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Continuous personal medical 

monitoring task  – challenge

for doctors and engineers of 21-st 

century !

- Permanent metabolism diagnostics   

and control;

- Control of drugs therapeutic effect;

- Early diagnostics on the basis of long 

term data files (molecular life stories);

- Personal health and good aging 

predictive analysis and adjustments.



Continuous monitoring! Good idea! 

But how to do?

Each 15 minutes – to make a blood 

test?

Every hour to go for a probing at the 

laboratory?

To get electrodes implanted?



Volatile bio-marker molecules (VBMs) 

detection in gaseous products 

excreted via breathing and skin -

a possible way for non-invasive 

medical diagnostics !



Our cars are already controlled with 

gas analyzers of exhausted gases to 

form optimal fuel mixture and to 

achieve best engine performance 

mode….

And what about us, humans?



“Art of Measurement”

by Albrecht Durer



Mass-spectrometers ?

Gas chromatography ?

Fourier transform IR-spectrometers ?

Ion mobility spectrometers ?

Electro-chemical cells?

Thermo-catalytic detectors ?

IR laser diodes ?



For a personal continuous diagnostics 

it is necessary simultaniously :

Small dimensioins (pocket size);

Low weight ( similar);

24 hours rechargeable battery supply;

Low price ( <$1000);

Sufficient sensitivity and detector 

resolution.



Traditional methods of electron spectroscopy (ES), which have been first 

discovered by A.Einstein (Nobel prize for the photo-effect explanation) and 

K.Zigban (Nobel prize for ESCA method - Electron Spectroscopy for Chemical 

Analysis), are one of the most informative means for chemical structure 

analysis of the matter (see S.Hufner, «Photoelectron Spectroscopy. Principles 

and Applications», Springer, 2003). According to ES, the identification of atoms 

and molecules is carried out by the energy analysis of characteristic electrons 

formed in ionization process of atoms or molecules A during collisions with 

particles B* of definite energy (photons, excited atoms, etc.)

A + B* -> A+ + B + e

On a measured energy Ee of characteristic electrons and known energy Ep of 

particles B* there may be determined the ionization potential Ei of the analyzed 

atoms or molecules A, as

Ei = Ep – Ee (1)

and, thus, the determination of a kind of atoms or molecules A can be done.

Electron Spectroscopy concept



Traditional Electron Spectroscopy
However, significant deficiency of traditional ES method reveals in that it 

operates only in a high vacuum and expensive and sophisticated means for sample 

preparation and injection into vacuum are necessary for them. For this reason the 

electron spectroscopy didn't leave till now the walls of laboratories to enter wide 

analytical practice.

The reason is that the "heart" of classical electronic spectroscopy is an analyzer 

with high vacuum and of considerable geometrical size for a dispersion of electrons’ 

motion in "momentum-coordinate" space (e.g. a cylindrical or spherical deflection 

mirror, an electrostatic or magnetic lens, time-of-flight tube, etc). Here electron 

takes off from a point of the birth with a certain momentum vector, then it is 

deflected in the field of the analyzer and reaches the detector’s point, calculated 

according to the motion equations. Hence, the described electron energy analyzers 

actually measure electron’s momentum on which its initial kinetic energy is 

recalculated. So, a rigid requirement arises to prevent electrons’ angular scattering 

on residual gas particles inside of the energy analyzer, thus maintenance of high 

vacuum is necessary. However, to identify atoms or molecules according to Eq. (1), 

we need only the value of kinetic energy, instead of the momentum!

The way out is CES - Collisional Electron Spectroscopy (US patent 7,309,992 

by A.Kudryavtsev, A.Tsyganov)  



Collsional Electron Spectroscopy concept
It is based on the fact that in a single elastic collision with a gas particle the 

characteristic electron loses only a small part ~ 2m/Mb <10-4 from its initial kinetic 

energy (m – mass of electron, Mb – mass of a gas molecule). Therefore, if before 

energy measurement the electron will suffer, say, 100 elastic collisions, it will 

completely "lose" its initial direction of the momentum vector, but the relative loss of 

its kinetic energy δE will have rather small value < 1 %. We can spatially confine 

electron’s path inside of a gas filled energy analyzer in such a way that only a limited 

number (from 100 to 1000) of collisions with gas particles occur till the electron 

being neutralized on the electrodes or the walls of the analyzer. In this case, 

electron’s motion inside of the analyzer will be diffusive one and considerations for 

Brownian particle may be used. It provides the restriction that, at least, one of the 

geometrical dimensions L of the analyzer must be less than some tens of mean free 

paths of electron, if we want that collisional "degradation" of electron’s initial 

characteristic energy doesn't exceed the pre-determined level δE.

L  <   (2)

where Nb - gas concentration, σe – elastic cross-section of electron scattering on gas 

particles. For typical values of electron elastic cross-section σe the expression (2) can 

be written as pL <10 cm*Torr (p - gas pressure in the detector), at the atmospheric 

pressure L <0.1 mm.

/E b

b e

M m

N











Depending on the applied voltage, the current between 

electrodes 5 and 6 is measured in a routine way, for 

example, from the voltage drop across resistor connected 

to this circuit. The voltage from the resistor must be low 

enough to avoid errors in the current-voltage 

characteristic of the detector, so it is amplified with 

conventional electronic circuits. Then the current-voltage 

characteristic is plotted. For example, the voltage from 

resistor is applied to the input of an amplifier with an 

analogue-digital converter (ADC) and further to 

computer for the data acquisition and processing. A 

digital-analogue converter (DAC) is also connected to the 

computer. The positive voltage at the DAC output is 

applied to anode 6 in the range of 0 to 25 V (the 

ionization threshold for helium atoms). Computer also 

controls pulsed power source for a glow discharge 

ignition to create an afterglow plasma. It is designed 

using high voltage transistor switch for a pulsed 

commutation of the DC voltage 200 – 600 V applied to 

the anode 6. The repetition rate of the pulses from said 

power unit, their duration and amplitude can also be 

controlled by the computer.

Micro-plasma CES detector diagram
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Microplasma CES detector

for continuous operation mode



Computational code for CES detector
modelling

Kinetic approach Hydrodynamical 

approach

Boltzman’s equation, 

Particle models (PIC, 

Monte Carlo)

Hydrodynamical 

balance equations
Hybrid 

models



Spatial distribution of excited particles.



Time-dependent density profiles of charged 

particles at microplasma CES detector.



Time-dependent density profiles of excited He 

atoms and molecules during first microsec of 

delay



Electric field potential at inter-electrode gap 

during some moments of afterglow decay



Electron and ion spatial distribution at inter-

electrode gap during afterglow decay



Spatial distribution of triplet He atoms at inter-

electrode gap during afterglow decay



Spatial distribution of singlet He atoms at inter-

electrode gap during afterglow decay



Electric field potential distribution at inter-

electrode gap during various moments of 

afterglow decay



Micro-plasma CES detector
(microprocessor based control board)
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Electron energy spectrum at micro-plasma
CES detector



Current-voltage curve and electron energy spectrum 

at micro-plasma CES detector



Current-voltage curve and electron energy spectrum 

at micro-plasma CES detector

P (He) = 40 Тоrr, L = 1 mm, t = 20 microsec



Diagram of VUV-photoionization CES detector
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Diagram of VUV-photoionization CES detector

of co-axial configuration
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Electro energy spectrum at VUV-photoionization CES 

detector



Experimental prototype of VUV-photoionization

CES detector



List of detectable molecules
Chemical 

formula Name

Ionization 

potential

ClO2 Chlorine dioxide 10.33 0.02 

Cl2S Sulfur dichloride 9.45 0.03 

HNO Nitrosyl hydride     (10.1) 

HS Mercapto 10.4219 0.0003

H2S Hydrogen sulfide 10.457 0.012 

H3N Ammonia 10.070 0.019

H4N2 Hydrazine 8.1 0.14

Hg Mercury 10.43749

I2 Iodine 9.3074 0.0000

NO Nitric oxide 9.2643 0.00004

NO2 Nitrogen dioxide 9.586 0.002 

OS Sulfur monoxide 10.294 0.004 

Pb Lead 7.41664

PbS Lead(II) sulfide (8.5 0.5) 

S2 Disulfur 9.356 0.001

CH2I2 Diiodomethane 9.46 0.01

CH2N2 Diazomethane 8.999 0.000

CH6N2 Methylhydrazine 7.7 0.15 

C2H4 Ethylene 10.5138 0.0005

C2H4Br2 1,2-Dibromoethane 10.35 0.05

C2H6O Ethanol 10.43 0.04

C2H6O Dimethyl ether 10.025 0.024

C3H6O Acetone 9.703 0.005

C3H8O 1-Propanol 10.18 0.05

C3H8O 2-Propanol 10.17 0.01

C3H8O Ethyl methyl ether 9.72 0.07 

C4H10 Butane 10.53 0.8

C4H10O 2-Butanol 9.88 0.02

C4H10O 2-Methyl-1-propanol 10.02 0.04 

C4H10O 2-Methyl-2-propanol 9.90 0.02 

C4H10O Diethyl ether 9.51 0.02

C4H10O Methyl propyl ether 9.41 0.07 

C4H10O Isopropyl methyl ether 9.45 0.04 

C5H12 Pentane 10.28 0.9

C5H12 Isopentane 10.32 0.04

C5H12 Neopentane ( 10.2) 

C5H12O 1-Pentanol (10.00) 

C5H12O 2-Pentanol (9.78) 

C5H12O 3-Pentanol (9.78) 

C5H12O 2-Methyl-1-butanol (9.86) 

C5H12O 2-Methyl-2-butanol (9.8) 

C5H12O 3-Methyl-2-butanol (9.88 0.13) 

C5H12O Butyl methyl ether (9.4 0.1) 

C5H12O Methyl tert-butyl ether  (9.24)

C5H12O Ethyl propyl ether (9.45) 

C6H11NO Caprolactam (9.07 0.02) 

C6H14 Hexane (10.13)

C6H14 2-Methylpentane (10.12) 

C6H14 3-Methylpentane (10.08) 

C6H14 2,2-Dimethylbutane (10.06) 

C6H14 2,3-Dimethylbutane (10.02) 

C6H14O 1-Hexanol (9.89) 



Russian patent No. 2217739



US patent 7,309,992



Japan patent No. 4408810



China patent ZL200380106502.2



European patent EP1557667

(Germany, France, UK)
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