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Abstract 

Fast-developing nanosensor technology has moved into the foreground of artificial olfaction, 

and further, it has made a tremendous improvement in the detection of explosives and narcotics. 

This review article presents a comprehensive overview of the latest developments in 

nanosensor technology concerning artificial olfaction systems. This will survey a variety of 

nanosensors with their characteristic features and modes of detection: metal oxide 

semiconductor-based nanosensors, carbon-based nanomaterials, and polymer-based sensors. 

Since the introduction of nanosensors into electronic noses, or e-noses, sensitivity, selectivity, 

and response time have drastically increased. The present design considerations, performance 

measures, and operational principles of such advanced e-noses in practical applications. This 

analysis goes through some of the recent advances in data processing algorithms and 

nanofabrication processes that further enhance the accuracy and reliability of detection. 

Besides discussing the needs for downsizing, cost reduction, and improved mobility, the 

assessment also includes the opportunities and problems for the field in the future. This paper 

provides an overview of nanosensor technologies in artificial olfaction, hence providing a 

direction for further research and development efforts toward more effective and efficient drug 

and explosive detection systems. 
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Introduction 

In this area of artificial olfaction, nanosensors have greatly improved in recent years, 

particularly for use in the detection of drugs and explosives. These sensors use nanomaterials 

and make them operate much like human olfaction, enabling the recognition of volatile 

compounds with high sensitivity and selectivity. Increasing performances by far and expanding 

applicability toward making the said sensors robust and reliable for practical applications have 

been possible through tremendous progress in new types of nanomaterial development and 

inclusion of advanced data analysis techniques. This introduction presents a general review of 

recent development, ranging from 2021 to 2023, with great emphasis on key research studies 

that have brought about a paradigm shift within the field of study. Some of the good progresses 

in the recent study include drug detection through sensors. These encompass graphene, carbon 

nanotubes, and metal-organic frameworks, among others, which over time have presented this 

unprecedented potential in relation to drug molecular sensing even at trace concentrations. The 

potential for developing high-sensitivity, selective sensors for methamphetamine detection 

utilizing graphene oxide has established a foundation for portable drug detectors [1]. Another 

excellent example is the application of MIPs in conjunction with nanomaterials, which makes 

them highly selective sensors for drug molecules [2]. Furthermore, carbon-nanotube-based 

nanosensors for opioid targeting were introduced, demonstrating the potentiality of such 

sensors in the intervention of the opioid crisis [3]. This would be the other most promising 

integration. An electrochemical sensor based on gold nanoparticles has proven to be highly 

accurate for cocaine detection, with a fast response time [4]. The use of metal-organic 

frameworks for the detection of synthetic cannabinoids, not only demonstrates but also 

questions about the broad application of nanomaterials in drug-sensing cases [5]. Explosives 

are also extremely challenging to detect using artificial olfaction. Huge progress has been done 

in this respect. Nanosensors have been developed for security measures in different setups to 

detect traces of explosive vapors. For example, a metal-organic framework-based nanosensor 

for the ultra-sensitive quantification of nitroaromatic compounds, which are used in most high-

explosive materials [6]. 

Moreover, the detection system of explosives can be highly accurate and reliable due to the use 

of nanosensor arrays associated with machine learning algorithms [7]. More specifically, the 

research into polymer-based nanosensors has shown that, when used for TNT vapor detection, 

they can offer a low-cost method with very high sensitivity [8]. Therefore, the concurrent 

synthesis of the different types of nanomaterials is aimed at enhancing selectivity and 
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sensitivity in the development of hybrid nanosensors. For example, hybrid metals and organic 

materials are efficient, such as in this case, with regard to the detection system for RDX [9]. 

Most binding of the further developed studies was done around environmental stability and 

real-time monitoring capabilities. The investigation for real-time sensing of explosive vapors 

using zinc oxide nanowires highlighted the central necessities of the rigidity and strength in the 

design of the sensor, which will maintain the robustness and durability [10]. This primarily has 

been researched between the years 2021 to 2023 when drugs and explosives artificial olfaction 

using nanosensors was more studied. This has only been affected by the development of new 

developed nanomaterials and application methods for data processing that are superior, highly 

improving their performance and areas of application. Further research is tailored toward 

enhancing the potential role that nanosensors may assume in providing safety and security 

within numerous fields. 

2. Background on artificial olfaction and its importance 

It is in the form of an electronic nose technology where it pertains to the detection and 

identification of odors or flavors using a device that contains sensor arrays and pattern 

recognition. The technology mimics the human olfactory system, which can perceive a very 

wide range of chemical compounds acquired from the surroundings. An artificial olfactory 

system is basically composed of three primary constituents: a sensor array, a signal processing 

unit, and a pattern recognition system that identifies certain odors from the responses obtained 

in the sensors. 

2.1 Historical Development 

The basis for the present-day artificial olfaction was set in the 1980s when various research 

groups initiated work toward the design of devices mimicking the human sense of smell. Some 

electronic noses used in the early years made use of metal oxide semiconductor sensors whose 

electrical resistance would change in the presence of gases. Such early devices are quite poor 

both in sensitivity and selectivity but nevertheless stand as forerunners of more sophisticated 

systems developed in the course of the next few decades. 
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Figure 1. Publication trend 

2.2 Key Components of Artificial Olfaction 

The common unit in each artificially manufactured olfaction is the sensor array, which consists 

of a certain number of different sensors that possess variations in response to chemical 

compounds. Building materials include metal oxides, conducting polymers, and nanomaterials.  

Each of these will produce a different signal for a pattern to be analyzed after being exposed to 

odor. 

1. Sensor Array: The core of any artificial olfaction device is a sensor array that consists of 

multiple sensors with variable sensitivities towards different chemical compounds. Indeed, 

every type of sensor responds differently against various types of VOCs, producing a different 

pattern of electrical signals, the so-called "fingerprint" of the scent. Typical sensor materials 

include: 

• Metal Oxide Sensors: These sensors detect gases by a change in resistance due to the 

presence of VOCs. Because of stability and robustness, they are very common in most 

applications. 

• Conductive polymers are materials whose conductivity is changed by the presence of 

odor molecules. They have a high sensitivity; hence, they are usually in use to recognize 

certain gases. 

• Nanomaterials: CNTs, graphene, and nanoparticles improve detection sensitivity and 

response time because of their higher surface area-to-volume ratio, which inherently 

enables trace chemical detection. 
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2. Pattern Recognition System: After preprocessing, the signal data is analyzed using 

algorithms to identify the specific odor. Machine learning methods, such as neural networks, 

support vector machines, or principal component analysis (PCA), are commonly employed to 

recognize patterns and classify the detected compounds. These systems are trained on known 

odor profiles and can classify new samples based on learned patterns. 

3. Signal Processing Unit: This is another unit that digitizes the electrical signals received 

from the sensor array. These signals are preprocessed, filtered of noise, and relevant features 

extracted in order to enhance the "odor fingerprint." The processing of the signal helps in 

making the sensor array readings precise and repeatable. 

4.  Data Storage and Learning Module: As the system encounters new compounds, it needs 

to adapt and expand its library of “scent fingerprints.” This module stores previously 

encountered odor patterns and continuously learns from new ones, improving accuracy over 

time. This adaptability is crucial for applications requiring long-term reliability, such as 

medical diagnostics or environmental monitoring. 

2.3 Importance of Artificial Olfaction 

• Environmental Monitoring: It enables continuous monitoring of pollutant levels in 

urban areas through artificial olfaction, allowing the tracking of air quality in real time 

and advance warnings in case of hazardous emissions. In the industrial area, it detects 

ammonia or methane leaks of toxic substances. The purpose is to serve with compliance 

to regulations concerning environmental care and reducing ecological damage. Some 

systems are even fitted for real-time feedback, to turn on ventilation systems for further 

protection of the environment and community. 

• Medical Diagnosis: Artificial olfaction is applied for early screening of diseases, 

monitoring of patient health in hospitals and clinics with non-invasive methods. E-

noses can identify certain biomarkers exhaled in the breath for infections, liver diseases, 

and lung disorders. It not only reduces the cost involved in diagnosis but also makes 

regular health monitoring more feasible and accessible, even with portable/wearable 

devices in the near future. 

• Quality Control of Food and Beverage: Artificial olfaction for food manufacturers 

enhances quality assurance through tracking food spoilage indicators like aldehydes 

and sulphur compounds. In beverages, such as wine and coffee, it assesses the aroma 
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profile to enable the maintenance of taste. E-noses also help ensure freshness in 

packaging, minimizing waste, while enabling a company to uphold stringent standards, 

meeting both regulatory and consumer demands. 

• Safety and Security: Artificial olfaction systems are being used in high-risk areas-

airports, public places-to screen for residues of explosives and other illegal substances. 

They are also installed in mines and chemical plants in order to closely monitor 

dangerous gases likely to emit and inform the personnel about unsafe conditions so that 

potential accidents may be avoided. Border control and customs can also make use of 

e-noses in detecting smuggled items by their unique scent signature. 

• Agriculture: Beyond the detection of diseases, artificial olfaction detects the degree of 

ripeness and readiness for storage of fruit and vegetable crops by detecting the VOCs 

emitted. It aids in sustainable farming by enabling the use of pesticides precisely at the 

right place and time, assists in autonomous monitoring of crop health, hence making 

farming more efficient and greener. 

• Cosmetic and Perfume Industry: Artificial olfaction helps fragrance manufacturers 

maintain batch consistency by evaluating scent profiles during production. It ensures 

that each product has exactly the right smell that the brand wants it to have, thus 

increasing customer satisfaction and brand loyalty. E-noses are being engaged by 

researchers to understand preferences for scent and to develop new fragrances targeting 

emerging market trends. 

Artificial olfaction is representative of a general technological way forward, unmatched in its 

great implications for security, environmental monitoring, healthcare, and several other 

industrial uses. While research and development continue, the potential of artificial olfaction 

reaches up to ever-increasingly complicated applications for the detection and identification 

challenges at hand, opening up further space for important innovations and approaches to be 

implemented. 
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                           Table 1. Summary for the some specific and recent papers 

Reference Nanosensor 

Type 

Target 

Analyte 

Key 

Advantages 

Detection 

Limits 

Applications Additionl Notes 

[1] Sharma 

et al. 

(2021) 

Graphene 

oxide 

Methamphetami

ne 

High sensitivity, 

strong 

adsorption, rapid 

response time 

Low (down 

to ppm) 

Drug 

monitoring, 

forensic 

analysis 

Highly selective 

for 

methamphetamine, 

suitable for 

portable device 

integration 

[2] Kumar 

et al. 

(2022) 

MIP 

nanocomposi

tes 

Various drugs High selectivity, 

precise 

molecular 

recognition 

Low (sub-

ppm) 

Clinical 

diagnostics, 

environmental 

monitoring 

MIP (Molecularly 

Imprinted 

Polymer) structure 

enhances binding 

specificity 

[3] Lee et 

al. (2022) 

Carbon 

nanotubes 

Opioids Excellent 

electrical 

properties, high 

surface area, 

stable in harsh 

environments 

Low (parts 

per billion) 

Opioid abuse 

monitoring 

Suitable for real-

time monitoring, 

capable of 

distinguishing 

opioids from other 

VOCs 

[4] Wang et 

al. (2022) 

Gold 

nanoparticles 

Cocaine Enhanced 

electrochemical 

response, high 

sensitivity 

Low (sub-

ppm) 

Drug 

enforcement, 

public health 

High stability and 

reusability; 

effective in 

aqueous and air 

samples 

[5] Patel et 

al. (2023) 

Metal-

organic 

frameworks 

(MOFs) 

Synthetic 

cannabinoids 

High surface 

area, selective 

binding, low 

power 

consumption 

Low (trace 

levels) 

Detection of 

new 

psychoactive 

substances 

Highly 

customizable 

framework for 

various 

cannabinoids, 

ideal for rapid tests 

[6] Zhang 

et al. 

(2021) 

Metal-

organic 

frameworks 

(MOFs) 

Explosive 

vapors 

Tunable 

porosity, high 

sensitivity, 

stability at low 

concentrations 

Trace (parts 

per trillion) 

Security, bomb 

detection 

High selectivity 

for explosive 

vapors, portable 

and deployable in 

high-risk areas 

[7] Li et al. 

(2023) 

Nanosensor 

arrays with 

ML 

Explosives Improved 

accuracy, pattern 

recognition with 

ML algorithms 

Enhanced 

(ppt levels) 

Enhanced 

explosive 

detection 

Utilizes machine 

learning for pattern 

recognition, 

adaptable for 

various explosive 

compounds 

[8] Chen et 

al. (2022) 

Polymer-

based 

TNT vapors High sensitivity, 

low detection 

limits, minimal 

cross-reactivity 

Low (ppb 

levels) 

Explosive 

detection 

Stable for 

extended periods, 

suitable for harsh 

environments 

 

3. Importance of the Drug and Explosive Detection Technologies 

Such detection technologies, therefore, are very important in the huge guarantee of safety and 

security in innumerable contexts, such as airports, public events, military activities, and border 
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controls. Proper detection and identification of those substances can prevent a range of other 

illegal activities, safeguard public health, and reduce the associated risks of terrorist attacks. 

The latter arguments below consider such a position more fully with respect to the context 

given previously: 

Public Safety and Security 

• Prevention of Terror Attacks: The terror attack is an explosive detection technology. 

It helps detect explosives before deployment. Obvious areas of high risk are airports, 

government buildings, and places of huge public concentration. State-of-the-art trace 

explosive detection systems do offer the capability to detect traces of explosives in 

minute quantities, thus precluding likely attacks. 

• The technology is useful in law enforcement in combating drugs trafficked and 

distributed illicitly. Detections of illicit drugs can give major leads which may result in 

arrest of the traffickers and dismantling of the drug networks. Such technologies as 

portable drug detectors and sniffer devices are very effective tools for the police and 

customs. 

Militarism and Defense 

• Battlefield Safety: This would help the military detect explosives, be it mines or 

improvised explosive devices, that would ensure operational safety. Detection systems 

of this magnitude would be capable of detecting these threats at distances, thereby 

minimizing soldier risks while enhancing mission success rates. 

• Chemical Warfare Protection: The detection technologies are also used in the 

identification of chemical warfare agents. Many such substances can quickly be 

detected and identified, allowing timely countermeasures to protect the troops and 

civilian population from harmful exposures. 

Border and Customs Control 

• Prevention from Smuggling: An application of drug detection technologies is also 

done at border and customs checkpoints to prevent smuggling of such illegal drugs. 

Cargo, luggage, and even vehicles will be analyzed in regard to the concealed drugs 

and avoid letting them in through the country. 

• Interdiction of Explosives: Similarly, border and port explosive-detection 

technologies help with the interdiction of materials used in smuggling explosive 
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devices. This significantly supports national security through the prevention of cross-

border terrorism. 

Transportation Safety 

• Airport Security: Airports are, at times, very vulnerable places for terrorism. Thereby 

the two major concerns remain detecting explosives and drugs. These technologies 

include Explosive trace detectors, Advanced imaging systems etc. It provides for 

Passenger, luggage and cargo screening that assures air travel safety. 

• Mass Transit: The security of mass transit systems—subways, train systems, etc.—

rest on such technologies to deter attacks and ensure the safe transportation of 

commuters. 

Public Health 

• Drug Abuse Prevention: One of the most serious public health problems in the world 

today is caused by drug abuse; therefore, drug detection plays a critical role. 

Technologies that detect drugs inside the human body or in a human environment will 

be useful in monitoring and reducing substance abuse, hence improving public health. 

• Drug Purity Checking: In the present scenario, detection technologies have been used 

by pharmaceutical industries to make their drugs pure and safe. Impure or adulterated 

drugs pose an enormous risk to human health, and accurate methods for its detection 

support the integrity of the drug supply chain. 

Industrial and Environmental Applications 

• Industrial Workplace Detection: Various detection technologies implemented in the 

industrial environment can detect hazardous substances such as explosive gases and 

dangerous chemicals for safety assurance at work and environment preservation. 

• Environmental Protection: The detection of explosive remnants of war, chemical, and 

biological hazardous substances in the environment is directly related to health and 

safety. Technologies devised for their identification enable their safe removal and 

clearance 

4. Historical development of artificial olfaction 

Different aspects of artificial olfaction or e-nose technology have come of age theoretically 

from many years of evolution with regard to sensor technology, signal processing, and pattern 

recognition. The art of artificial olfaction actually originated in the late years of the 20th 
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century. A few landmark developments chartered its progress. The concept of artificial 

olfaction originated in the 1980s when researchers began experimenting to copy human 

olfaction with the use of an electronic device. The first devised electronic noses were based on 

metal oxide semiconductor sensors, detecting the gases by their electric resistance through 

changes. In 1982, Persaud and Dodd combined the first sensor array using MOS sensors that 

could detect and differentiate between a huge range of odors and referred to it as an "electronic 

nose" [11]. MOS sensors were further elaborated by Gardner and Bartlett, in 1985, into more 

sophisticated products employing pattern recognition techniques to interpret the responses of 

the sensors [12]. Most of the new materials and sensor designs that, hence, improved the 

sensitivity and selectivity dramatically were developed in the 1990s. In 1993, Freund and Lewis 

developed conducting polymer sensors which had superior sensitivity to a broader range of 

VOCs [13]. In the following year, 1994, the introduction of metal-oxide semiconductor field-

effect transistors based on MOSFET gave better sensitivity and faster response than the 

traditional MOS sensors [14]. With the advancement of sensor technology, pattern recognition 

algorithms began to be used to interpret complex sensor data and to identify specific odors. In 

1996, Hines and Gardner applied artificial neural networks to improve the accuracy of odor 

classification, demonstrating the potential of machine learning in artificial olfaction [15]. By 

1999, principal component analysis was already applied for data reduction and feature 

extraction in order to enhance the differentiation ability between similar odors [16]. At the 

beginning of the 2000s, a brandnew technique appeared: nanotechnology, which definitely 

changed everything in the field of artificial olfaction. Nanoscale materials with very special 

properties in the field of gas-sensing applications appeared. The year 2001 marked the 

application of carbon nanotubes in sensor arrays, with record sensitivity provided and trace gas 

detection enabled [17]. The latter discovery in 2005 of graphene, a single layer of carbon atoms, 

directed the field even more into high-speed sensors with high sensitivity that was based on 

graphene [18]. Indeed, until the last years, due to new advances in the field of materials for 

sensors in general and the use of signal processing and machine learning, E-noses have been 

much more developed. That means that development of metal–organic framework-based 

sensor materials with tunable porosity and high surface area allowed for far greater selectivity 

and sensitivity as late as 2015 [19]. In 2018, research was still leaning towards the use of deep 

learning algorithms into sensor arrays for real-time odor recognition by robust artificial 

olfaction systems [20]. More recently, this trend continues in the 2020s with flexible and 

wearable e-noses, in which flexible substrates are used with nanomaterials to provide 

lightweight, portable devices to monitor online odors related to the environment and health 

YMER || ISSN : 0044-0477

VOLUME 24 : ISSUE 01 (Jan) - 2025

http://ymerdigital.com

Page No:595



[21]. In 2022, other researches proposed hybrid sensor arrays of miscellaneous nanomaterials 

including graphene and MOFs that showed superior performance in the detection of complex 

mixtures of odors [22]. The bio-inspired approach is used, mimicking the structure and 

functionality of the biological olfactory receptors in 2023, leading to very selective and 

sensitive sensors [23]. This is because further improvement in machine learning and artificial 

intelligence will allow odor recognition to be much more accurate and reliable in 2024, with 

new applications in healthcare, environmental control, and security [24]. 

5. Performance Comparison of Nanosensor-Based Systems with Traditional Detection 

Methods 

Nanosensor-based systems have received tremendous attention lately due to their enhanced 

sensitivity, selectivity, and miniaturization. The detection by these systems involves special 

properties of nanomaterials to identify very small concentrations of chemical and biological 

substances. Traditional methods of detection, while quite effective, often suffer from 

limitations in terms of sensitivity, response time, and operational complexity. In that sense, this 

section compares the performance of nanosensor-based systems against traditional methods of 

detection on a number of metrics. 

Table 2. Some previous related work 

Reference Technique Focus Key Findings Impact 

Persaud & 

Dodd (1982) 

[11] 

Model nose Olfactory 

discrimination 

mechanisms 

Developed a model to 

analyzehowthe 

mammalian olfactory 

system discriminates 

between odors 

Advanced 

understanding of 

olfactory processes 

and inspired the 

development of 

electronic noses 

Gardner & 

Bartlett 

(1985) 

    [12] 

Electronic 

noses 

History of 

electronic noses 

Provided a 

comprehensive 

overview of the 

development and early 

 applications of 

electronic noses 

Laid the groundwork 

for the evolution of 

electronic nose 

technology 
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Freund & 

Lewis (1993) 

    [13] 

Conducting 

polymer-based 

sensor 

Electronic nose Introduced a 

chemically diverse 

conducting polymer-

based electronic nose 

capable of 

distinguishing between 

various odors 

Expanded the 

capabilities of 

electronic noses with 

versatile chemical 

sensing 

Moseley 

(1994) 

    [14] 

Solid-state gas 

sensors 

Gas sensing 

technology 

Discussed 

advancements and 

principles of solid-state 

gas sensors 

Contributed to the 

development of 

reliable and durable 

gas sensing 

technologies 

Hines & 

Gardner 

(1996) 

    [15] 

Artificial 

neural 

networks 

Sensor data 

classification 

Applied artificial 

neural networks to 

classify data from 

chemical sensors, 

improving data 

interpretation 

Enhanced the 

accuracy and utility of 

sensor data 

classification 

Gutierrez-

Osuna & 

Nagle (1999) 

    [16] 

Data 

preprocessing 

methods 

Odor 

classification 

Evaluated various data 

preprocessing 

techniques for 

improving odor 

classification with gas 

sensor arrays 

Provided methods for 

better data handling 

and analysis in 

sensor-based odor 

detection 

Kong et al. 

(2001) 

    [17] 

Nanotube 

molecular 

wires 

Chemical 

sensing 

Demonstrated the use 

of nanotube molecular 

wires as chemical 

sensors, highlighting 

their sensitivity 

Pioneered the 

application of 

nanotubes in 

chemical sensing, 

influencing 

subsequent research 

in nanosensor 

technology 
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Nanosensor-based systems exhibit superior sensitivity and lower detection limits compared to 

traditional methods. This is primarily due to the high surface area-to-volume ratio of 

nanomaterials, which enhances their interaction with target analytes. For example, a recent 

study demonstrated that graphene-based sensors could detect individual gas molecules 

adsorbed on their surface, showcasing their exceptional sensitivity [25]. In comparison, 

traditional methods, such as gas chromatography and mass spectrometry, are usually much 

higher in terms of their detection limit, typically parts per billion [26]. Moreover, metal-organic 

frameworks provide tunable porosity with a high surface area, which lowers the detection limits 

for many analytes when used in nanosensors. It is reported that MOF-based sensors can detect 

gases at ppt levels [27]. 

The functionalization of nanomaterials with particular receptors or some recognition elements 

can offer selectivity and specificity to nanosensors. Functionalization of nanomaterials with 

molecularly imprinted polymers or certain biomolecules allows the nanosensors to bind only 

selectively with target analytes. Thereby, their specificity is suggested compared to classical 

techniques where otherwise such high specificity can be achieved by rigorous sample 

preparation and separation steps [28]. The integration of biological recognition elements 

further enhances the selectivity of nanosensors. For example, carbon nanotube-based 

biosensors functionalized with antibodies exhibited a high degree of specificity toward the 

detection of biomolecules such as proteins and nucleic acids [29]. 

Generally, nanosensor-based systems have a relatively higher response time than traditional 

detection methods. Their high reactivity and fast electron transfer rates are deemed to enable 

the rapid detection of target analytes. Nanosensors are known to give real-time monitoring with 

response times in the order of seconds to minutes, whereas most of the traditional methods, 

such as GC-MS, require longer processing times that include sample preparation, 

chromatographic separation, and detection in hours [30]. 

The miniaturization potential of nanosensor-based systems makes them highly portable and 

suitable for on-site and real-time applications. Nanosensors can be integrated into compact and 

portable devices, allowing for on-site analysis without the need for sophisticated laboratory 

equipment. This contrasts with traditional methods, which typically involve bulky and 

stationary instruments [31]. Recent advancements have led to the development of flexible and 

wearable sensors, further enhancing the portability and applicability of nanosensor-based 

systems for real-time monitoring [32]. 
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Nanosensor-based systems may present reduced costs and be easier to handle compared to 

classical ways of detection. Fabrication of nanosensors using graphene and carbon nanotubes 

can be inexpensive, mostly during large-scale production. However, the traditional methods 

require expensive equipment and reagents, increasing the analysis cost [33]. In addition, most 

nanosensor-based systems require minimal sample preparation and can be manipulated by non-

experts, becoming suitable for general applications. Traditional techniques, however, may 

require specialized personnel and involve cumbersome sample processing procedures [34]. 

Many nanosensor-based systems have shown great promise in the development of systems to 

detect drugs and explosives with high sensitivity and specificity. Nanosensors have been 

devised for the detection of trace amounts of illicit drugs in biological samples and 

environmental matrices. For example, gold-nanoparticle-based sensors functionalized with 

certain ligands have been exploited for the detection of drugs, such as cocaine and 

methamphetamine, at ultra-trace concentrations [35]. Even more notably, nanosensors using, 

for instance, MOFs and quantum dots, have been demonstrated to detect explosive vapors, 

including nitroaromatic compounds and peroxide-based explosives, at trace levels. The sensors 

provide fast and reproducible detection, important for security applications [36]. 

6. Applications in Drug and Explosive Detection 

There is huge potential for nanosensor-based systems in drug and explosive detection, with 

high improvements over the conventional methods of detection, improving on sensitivity, 

selectivity, and response time. These developments have far-reaching implications for law 

enforcement, security, and public safety. Nanosensors have been developed for drug detection, 

including methods for identification of the trace amount of illicit substances in biological 

matrices such as blood, urine, and saliva, and in environmental matrices. For example, gold 

nanoparticle-based sensors functionalized with specific ligands are applied to drug sensing with 

high sensitivity and selectivity, as in the case of cocaine and methamphetamine. These sensors 

allow detection of these substances at ultralow concentrations, thereby being very useful for 

the early detection and intervention of drug abuse and their trafficking [37]. Another study 

illustrated how a nanosensor based on graphene oxide detected synthetic cannabinoids with 

very high precision and reliability in detecting a class of emerging drugs of abuse [38]. Such 

nanosensors are not only extremely sensitive but also offer fast readout, thus valuable for the 

on-site testing of drugs and forensic analysis. Nanosensors have been used in explosive 

detection, showing exquisite capabilities for identifying trace amounts of explosive materials, 

which is of extreme importance in preventing terrorist attacks for the sake of public safety. 
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Among them, metal-organic framework-based sensors are very efficient with respect to the 

detection of nitroaromatic compounds—one of the very common ingredients in most 

explosives—such as TNT. These sensors use the high surface area and tunable porosity of 

MOFs to achieve low detection limits and high selectivity [39]. Another development includes 

nanosensors based on quantum dots for peroxide-based explosives, such as the highly odiferous 

and easily prepared TATP, which can be detected with very high sensitivity. Utilizing the 

specific optical properties of quantum dots, these sensors generate a detectable signal upon 

exposure to explosive vapors that enables fast and reliable identification [40]. 

The applicability of the device in field settings is also enhanced with the use of nanosensors in 

portable and handheld devices. Researchers have developed a portable electronic nose 

equipped with an array of nanosensors that can detect a wide range of explosives and narcotics. 

This device has been tested real-world scenarios and proved its possible use in security 

checkpoints, airports, and other areas prone to high risk [41]. Similarly, wearable nanosensors 

have been designed for continuous monitoring ofdrug and explosive residues, providing real-

time alerts and enhancing situational awareness for security personnel [42]. 

 

 

 

 

 

 

 

                                                                                                                                                      

Figure 2:- Some application of nano sensors 

In general, a number of improvements have been made to the nanosensor technology for the 

detection of drugs and explosives; it turned out to be more sensitive, selective, and portable 

compared with the classical methods. It eventually can enhance the forensic investigation 

activities of law enforcement agencies to increase public safety from the threats of addictive 

drugs and explosive devices in various milieus. 
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7. Challenges and Future Prospects 

Even with the remarkable progress made in these areas, problems remain unsolved, and new 

challenges and possible investigations certainly lie ahead. Sensor stability can be considered 

related largely to the lifetime of the sensor itself. After some time, usually, nanosensors can 

start to deteriorate or drift, especially if they are used under hostile conditions. Said instability 

can cause the occurrence of incorrect readings, and the lifetime of the sensor is much shorter. 

Other important advances in developing nanosensors therefore revolve around how to make 

them less susceptible to environmental influences and how to increase their life. Researchers 

are still looking at different materials and various coatings that will make it possible to operate 

a device in a real-world environment. Another problem arises in the selectivity of the 

nanosensor. With such incredible sensitivity, nanosensors still have the major challenge of 

differentiation between very similar chemicals. This difficulty, for example, can be faced in 

distinguishing various drugs in a complex mixture or under distinguishing similar substances 

of explosives. For instance, in the future, development might instead focus on hybrid materials 

and even further in complex functionalization methods with the idea of improved selectivity. 

Hybridizing nanosensors into leading-edge machine learning and pattern recognition 

algorithms potentially allows differentiation to even very small differences in chemical 

signatures. Other important parameters are cost and scalability. Large-scale production of 

nanosensors without deterioration in performance and quality might become too expensive and 

technologically challenging. Making these technologies more widely available and feasible 

would require not only reducing manufacturing costs but also developing scalable fabrication 

techniques. Current efforts involve a reduction in material prices and simplification of the 

synthesis procedures, while progress in nanofabrication methods may help in improvements on 

the two previous issues. 

YMER || ISSN : 0044-0477

VOLUME 24 : ISSUE 01 (Jan) - 2025

http://ymerdigital.com

Page No:601



 

 

 

 

 

 

 

 

 

                                                          

Figure 3:- Some challenges associated with explosive sensing 

Nanosensors have high future potential in the domain of artificial olfaction. One way of 

realizing this could be through the integration of nanosensors with such leading-edge 

technologies as artificial intelligence and the Internet of Things to realize more intelligent and 

networked sensing systems. A system such as this would offer better service in security, 

environmental, and healthcare applications if it included real-time data processing, remote 

monitoring, and automated reactions. Other areas for possible improvement include 

customization and flexibility. Future research in developing nanosensors that can be tailored 

for individual needs may include bespoke sensors for specific explosives or pharmaceuticals. 

This may involve developing the sensor to have selective receptors or adding adaptive 

algorithms that, on changing environmental circumstances, change their mode of operation. 

Although stability, selectivity, scalability, and affordability are concerns to be faced with 

nanosensors in artificial olfaction, new developments in technology and continued study bring 

cheerful alternatives. Through the solution of these problems, the potential of nanosensors is 

expanded for explosive and drug detection. 

8. Conclusion 

In summary, the devices called nanosensors are very functional tools due to their high 

sensitivity and specificity in the identification of either explosives or pharmaceuticals. They 

provide a way for forensic, security, and environmental applications to work at the nanoscale, 

so they have become very functional devices, more so in the detection of minute chemical 

content. Abandoning the advancement in synthesis and functionalization methodologies allows 
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nanosensors to be modified to interact with the target molecules selectively, hence improving 

their performance in detecting situations. Because these are now integrated with complex 

algorithms of data processing, they can differentiate between identical chemicals better and 

produce reliable results. Although in the future, the problems associated with the selectivity, 

stability, and cost of the sensors do exist, they will probably be resolved by further study, thus 

opening the way for more reliable and adaptable nanosensor technologies. Improved 

scalability, customization, and integration with new technologies make nanosensors for 

artificial smell a very promising area of research. Improvements in such technologies could 

further enhance the flexibility and effectiveness of detection systems for industries such as 

environmental monitoring, health, and security. As these technologies continue to develop in 

the future, they will be central to enhancing living standards and safety by the quick and 

effective identification of potentially dangerous materials. 
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