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Determination of Explosive Compounds by High
Performance Liquid Chromatography
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Explosives are one of the more difficult classes of organic compounds to analyze at the trace level. Many
of them are just not suitable for GC separations, because they are thermally unstable, shock sensitive, and inac-
curacy in the quantitative aspects of trace analysis. This works intended for the analysis of 14 explosive com-
ponent by high performance liquid chromatography using a UV detector. Mobile phase was used with acetate
buffer and MeOH. Samples of soil were collected in gunnery ground and analyzed for explosive compounds.
HMX, RDX, 1,3,5-TNB, 1,3-DNB, NB were detected with acetate buffer of 0.02M monochloroacetic acid,
0.015M sodium acetate, 0.001M EDTA, 20%(v/v) ethanol, 13%(v/v) 1-propanol gnsy@metric column
at 0.7 mL/min, 254 nm, pH 3.5.
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LM = slomnE WE Wi A ol AgulE)

ATe] AMaiH)E A7) Sl ARSEo] it
AdwA o & explosive waste= WAF 3}oF 2EuWHE Polynitrate esterss @Ao)A] wEA] Ba =D X)
EZEolg WA 5o AM8E § HelIAY F 58 W SxelAlA o)F <] @ EE 10 ng/mL
TR Qg Ho2 wEH AL vk 3 8 B} gholopgit} 12 wahxy A ol ol& ok
kel HEAAIES AU e #S VI 59 H 0 EFde V1S A wag Zado] ik EPAC
WHeo) w&E oz <la] wask= AEisk Ao 91 Ax ¥ 714 explosive compounds®] ¢4 &-&x=
HE I A disl] B4ES 7Hth olEol Wist #4 Table 1949} o] 3L Urt.
£ nitro-aromatic 3HgHE3} TReF3E ZuEo] &%k

Table 1. U.S. EPA Health Advisory Limits for Nitro-
aromatics and Nitramines in Drinking Water.

o

BED AP FEEYL 723 deeiol

vAE B R EdEe] i 590 U@ nd o

= =

34 A8 A717 SISl 3 Ethyleneglycoldi- Compound Advisoryg/l)
nitrate (EGDN)$}® Trinitrotoluene(TNT) 527 Zub HR'\DA;(( 4200
B A} A8 5] A 240 waEg P -
o). ols} BN TS A7k alEo] S 2 A DNT -
uhHe] Nitrate esters= @415 @& ool Wy 31 2,6-DNT 40
G2 Al FhA ASERT B A4 1.3-DNB 10

"To whom correspondence should be addressed.



114 o]4z

Zak A9 Q¥ A, 18| WAL Zkﬂﬁi—r
B e wpfox ZurEde] A& Hd SjhE
2 BoPY uj&o o3t} TNT(trinitrotolune), HMX
(Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine), 12|
37 RDX(Hexahydro-1,3,5-trinitro-1,3,5-triazine) = 7}
A o] ARREIL e FWAo] 28 AR Fofo]
u ZTHEEe HEde B AL o|FoHT) B
3]
3}

JI

HASY 71T 3 FEeRES AEH o7 ZUrEz
WAL gghe] ghofme] Aol F & wbHe =
ARlgEem ojRe x}@ﬂr Al 27)8 ol

;é‘]—
ol 9}193\74‘/} ZF2 RtR= AL ERIsh] $J8) o)
O Q.
&

it

gy

vl

EH‘%?—J«] AEL HoA H, piszoelectric
A, Zelz ey,
negative ion plasma chromatography, thin-layer chro-
AgH gtk E@
Flame ionization, electro capture, thermal conduc-
tivity detection”} 21 GCE FHES 45T 54
o7 AgEUT FdE AHS Sl ol WS
2% Jrh 19 TeL} gas chromatography] ARl
B Fume] 94 EQFEA uie A7 e
Eo] vER}a ekt glola 9

&1 T
T e AR
% explosive compoundsE ¥Z o E

quartz crystal detection, 2 #EAH

matography, polarography 7}t

)

T o= B

PgalT Ao Hgen) HeHoR Wes Yo
7]

ol

2

i

ik

o

UH—EOH gas chromatographyi«] Eole Ageix

119 TLCES o]8fdt 79| SjiEel gt vt

= ufFof 23ekA] & Ettﬂ, TLCE BAE
AFE S s gt mebr 19708 &
B liquid chromatography= explosive compounds']
AS sk gloli shle dade Az
e liquid chromatographys 2204 ZFA1Z
S g A ol BYoz BUIYIT 349
sy

[} rlo

L

E

o EdES] HEl Wi fE3aL vk o

AE7tA] o] A S|4 A Ao A=
ARk oA = HRFA E Bk FLEES AR
A8b7) 98] A2/ HPLC® UV-detectors 12o)
Ay e Az} vy Hinkto

WAL ZAE AES 95 WPo R goxje] o7
HE Qe YapEe] mAl HrP8e) el o, v}
F e 259 i £50) A0 7125 Frh0
e G5 FodEe] Wrhks QEENE, i uHEe] o

offl ST 7 olsfol7] mpel] WAeE Al

_1

- AT - S

M ZA &8 74 X9t
2 Al Egke] o Eont ghelA] ¢87] wiite] &
3] s ook 3k ageg b wske] gdojE
AEE 93 22 H RS B &2 sleprt
Fo} slofe] g f71815Ee] HE A 2
o2 pEAHo A7) glo] epid 3o MEE labora-
tory teste} Akl Alehe] fojlx g g}
Liquid chromatographye ¥3 ¢ 2 Bebysla B3]
A Flkzo] FelE fleire oPdE oE A et
Ak UVZ? thermal energy analysis(TEA)?Y off-
line chemical ionization mass spectrometer(CI/MS)®
2 electron capture detector(ECD)*9E 7Z%7)=2 7+
= LCe HEe AHS S8 A= Adok UV-
LC #He w2+ nitro aromatic compounds®] #&
3t AEIAE A|F3HH ]“} nitrate esters®} nitramine
o] ng 5| 0}«] AWl AEE ool Urh
71E %l% LC= o] ool

g Welzt & % ok,
m

]‘: o) AJEel &

to,

e M—gol iR = ] 913}.2”” :LEM 2= 4}

Z719] YzARIF BsH o
ojxle] 7]&Al o] o] 71‘?.1301] ANz IrE
S QB30 X 27x] LC-UVE o) g3t ZFE 4
22 Wo] By, dEA vy ev military
explosives®} smokeless gun powders ¢ E& %
59 explosive compoundsE F*] A #al7] ¢
o]/t Adlat o] Hash Frt.

E. =52 military explosives®} smokeless gun

powders 52 B& FFH9] explosive compoundsE

A AFEP) AeHE AR ol5RE ARgsle] A
2 WHE ANSLA Sk AF7A B @ ol
Aol olEAoEE=

21 MeOH 4883} 2-Propanol 48
Ao Abgale] gt} 2 Ao ME Acetate buffers
ARESte] Hiel 248 F, AA| 83 Alsol &8st
2] St} military explosives®} smokeless gun pow-

ders 59 2 £72] explosive compounds?! 147}

[€) L
A Fupg B0 B AUS A% AYxAL B
o gk



s o Aokl

Table 2. Purity and Concentration of Standards Mixture A
and Standard Mixture B.

Component Purit Conc.
2-Amino-4,6-dinitrotoluene 99%
1,3-Dinitrobenzene 99%
2,4-Dinitrotoluene 98%

Standard
Mixture HMX 9%
A Nitrobenzene 99%
RDX .. 99% 100.0
1,3,5-Trinitrobenzene 99% 455
2,4,6—’.I‘rinitrot(?lu.ene 99% |.1_g/;‘nl
4-Amino-2,6-dinitrotoluene  99%
2,6-Dinitrobenzene 99%
?\fﬁzf;rs 2-Nitrobenzene 99%
B 3-Nitrobenzene 99%
4-Nitrobenzene 99%
Tetryl 99%
2.4 #
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Explosives®] ¥ 7=&2 (Aces 8330 Mixture A9} Aces
8330 Mix ture B)e AccuStandard25-E] F¢3.0H
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9} Aces 8330 Mixture Bl S¢je A8 7tz
Table 20 YERliRloH, ol5 FFE29] 5 247t
100 pg/mioltt, FFEZE AEatal o] g
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TEZE acetonitrile® 23 L2 FJAAZT
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panok> Kanto Chemical. Co2] S+ A9k AHE-31
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Fig. 1. Structure of Explosive compounds. (A) Nitramines

(B) Nitrotoluenes.
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Fig. 3. Chromatograms in mobile phase of 50% MeOH. (A) standard mixture A; (B) standard mixture B.
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Fig. 4. Chromatograms in mobile phase of 60% MeOH. (A) standard mixture A; (B) standard mixture B.
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Fig. 5. Chromatograms in mobile phase of acetate buffer. (A) standard mixture A; (B) standard mixture B. Condition:
0.02M monochloroacetic acid, 0.015M sodium acetate, 0.001M EDTA, 5% EtOH, 15% 1-propanol, C18 symmetric

column.
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Fig. 6. Chromatograms in mobile phase of acetate buffer. (A) standard mixture A; (B) standard mixture B. Condition:
0.02M monochloroacetic acid, 0.015M sodium acetate, 0.00lM EDTA, 10% EtOH, 15% 1-propanol, C18

symmetric column.
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Fig. 7. Chromatograms in mobile phase of acetate buffer. (A) standard mixture A; (B) standard mixture B. Condition:
0.02M monochloroacetic acid, 0.015M sodium acetate, 0.00lM EDTA, 20% EtOH, 15% 1-propanol, C18
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Fig. 8. Chromatograms in mobile phase of acetate buffer. (A) standard mixture A; (B) standard mixture B. Condition:
0.02M monochloroacetic acid, 0.015M sodium acetate, 0.001M EDTA, 20% EtOH, 5% 1-propanol, C18 symmetric

column.
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Fig. 9. Chromatograms in mobile phase of acetate buffer. (A) standard mixture A; (B) standard mixture B. Condition:
0.02M monochloroacetic acid, 0.015M sodium acetate, 0.00lM EDTA, 20% EtOH, 10% 1-propanol, C18
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Fig. 10. Chromatograms in mobile phase of acetate buffer. (A) standard mixture A; (B) standard mixture B. Condition:
0.02M monochloroacetic acid, 0.0156M sodium acetate, 0.001M EDTA, 20% EtOH, 13% 1-propanol, C18

symmetric column,
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Table 3. Capacity Factors of Explosive Compounds Separated on A symmetric C;g Column at 1.0 mL minL,

Compounds K
1-propanol 5%(v/v) 1-propanol 10%(v/v)  1-propanol 13%(v/v)  1-propanol 15%(v/v)
HMX 0.733 0.595 0.425 0.457
RDX 1.978 1.372 1.297
1,3,5-TNB 2.510 2.010 1.957
1,3-DNB 5.555 4.276 3.137 2.936
Tetryl 6.965 5.116 3.433 3.175
NB 7.580 5.563 4.116
TNT 8.213 6.094 4.318
4-Am-2,6-DNT 11.777 5.443 4.849
2-Am-4,6-DNT 12.908 5.307 4.701
2,6-DNT 13.206 5.970 5.371
2,4-DNT 15274 5.871 5.275
4-NT 17.216 13.071 8.455 7.382
2-NT 17.776 13.614 8.344 7.774
3-NT 19.974 15.717 9.760 8.491
1.40 I
x\ —o— HMX o.cmi ﬂ
F 2 —@—RDX !
L —4—1,35-TNB 0.008-
096 —»—1,3 —DNB | EE
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Fig. 11. The effect of 1-propanol concentrations in acetate
buffer on the capacity factors of explosive
compounds separated on a symmetric C18
column.
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Fig. 12. Chromatogram of the standard mixture A and B in
mobile phase of acetate buffer. Condition: 0.02M
monochloroacetic acid, 0.015M sodium acetate,
0.001M EDTA, 20% EtOH, 13% 1-propanol, C18
symmetric column.
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Fig. 13. Calibration curves of HMX, RDX, 1,3-DNB,
1,3,5-TNB and NB. Condition: 0.02M mono-
chloroacetic acid, 0.015M sodium acetate, 0.001
M EDTA, 20% EtOH, 13% 1-propanol, C18
symmetric column,
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Fig. 14. Chromatogram of soil sample in mobile phase of
acetate buffer. Condition: 0.02M monochloroa-
cetic acid, 0.015M sodium acetate, 0.001M
EDTA, 20% EtOH, 13% 1-propanol, C18 symmetric
column.
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