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Analysis of Nitramine and Nitroaromatic 
Explosives by Micellar Electokinetic Capillary 

Chromatography (MECC)* 

Stuart A. Oehrle 
Waters Corporation 

34 Maple St. 
Milford, MA 01757 

ABSTRACT 
Recently two new explosives, TNAZ, 1,3,3-trinitroazetidine, and CL-20, 
hexanitrohexaazaisowurtzitane, have attracted interest as possible replacements for 

or inclusion in various military propellants and explosives. Analysis of these two 

compounds as well as 12 other nitramine and nitroaromatic explosives could be 

accomplished by CapiUq electrophoresis using the technique of MECC, micellar 

electrokinetic capillary chromatography. Analysis times of less than 10 minutes 

could be done using this method. Increased sensitivity for some explosives could 

be accomplished, as well, by using UV detection at 185nm rather than 254nm 

which is typically used. 

*Presented at Pittcon '95, March 5-10, 1995, New Orleans, LA 

Journal of Energetic Materials Vol. 14,47-56 (1996) 
Published in 1996 by Dowden, Brodman & Devine, Inc. 
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DISCUSSION and RESULTS 

TNAZ and CL-20, figure 1, have recently been investigated as possible 

alternatives to some currently used explosives.’” If such inclusion in military 

propellants and explosives do occur a method for analyzing for them in the 

presence of currently used explosives would be necessary. Figure 2 shows the 

structures of the various explosives currently used in existing propellant 

formulations and or regulated. Capillary electrophoresis (CE) is one such 

technique which could be used for the analysis of these compounds. Since all of 

the compounds are neutral, micellar electrokinetic capillary chromatography 

(MECC) was used. MFCC technique allows for the separation of neutrals by 

dissolving or diluting the sample into a buffer solution that contains a surfactant 

which forms a charged micelle. Sodium dodecylsulfate (SDS) is typically used is 

the surfactant. 

Using a boratehoric acid buffer with SDS added a separation of the 12 

currently used or regulated nitramine and nitroaromatic explosives as well as 

TNAZ and CL-20 could be done in less than 10 minutes. Figure 3 is an 

electropherogram of the separation achieved. Monitoring was done at 254nm 

which has been used in previous assays for m~nitoring.~’ However with the design 

of the CE system used it is possible to monitor at 185nm which allows for an 

improved signal from almost all compounds to be achieved. Figure 4 is an 

electropherogram of a mix monitored at 185nm (fig. 4A) and 254nm (fig 4B) both 

scaled the same. As can be seen you get an increase in signal for the nitramine and 

nitroaromatic explosives by monitoring at 185nm with little increase in noise. 
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Table 1 is the area count report for each compound at 185nm and 254nm showing 

that for almost all compounds there was a dramatic increase in peak area and 

height at the lower wavelength, as expected 

EXPERIMENTAL 

Instrumentation: 

The capillary electrophoresis (CE) system employed was a Quantam 4000 

(Waters Corp. Milford, MA, U.S.A) A mercury lamp was used for direct W 

detection of the explosives at 254nm and 185nm. AccuSepm polyimide hsed 

silica capillaries of dimension 50 um I.D. X 60 cm were used throughout. Data 

acquisition and CE control was carried out with a Watersm Millennium 2010 

Chromatography Manager. 

Preparation of Electrolytes: 

High purity water (MiIli-Q, Millipore Corp., Bedford, MA, U.S.A.) was used to 

prepare all electrolytes and samples. The electrolyte used consisted of a 2.5 mM 

sodium borate, 12.5 mM boric acid, and 50 mM sodium dodecylsulfate (SDS) 

solution. 

Chemicals: 

All chemicals used for the preparation of the electrolytes were of ACS grade 

or better. SDS was obtained in high purity form (electrophoresis grade) from 

Millipore Corporation (Bedford, MA, U.S.A.). Standards were prepared fiom a 

1.0 mg/mL concentrated standard of all 12 common explosives (Accustandard, 

New Haven, CT, U.S.A) and diluted into the running buffer. CL20 was received 
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as a gift fkom Dr. Jimmie Oxley of the New Mexico Institute of Mining and TNAZ 

was a gift from Dr. Tom Archibald of Aerojet Corp. 

CONCLUSIONS 

As seen in the previous examples capillary electrophoresis can be used for the 

analysis of "NAZ and CL-20 in the presence of 12 common explosives in less than 

10 minutes. Capillary electrophoresis offers a fast and easy method for analyzing 

for these explosives. Further, monitoring at 185nm allows for increased detection 

of these explosives. 
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c1-20 

TNAZ 

FiPure 1. Stntcture of CL-20, hexanitrohexaazaisowrtzitane, and TNAZ, 

1,3,3-tnNtroazetidine. 
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HMX RDX TNT 2,6-DNT 

NO, 

4 - N T  

\ 
N 
I 

3 - N T  NB TETRYL 

Fimre 2: Structure of 12 currently used or regulated explosives used 
in this analysis. 
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S W l e N m :  S t d  ~ 3 3 0 - l O p p  (5omM SDS) 
Hlectrolyte: 2.5 UM NaBorate/l2.5 Boric Acid/SOmU 9DS PH=8.0 
Datrction: D i r W t  185m, 0.3 n: Runvoltago: +20kV 
InjectionMode: HydrostaUc ,  12.e~ Capillary: SOum X 60cm 

0.004 

0.002- 

4 A(185nm) 
0.003 

9 -0 .00 

-0.00 

6.60 7.60 0.60 
Minutes 

0.60 

I..plaNa: It4 m330-1- (5- QI) 
21wtrolyto: 2.5 UMNN.Borate/12.5 Borio A o i d / S o W  QIl pE-E.0 
Detection: Direct 254m, 0.3 n: RunVoltagm: +20kV 
Injectiontbdo: Bydeomtatic, 12sra C8pillary: 5- X 60- 

J 
0.004 

0.003 B (254nm) 

0.002 

3*0.001 

$. a t  
I I 

,,. ... I\ h .... 

o.oooj *iJ K1_ 
I i  

-0.00 I 
. ... 

-0.00 
I I ~ I I I I ~ I I I I ~ I I I I ~ I I J ~  

6.00 7.00 8.00 9.00 
Mirmtu 

Fimre 4: Electropherogram of 12 nitramine and nitroaromatic explosives at 
185 IUD (A) and 254 run (B) detection. All compounds are at a concentration 
of 10 mg/mL. Conditions as stated in emenmental section. 
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Pe&-Information 
I n  

23 Tetryl  Direct 185nm, 0.3 TC 2040 883 
24 Tetryl Direct 254nm, 0.3 TC 1417 5 57 _ _ _ _ _ _ _ _ _ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _  
25 Direct 185nm, 0.3 TC 1639 1083 

I w I  Name Detection 

Direct 185nm, 0.3 TC 
Direct 254nm, 0.3 TC 
Direct 185nm, 0.3 TC 
Direct 254nm, 0.3 TC 1384 
Direct 185nm, 0.3 TC 1963 
Direct 254nm, 0.3 TC 1538 

Table 1: Peak area and height counts for each component at 185nm and 254 m detection. 
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