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Warfare threats and acts of terror are challenging situations encountered by defense 

agencies across the globe and are of growing concern to the general public, and security 

minded policy makers. Detecting ultra-low quantities of explosive compounds in remote 

locations or under harsh conditions for anti-terror purposes as well as the environmental 

monitoring of residual or discarded explosives in soil, remains a major challenge. The use 

of metal nanoparticles (NPs) for trace explosive detection has drawn considerable interest 

in recent years. For nano-based explosive sensor devices to meet real-life operational 

demands, analytical parameters such as, long-shelf life, stability under harsh conditions, 

ease-of-use, high sensitivity, excellent selectivity, and rapid signal response must be met. 

Generally, the analytical performance of colorimetric-based nanosensor systems is strongly 

dependent on the surface properties of the nanomaterial used in the colorimetric assay. The 

size and shape properties of metal NPs, surface functionalization efficiency, and assay 

fabrication methods, are factors that influence the efficacy of colorimetric explosive 

nanosensor systems. This review reports on the design and analytical performances of 

colorimetric explosive sensor systems using metal NPs as optical signal transducers. The 

challenges of trace explosive detection, advances in metal NP colorimetric explosive design, 

limitations of each methods, and possible strategies to mitigate the problems are discussed. 
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Introduction 
Trace explosive detection is important in different facets of science and technology, 

including the fields of environmental monitoring, forensic science and in the production and 

storage of explosives. The threat posed by explosives is of great concern to homeland 

security whilst recent reported terrorist events have thrown into light the need for novel 

technologies to detect trace level of explosives [1-3]. The escalating use of homemade 

explosives, the ease of production, their destructive effect, and the accessibility to online 

tutorials for their production and deployment, makes home-made explosives an easy tool of 

choice in terrorist attacks over recent years. Hence, there is a continued interest in 

combatting this threat as well as making meaningful strides to develop new sensor 

technologies that are accurate and efficient. 

It is important to emphasize that there are several key sensor techniques that have been 

reported for explosive detection including animal olfaction [4-6], ion mobility spectrometry 

[7-9], fluorescence [10-14], and Raman spectroscopy [15-18]. Also, there are several 

informative review articles which report on the use of these techniques and which we 

recommend the readers of this article can refer to [19-22]. For this review, our focus is less 

broad, as we have concentrated on the latest advances in the use of metal nanoparticles 

(NPs) for colorimetric explosive detection.  

Nanotechnology is a rapid growing field, in which the unique optical, electrical, catalytic, and 

tunable properties of nanomaterials makes them attractive for use in sensor development. 

The desire to achieve the required sensitivity needed to detect ultra-low concentration of an 

analyte and the required selectivity to detect a specific analyte, are the primary reasons why 

nanostructured materials have become very popular in mainstream sensor research in the 

21st century. However, nanomaterials vary in their properties, which implies that even though 

the required sensitivity and selectivity can be achieved in benchtop laboratory (lab) 

conditions, lab developed nanosensors may not be suitable for field applications. For in-field 

testing of explosives, presumptive testing involving visual colour reaction using hand-held 

reagent tests can aid immediate judgments on the presence of trace quantity of explosives 

in a given sample. However, for a nanosensor colorimetric explosive hand-held device to 

transition from the laboratory to field use, it must be stable, accurate (ultrasensitive and 

highly selective), cost-effective, pH independent, and must provide a rapid response signal. 

This review discusses advances in the use of metal NPs as signal transducer elements for 

colorimetric optical sensing of trace explosive compounds. The classification and properties 

of metal NPs used in transducing colorimetric signals are discussed, as well as advantages 



4 
 

and limitations of the overall nanosensor with respect to the analytic transducing 

parameters, operational feasibility, and the future perspective in this field. 
 

Challenges of trace explosive detection 
Many types of explosive compounds exist presently, and they can be classified according 

to their composition as shown in Figure 1. For the manufacture of munitions, nitroaromatic 

explosives such as 2,4,6-trinitrophenylmethylnitramine (tetryl), 2,4,6-trinitrophenol (TNP) 

and 2,4,6-trinitrotoluene (TNT) are used. However, they pose serious environmental 

problems as they can contaminate groundwater and soil [23]. Dinitrotoluene (DNT) exhibits 

high vapour pressure and is a major component in blasting gelatin composition as well as 

being present in TNT impurities during manufacture [24]. Nitrate esters are mainly in liquid 

form and their military use includes as plastic explosives, detonators, and propellants [25]. 
Also, brisant explosives such as octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) and 

1,3,5-trinitroperhydro-1,3,5-triazine (RDX) exist. Friction, shock and heat sensitive organic 

peroxides are commonly used in home-made explosive devices. Ammonium nitrate is 

commonly used as a fertilizer but also used as a blasting explosive and together with urea 

nitrate, have been used in the manufacture of improvised explosive devices. Due to the 

variation in the physical and chemical properties of explosives, several types of explosive 

trace detection technologies have been developed via sensing the explosive samples as a 

particulate, in liquid or in the vapour form. 

The very low vapour pressures of many explosives make vapour sampling challenging [26]. 
Sampling liquid explosives can also be challenging with a limited number of technologies 

available. Several explosives effectively adsorb onto a range of surfaces due to their sticky 

nature [27] and the accumulation of explosives particles by materials with high surface 

energies could limit the amount of explosive molecule per volume of sample. Sampling 

wands are arguably the most commonly used technique for particulate sampling of surfaces 

where the most obvious examples of their use are in airport settings.  In these cases, there 

is also the need for the security agent/analyst to make subjective decisions in selecting 

appropriate areas most likely to be contaminated with explosive traces. The sampling 

environment also poses added challenges with requirements such as rapid analysis time 

with minimal disruption, high selectivity, and low false alarm rates. Novel detection 

technologies must take into consideration, regulatory (selectivity, sensitivity, and threats), 

civilian, operational, and cost requirements. 
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General overview of existing detection methods 
“Trace”, as the name suggests, refers to the amounts of materials that is difficult to see with 

the naked eye. In trace explosive detection, this amount can be considered to be less than 

1 mg. Some bulk detection methods differ markedly from trace explosive detection because 

they focus on mainly screening tools such as X-ray analysis where materials are identified 

according to their effective nuclear charge and density [28,29]. Several spectroscopic 

techniques used in both bulk and trace explosive detection, operate by recognising 

explosives according to their molecular structure. The differing properties of explosives have 

led to different methods being developed to enhance detection signals. For example, plastic 

explosives are mixed with 2,3-dimethyl-2,3-dinitrobutane taggant due to its permeability 

through clothing and its high vapour pressure [24]. The different classes of explosives imply 

that their vapour pressure vary widely, i.e., from parts per million to parts per billion high 

vapour pressure materials to part per trillion low vapour pressure materials, such as 

nitroguandine and HMX. TNP and TNT which have been studied widely as target explosives 

to develop gas explosive sensors, exhibits vapour concentration equilibrium in air at parts 

per billion quantities [26]. An excellent paper published by Östmark and Ewing provides 

meaningful information on the comparison of different vapour pressures of various 

explosives at ambient temperature [26,30]. The vapour pressure of non-volatile explosives 

can be increased by heating in order to enhance the detection signal. Additional methods 

which can be used are sorbent enrichment and whole-air collection by preconcentration 

[31,32]. To attain high levels of selectivity, several techniques use chemical modification 

processes to facilitate effective binding to specific explosive functional groups. One 

commonly used method involves binding the electron deficient functional moieties of several 

nitro-based explosives with electron donating groups of modified silanes [33,34]. 
Complexes based on electron transfer processes are formed and as such used as 

transducing elements in explosive sensor development. Functional moieties such as 

pyrroles, thiols and amines are also widely exploited [35-38]. 
Additionally, experimental, and computational studies have revealed that a number of ions 

can form strong complexes with triacetone triperoxide (TATP), including In3+, Zn2+ and Co2+ 

[39-41], and these binding interactions have been exploited to develop several sensors [42-
44]. Other detection concepts involve non-contact sensing at a distance which is usually 

based on stand-off technologies involving imaging or optical methods linked to backend 

deconvolution software to facilitate identification [45,46].  
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Projects on explosive detection at the European level 
Apart from explosive screening at critical locations such as transport hubs and borders, there 

is also a need to combat threats through advance warning systems. LOTUS (Localization of 

Threat Substances in Urban Society), BONAS (BOmb Factory Detection by Networks of 

Advanced Sensors), and EMPHASIS (Explosives Material Production (Hidden) Agile Search 

and Intelligence System), are complementary European union-funded research projects 

putting together partnership between industry, academia, and government, with the 

objective of developing sensors systems for detecting bomb making infrastructure. These 

projects involve using stand-off sensor technologies for identifying peroxide based explosive 

substances [47,48]. The research collaborative network involves LOTUS developing 

sensors which BONAS can network wirelessly and embed within urban facilities to enable 

EMPHASIS to carry out real-time monitoring [49-51]. Several optical based techniques such 

as electrochemistry, quartz-enhanced photoacoustic spectroscopy, light detection and 

ranging/differential absorption, and surface-enhanced Raman spectroscopy, were proposed 

to be used to construct the multisensor explosive system [52]. The COSMIC research 

project, expected to be completed in 2021, is based on developing novel screening systems 

for the detection of biological, chemical, radiological, explosive, and nuclear materials, 

hidden in shipping containers [53]. The North Atlantic Treaty Organization (NATO)-funded 

project, STANdoff Detection of Explosives (STANDEX) is another example of sensor system 

with early warning technology meant for use in mass transit locations. The Raman Detection 

Explosives (RADEX) project uses stand-off detection technology with eye-safe laser [54]. 
 

Colorimetric explosive kits  
Colorimetric explosive detection techniques are generally based on colour change reactions 

to detect the presence of trace explosives in solution, mainly through binding interactions 

with specific functional groups. Table 1 provides a list of commercially available trace 

explosive detection kits [55-59]. The listed kits are easy to use and are available in different 

formats such as pens, swabs, and sprays and they all produce quick results.  Advances in 

technology have also seen the integration of digital technology in colorimetric kits for 

improved colour discrimination. There are several commercial kits with portable electronic 

capabilities and such devices benefit from ruggedness efficiency, automated detection, and 

data storage.   
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Colorimetric metal NP-based sensors  
The rapidly expanding field of nanotechnology and the unique properties of nanomaterials 

makes them highly suitable for the development of colorimetric sensor systems. Each 

nanomaterial is unique to its size, shape and properties and the analytical signal output 

generated from surface interactions with explosive materials vary widely across different 

nanomaterial. Metal NPs can generally be classified according to their properties; hence, 

the rest of this section focuses on the classification of metal NPs used in colorimetric 

explosive sensor development. The merits, and pitfalls of colorimetric nanosensor devices 

produced using the different metal NPs are discussed as well as suggestive solutions and 

future perspective in this field.  
 

Plasmonic NPs 
Plasmonic NPs such as gold NPs (AuNPs) and silver NPs (AgNPs) have unique optical and 

electronic properties such as localised surface plasmon resonance (LSPR) absorption, large 

surface area, resonance light scattering, and surface functionalization potential for 

biocompatibility or binding to other entities. Effective exploitation of these unique properties 

can aid the development of rapid, selective, and sensitive sensor systems for a wide range 

of chemical and biological analytes [60]. Generally, colorimetric assays using plasmonic 

NPs is based on the NP distance dependent LSPR feature. That is, when the target analyte 

interacts with the plasmonic NP, aggregation or anti-aggregation of the NP are the two main 

chemical changes for colour reaction effect. 

 

AuNP-based colorimetric explosive sensors 
Üzer et al., reported on an indirect colorimetric approach to detect pentaerythritol tetranitrate 

(PETN) using 4-aminothiophenol (ATP) functionalized AuNPs which was embedded with a 

component of the traditional Griess assay. PETN was hydrolysed to nitrate using hydrogen 

peroxide (H2O2), followed by the catalytic reduction to nitrite using hydrazine sulfate and the 

final colorimetric detection using ATP-functionalized AuNPs with n-(1-naphthyl)-

ethylenediamine (NED) [61]. The limit of detection (LOD) of the 4-ATP-AuNP-NED sensor 

was 0.12 mg/L and was reported to be higher than the traditional Griess assay. The authors 

however mentioned the potential of assay interference from TNT. Although, the authors 

performed several chemical analysis to optimise the sensor, there was however no data 

picture on the generated colour reaction from the assay, thus making it extremely difficult to 

judge the efficacy of the colorimetric assay. Ular et al., reported on the colorimetric detection 

of TNT and Tetryl using diaminocyclohexane (DACH)-bonded/thioglycolic acid (TGA)-
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coated AuNPs as shown in Figure 2. A donor-acceptor charge transfer reaction between the 

positively charged amino group of DACH and the nitro groups of TNT and Tetryl was used 

to form a Meisenheimer complex that triggered the colorimetric reaction. The Meisenheimer 

complex formation induced a reduction in intensity of the SPR absorption spectrum of the 

functionalized AuNPs and caused the NP to agglomerate, thus inducing a colour reaction 

change. The LOD for TNT and Tetryl was reported as 1.76 pM and 1.79 pM, respectively. 

The sensor was also reported to be highly selective against several soil ions, and other 

substances [62]. Although, high sensitivity and excellent selectivity was achieved in the 

TNT/Tetryl colorimetric assay, the use of TGA in the assay raises stability, biocompatibility, 

and toxicity concern. Thiol ligand such as TGA are known to exhibit poor biocompatibility 

[63] and also poses toxicity concern as report have shown that TGA-modified quantum dot 

nanocrystals was highly toxic to mammalian cells [64]. The Meisenheimer charge transfer 

mechanism of reaction has also been exploited by Özcan et al., using cetyl trimethyl 

ammonium bromide (CTAB)-diethyldithiocarbamate coated AuNPs to detect TNT [65] while 

Mohan and Chand used hexaazamacrocycle-capped AuNPs to detect TNT and DNT 

respectively [66]. 
Colorimetric detection of PETN was reported by Taefi et al., using arginine-induced 

aggregation of AuNPs. The classic donor-acceptor interaction involving Meisenheimer 

complex formation between the nitro group of PETN and the amino group of arginine-AuNPs 

was used as the basis to trigger the colorimetric reaction. Several amine-rich molecules 

were tested, and results showed that arginine-capped AuNPs was most effective in 

interacting with PETN and inducing selective PETN detection through AuNP aggregation. 

Upon PETN detection, the solution colour changed from red to blue and was accompanied 

with the emergence of a new absorption band at higher wavelength. The limit of detection 

of 0.169 µM was reported whilst successful detection of PETN in soil samples and ground 

water was achieved [67]. The optimal pH for the experiment was 5.0 but questions need to 

be asked as to the long-term stability of the functionalised AuNPs and whether or not the 

colorimetric sensor will be effective under harsh conditions. In another related report, Keskin 

et al., reported on the use of methylene Blue (MB)-functionalized AuNPs to detect 

ammonium perchlorate. Coating MB dye on the AuNP surface induced electrostatic 

interaction to the surface-capped citrate ligand. According to their proposed equation: 

 

ClO4- + MB+Cl- ⇌ MB+ClO4- +Cl-where MB+: C16H18N3S+                                                                (1) 
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an ion-pair formed between the MB cation and perchlorate anion was embedded on the 

AuNP surface due to MB+ClO4- having a weaker hydration effect than the MB+Cl- ion pair. 

Because the ion-pair formation reduced the NP surface charge, partial aggregation occurred 

which shifted the SPR absorption to higher wavelength [69]. A LOD of 24 µM was reported, 

thus suggesting that the colorimetric sensor is relatively limited in sensitivity. Although, 

excellent selectivity over tested ions was proven, the use of MB dye in the colorimetric assay 

raises stability concern. Organic dyes such as MB suffer from poor stability as they are 

known to photodegrade [69].  
 

AgNP-based colorimetric explosive sensors 
Sunlight oxidation of silver nanoprisms (AgNPrs) was used to construct a colorimetric sensor 

for hexahydro-1,3,5-trinitro-1,3,5-triazine (HTT) by He and Wang [70]. Natural sunlight 

radiation was used to excite the surface plasmon of AgNPr and the subsequent effect 

induced O2 populated antibonding orbitals to yield negatively charged O2- state. The 

generated O2- with a high oxidised potential, etched the AgNPr to smaller sized nanodisks 

in alkaline aqueous condition. The reaction led to blue shifting of the SPR absorption peak 

and induced the solution colour to change from blue to pink. It was further reported by the 

authors that once HTT was incorporated into the reaction system, the generated O2- was 

consumed by formaldehyde and nitrite from the alkaline solution of HTT. Thereafter, the 

etching of AgNPr was inhibited and the colorimetric reaction remained blue. A very low LOD 

of 1 nM with three orders of magnitude more sensitive that AuNPs-based colorimetric assay 

(2.6 µM) was reported. Detection of HTT in soil samples and natural water was also reported 

[70]. Although, high sensitivity and excellent selectivity was achieved by the colorimetric 

assay, the use of natural sunlight to excite the AgNPr plasmon may limit the extensive use 

of the nanomaterial under harsh environment. 

A catalytic colorimetric assay for TATP was reported by Üzer et al., using AgNPs as the 

artificial enzyme and 3,3’,5,5’- tetramethylbenzidine (TMB) as the substrate. TATP, an 

organic peroxide explosive compound with no binding functional moiety was hydrolysed to 

H2O2 using an acidic exchanger resin. The hydrolysed H2O2 was then detected based on 

the catalysed oxidation of TMB in the presence of AgNPs. TMB was oxidised from a 

colourless solution to a blue solution and the intensity of the colour correlated to the detected 

hydrolysed H2O2. A LOD of 0.31 mg/L was reported whilst several tested substances also 

did not induce any colour change [71]. Although, the authors proved that the colorimetric 

sensor was selective against sweeteners, painkillers, and detergents, they however did not 

prove the selectivity of the sensor against other explosive compounds. 
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Copper (Cu) NPs 
Cefuroxime antibiotic drug was functionalised on the surface of CuNPs to develop a 

colorimetric sensor for TNP [72]. It was reported that the amino groups on cefuroxime 

reacted with TNP and thus led to the drug being removed from the NP surface. The change 

in colour from red to yellow was accompanied with progressive increase in the LSPR-

induced peak upon TNP detection. The LOD of 38 nM was reported. Although, the authors 

showed that the colorimetric sensor was selective towards several tested ions, no reports 

on the selectivity of the sensor towards other explosives was reported. The toxicity of CuNPs 

is also well documented in the literature which raises health and safety concern of the sensor 

for field applications [71]. Also, information on the mechanism of reaction provided by the 

authors was poorly understood. 

 

Bimetallic Au@AgNPs  
Functionalised bimetallic Au@AgNPs was used to detect TNT on paper, based on the 

Meisenheimer charge transfer complex formation [74] (Figure 3). Au@AgNPs was firstly 

synthesized in the organic phase and thereafter coated with CTAB. CTAB- Au@AgNPs were 

then bonded to β-cysteamine to form a Au@Ag-CTAB-cysteamine complex. CTAB was 

used to improve the stability and monodispersity of Au@AgNPs. Via the charge transfer 

reaction between the electron-deficient nitro groups of TNT and the electron donating amino 

groups of cysteamine, the SPR peak of the functionalised Au@AgNPs increased 

progressively as the concentration of TNT was increased in the system. A LOD of 0.35 

µg/mL was reported. Although, the authors reported on being able to detect TNT in less than 

10 min, no definite detection time was reported. Also, there was no distinct colour reaction 

for the colorimetric assay as the brown colour reaction generated was not discriminative 

enough for effective analysis. 

 

Metal oxide NPs 
Gökdere et al., reported on the development of a paper and solid-based colorimetric sensor 

for TATP using functionalized titanium dioxide (TiO2) NPs [75]. For the construction of the 

TATP paper-based colorimetric sensor, the surface of TiO2 was first functionalized with (3-

aminopropyl)triethoxysilane (APTES) to form an APTES-coated-TiO2 NPs. Thereafter, the 

APTES-coated-TiO2 NPs was mixed with H2O to form a suspension and sized-cut 

chromatographic papers were dipped into the suspension solution. Hydrolysed H2O2 from 

TATP hydrolysis was deposited on the chromatographic paper to form a peroxotitanate 

complex with the embedded APTES-coated-TiO2 NPs. Detection of TATP was confirmed by 
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a yellow colour deposition on the chromatographic paper. For the construction of the TATP 

solid sensor, 4-(2-pyridylazo)resorcinol monosodium hydrate (PAR) was functionalized on 

TiO2 NP surface to form a PAR-coated-TiO2 NPs. Ternary binding interaction between PAR, 

TiO2 NPs, and hydrolysed H2O2 was proposed to be the sensing mechanism. The authors 

further elucidated the reaction mechanism by proposing that the orange colour generated 

upon hydrolysed H2O2 detection was due to TiO2 NPs coordinating effectively to PAR and 

when PAR is protonated, it forms a yellow coloured H3L+ionic state. PAR is then converted 

to a HL- orange coloured form after two consecutive deprotonations. Thus, it was suggested 

that it is the HL- form of PAR that forms the PAR-Ti(IV)-H2O2 ternary complex. A LOD of 5.13 

× 10-4 M was reported for TATP detection using the paper sensor and 3.54 × 10-7 M was 

reported using the solid sensor. The sensor was also shown to be selective against tested 

nitroaromatic explosive compounds, pain killer drugs, sweeteners, and detergents. 

However, the response time of the sensor was not reported, thus making it difficult to judge 

the timely efficacy of the sensor for field operation. 

 
Amorphous NPs 
Elbasuney et al., reported on the colorimetric trace detection of RDX and HMX on paper 

using functionalised amorphous silica NPs [76]. To construct the colorimetric sensor, silica 

NPs were surface modified with secondary amine groups that have the affinity to react with 

nitro groups to induce a colour reaction. The explosive compounds were acidified in solution 

so as to release formaldehyde which reacted with the functionalised secondary phenol 

moiety on the surface of the silica NPs to trigger a red colour. The LOD reported was 0.3 

µg. Although, the authors showed the detection of the explosives on paper, the selectivity of 

the sensor was not proven, and quantitative detection was not reported. 

 
Metal-based nanohybrids 
Nanohybrid composed of AgNPs and metal-organic frameworks (MOF), exhibiting mimetic 

catalytic activities have been reported for the colorimetric detection of explosives. Bagheri 

et al., used mimetic AgNP/ZnMOF nanohybrid to develop a catalytic colorimetric sensor for 

TATP [77] as shown in Figure 4. General mode of reaction involved AgNP/ZnMOF 

nanohybrid being used to catalyse the oxidation of TMB by H2O2. To achieve this, 

AgNP/ZnMOF acted as the catalyst, TMB as the substrate and TATP which was hydrolysed 

to H2O2 acted as the oxidant and target analyte. Hence, the catalytic oxidation of colourless 

TMB by H2O2 to a blue coloured product in the presence of the AgNP/ZnMOF catalyst was 

used to develop a selective and sensitive colorimetric sensor for TATP. The LOD reported 
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was 0.1 mg/mL whilst the sensor was selective against other tested explosives, detergents, 

sweeteners, and pain killers. Re-usability of the sensor after 10 cycles was reported and 

application of the sensor to TATP detection in river water samples was also reported. For 

field detection of TATP, hydrolysis reaction to generate H2O2 will be impossible because 

such chemical process can only be conducted in the lab. This, however, limits the use of the 

developed sensor in field applications. 
 

Conclusions and future outlook 
Scheme 1 summarises via a schematic representation, the different reaction mechanisms 

for explosive colorimetric detection and the associated metal-based NPs used in the 

colorimetric assay. Constructing efficient colorimetric explosive sensor systems using metal 

NPs as signal reporters is extremely challenging. Analytical parameters such as ultra-high 

sensitivity, excellent selectivity, sensor stability, rapid response time, and ease-of-use, must 

not only be individually achieved but must complement each other for a given colorimetric 

explosive sensor device to be viable for in-field operation. Having reviewed the analytical 

performance of each metal NPs used in the construction of colorimetric explosive sensors, 

it is evident that the required analytical parameters needed for real-life implementation have 

not yet been met. It is therefore not surprising that no reported colorimetric explosive 

nanosensor device has yet made it to the commercial market.  

The lack of robust assay development has led to many authors using the classic charge 

transfer mechanism as the sole basis to trigger the colour change. Interaction between the 

nitro groups of nitroaromatic explosive compounds and the amino functional moiety of 

functionalised metal NPs to form the Meisenhiemer complex, though represents a simple 

and straight forward reaction method, it is however less versatile and prone to poor colour 

discrimination between the metal NPs and the transduced explosive solution colour. Also, 

the method is limited to only nitroaromatic explosives, making it extremely difficult to 

fabricate the method for other explosive compounds. For the field of metal NP-based 

explosive colorimetric sensor research to reach the next level in terms of commercialisation, 

more robust assay development technologies are needed.  

One potential solution is the alternative use of affinity-based bio-receptors to design 

explosive metal NP-based colorimetric biosensors. Liu et al., recently reviewed the 

advances in biosensor devices for explosive detection with detailed discussion on the use 

of antibodies, peptides, DNA aptamers and molecularly imprinted polymers as receptors 

[78]. Although affinity-based biosensors represent an alternative method to overcome 

inherent problems associated with charge-transfer colorimetric explosive nanosensors, 
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problems such as receptor availability, antibody stability and high cost, as well as the issue 

of lack of versatile DNA anti-explosive aptamer sequences in the literature (with the 

exception of anti-TNT aptamers) must be solved.      

Achieving the required assay performance is also dependent on the properties of the metal 

NPs. The synthesis of highly stable metal NPs and the subsequent surface functionalisation 

strategies are two main factors needed to achieve the required analytical parameters. The 

use of hybrid metal nanostructures can improve assay performance by several degrees of 

magnitude and thus represents an alternative means to overcoming the limitations of single 

ensemble metal NPs. NP compactness needed for the sensor device to operate effectively 

under harsh conditions, can be achieved by functionalising the NP surface with highly stable 

biomolecules. 

In conclusion, the field of metal NP-based colorimetric explosive research needs urgent 

attention. Nanomaterial development, new receptor discovery, robust surface 

functionalisation strategies and assay development, are areas of research that must be 

developed in order for this field to develop further and to deliver potential operational use in 

the field.   

 
Summary 
• Detecting trace level of explosives is important for military ordnance and for 

environmental monitoring. 

• Within the last decade, there has been a steady interest in the development of metal 

nanoparticle-based explosive colorimetric sensors.  

• Several problems highlighted in this review still limit the use of metal NP-based explosive 

colorimetric sensors for in-field operation. 

• There is a need for novel nanotechnology sensor systems to be developed to mitigate 

the highlighted problems. 
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Scheme 1. Schematic representation of the different reaction mechanisms for explosive 

colorimetric detection and the associated metal-based NPs used in the assay. 
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Table 1 List of commercially available trace explosive detection colorimetric kits 
Product 

manufacturer 
Explosive 
product 

name 

List of explosives detected Detection 
time 

Detection 
method 

Mistral security 

Incorporated 

DropEx Nitromethane, inorganic 

oxidants, peroxides, 

perchlorates, inorganic 

nitrates, nitroamine/nitrate 

esters, nitroaromatics, and 

TNT 

5 sec Colorimetric 

SwabTek Liquid 

Explosive Test 

Kit 

Acid, bases, peroxides, 

precursor solvents, fuels, 

nitroglycerine, hydrazine, and 

nitromethane 

1-2 min Colorimetric 

SwabTek Dry Explosive 

Detection Test 

Kit 

Hydrogen peroxide, 

chlorate/bromates, nitrates, 

nitrate esters/nitroamines, and 

nitroaromatics 

3-6 min Colorimetric 

DetectaChem SEEKERe Peroxides, 

perchlorates/chlorates, 

inorganic nitrates, nitrate 

esters/nitramines, and 

nitroaromatics 

Seconds Digital 

colorimetry 

ChemSe Portable 

Explosive Test 

Kit 

perchlorates/chlorates, 

peroxides, inorganic nitrates, 

nitramines, and nitraaromatics 

20-60 sec Colorimetric 

Morphic TraceX Acids, bases, peroxides, 

bromates/chlorates, inorganic 

nitrates, nitrate 

esters/nitramines, and 

nitroaromatics 

<3 min Colorimetric 
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Figure 1. List of explosive compounds classified according to their chemical groups: HMX, 

RDX, ethylene glycol dinitrate (EGDN), nitroglycerine (NG), PETN, hexamethylene 

triperoxide diamine (HMTD), TATP, 2,4,6-trinitrophenylmethylnitramine (tetryl), 2,4,6-

trinitrophenol (TNP) and TNT. 
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Figure 2. Proposed mechanism for TNT and Tetryl colorimetric detection using the DACH-

bonded/TGA-coated AuNPs. TGA is self-assembled on AuNPs and an electrostatic 

interaction is formed between the positively charged ammonium-N ion of DACH the 

carboxylate (-COO-) functional moiety of TGA. A Meisenheimer charge transfer complex is 

formed with TNT and Tetryl via the free nitrogen functional moiety of DACH. Reprinted with 

permission from [62] Copyright © 2018, American Chemical Society. 
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Figure 3. Proposed mechanism for TNT detection using the bimetallic Au@AgNPs. Charge 

transfer interaction between nitro groups of TNT and amino groups of cysteamine formed 

the basis for the colour change. Reprinted with permission from [72] Copyright © 2019, 

Elsevier. 
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Figure 4. Proposed catalytic colorimetric sensor for TATP. AgNP/ZnMOF nanohybrid was 

used as a mimetic nanozyme to catalyse the oxidation of TMB by hydrolysed TATP. 

Reprinted with permission from [75] Copyright © 2018, Elsevier. 
 


