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Abstract
In this article, a detection method for organic explosives by capillary electrophoresis (CE) is developed based on previous detection techniques. Firstly, a buffer solution consisting of 50
mmol·L−1 sodium dodecyl sulfate (SDS), 20 mmol·L−1 sodium tetraborate and 5% methanol was
prepared and the UV detection in this buffer solution was conducted for three common organic
explosives, including TNT, DNT and PETN. Then, the capillary UV detection method was investigated in terms of the transition time repeatability, the linear relationship between mass concentration and peak area and the limit of detection. The results revealed good reliability and stability
of this method. In addition, these samples were characterized by photodiode array detector (PDA)
to verify the qualitative results of UV detection.
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1. Introduction
The TNT and DTN (homologues, both are nitro explosives) and PETN (nitrate explosive) are the most widely
used violent explosives in virtue of their availability, facile preparation, good portability and user-friendly implementation. Unfortunately, these explosives have been employed in terrorist attacks, leading to a huge risk for
the national security. Therefore, a rapid and precise detection of the explosives in terms of their compositions
and sources is in urgent need. In order to realize that, studies of commonly used explosives are required.
Nowadays, a variety of detection methods for these explosives have been developed, including gas chromatography (GC) [1]-[5], liquid chromatography (LC) [6]-[13], ion chromatography (IC) [14]-[16], spectrum analysis and thermo analysis [17]. However, these methods showed poor repeatability, bad universality and column contamination. In spite of its late start, the capillary electrophoresis (CE) has shown great potential in the separation
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and analysis of explosives. In this article, CE is applied for the analysis of three widely used organic explosives
(TNT, DNT and PETN) in terms of the transition time, peak height, peak area and 3D spectrum to facilitate the
development of a facile, rapid and cost-effective detection method for organic explosives.
Capillary electrophoresis (CE) is a liquid-phase separation technique based on the differences in the mobility
and distribution of different components under high-voltage electric fields. With the capillary and cells filled
with the same background electrolyte solution, injection of the sample solution into the capillary, on which voltage is applied, leads to movement of the charged solutes in different directions based on the charge polarity.
Due to the difference in their mobilities, different components present varied migration speeds, resulting in a
time sequence for the durations taken to reach the detector. As organic compounds, organic explosives present
relatively strong ultraviolet absorptions. As a result, electrophorograms of these samples can be obtained by the
UV detector, qualitative analysis of these samples can be achieved based on the migration time of peaks, and
quantitative analysis of these samples can be achieved based on the peak heights or peak areas. The photodiode
array detector (PDA), a novel detector based on photodiode array techniques, was used for characterization of
organic explosives to obtain their 3D spectra, thus verifying the results obtained by UV detectors.

2. Experimental
2.1. Instruments
The capillary electrophoresis apparatus BECKMAN2COULTER P/ACEtmMDQ (purchased from USA), negative power source with tunable voltage of 20 - 30 kV, the molten quartz capillary (produced by Hebei Yongnian
optical fiber factory) with a capillary length of 61 cm (effective length of 53 cm), a pressure of 0.5 psi, a injection time of 5 s, a UV detection wave length of 214 nm for direct detection with 32 k software operating system.
Milli2QÒ ultra-pure water purifier by USA Millipore Company, METTLERAE240 electronic balance, 10 1000 μl automatic pipetting gun, disposable pipettes, measuring cylinders and beakers were used.

2.2. Reactants
Provided by the Explosive Metering Station of Technologies for National Defense, TNT, DNT and PETN of
99.9% purity were used. The SDS, sodium tetraborate and ammonium acetate used were of analytical grade,
while the methanol used was of chromatographic grade.

2.3. Sample Preparation
TNT, DNT and PETN (0.10 g each) were weighted dissolved in methanol separately. The solutions were then
added to 1000 ml volumetric flasks to obtain 100 μg∙mL−1 organic explosive solutions, which were then kept at
4˚C. Before detections, these solutions were diluted with the buffer solution prepared.

2.4. Methods
Both the buffer solutions and sample solutions were sonicated for 10 min for the purpose of degassing. The capillaries were rinsed with 0.5 mol∙L−1 NaOH solution and deionized water for 5 min each, followed by rinsing
with buffer for 10 min. The pressure sampling method was applied with injection time of 5 s, pressure of 0.5 psi
and cooling temperature of 25˚C. The whole CE process was automatic.

3. Optimization of CE Conditions
In this experiment, a mixed solution of ammonium acetate and sodium tetraborate was used as the buffer. Detection of TNT samples was conducted as an example. In this process, the current was varying fiercely (sharp decrease to zero was observed), the peaks were indistinguishable and the repeatability of transition time was poor.
As a result, optimization of buffer solutions is required.

The Buffer Solutions
In this section, the composition of separating medium in buffer solution was verified and the effect of concentrations of SDS and sodium tetraborate on the detection was investigated. Based on the results obtained, a solution
consisting of 50 mmo∙L−1 SDS, 20 mmo∙L−1 sodium tetraborate and 5% methanol was confirmed as the buffer
solution. With this buffer solution, the baselines of all the samples were stable, while the transition time of TNT,
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DNT and PETN was 7.954, 8.764 and 8.492min, respectively. The peaks of these samples are shown in Figures
1-3, respectively.

4. The Validation of Method
4.1. The Repeatability of Transition Time
The 100 μg·mL−1 TNT, DNT and PETN in buffer system II were measured. The transition times and relative
standard deviations (RSD) of transition times are listed in Table 1.

Figure 1. CE spectrum of TNT.

Figure 2. CE spectrum of DTN.

Figure 3. CE spectrum of PETN.
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Table 1. Repeatability of transition times of three explosives in buffer system II.
Samples

Transition time
(min)

TNT

DNT

PETN

1

7.950

8.762

8.494

2

7.954

8.764

8.492

3

7.951

8.764

8.492

4

7.953

8.761

8.491

5

7.954

8.763

8.489

0.182

0.130

0.181

RSD (%)

As is shown, the RSD of transition times of TNT, DNT and PETN in this buffer system was 0.182%, 0.130%
and 0.180%, respectively. The relative standard deviations of transition times were lower than 0.2%, indicating
great repeatability.
Besides the instrument, a combination of several other factors resulted in the systematic errors of the results
obtained. Firstly, the repeated flowing of buffer between two ends of capillary during the measurement led to the
variation in conductivities of the buffer at two ends, thus altering the transition time. Moreover, the ionization of
water in the CE process had an effect on the pH of buffer, resulting in the height difference of the buffer at two
ends of the capillary. In addition, the inevitable difference of the buffer in different batches and the evaporation
effect may also have an effect on the transition times.

4.2. Linear Relationship between Mass Concentration and Peak Area
The 100.0 μg∙mL−1 organic explosive solution was diluted with corresponding buffer to 5.0 μg∙mL−1, 10.0
μg∙mL−1, 15.0 μg∙mL−1, 20.0 μg∙mL−1, 25.0 μg∙mL−1, 30.0 μg∙mL−1 and 50.0 μg∙mL−1, respectively. The measurements were performed in buffer. Figures 4-6 show the linear relationship between mass concentrations of
different explosive samples and their average peak areas.
1) TNT
5.0 μg∙mL−1, 10.0 μg∙mL−1, 15.0 μg∙mL−1, 20.0 μg∙mL−1, 25.0 μg∙mL−1, 30.0 μg∙mL−1, and 50.0 μg∙mL−1 TNT
solutions were measured in buffering system II and the peak areas for different concentrations are shown in Table 2. A standard curve is plotted by peak area (Y) with mass concentration (X, μg∙mL−1). The result showed a
solid linear relationship between mass concentration (from 5.0 to 50.0 μg∙mL−1) and peak area, with linear formula to be Y = 4229.29X − 3195.88 and relating coefficient (R) to be 0.9990, as shown in Figure 4.
2) DNT
5.0 μg∙mL−1, 10.0 μg∙mL−1, 15.0 μg∙mL−1, 20.0 μg∙mL−1, 25.0 μg∙mL−1, 30.0 μg∙mL−1, and 50.0 μg∙mL−1 DNT
solutions were measured in buffering system II, and the peak areas for different concentrations are shown in Table 3. The standard curve was plotted by peak area (Y) with mass concentration (X, μg∙mL−1). The result
showed a solid linear relationship between mass concentration (from 5.0 to 50.0 μg∙mL−1) and peak area, with
linear formula to be Y = 4293.49X − 3195.89 and relating coefficient (R) to be 0.9989, as shown in Figure 5.
3) PETN
5.0 μg∙mL−1, 10.0 μg∙mL−1, 15.0 μg·mL−1, 20.0 μg∙mL−1, 25.0 μg∙mL−1, 30.0 μg∙mL−1, and 50.0 μg∙mL−1
PETN solutions were measured in buffering system II, and the peak areas for different concentrations are shown
in Table 4. The standard curve was plotted by peak area (Y) with mass concentration (X, μg∙mL−1). The result
revealed a solid linear relationship between mass concentration (from 5.0 to 50.0 μg∙mL−1) and peak area, with
linear formula to be Y = 1988.08X − 46.04 and relating coefficient (R) to be 0.9990, as shown in Figure 6.

4.3. Limit of Detection
The limit of detection refers to the minimum content or concentration of samples that can be qualitatively detected by the specific assay. The ratio between the signal intensity and noise level of the sample is defined as the
signal-to-noise ratio (SNR). In most cases, the signal intensity measured in blank experiments is regarded as the
noise level, the SNR is not lower than 3, the lowest concentration whose SNR is not lower than 3 is considered
as the limit of detection of the sample by this assay. The limit of detections of TNT, DNT and PETN samples
are listed in Table 5.
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Table 2. Peak areas of TNT in different concentrations.
Concentration (μg∙mL−1)

Average peak area

5.0

15989.00

10.0

33033.33

15.0

49134.36

20.0

68015.33

25.0

86396.67

30.0

100870.35

50.0

159672.80
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Figure 4. Linear relation curve of TNT by CE.
Table 3. Peak areas of DNT in different concentrations.
Concentration (μg·mL−1)

Average peak area

5.0

15976.67

10.0

39479.67

15.0

64190.58

20.0

83690.33

25.0

99237.00

30.0

122684.46

50.0

214664.67

Table 4. Peak areas of PETN in different concentrations.
Concentration (μg·mL−1)

Average peak area

5

10902.67

10

18996.33

15

28453.46

20

38091.67

25

51571.67

30

61243.55

50

98524.67
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Figure 5. Linear relation curve of DNT by CE.
120000
Y=1988.08X-46.04
R=0.999

Peak Area

100000
80000
60000
40000
20000
0

0

10

20

30

40

50

Concentration(μg· mL-1)

Figure 6. Linear relation curve of PETN by CE.
Table 5. The limit of detection (LOD) of three organic explosives.
sample
LOD (μg·mL−1)

TNT

DNT

PETN

0.5

0.25

1.0

5. Characterization by PDA
The 50.0 μg∙mL−1 standard solutions of different organic explosives were characterized by PDA and the spectra
are illustrated in Figures 7-9.
In UV detections, the transition time is the only criterion for qualitative analysis. Fortunately, the PDA spectra
can also be applied in the qualitative analysis. In addition, rapid scanning of samples and automatic collection of
their peak spectra during the chromatographic fractionation can be realized by PDA. Hence, the spectra presented in this article can be used as database for detection and compositional analysis of explosives.

6. Conclusions
This article presented a systematic investigation of three commonly used organic explosives by capillary electrophoresis (CE). Based on the characteristics of different samples and the capillary electrophoresis, optimization of
separation methods for these explosives was discussed. Primarily, this study serves as a pioneer work in the detection of organic explosives by CE in China. Moreover, improvements in the applications of thin-film chromatography, gas chromatography, and gas-mass spectroscopy in the detections of organic explosives have been
achieved by this study. For instance, the sensitivities for explosives are significantly enhanced.
(1) The essay presented the detection of three organic explosives (TNT, DNT, and PETN) in two buffer solutions consisting of 50 mmol∙L−1 SDS, 20 mmol∙L−1 sodium tetraborate and 5% methanol. The results revealed
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Figure 7. The PDA spectrum of TNT.

Figure 8. The PDA spectrum of DNT.

Figure 9. The PDA spectrum of PETN.
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that all of the three samples in the prepared buffer can be precisely detected, with transition time to be 7.954 min,
8.764 min and 8.492 min for TNT, DNT and PETN, respectively.
(2) The repeatability of transition time, the correlation between mass concentration and peak area and limit of
detection of the explosive samples were investigated. The results revealed that the standard deviations of repeated transition times of all the samples were within 0.2%, the linear coefficients of mass concentration and
peak area of all the samples were within 0.9960 - 0.999 and the limit of detection of TNT, DNT, and PETN were
0.5 μg∙mL−1, 0.25 μg∙mL−1 and 1.0 μg∙mL−1, respectively.
(3) The characterization of the organic explosives by PDA led to spectra that can be used for the verification
of the qualitative results from UV detections.
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