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1.  DESCRIPTION OF THE SCIENTIFIC PROBLEM 

 

 

Military-political changes occurred by the end of the 20th century resulted in a situation in 

which humanity faces threats coming not from conventional armies of the two adverse 

superpowers or their allies. 

Massive armies are gradually being replaced by voluntary armies that are smaller in number 

and equipped with advanced armament.  Wars to be fought by „conventional‟ countries or 

their groups have disappeared, and hot conflicts have metamorphosed such warlike conflicts 

localized to smaller regions of the world in which paramilitary organizations fight against 

each other or modern and well-equipped armies come into conflict with troops of guerrillas, 

terrorist or paramilitary bands. 

Due to changes in characteristics of military conflicts, and scientific and industrial 

developments new modes of operations have appeared. 

The newest one of them is information operations decisive elements of which are information 

superiority, information dominance and supremacy in command. 

Information superiority can be achieved by acquisition, possession, processing quicker and 

more effective than enemy‟s one, and exploitation and more efficient protection. 

Senor systems that can be left unattended fit well in equipment system of information 

operations, and their operation can not be imagined without special sensors. They are for 

example radiological and chemical sensors. 

Necessity of such sensors is not queried even by the fact that the risk of attacks by mass 

destruction weapons has decreased due to non-proliferation treaties and disarmament 

programmes supervised by international organizations.  

Unfortunately, on the one hand there are countries which are not involved in these treaties, 

however possess mass destruction weapons. On the other hand, terrorist organizations – 

whose locations and activities can be found and followed and observed hard – make effort to 

obtain mass destruction weapons to be used against symbolic or economic targets. 

 



Therefore, the warning fact remains that because of accidental or intentional activities the 

environment could become contaminated with chemical or bio warfare agents or toxic 

industrial materials or materials contaminated with radioactive isotopes from nuclear 

facilities. 

Due to attacks against industrial and/or nuclear facilities, or terrorist activities, materials could 

get out and endanger large areas; if these materials get into the open air populated areas could 

be polluted too. 

The basic principle is that the NATO plans and accomplishes its operations in the 

consciousness of threats against its forces. However, even during non-Article 5 crisis 

management operations it could be a risk that hazardous materials can get out of destroyed 

industrial or nuclear facilities. Therefore, NATO forces must be capable not only of defence 

against conventional attacks, but of doing operations during a prolonged period in an 

environment contaminated with chemical and biological warfare agents and industrial toxic 

materials, or even in an environment contaminated with radioactive isotopes from nuclear 

facilities. 

Taking into account facts above-mentioned, it is essential to develop capability of defence 

against these materials in a direction which involves indication, reconnaissance and 

monitoring of sources of danger, furthermore use of means for individual and collective of 

protection. 

Intensive development of CBRN laboratories all over the world aims at working out simple, 

quick and reliable procedures for detection and monitoring of impurities content of 

environmental samples. 

Researchers make their significant steps relying on achievements of information technology, 

biotechnology and nanotechnology. 

Biotechnology and information technology are well-known phrases in everyday life. A greater 

and greater number knows the basis of biotechnology and information technology and enjoys 

products of them. 

Nanotechnology begins to gain ground too; today one can buy refrigerator with bactericidal 

silver-coating and fruit mixer with nanofilter. 



The term ‟nanotechnology‟ begins to become a vogue word without a more thorough 

knowing the background. Nano- is a prefix derived from the Greek “nanos” meaning dwarf 

and denoting a factor of a milliardth (1 nm = 10
-9

 m).  

Chemists and biologists routinely work with natural or artificial nano-sized objects 

Such objects can be the following: 

 atom nucleus (diameters: 1–7 fm); 

 atom of silicon (its diameter in crystalline structure is 0.24 nm); 

 water molecule (maximum diameter is 0.37 nm); 

 carbon nanotubes (diameteres are 0.7–3 nm); 

 deoxyribonucleic acid (DNA) molecule (diameter is 2 nm); 

 proteins (diameter is 6 nm); 

 transistor (its size in an integrated circuit is 100 nm); 

 animal cell (diameter is 2-20 m); 

 Human hair (its diameter is 50–100 m). 

First popular descriptions of nanotechnology were about nanomechanisms capable of self-

assembling after a spontaneous or intentional intervention. In this period there have appeared 

passive nanostructures (fullerenes, carbon nanotubes).  

In our days, active nanostructures such as sensors, or drug delivery means realizing molecule 

transport have been brought into focus, and also 3D nanostructures and systems have 

appeared in the horizon of science. 

There is a dominance of interdisciplinarity in description of applications of nanotechnology. 

Nanoscience, nanoengineering, materials fabricated by the use of nanoengineering, 

biotechnology, supramolecular science and self-assembling – all these come into view at the 

same time. Taking into account synergic effect of the results of the mentioned fields, 

emergence of molecule-level nanosystems and self-assembling is expected. 

Military applications can be the following: 

 mobile nanorobots being molecule-level structures with reproductive 

capability; 



 nanocomputers characterized by high-level artificial intelligence, and 

capability of automatic building and research; 

 manipulated and artificially produced organisms; 

 nanorobots which can build in cells, and manipulate DNA and protein 

synthesis; 

 elimination of diseases and ageing; 

 nanorobots building in neurons; 

 cerebral implants to increase memory and for communication; 

 coupling machine and man 

 

Appearance of military nanotechnological applications in the field of NBC defence is 

expected too. 

The role of sensors in detection and diagnostics will significantly increase. 

Physical protection will be provided by multifunctional integrated personal protective device 

supported by sensors. 

Decontamination can be carried out by the use of coating surfaces before contamination 

occurs; or of decontaminating material being emitted by sensors after contamination occurs. 

We have to continue calculation with a high-volume decontaminating capacity in 

condemnation of existing stocks of chemical warfare agents. 

In medical activities in the field of NBC defence, diagnostics based on nanotechnology 

characterized by quick results and diagnosis, sensitivity and less false positive evidence, while 

effectiveness of therapy will be provided by expedient selectivity, gradualness and histic and 

cytic specificity. 

Research and development of automatable integrated radiological and chemical sensors 

coincides with above-mentioned trend, offering economical and advanced domestic solutions 

to carry out important NBC tasks. 



2.  RESEARCH OBJECTIVES 

 

 

Taking into account the size and complexity of the field of radiological and chemical sensors, 

I focused my experimental work on chemical sensors. 

In my thesis I show my results in the field connected to chemical sensors. 

 

I determined the following research objectives: 

 

 to examine gold sol stabilized with alkyl-thiol as nanostructured chemical receptor 

coated on interdigital electrodes using Electrochemical Impedance Spectroscopy; 

 to work out a new qualification procedure based on examination methods of 

Transmission Electron Microscopy and Electrochemical Impedance Spectroscopy for 

testing the production of military automatable integrated chemical sensors; 

 to examine military experimental integrated chemical sensors in air contaminated with 

phosphoric acid esters, using Electrochemical Impedance Spectroscopy; 

 to work out a new testing method for qualification materials of military skin-protection 

devices, using military integrated chemical sensor with alkyl-thiol stabilized gold sol 

as nanostructured receptor. 

 

3. RESEARCH METHODS 

 

 

I had given an overview on researches relating to radiological and chemical sensors, after I 

decided to focus my job on chemical sensors. 

On the basis of literature and patent review I have done I found that nanotechnological 

method is a suitable one to produce receptor. 



To observe characteristics of receptor and changes of electrical parameters of interdigital 

electrodes during sensing, it was necessary to find a method giving better possibilities than 

those applied by others previously. 

The method should facilitate definition of frequency range applicable to materials to be 

examined. 

I found that the suitable method is Electrochemical Impedance Spectroscopy. 

I applied the developed procedure to several nerve and blister agents. 

In addition to laboratory chemicals and devices, my work required equipment for adjusting 

dynamic concentration of chemical warfare agents, and many other high-sensitive devices and 

methods of chemical analysis. 

During examinations I checked the adjusted concentration of chemical warfare agents by the 

use of gas chromatograph-mass spectrometer apparatus. 

For characterization of nanostructured materials I used a Transmission Electron Microscope 

and the method of dynamic light scattering. 

 

4. THE RESEARCH PERFORMED 

 

 

My thesis resulted from my scientific research consists of five chapters. 

In the Chapter 1 I have presented results of a literature review with regard to recent 

achievements and military aspects of nanotechnology, possible application of several sensors, 

and with special regard to publications on radiological and chemical sensors, production and 

tests of them. 

In the Chapter 2 I have proved, after examinations carried out with methanol, ethanol and i-

propanol using Electrochemical Impedance Spectroscopy, that the chemical sensor coated by 

nanogold sol stabilized by hexanthiol has a nanostructured receptor which interacts with 

materials tested. 



In the Chapter 3, studying key steps of preparation of military integrated chemical sensors, I 

have showed the qualification test based on Transmission Electron Microscopy and 

Electrochemical Impedance Spectroscopy necessary to check and control. The Transmission 

Electron Microscopy test gives information on applicability the sol produced, but the 

Electrochemical Impedance Spectroscopy test using reference material toluene provides 

information about operability of a produced sensor. 

In the Chapter 4 I have reported on tests of phosphoric acid esters using experimental 

military integrated chemical sensors. Utilizing opportunities of Electrochemical Impedance 

Spectroscopy, on the basis of concentrates tested by gas chromatograph-mass spectrometer I 

defined characteristic of the sensor on tabun and DFP. In the course of tests I used experience 

of measurement presented in the Chapter 2 and qualification procedure described in the 

Chapter 3. 

In the Chapter 5 I have studied possibilities of testing materials of skin-protection devices by 

the use of experimental military integrated chemical sensors. On the basis of concentrates 

tested by gas chromatograph-mass spectrometer I defined characteristic of the sensor on 

sulfur mustard. During examination I relied on results and experience gained from the 

previous Chapters. 

5. SUMMARIZED CONCLUSIONS 

 

 

On the basis of literature and patent review I have done I found that nanotechnological 

method is a suitable one to produce receptor and to carry out experimental work with 

chemical sensors, taking into account the size and complexity of the two fields. 

To observe characteristics of receptor and changes of electrical parameters of interdigital 

electrodes during sensing, I used the Electrochemical Impedance Spectroscopy method that 

can be used to define frequency ranges applicable to materials examined; and in this sense it 

is a method providing better possibilities than those applied by others previously. 

In addition to laboratory chemicals and devices, I used not only equipment for adjusting 

dynamic concentration of chemical warfare agent, but many other high-sensitive devices and 

methods of chemical analysis. 



Throughout examinations on methanol, ethanol and i-propanol I presented that 

Electrochemical Impedance Spectroscopy method can be applied to examine hexanthiol-

stabilized gold sol as nanostructured receptor coating on interdigital electrodes.  

Exploiting possibilities of Transmission Electron Microscopy and Electrochemical Impedance 

Spectroscopy, I worked out a qualitative procedure to check and control the key steps of 

preparation of military chemical sensors on the basis of the two methods. 

I applied this procedure for several phosphoric acid esters and blister agent. 

I defined characteristics of experimental military automatable integrated chemical sensors 

with nanostructured receptor which is hexanthiol-stabilized nanogold sol. 

I worked out a new test method using characteristics of hexanthiol-stabilized gold sol 

nanostructured sensing material on test materials used for examination of material of military 

protective devices. 

 

6. NEW SCIENTIFIC RESULTS 

 

 

1. I examined nanogold sol stabilized with hexanthiol as nanostructured receptor 

coating on interdigital electrodes special by the use of Electrochemical Impedance 

Spectroscopy. 

2. I worked out a qualitative procedure based on Transmission Electron Microscopy 

and Electrochemical Impedance Spectroscopy to control preparation of military 

automatable integrated chemical sensors with nanostructured receptor which is 

hexanthiol-stabilized nanogold sol. 

3. I was the first researcher who examined a military experimental integrated 

chemical sensor in air contaminated with phosphoric acid esters, using 

Electrochemical Impedance Spectroscopy. 

4. Using military integrated sensor with nanostructured receptor which was 

hexanthiol-stabilized nanogold sol I worked out a new examination method for 

testing material of military protective devices. 



7. PRACTICAL APPLICABILITY OF RESEARCH RESULTS 

 

 

Electrochemical Impedance Spectroscopy for examination of nanogold sol stabilized with 

hexanthiol as nanostructured receptor coating on interdigital electrodes can be applied to 

research and development of new nanostructured materials. 

The qualitative procedure for controlling thepreparation of military integrated chemical 

sensors will be usable for testing preparation of integrated sensors. 

Experience gained during examination of experimental military integrated chemical sensors in 

air contaminated with phosphoric acid esters can be used for development of an detector 

operating on the basis of an integrated chemical sensor. 

The examination procedure using experimental military integrated chemical sensors for 

testing material of military skin-protective devices can be used to define material 

development results and protective capability of military devices of protection. 

 

8. PROPOSALS 

 

 

I recommend material of my thesis 

 

 to those specialists of the Ministry of Defence and Hungarian Defence Forces who 

deal with military technological research and development of chemical and 

radiological sensors; 

 to the Miklós Zrínyi National Defence University, as teaching background material; 

 to those specialists who are involved in military technological research and 

development of materials of devices of NBC protection. 
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