
Identification of high explosive RDX using terahertz imaging 

and spectral fingerprints 

Jia Liu1,2, Wen-Hui Fan*,1, Xu Chen1,2 and Jun Xie1,2 
1
State Key Laboratory of Transient Optics and Photonics, Xi'an  Institute of Optics and Precision 

Mechanics, Chinese Academy of Sciences, Xi'an 710119, China  

2
Graduate University of Chinese Academy of Sciences, Beijing 100049, China 

E-mail: fanwh@opt.ac.cn 

 

Abstract. We experimentally investigated the spectral fingerprints of high e xplosive cyclo-1,3,5-  

trimethylene-2,4,6-trinitramine (RDX) in terahertz frequency region. A home-made terahertz 

time-domain  spectroscopy ranging from 0.2 THz～3.4 THz was deployed. Furthermore, two  

sample pellets (RDX pellet and polyethylene pellet), which were concealed in an opaque envelop, 

could be identified by using terahertz pulse imaging system. For the purpose of distinguishing the 

RDX between two pellets, we further calculated the THz frequency-domain map  using its spectral 

fingerprints. It is demonstrated that the high explosive RDX could similarly be identified using 

terahertz frequency-domain imaging. 

1. Introduction 

Over the past several years, terrorist attacks have been substantially increasing worldwide. For 

example, mail-bombs, anthrax hidden in envelops and concealed metallic or non-metallic (ceramic, 

fiberglass, plastic) weapon threaten people’s daily life. Counter-terrorist has become a significant 

mission of local government in every country. Hence, a rapid detection and effective identification are 

needed. Terahertz spectroscopy and imaging have been identified as very promising techniques in a 

wide area of security applications, such as chemical identification [1-2], imaging of concealed weapon 

[3-4], biological agent [5-6], and the detection of illicit drugs [7-8] and explosives [9-12]. 

Terahertz frequency radiation allows for non-destructive and non-invasive inspection of most 

opaque barrier materials, such as cardboard, wood, plastic, leathern, and textile [13-15]. Many 

solid-state explosives exhibit distinctive absorption characteristics in THz frequency [16-20]. Each 

explosive has its own spectral fingerprint, which is essential in the process of identifying the unknown 

target. These spectral fingerprints arise from the intramolecular and intermolecular vibrational modes 

or photon modes of the materials. 

This paper was experimentally investigated that the high explosive cyclo-1,3,5-trimethylene- 

2,4,6-trinitramine (RDX) could be identified using terahertz imaging and spectral fingerprints. A 

home-made terahertz time-domain spectroscopy (THz-TDS) was deployed to measure the spectral 

fingerprints of RDX in the range from 0.2THz to 3.4THz. It could be clearly observed that the RDX 
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has the absorption features at 0.80THz, 1.05THz, 1.30 and 1.91THz respectively. Furthermore, a 

sample consisting of the RDX and high density polyethylene (PE) pellets, which are mounted side by 

side in an opaque envelop, was imaged using terahertz pulse imaging system. For the purpose of 

identifying the high explosive RDX pellet, we further calculated the THz frequency-domain map using 

its spectral fingerprints. It was well demonstrated that the high explosive RDX could be distinguished 

between the two pellets by using terahertz frequency-domain imaging.  

2. Experimental setup 

A home-made terahertz time-domain spectroscopy (THz-TDS) we deployed in experiments is shown 

in Figure 1. THz pulses are generated by the Ti: Sapphire oscillator (Spectra Physics) with pulse 

duration of 20fs, repetition rate of 76MHz, and average power of 600 mW. The laser beam is splited 

into two beams by a splitter, one for exciting the 0.5mm thick low temperature-grown GaAs 

photoconductive antenna (emitter), and the other for measuring the THz signal at 1mm thick <110> 

ZnTe crystal (detector). The emitted THz pulses are collimated and focused by a pair of off-axis 

parabolic mirrors. The sample is placed right at the THz focus point, perpendicular to the incident THz 

beam. The transmitted THz beam is collected and focused by using the other pair of off-axis parabolic 

mirrors onto ZnTe crystal, in which the probe beam detected the THz field by electro-optic sampling 

(EOS) [21]. To avoid the absorption of water vapor, the THz radiation region is purged by dry air. The 

THz spectrum without passing through samples is obtained by applying the fast Fourier transform to 

THz waveform in the ranging of 0.2 THz～3.4 THz, which is shown in Figure 2. 

 

Figure 1. The schematic setup of home-made THz-TDS; BS is beam splitter, 

M1-M8 is optical mirror, PM1-PM4 is off-axis parabolic mirror, L1-L2 is optical 

lens, QWP is quarter wave plate, and WP is Wollaston prism. 
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Figure 2. The THz spectrum without passing through samples in dry air.  

3. Terahertz Spectra 

3.1 Theoretical background 

Unlike others spectroscopy, THz-TDS can use to measure the spectra of the explosive related 

compounds because a single measurement of THz electric field can provide both the amplitude and 

phase information. Hence, the THz-TDS is capable of obtaining the absorption coefficient and the 

refractive index without using Kramers-Kronig (K-K) relation [22]. The field of transmitted THz pulse 

is changed by the dispersion and absorption of sample. The amplitude transmittance of THz field can 

be described as Eq. (1) [23]: 
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Where ( )samE   and ( )refE   are the THz transmitted field and the incident field respectively; 

A is the amplitude of THz transmitted field;  is the phase difference between sample and reference 

waveform; ( )n  =n()+i() is the complex refractive index; d is the thickness of sample; is the 

frequency of THz field radiation; () is the extinction coefficient; c is the speed of light in vacuum. 

In the condition of () << n(), the multiple internal refraction and the Fabry-Perot effect can be 

neglected. Hence the refractive index n() and extinction coefficient () can be obtained after a 

single measurement [24]: 
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Refer to Eq. (2) and Eq. (3), the absorption coefficient can be calculated as Eq. (4): 
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Therefore, after measuring the THz transmitted field ( )samE  , the incident field ( )refE   and 

the thickness of sample d, the refractive index and absorption coefficient can be obtained.  

3.2 Sample preparation 

The samples of the high explosive RDX (purity > 99%) used in experiments are powder samples. In 

order to eliminated the influence of scattering, the sample are crash into fine powders using mortar and 

pestle to reduce the particle size less than 80m. Considering that the RDX is sensitive and unsafe to 

high pressure, we mix the RDX with high density polyethylene (PE) which is transparent in THz 

frequency region. The mixing ratio is about 1:5 (40mg RDX vs. 200mg PE). Then, the RDX/PE 

samples are compressed into pellets with the thickness of 1.5mm and diameter of 13mm under the 

pressure of 1 ton. 

3.3 Results and discussions 

As shown in Figure 3, the fast Fourier Transform (FFT) amplitudes of THz time-domain waveform 

transmitting through the RDX/PE (sample) and pure PE pellets (reference) were obtained. In order to 

eliminate the influence of the sample surface effects, we measured at least five different spot on the 

surface of pellet. The data of the spectra we obtained were the average of five spot with 1800 scans at 

each spot. It is clearly observed that the FFT amplitude of THz filed is dropped down dramatically due 

to the strong absorption of RDX, especially at about 0.8 THz. 

 

Figure 3. The spectra of THz field transmitted through the 

RDX/PE pellet and pure PE pellet (reference), respectively.  

In order to calculate the absorption coefficient of RDX, we compressed the pure PE powder into 

pellets, which are taken as the reference. These PE pellets have the same size like the RDX/PE pellets. 

The absorption spectrum of RDX is calculated using Eq. (2), Eq. (3) and Eq. (4), which is plotted in 
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Figure 4. It is shown that the RDX has a strong absorption at 0.8 THz and three other relative weak 

absorptions at 1.05THz, 1.30THz, 1.91THz respectively. This result agrees well with the previous 

researches [25-26]. Hence, we can easily identify the high explosive RDX using THz spectra 

fingerprints. 

 

Figure 4. The absorption spectrum of RDX in THz frequency-domain. 

4. Terahertz Imaging 

Terahertz radiation can penetrate most of non-polarization materials, including cardboard, wood, 

plastic, leathern, and textile. Hence, terahertz imaging has been identified as a very promising 

technique in a wide area of security applications, especially for detecting explosive hidden in opaque 

package. Recently, terahertz imaging using peak-to-peak value of terahertz time-domain waveform is 

commonly used in nondestructive detection.  

 

Figure 5. The terahertz time-domain waveform, where Peak
+
 

and Peak
-
 are the maximum and minimum value of waveform. 
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Figure 5 shows the terahertz time-domain waveform obtained in experiments. The amplitude A of 

peak-to-peak value can be calculated by Eq. (5): 

A Peak Peak                                (5) 

As shown in Figure 6(a), the RDX/PE and pure PE pellets mounted side by side were concealed 

in an opaque envelop. Both the two pellets have the same size in geometry: 13mm diameter and 

1.5mm thickness. Figure 6(b) show the measured terahertz map using peak-to-peak value of terahertz 

time-domain waveform. The sample was fixed at the THz radiation focus and the map was obtained by 

raster scanning the THz transmission. The scanned area was 30mm×18mm, which corresponds to 120 

pixels×72 pixels with 0.25mm spacing. Each pixel of terahertz map used the calculated value A of 

terahertz time-domain waveform passing through the imaging object. It is clearly observed that the 

two “invisible” pellets concealed in envelop can be detected by terahertz time-domain imaging. The 

bright two circles in map are much caused by edge scattering effects [27]. 

 

 Figure 6. The image of samples concealed in envelop: (a) the photograph of RDX and PE pellets; 

(b) the false-color THz time-domain image with peak-to-peak amplitude. 

From the false-color THz time-domain image alone, it was well demonstrated that the RDX and 

PE pellets concealed in opaque envelop could be detected by using THz time-domain imaging. 

However, it couldn’t tell which one is the high explosive RDX or the safe PE pellet. For the purpose of 

identifying the RDX, we further imaged the sample in frequency-domain using its spectral fingerprints. 

We firstly Fourier transformed the time-domain waveform of each pixel in THz time-domain map. 

Here we took the THz waveform passing through the hollow envelop as the reference. Refer to Eq. 

(1)～Eq. (3), the refractive index n() and extinction coefficient () were calculated. Finally, the THz 

frequency-domain imaging using the absorption spectra could be obtained. Figure 7(a) shows the 

process chart of calculated absorption coefficient i,j responding to the grey scale of each pixel in THz 

map, and Figure 7(b) shows the calculated THz frequency-domain map using the absorption 

coefficient at =0.80 THz. It is clear that only one pellet (left) in Figure 7 (b) can be observed and this 

circular area has a great absorption. Because high explosive RDX has a strong absorption at 0.8THz, 

while PE not. It was well demonstrated that the high explosive RDX could be easily distinguished 
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between the two pellets by using the terahertz frequency-domain imaging. 

 

 

Figure 7. Terahertz frequency-domain imaging: (a) the process chart of calculated 

absorption coefficient i,j responding to the grey scale of each pixel in THz map; (b) THz 

frequency-domain map using the absorption coefficient at =0.80 THz. 

5. Conclusion 

We experimentally investigated the spectra fingerprints of the high explosive RDX in 

terahertz frequency region. A home-made terahertz time-domain spectroscopy in the range of 

0.2THz～3.4THz was deployed. It is clearly observed that the RDX has a strong absorption at 

0.8 THz and three other relative weak absorptions at 1.05THz, 1.30, 1.91THz respectively. 

Furthermore, a sample consisting of the RDX/PE and pure PE pellets concealed in the opaque 

envelop, was imaged by using THz pulse system. For the purpose of distinguishing the RDX 

between the two pellets, we further calculated the THz frequency-domain map using its 

spectral fingerprints. It is clearly observed that only the RDX pellet can be observed at 

=0.80 THz. This result well demonstrates that the high explosive RDX could similarly be 

identified by using the terahertz frequency-domain imaging. 
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