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Point-contact sensory nanostructure modeling
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The mechanism of synthesis of copper dendritic point contacts for sensory analysis was
studied for the first time. Experiments were performed using elongated element utilized
as model for metallic point-contact nanostructure. We have shown that contactless mag-
netic method can be applied when investigating current distribution along the elongated
linear conductor’s main axis. It was revealed that the local minimum of magnetic field
strength matches with the point separating conjugate electro-chemical processes. The new
method was proposed for determination of ionic charge fracture versus point-contact
voltage. This method opens up possibilities in targeted synthesis of nanostructures for new
generation of sensory devices.

Bnepsble ms3yueH MexaHMBM CUHTE3a MEAHBIX OEHIPUTHBIX TOYEUHBIX KOHTAKTOB [IJIs
CEeHCOPHOT'0 aHAJIM3a. OKCIIEPUMEHTHI BBIIOJHEHBI C UCIIOJb30BAHUEM IIPOTSAKEHHOT'O dJIEMEeH-
T4, MOJEJUPYIOIIEr0 METAJJINUYECKYI0 TOUEUHO-KOHTAKTHYIO HAaHOCTPYKTypy. Ilokasamo, uro
pacmpejeseHne TOKOB BAOJIb I'VIABHOW OCHU JIMHEHHOTO IIPOTSAMKEHHOTO JJI€MEHTA MOYKHO HC-
clemoBaTh OECKOHTAKTHBIM MArHHUTHBIM MeTomoM. OOGHAPYKEHO, UTO JOKAJIbHBIA MUHUMYM
HAIPSAKeHHOCTH MArHUTHOTO IIOJI COOTBETCTBYET TOYKE, IIPOCTPAHCTBEHHO pPasaessioliei
CONIPSAYKEHHbIE 9JIeKTPOXUMUYECKUE IIPOoIlecChl. IIpenmoKeH HOBBINI METO[ OIpeAeJeHUsS 3aBU-
CHMOCTU [JOJIX 3apsfad, IIePeHOCHMOI0 MOHAMM, OT HAIPAMKEHHS HA TOYEUHOM KOHTAKTe.
MeTon mosBoJisieT IleJieHAIPABIEHHO CUHTE3UPOBATH HAHOCTPYKTYPHI AJS CO3LAHUS CEHCOD-
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HBIX YCTPOMCTB HOBOTO IOKOJEHUS.

1. Introduction

Point-contacts are among the most prom-
ising high-tech nanoobjects and can become
the basis of highly sensitive sensory devices
[1, 2] and spin electronics equipment [3].
Utilization of point-contacts fundamental
properties allows of addition of new funec-
tional properties to standard materials as
well as creation of new objects with unique
technical features [4]. Transition from fun-
damental research to the applied point-con-
tact-based technological objects is associated
with necessity to create new methods for
synthesizing nanostructures mentioned
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above. Application of electrochemical
method provides the significant advances in
solution of the described problem [5-8].
Therefore, naturally, established mechanical
methods for point-contact production [9]
were recently augmented by electrochemical
method that allows to produce nanostruc-
tures in the touching point of highly or-
dered metal dendrite and counter electrode
[10]. Such objects have size that is compara-
ble with electron mean free path for the
given metal [9] whereas the technical task
of direct photographic recording is difficult
enough, and is not accomplished yet because
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of shielding of point-contact conductivity
channel by the current-feeding conductors.
Thus need for large-scale modeling arises.
In the fundamental low-temperature experi-
ments point-contacts are created and oper-
ated in non-conductive environment. In the
meantime, electro-chemical synthesis of this
nanoobject is performed in the ion conduc-
tor environment, that calls for development
of a new model.

Every metallic conductor that is im-
mersed in electrolytic environment and
placed in electric field constitutes an elon-
gated element that can be considered as
multielectrode system with monotonic dis-
tributed potential [11, 12]. Investigation on
this model was shown that voltage applied
to the electrochemically synthesized den-
dritic point contact caused parallel elec-
tronic and ionic currents in the system.

In this paper an elongated element as a
model of point contact in the ion-conducting
environment was studied in order to deter-
mine current distribution for the sake of
developing methods for electro-chemical
synthesis of dendritic point-contact sensory
nanostructures. Methodological approach
and methodic steps for research in point-con-
tact field that are presented in this paper can
be applied for all groups of homogenous and
composite conductive materials.

2. Experimental

Experiments were performed at room
temperature in atmospheric environment.
U-or I-shaped metallic conductor was placed
in the rectangular organic glass cell
(Fig. 1). As a conductor a copper wire with
diameter of 0.2 mm was used. Electrolyte
solution was 0.5 M CuSO,45H,0 solution
prepared with chemically pure salt and re-
distilled water. Electric influence on the
system was performed using PINTEK PW-
3032R stabilized power supply. M2038 am-
pere meters were used to detect and register
current distribution. Keithley-2000 mul-
timeters were used to measure voltage and
potential distribution along the elongated
conductor in electrolyte solution. Special
structure flux-gate magnetometer was used
in such experiments for the first time [13].

3. Results and discussion

Voltage V applied to homogeneous cross
section elongated conductor is distributed
along the longitudinal axis of that conduc-
tor. Maximum voltage drop is observed be-
tween the waterlines of the opposite ends of
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Fig. 1. Schematic representation of electro-
chemical cell: a — with U-shaped elongated
conductive element; b — with I-shaped elon-
gated conductive element. A1, A3 — ampere
meters at the entry and exit points of an
elongated element, respectively, A2 — inver-
sion point ampere meter.

this conductor. When decomposition voltage
of given electrode system is achieved [14],
ionic current arises in the parallel electro-
chemical arm along with the electronic cur-
rent that runs along the conductor. Some
electrons that move from the negative ter-
minal of the power supply along the main
axis of the elongated conductor cross the
boundary line between the conductor and
electrolyte solution thus taking part in elec-
trochemical reduction reactions. Electronic
density within the metal conductor de-
creases and runs into the minimum in the
inversion point. In this point negative and
positive potentials are mutually compen-
sated and electrochemical reactions veloci-
ties equal to zero regardless of any voltages
applied to the ends of the conductor [12].
Transition through the point is accompanied
by continuous growth of conductivity elec-
trons density in the metal. If the metal con-
ductor is homogeneous, it is possible to con-
sider inversion point of electrode as its geo-
metric center in the beginning stage of
electrolysis when assuming symmetry of an-
odic and cathodic arms of polarization pat-
tern. Electronic density comes up to initial
value on the waterline adjacent to the posi-
tive terminal of the power supply. There-
fore, electron flows differ at the entrance
and inversion points of the elongated con-
ductive element. This difference is caused
by participation of some conductive elec-
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Fig. 2. Charge fraction ® transferred by ions
through the surface of the elongated copper
conductor versus applied voltage V. Conduc-
tor length is 0.5 m.

trons in the electrochemical conversion re-
actions on the borderline, which allows esti-
mating charge carriers’ distribution along
the elongated element, i.e. electrochemical
conversion current determination. To deter-
mine integrated velocity of electrochemical
reactions it is enough to determine currents
difference between the starting part and in-
version point of the elongated conductor.
This measurement is easiest to perform
using U-shaped elongated conductive ele-
ment (Fig. 1). To perform this measurement
one can move geometric center (i.e. inver-
sion point) of the conductor out of the cell
and measure current strength in that point.
Charge fraction ® that is transferred by
ions can be calculated as ratio of ionic cur-
rent value I; and total current value I in
the entrance point of the elongated conduc-
tor. When the voltage bias is low, electronic
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current changes in a linear fashion accord-
ing to the Ohm’s law, and ionic current
changes exponentially depending on voltage
[14], which proves formula d2©/dVZ > 0 is
correct. In the meantime the experiment
had shown that correlation ®(V) has arched
shape within the range of V =0-400 mV
and is described by the equation y = ax?,
where a = 0.12; b = 0.6 (Fig. 2). This redis-
tribution of electronic and ionic currents is
characteristic for elongated conductive ele-
ment where conjugation of electron transfer
resistance and polarization resistance of bor-
der between metal and electrolyte phases is
implemented based on mutual correlation.

It is well to bear in mind that point con-
tact conductivity channel is a linear conduc-
tor [9, 12]. Therefore it will be most reason-
able to model point contact as I-shaped
elongated conductive element. Conventional
galvanometric measurement of electro-
chemical current is complicated this way
since inversion point (i.e. electronic current
measurement point) of the conductor is im-
mersed into the electrolyte solution. Con-
tactless current detection via flux-gate sen-
sor could be the most appropriate method of
measurement in such system [13]. Measure-
ments performed with flux-gate magnetome-
ter have shown that inversion point is char-
acterized with minimum magnetic field
strength (Fig. 3a). Notably, this minimum
becomes more evident with increase in cur-
rent intensity through the elongated con-
ductive element. The minimum in magnetic
field strength distribution is in good corre-
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Fig. 3. a — Magnetic field strength H along the I-shaped elongated copper conductive element.
Current intensity in the conductor, mA: 1000 (1), 800(2), 600(3), 200(4). L — length of the elongated
conductive element; b — electrochemical current measured via flux-gate sensor (1) and galvanometric
method (2) versus voltage applied to the ends of the elongated I-shaped conductive element.
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lation with a minimal electronic current in
that point obtained via short-circuit effect
of electrochemical processes. This turns up
as an experimental evidence of existence of
inversion point in the elongated conductive
element. It is obvious that inversion point-
separated anode- and cathode-polarized
zones will be created on the borderline be-
tween metal and electrolyte phases when the
electric current flows through the conduc-
tivity channel of the point-contact immersed
in electrolyte solution. Electrochemical cur-
rent intensity values measured with flux-gate
sensor correspond to values measured via gal-
vanometric method (Fig. 3b).

4. Conclusions

Thus possibility for determination of fine
morphologic features of nanoobject under
study is shown using identified inversion
point as an example. It was revealed that
ionic share of integrated current depends
significantly on intensity of electrical ac-
tion applied to the given system. Based on
the proposed method of correlation ®@(V) de-
termination the possibility opens up for
precision analogue control of point-contact
nanostructure resistance characteristics,
that is important for creation of new gen-
eration sensory devices [1].

Authors express their appreciation to
Prof.L.N.Lisetskiy for a number of valuable
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aspects of the current publication.
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MopgeaoBaHHA TOYKOBO-KOHTAKTHOI HAHOCTPYKTYPH
3 CEHCOPHMMM BJIACTHBOCTIMU

O.H.ITununenko, O.11.I1ocnenoe, I''B.Kamapuyx,
I1.C.Bondapenkxo, A.O.Illla6no, C.I.Bondapenko

Boepmie gocraimxeno mexaHisM cuHTE3y MIiZHMX JEHAPUTHUX TOUYKOBMX KOHTAKTIB mJIs
ceHcopHOro aHaJidy. ExcrnepuMeHTHM BUKOHAHI 3 BHKOPHUCTAHHAM IIPOTSKHOIO EJIEMEHTY,
AKifl Momesnoe MeTaieBy TOYKOBO-KOHTAKTHY HAHOCTPYKTYpPy. IIokasamo, 1o pOS3IIOHia
CTPYMiB B3I0BIK TI'OJIOBHOI OCi JiHIifTHOrO HIPOTAKHOrO eJeMeHTa MOXKHA TOCHiguTH Oe3KOH-
[0 JOKAJbHUN MiHIMyM Hampy:KeHoCTi
MAartgiTHOro IIOJIsI BigmoBigae TouIli, fAKa IIPOCTOPOBO PO3Iijisi€ CIPSMKEHlI ejleKTpoximiuni
npormecu. SaIPOIOHOBAHO HOBMUI METOJ BH3HAUEHHA UYAaCTKM 3apAny, IO IIEPEHOCHTHCS
ioHamwm, Bij Hampyru Ha TOYKOBOMY KOHTakKTi. Merox m03BOJIsSE IIiIeCHIPAMOBAHO CHHTE3yBa-
TH HAHOCTPYKTYPH [IJIsI CTBOPEHHS CEHCOPHUX IIPMCTPOIB HOBOI'O HOKOJIiHHSA.

TAaKTHHM MATrHITHHM METOZOM. BCTaHOBJIEHO,

Functional materials, 18, 3, 2011

327



