki K 9y 01 T 0 S0 R B i S DL S

1 BiE-FUfERKAREA

03 - 5T % TR PH B AR = — AT LA i O 1 E By

i sample inlet

Brigorik , Kb g & — Mo s ALk & Wi oy
e, AT LA IEAT E o 43 B, RS I AT LA E P T
(B2 T ZE X AE AT 40 8 Al AR A
1.1 SHEeE-REEAKA

AR - TS B R (GC-MS, 1) S fifi AU
T AIAR (R U B SRR i ) [ 5 AR A 45
20 435 [ 5 AR i A AN TR) 4 4 TR b 45 20 43 3R AT 43
B B JE AL A AE TS B B AR REIAE TR
R SR Aof LU 43 B 36 A8 P ARG 18 v A 7 43 M A

gas chromatography
(GO)

mass spectrometry (MS)

lon mass analyser || ||
source|- AN R NS Idetectorl =

i i
lenses output
capillary column computer data analysis
inert M
carrier gas
B S ERE- B AR
Fig.1 Schematic diagram of the GC-MS instrument ™*’
h$& T GC-MS Tr Kk Ky A6 I v 1 2805 5 v Eg (@) Saiie 123 (o)
VL BFGCA BOGHERE RIS HEREVLBE AL R e
BHHAT T REMAL. HME RS T GC-MSHRI 2 e
2 (BP) Hh B 7 ik 07 o L3 o O A B 2 y A T
R 1 3 IR I 4 A O R TR A LY e T eommre
W, & BB AE 5~50 pg-mL i LA RAF I 1 007 27
K F A th B(LOD) H 0.65 pg-mL™", JHi% Jr ¥ X 1 i 7 ha
S bR TAE PO B0 8 O BP RE S ET RO T MR 5 50 /
5 B b R 0 B 05 BP PR B S EARR G a e
FWIAE BP (A I v w] 2 3 6 B R AT X 43, DA o w o w YTaw st 11 | a

T L= M, SR AR SN ST T GC-MS A 7S I
B = R e (HMTD) 7, B BZE A BIL 77 Can
PR ) o, 5 50 A 2500 38 5 T HMTD i fa e v, H it
it HERE TRLEE R A TR BE R 433 LR T HMT D i i
FREAT B (] 2) 207 ke T bR T HM -
TD #E DLAG I %) e 55 . Stambouli 2577738 3 ft Ak A 1
TR S S T A HMTD 9 GC-MS KT, 8 40 1
A% 8 S €0 33 - 0 1% R I v R 3B 5 R R B HMT D
RoE i 7 1 B A = T T A I R % O i A K
() A A, ) 3 A T AR D — o Ak = IR (TATP) iS4k H

CHINESE JOURNAL OF ENERGETIC MATERIALS

FRIHRAE / C
B2 ORI SRR HMTD IR 3 52 i e
Fig.2

Ittt

Influence of different conditions on HMTD response''®’

MING) = HEEE R (TNT) R EY)

AT A A SO RIS (MS/MS) 5 [ AR 2 B
(SPME) 55 Hif A B AN A 0 1% A VR BE A &, T DAtk — 2D 4
TF GC-MS J5 it 22 2 K 245 I 3R 55 5% B3 114 8 R ARG
&7y o — A VHEST T — RS I R (TNP) 9 AH
3 - = T PO AT BT 3% (GC-TQMS) K I 7 ¥ 1% 5 B |
FHE R = E(TMOF)Y TNPRTAEN 2,4, 6- A
FH Tk (TNA) , I X6 e 7E B 55 o H 25 CED 2R 1 fb 2

N XK 2025 % %334 H 104 (1228-1254)



1230

BAR R, BT W, FARAE O

HL B (NCDRE T G T S8R, & B EASE =K 1 i 28 2R
TEAF (R 1) %05 15 AT LA 2w v M 7 1 SE PR oK, i i
TR S Az ) I B 7 ¥ T LA TR 00 i A
DL R RS T AT HLKEZG TNT, RS SE I (DNT) VB R
4 (RDX) 5 J# JL(CE) . Binning T H"YJF & T —Fh %
FAM IS - R BT AR (GC-MS/MS) I T HA, 1T
AN R A R AR I REAS ) rh il ik 07 7 e e
Py € R (g, 1 fg=10"" g) 3Rk ¥ . @2 P AL A Ab 3
FIALER S, ST TR HERE v S0 T e R Y

#&1 GC-EI/TQMS Fil GC-NCI/TQMS 1) & 1 i [l A1 26 R 5L
i B B s R BRT

Table 1 Linear ranges, correlation coefficients, LODs and
LOQs of GC-EI/TQMS and GC-NCI/TQMS!®
linear range  correlation LOD LOQ
method _ _ _
/png-L™! coefficient () /pg-L™" /pg-L™
GC-EI/TQMS 5-1000 0.9982 1.33 4.78
GC-NCI/TQMS  20-1000 0.9949 5.02 16.66
——00ngmL ™ > 2 r 4200 =
~——0.2ng/mL !
04 ES/QL = 2 3360 ©
SHen : 220y
1680 &
A : . 840 =
\ 0
o g N,
25 30 35 40 45
t/ min
Toor AT FERR AT A R
——00nglmL 3100
—giienl 240 3
:mw. 1m§
J “ 1240 g_
A N 5 :}
25 '.0
t/mm
(b) Jo oA b B B A TR
:88(1) ng;mll: © 2 3600 =
882 ﬂgﬂ 3 4 2880 <
0.07 RS/EL s (2160 g
0.09 ng/mL 1440 8
3 720 2
\ \ 0

30 35 40 45 50
t/ min

(c) FT g Rl L A8 A - KA AR AR

B 3 AT KRR A R E R s R (R
3-DNB,2;2,4-DNT,3;TNT,4;4-ADNT,5:2-ADNT)‘”‘

Fig.3 Chromatograms of the calibration standards used to de-

termine the LODs(Peaks are 1: 1,3-DNB; 2:2,4-DNT; 3:
TNT; 4: 4-ADNT; 5:2-ADNT)!"

Chinese Journal of Energetic Materials, Vol.33, No.10, 2025 (1228-1254)

Kl (1 3), SBAFEARML, Z kI A mal R

3T P, S BT TR VR BB R I i 5 A I AR A
W EER o Alexis 5570 44 5] HH 13 25 B (SPME) 42 R Al
GC-MSHHZE G LA BT 5 KO3 5 8 2% R I 25 45
SRR B P R MR R KR L % 0 5K R AN TR
SPME £F 4 ¥ 2%, & B 24 4 | PDMS/DVB £F 4t i JZ 1),
T2 FR G0 0 R KE 0 0 R 0 A5 R A e (L 4) 32 T A T
T 2R RS Y, IR =T 3 2 B A R
fii (CATBC) N-T 26 i it (N-BBSA) ), 718 5 1) — 1§
FT %t (DMNB) LA S B il 7= ) 2- £ 561 -C BE(2-EH) .

5E+09
(@)
456409

AE+09 = PDMS DVB
= DVB/CAR/PDMS
3.5E+09
Polyacrylate
SE+09 = CARIPDMS I
2.5E+09
2E+09
1.5E+09
1E+09
500000000 . ' .
| B = 0 _

cyclohexanone 2-ethyl-1-hexanol  2,3-dimethyl-2,3-dinitrobutane

= PDMS

1.6E+09 = PDNS

1.4E+09 = PDMS DVB

1.2E+09 - = DVB/CAR/PDMS
1E+09
800000000
600000000
400000000
200000000
0 =

nitroglycerin

B4 R[E SPME ZF 4 Uk 2 A5 A b o 47 R 1 Ao A5 B 1Y e T

f/u\[zo

Polyacrylate
= CAR/PDMS

diphenylamine

Fig.4 Peak areas of volatile components detected in samples
using different SPME fiber coatings'”’

25 b, GC-MS LA T H A & 1AM i Fi
T R B o B+ B @%ﬂ”aﬁmiﬁn%
XULE'J FER S HATA RGN, H R & ,%ﬁu\##%lﬁm
ASCIE A8 I A AR 8 1 B 47 L, T A R R AR AR 1 43
K, EHHEE AREEA IS S L8 ZE 0307
oo AHJE HR BR AR TR Y B AR A P Hoas 2 6%
RO M 5 e L BRI T X 2 B e o T o
FE 285 (AN T AL &AL ) 8 23 2o S04k ) 1 3 RS L, i LA

GC-MS KI5 32 FUE T AR/ NG B AR 1
1.2 RHEEE-RIEEKAREAR

WOAH €35 -0 1% 3 FH R (LC-MS, &1 5) 22 fff il
VAL 20 A 2 35 A il 3 ok [ AR, R RE 45 1 4 5 T
B AR HE AN TR B AR 43 85 & L3, 43 18 ) B RE o 7E BT
S Xt

www.energetic-materials.org.cn



A W B DR RS I B R B 5 R

1231

AP &S R ERBSIER T IR AR T
RS 2 AT A3 AT ARSI L YR - S I
(LC-MS/MS) & H1 HA = 2053 25 Be 77 1 WA €8 335 i ey
YHEB 20 BT B8 7 1) T3 H 6, DA AT LA S B 5 1) v R
B MR 1 . H AT, LC-MS/MS 1 53 B 5 3% 32
B FE T DU ST E I R R I A AT - B R R
FE g (B 6) , 1 BAT 225 e & o pr A 3 (A i
Xof R it U B AR Sl TS G, IR IR AR JE
= T DU AT 0 5 — ST B P B AR A R A
EE N T T B R A R T Be R 2 R T RE L
B R R AF A7 A AN A5 R SR PR R 3 e T
L G s A 4

i R A T ALy kST LC-MS X 4 i i
R EVEZG R & R BOE BRI . Irlam C RS TF &
T A A B L A AR RO 2, T AR A R

samples:

solvents: mobile phase

mixtures

multiple component

JB X R K W R AT IR B O3 BT, S 56 SR T BUI B R SPE
254 LC-HRMS 2 AR XT 44 Fi A L5 KE 4 ) [Tl Z8 i 4 7
T AL, IFRESE T A AS TR W R R A RO % T TR A
BT B — W B R0 e S AR R ) R U
D7 15 B U L FH R A 48 Ak B K v R K R S 1 A
D, ST A8 25 T 52 AR A v X O 1 Bk B 1% 48 0 )
”%“”%iﬁfcﬁ?ﬂ@mﬁﬁ%iﬁﬁ?o A 5 1 A0 5
FH & SO A iE BOR g a7 e W A e P
3-6#1%-1 ,2,4-= -5 (NTO) .RDX.2,4- " fif K 7%
F it (DNAN) 20 53 & 5 19 53 B 5 vk Kk BAE — 58 W
J0 B = 20 53 1) Jo o ok R R € % 0 s SR 2R G R HL
AHOC FR Bk (I 7)), 7T S 308 1 0 1) 8 A
T P Ak 22 B b H R | BRI T A A S R
FEB LR T LC-MS ikt Z 55 Je S KE 25 1Y R &
Pk i A 5 E B M e J1 . Sener ZEUOF & T —Fh ik

- detection }\

\

high performance liquid HPLC

(LC-MS
| Interface+
lon source

chromatogram +

chromatography(HPLC) device  column mass spectrum analysis
Bl5 AR - T R AR
Fig.5 Schematic dlagram of the LC-MS instrument'?"
135000
Qi Q Q3 1810000
d d — 1540000
o .-ﬂ e Ly 1270000 2
.o' o — .—>:o...0.. O O NN §— .l . é’
(] A
A

0.0 1.0 2.0 3.0 4.0 5.0
Time(min)

(a) = FE UL AR I DT L 2 I

O

B 6 LC-MS/MS & I S il fry P b S A7
Fig.6 Two types of LC-MS/MS tandem mass spectrometry'””’

CHINESE JOURNAL OF ENERGETIC MATERIALS

CIDIX 35
(b) VYR AT~ 25 B £ 10C o 1 5 28 P

%?Efﬁ’iﬁi

N XK 2025 % %334 H 104 (1228-1254)



1232 FEAR AR, S 27 WA AR AR P
e y=1636.7x-11.444 e D/:ERSTI —_
600.00 R=0.9997 = meo _—_—

ASAP f=————————r i |
. 500.00 EsI =
2 oo gom ey
i ASAP [o—— |
&E 300.00 ESI p—————— =]
2010 T e
100.00 AS;EASF'-’I e —————
0.00 : & DART | ——r—
0.15 0.20 0.25 0.30 0.35 0.40 # TDCD |
W E [ mgeml” AS:SPI —
(@) NTO % DART | ——————
1000.00 y=2376.5x-518.59 B ——
ol ! R'=0.9993 0.001 0.01 01 1 10 100
700.00 Log10 Mass (ng)
£ 600.00 B8 ESIH B R RIE L F R (ng) &4 R (R™>0.9)1
g% igggg Fig.8 Linear relationship between explosive mass (ng) and
= 300,00 signal intensity detected by ESI (R*>0.9)""
200.00
108-88 , ‘ | X AR APV T — VA £ - R I T
0.35 040 045 0.50 0.55 0.60 (HPLC-MS/MS) ¥k , AT I 7 o 4 28 4 v TNT 45 5 Fp
N ’ I-‘ N . .
Mﬁ& WA HLAE 2 AL SR L5 R AT HLAE 25 1 IR B
500.00 y=1735.5x-544.59 KA L% 7L LOD Ju [l 0.033~0.05 pg-kg™', 78 5K
10000 RN BR8P B oh B AT B 9 0. AR S e T
g F I TNT .RDX . HMX . CE.PETN NG 7 Fi 45 HL £k 25
= 300.00 NN
e T LA VB B B9 HPLC-MS/MS &6 | % 77 o LA 4 ik
200.00 e S S 1 b o s e et o
0 Bl Ay L DA 28 ook, 22 5 S Ty R O A L R A
100,00 i, HLOT A RO R AR Sk Y R A R Ak R A
0.00 T T T v v ) A e Af2[34]05 O 2 kY N
YR | mg-ml” 5 H 37 38 BIF R % A AL (HPLC-Q-Trap-MS) X} 6 Fif
(c) DNAN

B 7 NTO.RDX.DNAN [ 47 ifi iy £ P12
Fig.7 Standard curves of NTO, RDX, and DNAN™

A 3% R AL S BT (LC-APCI-MS/MS) i
TE s F T A S s Y - B R B A TNT
RDX . 3¢ £ 4 (HMX) . 2% 1% DU B DU i 1% i (PETND |
1 AR5 (AP) M DNT. IZIEAE APCIHLE i T
ARG RB B L BE AT RLTE 10 04 79 Bl e 43 1k b v i
K, 7E 250.0,500.0,1000.0 ngg™" #¢ B 7K - A8 I %4
0 %R LOD FTLOQ 4341 0 8.9~161.2 ngg ™ Al
13.2~241.5 ngg™'. Mathias 2 B 5% T A [) H B9 4%
AR XF LC-MS X6 AS [7] A5 KF 4 114 A6 00 B 0 2% 4 56 R 14 52
Wi, % A 55 4 B ESI.DART . TDCD . ASAP Y Ff it 55 4
AR HL B RDX HMTD \TNT %5 ¥E 2, & B {# FH ESI HL B
B AR s BR A A1, I HL & B R [ A A R A
ORE O 5 B LR MmN R T B & kR AR
(& 8) .

Chinese Journal of Energetic Materials, Vol.33, No.10, 2025 (1228-1254)

YELGHEAT A3 M, 45 SR 2B, TNT UNG . HMX #l RDX 1Y
JF B ¥ BEAE 10.0~1000 pg- L7 N EA B I A2 k%
Z NG HIPETN i B B2 20.0~2000 pg-L' 2L
PESEZ ,LOD 404 4 5.0 ug-L"(TNT) .8.0 pg-L™'(CE,
HMX 1 RDX) Fi1 15.0 pg-L" (NG F1PETN) . 2= 0% &
ST ST T T B R R KOO €3 - Y AT E K RAT
mF ) S5 W 7 i (UPLC-Q-TOF/MS) |, 2k
Shim-pack Velox Biphenyl(2.1 mmx100 mmX2.7 pm)
(S R | R W R SRR S K S € 1K e F iR E R K 1]
(Full MS/DDA-MS2) 5 x0, Ka Il 1 17 Flvi UL A HILAE
25, JF X R A% R HEAT TR Ak, S BT PR o S
17 Fhews DA HLKE 25 1 8CR (B9 Rt bk 2)

Zi b LC-MSH AR i o e AL i AL 35 vk | H B A X
L3S A4 8, A LA 2 B T ) A 2 R T TP R L 2 1
PESE I HTRE ST o HARFAE T HAE 75307 e el 0
FER TR W, 10K 2800 WU E P i PR E MR
2% T LA LC-MS 3 T RAB 7 A HLIR KW [m s TRy

Sttt

www.energetic-materials.org.cn



HEFE 0 B S D R I B R F g E R 1233
14 16 [17
" ' 1:NTO 10: 4-Am-DNT
- 2:1,3-DNG 11: TNT
= 10 7 3:1,2-DNG 12: CE
= s | 4:R-Sal 13: 4-NDPA
D ‘ . A
S | ] 5: RDX 14: 4-HADNT
g 06 | ‘ " 6: 2-HADNT 15: PETN
2 04 4 !‘ 113 14 7: HMX 16: PYX
910 |1 8:3,5-DNA 17: 4,4-DNDPA
02 1 2 6l La | ﬂf/ 9: 2-Am-DNT
o—L A I | '
0 1 2 3 4 5 6 7 9 10

B9 17 R HLIEZ PR Gk
Fig.9 Extracted ion chromatograms of 17 organic explosives
R 53 ToAILH K W0 14 P Jl 23 2 5 PSR i, 77K I i
KA SEAHLES B LA LC-MS AL AT L] 346 00 T AL AR 1
Yy, e HR K R IR S B T AR 2 & W
LC-MS>™7 fELR H R BRVEAE T HARME A AR ™ 4%, AL
PERE 22, Bl T @35 AT REAF AR IC IS8, B i (9 7 A 46
SRIRAFTEAL S AP B IR TR I, LC-MS A6
HB Ko IO A A ) S A, LA O BHLAE A A DR o

[35]

2 SEESHEAR

2.1 R ENikiE
P2 3 (Raman ) & — Bl 5k F $7 & o won
WAE 4y 7 PR sh e sh BE G BRAE BT AR Y Ay T ok
T OB T A BT R AR I AR AON R Ak
I T G AL 2 U SR B T Be, i TR TR 5
ELA IR AR AR 61, BT LA AT L 1 43 B R AE 3 X A
) AT R R AT, AT R S an B 10 Rt

A AR O S B R AR R = 2 45 1k
TS NG R B T KE Y 40 TATP BP . TNT Y

CCD Detector

Raman
Spectrum

Intensity (a.u)

\
Mirr:r\ i

3 o
c
s ¢
z £
Laser ‘f /
miiem ||| /..

10 RS 65 I R G R

Fig.10 Schematic diagram of the Raman system'*"

CHINESE JOURNAL OF ENERGETIC MATERIALS

Rl 2 AR OF W BEAR T B T . wild D AE
it B A O b 1 B0 5 000 55 RO SRR dk 1) ik o g BD RO
HEAT S, $2 T — b ofE S sF ) P AR A5 3 T P2 ol i
975 1%, AT LA 5 IR SR A O o A DN 5 R b i A AR e
4 DR, 51 BB 3o T b A 000 A T ) B LA i s 12
Wi o BT iz 07 AT i U R KE Y TATP .BP LI &
HIR AW g R, HIR AR B R S TATP RRE
VN BP AR W 1 B N 45 SR o RIS, 32 07 125 34 AT DL 36
B o A I 55 SR 0 R B AR R AR AR DA K
LY 2 N R AR B A AR OR (Au@AgNPs) , 14
g & A S ELE SR a3 TR T DA
AT (SERS) % I 4% , 1% 1% B 3% X TNT 9 LOD ik %
4.4x107 M, Wu ) %5 L4 B 2F 4k R SOBEIRE R JE
TR 20 K A I 2 1Y 42 40 K (AUNR@AgGNCs) | il
# T — Mo R = 4E(3D)SERS fZ I 28 (1 12) , /T H
F R VR B A TNT,LOD b 8x107"2 g-L ™',
BETAEHE M RS R, F e Ui 2 s
PR XEY) I R 0 A5 3 1 Tz N . A A A B

T T T T T T T T
90% TATP +10% black powder
——pure black powder
20000 pure TATP i
h
i I _
é 15000 I
8 il
= f
210000 i ]
< |
XS] i
i= \,\
5000 ) SN
‘”‘ I o “
o el | D A S
0~ = 4

0 500 1000 1500 2000 2500 3000 3500 4000
Raman shift / cm™

11 TRUSIRKEY) TATP BP LB IR G W 7 2 s % Lo

Fig.11 Raman spectra of sensitive explosives TATP, BP and

their mixtures'*?!

N XK 2025 % %334 H 104 (1228-1254)



1234

BAR R, BT W, FARAE O

bacterial nanocellulose aerogel (BA)

NC/BA

filtered
probe

lens

3D hot spot AuNR@AgNCs

12 BCABEMHEIR 72k AUNRs, AUNR@AgNCs 45 3D SERS {5 8% £ J5L Bl /% 75 141 14
Fig.12 Schematic illustration of the preparation of a 3D SERS sensor by loading AuNRs and AuUNR@AgNCs onto a BC aerogel

substrate'**!

THADGIR VLR, 7T LAt e 45 e 0 iy A i) R B e T
Yok, S0 IR K W i R R D R BRI L Rk
NI 35 F - R5 20 2 204 — 1R HL (Gemini, 28 2k &t
IRBHE AT BR AN 1) 3E 47 8 1 B0 S e s ks, 45 31 1O
[FIR &N B9 TATP A1 — 3 8 fk — N il (DADP) iy fi7 2
TG o R IR L AR G DN [ AR R I BB 5 A R B RE A
B RL T o AR SRR R S I i AE P R R e R
it P 7 2 {5 5 2 0k D R0 1 R 2 S s e (P 13)
7] I K6 I 7 AS ] 5 B R TATP Fl DADP B9 $7 2 6 3% |
15 3 F R 7 2 20 4h— 1R HLXT TATP Al DADP 1) LOD
J 2 pgo Alakai Defense Systems ™ fiff & T & FH %
AN (DUV) HE WY 9 5 45 2 28 41 hL 2 5 4 B 1000 2%
(PRIED) , BE 8 14 s 7 2 A5 5 il 5 26 T A B ok #
FEHE R AE 10 m I PR ) H R 0 5 R L AR T s sk
FLWERA 3, O B A R R it T A, O Lz A
BAJLAF J5 78 PRIED B il 1T & T v] BF#4E 1) 55 41

P2 PR 2% Argos, AT T4 JE W) A 3 BE 85 R
Argos [t PRIED B/ (HE 52 R I 22 S B2 T 47 (K 14)

SeE R B Rl A B R 5 A B 5 1k R LR TR
5 T ARG D ) A A ARG 00 S R Ay R O P
G YU HT AG BR HAE  R R B A B
AKe 2T AN 3% TN BT B G Rk 4 AR Ok ST T 3T SVM
1) 5 K B e TR0 o R R AR B O T T
HERG S, F 90 & BLAELRRAE )23 Al J5 455 780 10 T of: 1 R
IKF 100% , by K KE 4 108 P ARG I R0 B 44 73 s
Abdallah 8T g# N7 T — Fp 3L F A5 5 40 3 09 B 20k 1%
1% 5 VR B A XoF e O W AT S R T R O
G328 Ny A W) o B VR BT, BT B TR AR A 3 ek
MATLAB 48153 52 B, %F TNT . PETN . HMX | fil§ £% 4 24
(ANFO) Il RDX # 47 %8 7 1% 1 5 3 73 51 4 98.77% .
97.41% .95.64% .97.2% H198.92% , 1£ R B 6 5 F F
FITESRE 1 m BR8N AT R D (1 15) .

s
0.35 | f——TATP 4 A 12
0.30 }f——DADP Vi 7% it
2 025H %P
5 020}
£ 015
e N _(A_l_/\“j\/ \A_ P A AN
0.05f N
0.00 N\

1600 1500 1400 1300 1200 1100 1000

900 800 700 600 500 _ 400 300 200

Raman shift / cm”

B 13 TATP .DADP K HA7E P B % i b il i 2 o )

Fig.13 TATP, DADP and their Raman spectra in acetone solution'**!
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Fig.31 Synthesis process of two fluorescent probes and the detection results of DNP™®!
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Table 1 The Chinese names, English names and abbreviations of explosives

chinese names english names abbreviations
W] black powder BP

7N F R =0 AR A e hexamethylene trioxide diamine HMTD
=3 AL =N triacetone triperoxide TATP
fi Ak T nitroglycerin NG
EXGEIIES trinitrotoluene TNT
W R R trinitrophenols TNP
2,4, 6- = fif FE R H ik 2,4, 6-trinitroanisole TNA
TR AR 2, 4-dinitrotoluene DNT
BRE cyclonite RDX
i L 2,4, 6-trinitrophenylmethylnitramine CE

3 FE-1,2,4- =W -5-il 3-nitro-1,2,4-triazol-5-one NTO
2, 4-fiH KR 2,4-dimitroanisole DNAN
LR Cyclotetramethylene tetranitroamine HMX
25 I3 DY 1 DY il 2 i pentaerythrite tetranitrate PETN
o SR B ammonium perchlorate AP
kA TN diacetone peroxide DADP
T4 12 ammonium nitrate-fuel oil ANFO
P HE S A A Lg% e hexanitrohexaazaisowurtzitane CL-20
il TR ¢ ammonium nitrate AN

FH IR TN e methamphetamine METH
R Wt B polyamide PA

2, 4- T AR 2,4-Dinitrophenylhydrazine 2,4-DNPH
it 525 07 T MR K ) aromatic nirrocornpaund explo-aide NACs

g2 17 A HLKEZ R R

Table 2 Mass spectrometric information of 17 organic explosives'*"’

t, ) theoretical mass measured mass _, production 1 product ion 2

compound /min parention number/(m/z) number/ (m/z) error/x10 / (m/z) / (m/z)
HMX 5.34 [M+¥Cl]- 331.01591 331.01627 1.09 182.99282 147.01613
RDX 4.89 [M+¥Cl]- 257.00428 257.00405 -0.89 248.97291 45.99284
CE 7.20 [M+¥Cl]- 321.98321 321.98387 2.05 245.99271 181.02514
TNT 6.97 [M+¥Cl]- 226.01056 226.01016 -1.77 197.00529 45.99292
2-Am-DNT 5.88 [M+¥Cl]- 232.01306 232.01268 -1.64 227.09169 196.03664
4-Am-DNT 6.19 [M+¥Cl]- 232.01306 232.01352 1.98 227.09094 196.03690
PETN 7.54 [M + %Cl]- 350.98327 350.98311 -0.46 108.98909 61.98824
PYX 7.71 [M-H]" 619.99995 619.99906 -1.44 572.99973 497.00911
2-HADNT 5.12 [M-H]" 212.03129 212.03127 -0.09 194.02094 167.01009
4-HADNT 7.40 (M-H]" 212.03129 212.03102 -1.27 182.03482 165.03095
1,2-DNG 3.54 [M +3Cl]- 216.98690 216.98742 2.40 61.98803 —
1,3-DNG 3.32 [M+¥Cl]- 216.98690 216.98721 1.43 61.98803 —
3,5-DNA 5.41 [M +3Cl]- 217.99741 217.99701 -1.83 153.03051 45.99291
R-SALT 3.71 [M+¥Cl]- 209.01954 209.01900 -2.58 197.80863 162.83961
4-NDPA 7.38 [M - HJ 213.06695 213.06664 -1.45 183.06914 45.99329
NTO 0.65 [M-H] 129.00541 129.00495 -3.57 55.01708 —
4,4'-DNDPA  8.17 [M-H]" 258.05203 258.05190 -0.50 198.05618 45.99324
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Research Progress on Rapid On-Site Detection Technology of Explosives

TANG Yue', HU Chen-chen', MA Yi-ning', CAO Run-duo', BAI Cui-cui', QI Jin-zhong’
(1. Jiangsu Police Institute, Nanjing 210031, China; 2. Shuyang County Public Security Bureau, Sugian 223652, China)

Abstract: This paper reviews the research and application progress of four types of on-site rapid detection methods for explosives
(chromatography-mass spectrometry coupling, spectroscopic analysis, ion mobility spectrometry, and chemical sensing), ana-
lyzes and summarizes their suitable targets, advantages, and limitations, and provides an outlook on their development direc-
tions. Among chromatography-mass spectrometry coupling technologies. gas chromatography-mass spectrometry (GC-MS) of-
fers high sensitivity and are suitable for volatile and thermally stable explosives. Liquid chromatography-mass spectrometry
(LC-MS) requires stringent operating conditions but are suitable for most inorganic and organic explosives. Among spectroscopic
techniques, Raman spectroscopy requires only a small sample amount and are simple to operate, but it poses explosion risks for
highly sensitive explosives. Terahertz spectroscopy (THz) is safer and has strong penetration, but it is easily influenced by envi-
ronmental factors and is suitable for explosives with characteristic absorption peaks. lon mobility spectrometry (IMS) provides
low detection limit and rapid response, but they are difficult to balance resolution and sensitivity, making it more appropriate for
volatile explosives. Among chemical sensing technologies, fluorescence probe methods show high sensitivity, good selectivity,
and visualization capabilities, but they are susceptible to interference and relatively complex to operate. Chemical colorimetric
methods are simple, inexpensive, and fast-responding but are easily interfered with and mostly limited to the visible light. Both
methods are only suitable for specific explosives. By analyzing and comparing existing technologies, it is proposed that future re-
search should focus on the integration of multiple technologies, device miniaturization, enhancement of anti-interference capa-
bility, and optimization of multi-target detection capabilities, in order to improve the anti-interference performance, on-site rap-
id detection of multiple targets, and intelligence level of detection methods, providing a reference for perfecting on-site explo-
sive detection technology and ensuring the effective implementation of safety and security measures.

Key words: explosives; on-site detection; chromatography-mass spectrometry coupling technology; spectroscopic analysis tech-
nology;ion mobility spectrometry (IMS) ;chemical sensing technology
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