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The electrical conductivity of tungsten point contacts has been investigated in multicomponent das medium. The complex gas
mixture was the human exhaled gas. It has been found that the point contacts (PCs) demonstrate spectral type responses to the action
of complex gas media. The spectral character of the time dependence of electrical conductivity is a unique feature observed for the
first time on tungsten-based PC sensors in a multicomponent gas medium. The results obtained hold much promise of large-scale
investigations on point contacts in multicomponent gas media which can provide the information required to estimate the individual
contributions of the gas mixture components to the total response of point contacts.
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HccnenoBana 3J1eKTPOIPOBOTHOCTh BOIB(PPAMOBBIX TOUYSYHBIX KOHTAKTOB B MHOTOKOMIIOHEHTHOM Ta30BoOi cpene. B kauecTse
CIIO)KHOHM T'a30BOH CMECH HCIIONB30BANICA Tra3, BBIABIXAEMbI dernoBekoM. OOHapyKEHO, YTO TOYEYHBIE KOHTAKTHI JEMOHCTPUPYIOT
OTKJIMKH CIIEKTPAJILHOTO THUIIA HA JEHCTBHUE CIOKHBIX Ia30BbIX cpell. CIeKTpaIbHbIH XapaKTep MOBEACHUS BPEMEHHON 3aBUCHMOCTHU
ANIEKTPONPOBOAHOCTH TOUYCUHBIX KOHTAKTOB BOJIb(paMa B MHOTOKOMIIOHEHTHOM T'a30BOM Cpejie SIBIISICTCS YHUKAIBHBIM U HAOII0IaeTest
BIICPBBIC JUTs YYBCTBUTEIBHBIX AJIEMEHTOB Ha OCHOBE BoJb(pama. Ha 0CHOBE MOMYyUYEHHBIX PE3YJIbTaTOB OTKPBIBACTCSI BOBMOXKHOCTh
MPOBEIICHUST MIMPOKOMACIITAOHBIX HCCIICIOBAHUI TOYECYHBIX KOHTAKTOB B MHOTOKOMIIOHCHTHBIX T'a30BBIX Cpelax. DTO ITO3BOJHT
MOTYYHUTh WHPOPMAIHIO JJIS OTPEENICHNsT BKJIAAa OTHENBHBIX COCTABIISIOMIMX T'a30BOM CMECH B CYMMApHBIH OTKIUK TOYEYHOTO
KOHTaKTa.

KiroueBble ci10Ba: MUKPOKOHTAKTHAsl CIEKTPOCKONMS SIHCOHA, TOYEUHBIH KOHTAKT, CEHCOP, 3JIEKTPOXUMHUYECKHH CHHTE3,
BBIIBIXa€MBIH ra3.

JIOCII/DKEHHS  €JICKTPOIPOBITHOCTI BOJNB(GPAMOBUX TOYKOBHX KOHTAKTIB B 0araTOKOMIIOHCGHTHOMY TI'a30BOMY CEpPEIOBHILY.
B skocTi CKiIaaHOI ra3oBOl CyMilli BHKOPHUCTOBYBAaBCS Ia3, IO BHAMXYETHCS JIIOAWHONW. BHSBICHO, IO TOYKOBI KOHTAKTH
JEMOHCTPYIOTh BIITYKH CIIEKTPAJIBHOTO TUITY Ha JII0 CKIAHNUX Ta30BHX cepenoBuil. CIeKTpaabHUI XapaKkTep MOBEIIHKH 3aJIeKHOCTI
EJICKTPOIIPOBITHOCTI TOYKOBUX KOHTAKTIB BOJIb(ppamy Bix yacy B 0araTOKOMIOHEHTHOMY ra30BOMY CEpPEIOBHIII € YHIKAIBHHUM i
CIIOCTEPIraeThesl BIEpIIE VIS Uy TIMBHX CICMCHTIB Ha OCHOBI BONb(pamy. Ha OCHOBI OTpHMaHHUX pe3y/bTaTiB BHHUKAC MOXKIIHUBICTh
MPOBE/CHHS [IMPOKOMACINTAOHNX JIOCIHI/UKCHb TOYKOBHX KOHTAaKTiB B 0araTOKOMIIOHEHTHHX Tra30BHX cepenoBuiiax. Lle no3Bose
oTpuUMaTH iHpOpMAaLlito I BU3HAYCHHS BHECKY OKPEMUX CKIIaJ0BUX ra30B0i CyMillli B 3arajbHHi BIArYK TOYKOBOTO KOHTAKTY.

Ku11040Bi c/10Ba: MiKpOKOHTAaKTHA CIIEKTPOCKOIIS SIHCOHA, TOUKOBHI KOHTAKT, CEHCOP, SEKTPOXIMIYHMIT CHHTE3, BUANXYBaHUH
ras.

Introduction

Intensive research has been carried out presently to
develop high-sensitivity chemical nanosensors and sensing
arrays [1]. The universal devices used to analyze gas
media include a complex of similar sensing elements. The
instruments capable of analyzing complex gas media are
called “electronic noses”. They incorporate several sensors
responding to a particular gas or a group of gases [2]. In
contrast to the conventional approaches of updating sensors
primarily by enhancing their sensitivity, the ‘“electronic

nose” technology is concentrated on complex assemblies of
relatively nonselective sensors [3]. This technology came
with the advancement of computer engineering permitting
real-time processing of multiparameter information.
Despite the considerable progress in the technology of
individual sensors, the development of “electronic nose”
devices is still a labour-consuming process. Besides,
the restricted real time data output imposes a limit on
the number of sensing elements in current multisensory
systems. In this context the urgent present-day challenge
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is to find alternative innovatory approaches to development
and investigation of high-sensitivity devices for analyzing
complex gas media.

The goal of this study was to develop point contact
(PC) sensors capable of spectral-type responses to complex
gas media and to investigate their electric properties in the
process of their interaction with external agents.

Experimental technique

Point contacts formed between bulky tungsten
electrodes (40 um thick wires) have been investigated. The
choice of tungsten was dictated by the peculiar structure
of the electron shells of the W atom which determines
the physical-chemical nature of tungsten oxides and
is extensively exploited in sensor technologies [6, 7].
Point contacts with gas-sensitive properties [8, 9] can
be modelled as a long metallic channel [10] coated with
a semiconducting oxide layer. We sought to cover our W
electrodes with a material that would respond to gas media
in a wide range of compositions and concentrations. The
surface treatment technology applied to our electrodes was
based on electrochemical methods. Prior to treatment, the
electrode surface was subjected to anodic cleaning in an
aqueous 20% NaOH solution, the current density being 0.1
A/em?. The W wire electrodes fixed in the holder served as
an anode. The cathode was a tungsten rod. After cleaning,
an oxide layer was formed on the electrode surfaces by
the cathodic method in an aqueous 20% Na,WO, + H,0,
solution with the current density 0.04 A/cm?. In this case the
W electrodes used to form the contacts acted as a cathode
and the bulky W rod was an anode. On completing the
reduction process, the electrodes were washed thoroughly
and treated thermally in a thermostat at T=50 °C for half
an hour.

The point contacts were prepared using a modified
method based on the Fisun twist method [11] and the
elements of the Chubov displacement technology [12].
These technologies have long been approved as efficient
tools of the Yanson point contact spectroscopy. As with the
twist technology, the contacts prepared were highly stable
to external mechanical factors and retained their properties
for a long time. The investigation was performed in a
specially designed cell allowing a control gas feed.

The human exhaled breath was chosen as a complex
gas mixture because it contains up to 2000 components of
different endogenous and exogenous origin [13, 14]. About
600 of them are markers of various states of a human
organism and can be used as a basis for developing new
methods of medical noninvasive diagnostics [15]. Besides,
the human breath gas is a readily available multicomponent
gas mixture, which assists considerably attacking the
problem of a functional gas-sensitive layer at the surface
of a PC channel.

The current-voltage characteristics (IVCs) of the
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point contacts, the first IVC derivatives and the electrical
PC resistance under ambient conditions were measured.
Also, the time dependences of the electrical resistance
of the PCs exposed to human breath gas were obtained.
The time dependence of the electrical conductivity of
a point contact interacting with a gas medium is taken
as a response signal of PC sensors. The measurements
were made using an original point contact spectrometer
developed at the B.I.Verkin ILTPE, NAS of Ukraine. This
is a multifunctional automated measuring setup capable of
simultaneous five-channel high-precision signal recording.
The recorded data were analyzed using a special software
packet.

Results and discussion

The investigation was performed on 52 point contacts
demonstrating a spectral type signal in response to the
complex gas mixture (breath gas). This behavior of the
gas sensor based on a tungsten compounds is unusual for
conventional gas sensors, and was observed for the first
time in the study. It should be noted that the gas-sensitive
elements used in current sensor technologies demonstrate
simple behavior of the signal in response to one- or several-
component gas mixture which reduces to a “yes-no” signal
and is seen as a step or a Dirac delta function in the response
curve [6, 7, 16].

The typical time dependences of the electrical
resistance of tungsten PCs in the breath gas medium are
illustrated in Fig.1.

The PCs respond to the gas medium immediately or
with a short delay after feeding the gas to the contact, i.e.,
the response time of the contacts is small. The amplitude
of the electrical conductivity variations is over 100% with
reference to the starting signal level. The time dependence
of the electrical resistance has a distinct spectral character.
It is quite nonmonotonic and contains a number of maxima
and minima varying in both intensity and reactivity rise
rate. The duration of the PC spectrum of the breath gas
profile is about 100-150 sec. The PC resistance decreases
due to the interaction between the PC and the gas medium
and becomes stable at ~0.7 R, where R is the starting PC
resistance before the onset of interaction. Note that the
samples were irresponsive to the pulse of atmospheric air:
the electrical conductivity of the PCs remained invariant
for an hour, i.e., during the whole experiment.

The nonlinear behavior of the electrical conductivity
of tungsten PCs in a gas medium and the parameters of
PC-based sensors can be interpreted readily in terms of
the fundamental properties of point contacts considered
in Yanson point contact spectroscopy [17, 18]. The high
sensitivity of point contacts to gas media is determined first
of all by the unique distribution of the potential over a point
contact [19]. When current flows through the “electrode-
PC-electrode” system, a drop of voltage occurs only
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Fig. 1. The time dependence of the electrical resistance R of tungsten point contacts in the medium of human breath gas.
The vertical dash lines show the pulse duration of the exhaled gas. a — R =155 Ohm, b~ R =21 Ohm.

at the point contact. It is therefore the point contact that
determines the electrical resistance of the whole system.
As aresult, the possible contribution of the current-feeding
electrodes to the gas-caused changes in the electrical
conductivity of the system is negligible [8]. As a nanoscale
object, a point contact has a very high surface-to-volume
ratio [9], which in turn determines the ultrahigh sensitivity
of point contacts to gases.

The short relaxation times of PC sensors are accounted
for by the unique conditions induced by the current flow
in the PC. The classical experimental investigations of
the electron-phonon interaction in the context of Yanson
point contact spectroscopy at helium temperatures show
that the current density in contacts can be as high as 10°-
101 A/em? [20]. A very high current density (10%-107 A/
cm?) was also observed in the narrowing area of point
contacts while investigating the PC sensitivity to gases
at room temperature [8]. In this case the point contacts
retained their physical properties and stable mechanical
parameters, i.e., no heating or destruction of the sample
material occurred. This behavior is due to the fact that,
unlike conventional bulk conductors, in the point contacts
obeying the criteria of Yanson point contact spectroscopy
[17] the nonequilibrium current states of charge carriers
and the thermal effects are separated. When current flows in
conventional homogeneous conductors and nanostructures,
the nonequilibrium and thermal effects are distributed
uniformly over the whole volume, which leads to heating
and melting of such objects even at densities about 10*-
10* A/cm?. In point contacts the current carriers are in a
nonequilibrium excited states. They scatter at the adsorbed
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atoms and molecules and stimulate their desorption by
transferring them excess energy of the electrons. This
accounts for the short relaxation time of PC sensors and
their instantaneous response to gas mixtures.

The nonmonotonic behavior and the spectral character
of the responses of tungsten-based point contacts to
gas media can be attributed to the unique fundamental
properties of these nanostructures. It should be noted that
point contacts are nanostructural objects whose behavior
is of quantum nature [21]. They can thus be used as
an efficient tool of investigating and applying various
quantum effects. For example, the PC spectra of the
electron-phonon interaction recorded in terms of Yanson
point contact spectroscopy [17, 18] can be used to obtain
information about the energy states of the components of
a physical quantum system through finding the function
of the electron-phonon interaction and the function of the
phonon density of states in a solid. The exhaled gas is a
complex mixture with a great number of interactions of its
components. As a result, the components of the gas medium
form a certain profile of the exhaled gas accounting for the
state of the organism. Knowledge of the profile enables
us to analyze the exhaled gas which contains information
about the adsorption energy of the components of the gas
medium. Owing to the quantum nature of their electric
properties, point contacts are able to detect fine changes
in the surface states of the conducting channel [21] that
are caused by the adsorption of external agents. This
permits us to register spectral-type response signal with PC
sensors [5]. In this case the relaxation time of a PC sensor
is in some way analogues to the energy extent of the PC
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spectrum of the electron-phonon interaction because it
describes the integral energy of adsorption of the exhaled
gas components.

The absence of relaxation of a point contact in
reference to the starting electrical resistance may be
connected with the chemical interaction of some breath gas
components with the PC material.

Conclusions

To sum up, we note that the revealed time dependence
of the electrical conductivity of tungsten point contacts
in a multicomponent gas medium demonstrates a unique
behavior observed for the first time in W-based sensors.

The complex response detected in this study can testify
about a novel mechanism of gas sensitivity operating in
point contacts.

The results reported have been made possible by
the efficient original technology developed to form point
contacts.

The data obtained open the way to large-scale
investigations of point contacts in multicomponent gas
media. The new approach will provide information required
to estimate individual contributions of the gas mixture
components to the total response of a point contact.
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