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Wz B 9 NG 7 856 cm ™' kb4 i ) $7 8 1 i PETN
NZE 623 cm™ Fl 873 cm™ 4b H1 1%, Thomas 2218 5%
FHAZ B AT 355 W7 1l ) Wy 40 & A B8 (HING) (10 & &0 e
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TE2ZH . FHiE b e-CL-20 K441 Bt (1431 04 F1 B-CL-20 o
AR, I 35 A R 2540 250, SEPRIG d dn it . B it
PRI AE R S S PRAE IR e-CL-20 #b, Hoe JLRh & 5 24 78
300 ~ 250 cm™' Z Ja] A5 W Wi ug, DL AT fE N X 4y
e-CL-20FIH & & B0 1 o B AR 4l o B8 b, O ol gt 7Y
CL-20 By $i 2 4E 1660 ~1260 cm™ 3 Bl N A 1% | 1 52
br 78 1600 ~1550 cm ™ {5 [l P M i, FLAS [] i 280 9
WA B A RNA R . B T y-CL-20 RAAM, 575 40 = Ff
RUBE EAE 1100~940 cm ™ 35 [l 9 A g, S PR E X A
W BAE 1090 em ™ [, H A A (9 &, B-CL-20 Lt )
(R R % A R S 7S B A WD 2 T B N
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FUZ R A A s 3 o S O B O i T
LATT e 3t 4 900 35 — A5 4k o John 25V BESE TR
[T =2 5 = A A28 (TATB) iy & 03, & M
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Table 1 Theoretical and measured Raman peak positions of four crystalline CL-20"""! cm™
a B y &
theoretical value actual value theoretical value actual value theoretical value actual value theoretical value actual value
3146 .3138 3050 3150-3100 3055 3146 .3138 3062 3150-3100 3048
3036 3045 3044 3031
3028 3035 3035 3021
2924
1660-1615 1660-1615 1660-1615 1660-1615
1578 1564 1550 1599
1394 1394 1394 1394
1300-1260 1300-1260 1306
1192 1188 1255-1120 1190
1170 1175 1180
1150 1155 1135
1120 1130 1125
1125 1115
1100-940 1095 1100-940 1090 1100-940 1080 1100-940 1085
1076 1060
1055 1048 1055
1020
830-770 842 830-770 854 830-770 849 830-770 832
825 835 836 820
805 791
760-300 762 760-300 792 760-300 762 760-300 755
300-250 283 300-250 763 300-250 287
284 270
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Fig.1 Raman spectra of PETN collected in a compression sequence
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Fig.2 Low-range frequencies of Raman spectra of TNAZ (a),
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(R R K P AR A T RGN 308 o 55 A o 3 X L A5 e AT 4
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XL A R T A R 2 A BT, AR AR T 32 Aok
YEZ5 0 RL 5 B 1 O3, b RZ2HOh B ikiE .
22 FioN M]3 T A 2R S50 RO BR A B R A 2
8 A 447 I Bl A B 0L TE OB 20 F 5X 32 Ak G 1 4 o
MR TG A R e R e — 2%, DT EL A SRR AR 2 1 iR
G2 C4 Semtex 5 WG 43 M AT T 1hie. AT LA
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Table 2 FT-Raman characteristic peaks of 32 kinds of explosives ™

. Vs Vas . v Vas
explosive Jem=' Jem-] explosive em-' Jem-]
nitrate ester DODECA 1356 1546
NG 1294 1656 NONA 1356 1545
PETN 1288 1658 HNBP 1356 1547
MTN 1287 1647 TNBA 1350 1538
NC 1287 1667 Picric acid 1345 1530
PGDN 1286 1639 DIPAM 1318 1530
MNG 1282 1638 TATB 1318 1533
DEGDN 1281 1636 Nitramine
TEGDN 1280 1634 RDX 1310 1570
Nitro-aromatic C4 1309 1570
TCNB 1370 1561 HMX 1309 1566
HNS Superfine 1366 1538 Exceptional
HNS-1I 1366 1538 NTO 1359 1545
HNS /HNBiB 1365 1538 Tetryl(1) 1359 1539
TNB100 1365 1545 Tetryl( 1) 1324 1552
TNN 1362 1545 PYX(I) 1356 1540
TPT 1361 1545 PYX( I ) 1333 1523
TNB 1360 1540 Semtex (1) 1309 1572
TNT 1359 1533 Semtex( 11 ) 1291 1659
ONT 1359 1546
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Fig.3 FT-Raman spectra of explosives TNT and NQ (a),
HMX and RDX(b) "
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A RE S BORE A A . DRI 3K I R AN 3 A 0 KA
R B R

26 3 B T SOk b T Y S B S AR 2 1
BOGRL S A FT-Raman 638 Bdis . % T R Fl ke 2y,
JUE SR PR L S 00 M 45 3 A9 e B0 H T RE R [R) L (1
HER AT DL K B — S A 3 4n, PETN /) 1 b 7 20k
ERA ¥ A 1610,1480,1292, 860,640 cm™ 3X 11
AN, HJRIER O & S — 2wt ; TNT A U4~ £ 2

R3S AL AR 2 0 58 WO B2 R B AR S S O R R

B 4 AiE 1% 7E 1550,1358,1200,800 cm ™' it i ; CL-20
A = AR YRR 7E 1629,1312,858 cm ™' it
i 52 M2, HMX £ 1250,985,850 cm ™ [fliE A
=ANERfE IS, RDX 1 2,4-DNT ¥ @ b g 5
FT-Raman Stk (9 25 4 W AH 25 88K, iX Al fig & B T A8
[Fi) SFe 58 P4 R it it JBT 2 31 9 3 B o AR A (] SR i
i RDX f#) FT-Raman J& 35088, 2 4F 1272 cm™ Hl
1217 cm™ BiHE A 1 .

Table 3 Ordinary laser Raman and FT-Raman spectral data of some nitro explosives

characteristic peak/cm™!

explosive -
ordinary laser Raman Fourier transform Raman?®’
NG 1356,1291,1250 850081 1 —
NQ — 1515 .1150,790 946 47637
[171 1)
RDX 1650.,1450.,1350.800.750 550117/ 2947 1272 1217 942 87737
1232 843 4602 1432 .1381.,1347 1304 .,1270 1211135
TNT 1550.1358.,1200.800""71 " 1532.1351.,1204 81837
TATB 1605.,1557 1376 ,1320,1193 1029 .881 , o
831.701.6132*11221 915 57526
CL-20 1629 1312 .858 8362 3150,1620.1300,800,260 4744
HMX 1250.,985.850,762 420" %% 2990.1309,1250.,950 8823
TNAZ 16001328 880,621 ,352[2%) —

2,4-DNT (bulk) 1602.1337 1111 .862"%%
2,4-DNT (solution) —

1375.,1205.925 795"
1383.,1201.8353"

Note: 1) Characteristic peaks were approximately read from the spectra published; 2) Some of characteristic peaks were approximately read from the spectra published.

2.3 HERHRSkE

B XX ETAD AT E NN L E A =D oy R A Al
GEA RN — R AR, FR B2 . ERREA T I
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G BT SR AR BRI AT BR R A RE A
B AR DX 24 O T B E] 8, PRIE R I 25 e A 2k
B MRE AL o SE A A AR A BT LU O R
BT RE S 0 AS [R)OR B, S 0 At A 1 D AT L TG A8
Bt . Zapata 7 ffi S R 2 X TNT PETN,
RDX %5 10 Fi A [F] K 25 1) 45 K Ji5 5% B3 9 itk 47 53 r, R
TSR] 25 B HL AT A= 0 A O T) 1 g AR AR 4 2 i 5]
A 2 % BA A I R 2SI Bk 04 R AR Rl A T 2
TN AR KERR BB . Al 25T R 50 15 B
WOLRMAEN 5 pm GCEE, KA T B 78 A [F) A B
(RARREW ARG Y 8005 ) AP i iR
BUNZE 5 pm’ (i K2 180 pg) KM FEY PETN
TNT i 2 & K v [ 44 7S S R 35 Y fiig 0 2 15 Y e 1)
SOLI%EE E 4 frR . R SBMELE, A1 7d KA
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Fig.4 Micro-Raman spectra of PETN(a), TNT(b), ammoni-
um nitrate(c) , HMTA(d) and pentaerythritol (e) ™*"
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HMX ()45 & i B 5 8 5 = 6 % R AiE 2 802 [R] 1Y 5%
Fo SEHREWORE S BT HMX () 5 AF 06 1 2 04 55
AEXT AR U i 25 AN (], AT 1 36 > 2 80Kk PF A 45
o I TR 5.19 em ™ AR AR R 22 800N RE b
R 45 i BRR 25 Y Shen 2507 S b MR 2 03 4
Bra®l, it 9 0 1 5 TATB 5 HMX IR & W 7E #4
TH R R ZE R K A S AR R B B 2ok
W5 TATB \HMX 4% H 1 4l 5 A1 Eb , FR A 16 % A IR 5%
HMX 0 5 76 1567,1310,953, 835,156 cm™' 4b {1 it
Sy MR F] 1569,1313,949, 830,160 cm™' 4k, TATB
ali e 1606,1318,1164,882,387 cm™ 4b (i it 43 5]
R F| 1609,1310,1168,882,382 cm™ , il 7] fig &
e R U il 1 e 5 A S

SR 2 Sk R K R R I Y — T ROR
MR TR ER, i TIE RS SR A S 3OE
Uy FEARAF R R B 2 A5 5 19 W] B AT 68 2 i BORE i

Ey AN MRS RS RO, R TI

24 F T SO A A — B R 25 RN )R Y
WAL IR o X [ F A BT, A [ SRR e i Y i
HIELH T REA T 25 5, AN w ] kI S AR A A RR AR
W, TG FH AN (W] 26 0 1) 7 & 4 A 45 31 B Kl dis o B — sk
L] AR . i an, TNT By il & 3% B A & 1 5
WO = F1 FT-Raman 2L 79 1M 4~ 78 1550, 1358,
1200,800 cm ™' [t AR AE 06 5 5 22 FHZE 0L, TATB #)
G = 0 EO6 = 3 K 7R 1605, 1320,
1193,881 cm 't A 1% ; %F F PETN Hl HMX, 3%
AR I B0 = o0 AT, R AR DA BORN o7 B 38 R 22 8 K
LS ST N T TR € UL SINR U b ) A1
FT-Raman , #40] LIAE Sk kK 245 B v ] 4R 2 PR R AIE 1Y
— M FB T E R ERIAE T WA 2 T TR &
OyME, ALK R SF AL 5~ 10 pm 2 FH R E R A
0.18 ngfFE o

E S P N UGN o C =D R - €
Table 4 Micro-Raman spectral data of some explosives and their intermediates
explosive characteristic peak /cm™' detection limit /(um/ng) reference
TNT 1616.,1533.,1357,1209 ,1086 ,937 .821.790.636 ,364 324 10/- [48]
1532.,1357.,1209.822 .790 5/0.18 [49]
RDX 15911307 ,1270,1213 941 881,844,602 460 10/- [48]
PETN 1656 ,1466,1400,1289 ,1040.,870.673 620 10/- [48]
1466 .,1290.,1040.871.622 5/0.18 [49]
TATP 1449 1272 .1200,944 .884 861,842 551,398 243 10/- [48]
Black powder 1589.1343.1047 .711 10/2.1 [48]
HMTD 1437 1396 ,1337 1232 946,770,580 .,410.,294 10/- [48]
Chloratite 989.937.625 .483 10/- [48]
Dynamite 1286 .,1041.856.713 558 10/- [48]
ANFO 1041.713 10/1.7 [48]
Ammonal 1041.713 10/1.7 [48]
1286.,1040.856.712 5/0.18 [49]
Hexamethylenetetramine  1640.,777 462 5/0.18 [49]
Pentaerythritol 873.810., 439 5/0.18 [49]
HMX 1567 .1310,953 835,156 5/- [52]
TATB 1606.1318.1164 ,882 387 5/- [52]
TATB/HMX cocrystal 1569 .1310.953.882 .835.360,160.5 5/- [52]

Note: Some of characteristic peaks were approximately read from the spectra published.

2.4 REEEN SN

1A 14 58 P2 O (SERS) U fx PR AE 1974 4
f1 Fleischman 45" % Bl J 45 78 557 5k 1 % 19 — 26 4
Ja T A i AR b L e 2 T T W B A I 2 AE S L
Wl = fE S ORISR B4, 0 FE T SERS 45
FENT o BN B 1 o L R 0 H b 2 S AL I8 SRR PRk
(EC-ORC) "7 s pras it ALkl 45" iy, AR HL
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BT B 4 < mUHR A K U R UKL Y SERS AR 17 2
DRI 2R B T RO T AR AT AT LA ARG R AL
PO T A 5 18 B 45 K 45 8. 0 78 JCHE 2 40

St

www.energetic-materials.org.cn



PO O T R TE KO 25 20 HrAs 0 Hh ) 02 AT 5 ok

191

B X I AR K& T TNT S50 24k G ) IR 2 A
D, o W T T AL A AR A S A A

HE Kneipp 25 BOBIF5E, TNT 7 i sl 1 B
(100 S OGP B R A S AN RRAE U, A 5% 1360 em ™' 4b—
MRS A IELL K 1648,1570,1204,837,752 cm™ kb (ryig
WKl 5c FiR o YR G s iy R H R TNT RS
F7 107 mol - L™, 7 800 1 1002 cm ™ Z£ 45 H ¥ 45 5
AP0, sl 5a firs, £ C—H By 1 25 i Ik 3)
P PR3 o (B 5R 2y 100 %), 173X A 3 s AR AT RE 2
HH TR A 6 TN i) Wi R A P 5 000 I b 2R 4 i
BT 5 24 A v e XG s It BT TNT 4 ¥ I 2 8] 7Y
A EAE I SEING 2 AN 23 1 AR AR 3 IR A% 4% B, 1A
I, A B B2 R AR 0 38 3 5, ] 5b T, A i
FRATIA 1077 mol « L7 5542y 10°, 15t B 4 9 e
WA F TR E TNT R,

800

1002 \
a
. 1359 v

1648 1570 “

1500 1000
Raman shift / cm”

5 RIEEEIRET TNT(0.01M) (a) Fl 4 i B 38 38 19 TNT
(1.5x107'M) (b) fy SERS Je ¥ LA K 75 H BE VA TNT(TM)
{1 & i ()

Fig.5 SERS of TNT (0.01M) on silver colloid (a), TNT
(1.5%107*M) on gold colloid(b) and Raman spectrum of sat-

urated solution of TNT(1M) in methanol(c)

T TR R T R B4, Zhang 2510 i AL
5 TNT %W &% NaCl i & )5 i T308 A BT )5
TN R RRE T TNT S54R Z [ A B AE R, TNT /Y
R AIE W S 3 9 1 b e 10, L MR B T AR R RS 4
fFl&H 1616,1533,1360,1210, 823,792 cm™' 45 %
1390,1238,1006 cm™", W& 6 ff s, H NaCl fil pH
(B X A58 B A AR KR o A SRR NaCl i i, # &
AT U W A TNT %5 A v 8 21 e (pH =
13) A5 5 R RIS KGR AT 5 107" mol - L7,

T S X R A A P, T RIS B A R AR 2 SR )
ELHE R AR A o R Y A R, T B SERS
BB . Xu S5O T L2 R TG R A 1 S

CHINESE JOURNAL OF ENERGETIC MATERIALS

A AR 44 Kb+ /E A SERS By FE IS, K Il /K Fh iy 2,4-—
fi§ B 25 H Bk ( DNAN) |, 1 F &1 77 7T 5 DNAN JE A
Meisenheimer 254 47, DNAN FF & B4 B fF 04 ¥4 ik 14
S, L UG 7 B AR R B A B o HE S K R SRoK
FR ARG R 43 51 R 20 pg - LTTATO.1 mg + LT, Sk OK
Hifly SOT (Na' [ Ca’ (\Mg™" B F £ 41 il 3 Fl 14 5 1
AT,COY (CI A K™ B F IR0 . Shi 45 LI 24
M g Jo Bl (PV/P) A Aty £ fL i 1) A 5 e KA A
B A AR N Ok 2R, T DL T 2 B AR T R
(DDTC) & iffi il i £ 409 K 42 Wi, LA UL &y SERS (1% 3%
JES, 3 o g T 17 e A DR AR A O A T TS L R
LR AL LK 25, 0 = R ik O AR AR SR S |
TR R AN 2, 4- il 3 2 W A K T B 43 1 Ry 2.0,1.7,
0.1,45.8,36.6 ng.

1390

1616
823 1210 1533 b
792

C

600 800 1000 1200 1400 1600 1800
Raman shift / cm™

B 6 MVARIETRAY TNT(107°M) 9 SERS S (a) , TNT Ak
(b)) R (i B2 3E () -

Fig.6 SERS of 10°°M TNT in Ag colloids (a), Raman spec-
trum of bulk TNT (b) and blank TNT solution (c)
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Z%J50 2,4-DNT #1 1,3- " 5 % (DNB) , = B fi &
(1w A 25 il PR 8h (820 ~ 850 em™) A 45 ik 5k
(1300~1370 cm™") 3 Bl 38 56, H € 7] B0 A 2 1 45
i {3 4y HFE 1356,1333,1338 cm ™' 448 A
0.01 M BRI )5 , 7T K 2, 4-DNT 3% W 107 L &
BT Y Y 4 TR & 5.5%107 mol - LT
f) 2,4-DNT 2835, Fang %"°° JJ 3 5 £ R % =3¢ &
b = PR ( TATP) [E 44 0 B4 5 59 7€ P SR AT R, % B 5
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R K AR, 1T 35 107 mol « L7 (253 BE ) | 1% 1%
S8 JEF 5 004 R B R LA K. Ko 2N L Z LY
SE AR R I R A 38 20 0 e ( PEL) ot HE k4 i
AR g7 I AT ) R A, PR S e S = R Rk
B (CTAB) WM &9 KR FH A8 Z LA N,
PLBEAE J SERS [ BLJC, X 2,4-DNT H1 TNT $#:4E 24
R I BR AT IR ZE 51072 ~1x107%° mg, X WA HEZG A~
W = 5t A e (HMTD) B A FBR > 1077 g,
5 90t T BT SERS H7 AR TE K 24 A I 451 ki
FHRBESEME DL o S A R U, PR VS I 15 5 s, A DU 4 1)
R HE UG AU ) 0 2 L 0 7 B AR AR K, 2B M IS A

F 5 SERS HARTE JCKE 2446 I 5T A4 17 FH AT 58 L 0

TRk 5 A I B4 T AR RR R R D ) A AR AR 04 R
IR W ) K E R B AR AR K TRIRE A Ry IR A
F-Bt,SERS AR5 TGRS AH Eb , 7 B Al & [ 44, X
AT VAU LA B 2, X e K 0 T A AR 5 U B AR VR A
PR # AT 15 %) 107 mg 1107 mol « L7 A I 2= 0
s T 30 S PR T AR i, R B 8 S 3R 41K
REPEEDORZE , 2R, il & B ML BRAE I8 B
THek R ARG SERS HiAR I A G5, B T 4 R IX
EJRAN, LiNa K {7487 L kg
A7 A R el TR s WL B R 1 SERS R , oK ok
Al 22387 FH T KRG B 3 MR AR AR o

#J'_l

Table 5 Application of SERS technology in the field of explosive detection

characteristic peak

characteristic peak

losi SERS substrat: detection limit Ref.
explosive substrate before enhanced” /em™"  after enhanced? / em™! ©CCCON Mt ¢
Ag nanoparticles 1648 .1570.1360 .
(20-200 nm) 1204 837 .752 1002800 107 M [62]
Gold nanoparticles 1648 .1570.1360 . 1554 1364 1275, _ 3
(5-15 nm) 1204 .837.752 1232 996 107 M/ 107" ng [62]
Ag nanoparticles 1616.,1533.,1360, “10
NT (50-80 nm) 1210 823 792 1390,1238.1006 1070 M [63]
Gold nanoparticles 1610.1520.1370. 1613 .1520.1350, 10”7 M [66]
(58 £9.4 nm) 1210820800 1210.826.,795
CTAB-capped gold nanoparticle 1425 1385 .1200. » N
clusters absorbed on PEI — 107%-10"" ng [69]
e . 890,740
modified alumina membrane
. 1605.1350,1210, s
Gold foil 1100880 1384 .1343 .830 5.5x107 M [67]
2,4-DNT CTAB-capped gold nanoparticle
clusters absorbed on PEI — 1382 .1342 834 107"-107" ng [69]
modified alumina membrane
CTAB-capped gold nanoparticle
1420.,1245 1130, 1450,1250,1145 -3
HMTD clust'e'rs absorb?d on PEI 1020 870 1020 .870 107° ng [69]
modified alumina membrane
Nano-structured gold 1450943 865, 1450 .943 861 . _
TATP substrate 616,553 616,553 1077 M [68]
Ag nanF)partlcles modified by 1604 13511340 . 0.2 ng in delom'zed
DNAN L-cysteinemethyl ester — water and 1 ng in [64]
. 1283 .1147 .830
hydrochloride aged tap water
perchlorates (CIO*"), - 930 5 [65]
chlorates (ClO3) Positively charged ng
. B DDTC-modified
Nitrates (NOj ) Ag nanowire membrane — 1041 0.1 ng [65]
Picric acid — — 45.8 ng [65]
2, 4-dinitrophenol — — 36.6 ng [65]

Note: 1) Characteristic peaks were approximately read from the spectra published; 2) Some of characteristic peaks were approximately read from the spectra published.

25 EHEXKStiE
WOCHL ETE B o T 8% PR 70 B BR T 2R
B, 20 th2g 70 4R LL G L B = R oy CCD A
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SRy AT e YR A AR L P TG i 1 4 R B
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il 48 R 2 Ol i A e o B 5 RN B B RO I
B OGN ] 25 2 804 5. Malka 2870 Xl e 49 L R
B [DNT F1 TNT (8 5% & B, DU B 9 5 1 3= 2 0
(1054 cm™ F1 1350 cm ™) 56 J3 34 5 35 I 5 25 79 7 )7
B H KNO, FIT DNT () 32 16 55 B 3 bifd 384016 Ty 2 Fn g '
i JE) f BG h0 T B4 3R, Moore 25U 7E W 6 Th F Ny
300 mW B % 20 s [ S 56 A5 1 R X TNT U HMX Al
TATB HEATIN,F MR L 100, 5 T8l ot h g . 2%
N7 % TNT RDX HMX PETN 25 12 Fh [ N KE 25 %
ml AT — UM S A B R K2 A B R AR B LS
Pl A 5B 8O0 358 5 R JH 785 nm (18 B I KA T
i FER G 5o/ RE A B L 1064 nm (306 2R
(A5 M 1L 5 10 ~ 70, {EL7E 6 I 5% O 1 S5 1Y) K K 24
i, 2252 88 T4, ML, Christesen 7% f ik IF &
T —Fh 785/1064 nm XK FHFH0E2 REE, HE EEH
SRAGIN TCHE G 5t A A DETT A GIE 32 H i/
R KEYD  Ja 7 2 R 5 61T S R KE) o

H AT A g 7 2 RS 1 0 485 20 b7 = i
S AE WA REE T, T & St
HCR A R 3 2 )R BRAE R AL
2.6 mFEH B HIE

R AN B R ) 2 ik 1 1 o 0 1) R
2005 4, Carter 457 5 % il #OCH 2 2wl R W T
RSB RS, T AR IR T kIR
BRSO Ry, BT LAIZ R ek B KA 532 nm 1y Nd:
YAG #otdi o BRI R BR K, 4 0 1Y) iR B2 B OK, DA
T AT LAFR I 3] 58 L B S A A . S BRG] R 100 s
B, PRI B B 5 5 27 mo~50 m &b (4 i i v 1 D
107 5 () TNT . RDX,PETN . TATB %5 8 i #f: 25, 1
REOCH WA I ERGES , HYHMOCHERT
3.4x10°W « em 7 iF, TNT 4 % A 6 B fife 048 0 i 5
ifii TATB BAfi 72 #0062 B 5 35 3x10° W - cm i, 1)}
SRAEF AR E o A T 3 — 20 I KL =01 i 4 D R 2
Londono %' 15 i (7 & S 3 A 1 e 4 1 7T LA A
WK (514.5 F1 488 nm) R B OB, 7T L3R
AEEE 7 m ()5 mg TNT J DNT (% E , &t 5%
3 A G 2 EOE L, IR ST e B Y o A M
ATATPE . B R, 3 R B B IS A DGR TE D L 18
AARK AL,
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BWOGHL 2 ETEFOA S — R E 2 A T PR o A ks
I K HE 2509 T B o X [ g 0 oF 3, SRR i 38 19 AN [
KA CH B 1% KA AT Be I B AR R AL A BT
25 AR B AE AR — S0 B B I 0 SRR 0, A B
BN 22 5 BRI A A] BE A A [ R 5 HE 25 FF & i B A
A3 A o BT, OB R B O BRAE N K2y
QL JEORE AT b ) 44 5 M R AR 9 — Fh T B, AT DLR
S ERLBTKE 2, 38 FT DL MR A 1A R o S0 AN ] 431, AL
B EEW N HIE 5. H AT, X R TR K25 20 Hr
o 000 €50 355, P9 F 5 a0 R o W] MRS S LR LA D7 I

(1) 3 E R AR LXT N [R] 2 kK 24 7
PETFUM 38 T A AT M 24 B9 &0 Y 485 4 722 Ak DR B2 A2 4k LA
Ko [F]—$) BT AEAS [RPARES 43 [l AH BLAE A A8 A0 55

(2) FT-Raman [ 7 i B FL {5 W8 Lb 55 35 3 o hr
SRR, IF AT Bk 8RR R L) BT Y U
KA G, 46 o PR, D6 A SR o B s, A
AN 38 A ) K AR e T A TR R

(3) WAk 2 il T 7658 ot hr 2 Ot % rh 5]
AR AE R, DA T T BR Ok 8RR A AR DI
e, AT KR SFAL A 5~ 10 pm 5l R R R A
1.8x107 mghy [EAKE i
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Review on Application of Laser Raman Spectroscopy in Analysis and Detection of Explosives

GAO Feng', LIU Wen-fang' , MENG Zi-hui' , XUE Min', SU Peng-fei’, HU Lan’
(1. School of Chemical & Chemical Engineering, Beijing Institute of Technology, Beijing 102488, China; 2. Xi'an Modern Chemistry Research Institute, Xi'an
710065, China)

Abstract: Laser Raman spectroscopy is an in-situ non-destructive fast detection technology, which has significant application pros-
pects in the field of explosives analysis and detection. Research progress on the applications of conventional laser Raman spectros-
copy and its derivative techniques including Fourier transform Raman spectroscopy ( FT-Raman), confocal micro Raman, surface
enhanced Raman scattering( SERS) , portable Raman and remote Raman in the field of explosives analysis were reviewed. The ad-
vantages and limitations of different type of laser Raman spectroscopic techniques were analyzed. The laser Raman spectra data of
several typical explosives such as TNT, CL-20, HMX, PETN and RDX were compared. It is considered that the future research
should focus on the establishment of Raman quantitative analysis methods for explosives, the preparation of high-performance sub-
strate materials for surface enhanced Raman and the improvement of portable Raman spectroscopy.
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