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Abstract — The four-point probe method, elaborated bycircumference (fig. 1), can be calculated from mpée
van der Pauw, can be applied also in absolute memsts  formula:
of electrical conductivity of electrolyte solutians _
Conductance cells designed and used according €¢o th K'=1n2 / th) @
method have their cell constant dependent on alesingwhere h is the height of the cell and is the electrical
geometrical dimension only — the height. One ofhsuc conductivity of the liquid filling the cell [2][4]The shape of
designs, with electrodes located in chambers stgghfeom  the cross-section of the cell may be arbitrarythet height
the measuring space of the cell by narrow gaps, haaust be uniform in the whole cell. When the eled#® are
especially advantageous properties as a calcutalileThis  located asymmetrically, the cell constant can Heutated
was presented in the previous works of the maihaudf  from the full van der Pauw equation:
this paper. The analysis performed there indicttias the
consistency between theoretical and experimentallteis exp(-mhRyg cpk) + XP(-ThRge pak) =1 (2)
limited by non-ideal properties of applied instruntetion
rather than by the principle of the method. Thigpgra
presents later experimental examinations of the ceiried
out in the measuring arrangement improved on ttees ket
the conclusions presented in the former works. Also
determinations of electrolytic conductivity of 0,@&hd 0,1
kmol/m®* NaCl solutions were performed. The results
obtained confirm the hypothesis that the cell camstof
such a cell can be determined from its height with
uncertainty of the order of a few hundredths petcen

whereRag cp= Vep/lag — resistance of the solution measured
when C, D are the potential electrodes aAd B are the
current-carrying ones (Fig. 1Rsc pa = Voa/lsc — analogous
resistance whe, A are the potential electrodes aBdC
are the current ones.

Keywords: electrolytic conductivity, van der Pauw
method, absolute measurement

1. INTRODUCTION

Most liquids on the earth are electrolyte solutiofisey
conduct electrical current. The measure of theilitalto do
that is the electrical conductivity (electrolytioructivity).

It can be determined in two ways [1]: using a cardoce
cell of the known cell constant, determined experitally
using standards for electrolytic conductivity [}, by an
absolute method, using a conductance cell whosé c
constant can be calculated theoretically from @srgetrical
dimensions [2][3]. This latter way can be realized.
according to the van der Pauw method [4], originall
applied for determining the resistivity of semicantbr
materials, later adapted also to electrolyte sohsti[5][6].
The cell constantK of the cell designed and applied
according to the van der Pauw theorem, with nduglgi
small electrodes located symmetrically at the cel{

Fig. 1. The four-electrode measurement accordirie van
der Pauw method [3].

Investigations of the van der Pauw method applad f
measuring electrical conductivity of electrolyteludmns

ere presented in earlier works of the first of théhors

1[6]. These works were focused mainly on the
confirmation of the possibility of employing a calable
four-electrode conductance cell of such a typeutosstute
for the standards of electrolytic conductivity. Theasic
design of the cell was presented in [6] and its,rieyproved
design in [3]. Continuation of those works, espicia
experimental ones, is the main objective of thisgra

Similar researches were also carried outabyesearch
eam, in France [7]. Although those works conceroaty
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the old design of the cell, some of the resultaivled there the repeatability of the results obtained previpuahd
can be very useful also in relation to the new one. confirm the hypotheses advanced in [3]. The same
The problem of accurate determining electrolyticconductance cell of the new design, as describgd]iand
conductivity standards is still open, especiallthia case of [10] was applied — Fig. 3 and 4. All solutions werepared
low conductivities [8][9]. And this is the main s for from the portions of a sample delivered by the saopplier

carrying out the research presented in this paper. (according to the supplier the uncertainty of theighted portions
of NaCl sample is below +0,2%gnd the same precise glass
2. THE OBJECT OF RESEARCH AND thermometers were used for temperature measure(tient
EXPERIMENTS least division 0,0%C and +0,08C accuracy). Actuallythree

such thermometers were used and their read-outg wer

The authors’ research group carried out previougveraged.
examinations of the van der Pauw type cells redlinghree
variants: (i) with stripe electrodes inserted iatavall — an
open vessel, (ii)as above but with the vessel di@eboth
ends [6] and (i) with electrodes located in chamdb
separated from the measuring space of the celldosow
gaps — a new design, shown in Fig. 2 and Fig. 3 AfH]
three cells were made up of polymethacrylate, laiteodes
of stainless steel. In all cases the electrodegyéps) had
very small width in comparison with the cell circference.
For the cell shown in Fig. 2 the influence of fanividth of
the gaps (virtual electrodes), evaluated accorthng] was
below 0.06%. More details can be found in [10].t Xhss
cell is the main object of the research presentedhis
paper. Consistency between the cell constant val
calculated and determined experimentally usindl GAd
0,1 kmol/nf KCI and NaCl solutions, was considered the
main criterion for evaluation of the cells. In ca@g the
available consistency was not better than 0,5+186abse
of evaporation and the influence of the meniscusses (ii)
and (iii) revealed consistency in the range 0,5%0%.

Fig. 3. The conductance cell under examination: 1
polymethacrylate body, 2 — stainless steel neddi#rede, 3 —

. connecting wire, 4 — thermal insulator, 5 — coaBBIC connector.
The last solution has a number of advantageousiresat The cell height is 2 cm and its cell constant i10318 crit.

electrodes are easily removable, they can have lsugface
areas, and the influence of electrode location and-
uniform electrode impedances can be very weakrmdef
its impact on the results obtained. Performancethefcell
depend mainly on the accuracy of machining the lafdiie
cell.

S0mm

80mm
D=

Fig. 2. The body of the cell of the new desigm ¥ew and cross-
section Ah=+0.05mmM [10]. The body has eight chambers,
however only four of them are used at the same. t8Bneh design
of the body was provided in order to enable thézation of Fig. 4. Enlargement of the conductance cell ungeménation (the
unsymmetrical configurations. same as in Fig. 3) — the needle electrodes visible.

All experiments were performed in conditions posib  The main aim of the research performed was a furthe
close to those described in [3] and [6] — in ortteverify  confirmation of the usefulness of the consideretl foe
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absolute determining of the electrolytic condudyivito
answer the question if such a cell can be appléeed aew
electrolytic conductivity standard, suitable for nmo
applications). To this end, the electrolytic contikity of
0,01 and 0,1 kmol/mNaCl solutions was measured af@5
using the cell. Basically, KCI solutions are recoemued as

analyzed taking into account the actual parametérthe
measuring circuit and also those obtained afterimiiing
the parasitic capacitances occurring in the meaguwircuit.
Plot b in Fig. 5 presents th8zgo1ro.1ratio values obtained
by simulation of the measuring circuit improved time
above mentioned way — it differs from its correatue by

reference ones [1][2], however, the use of NaCl idess thant0.02% and is independent of frequency.
specifically requested by clinical laboratories éntsolution Results of the computer modelling indicated that oh
is made with NaCl of conductivity 20 mS/cm, the ion the main causes of the observed variations in fomoof
strength of the solution approximates the ioniersgth of frequency was the influence of the parasitic capaces
the body fluid). Measurements of resistances wereccurring in the measurement circuit. Therefore,tliis
performed using the Solartron 1260 Impedance Amalyz work, these capacitances were minimized by limitiog
and the cell was held in a water thermostat bath. minimum the length of the cell leads and applyigvdal
In [3] it was concluded that one of the importantscreened cables with BNC connectors matching tiptieap

shortcomings of the experimental examinations peréa
there was a relatively large variability of the meeed cell
resistances

solution. One of the tests of quality of conductacells is
the ratio of the cell
concentrations of the solution appli&g o1/ro..= Ro.0¥/Ro1 —

this is presented in Fig. 5 as a function of meagur
frequency, plo&. In the frequency range 30 Hz to 1000 Hz

the spread of th&gpo1/ro1ratio observedn [3] was about
0,24% The ratio should be the reciprocal of theutsmh
conductivities (the reference value

frequency do not represent variations of the sofufilling

the cell itself. It is a joint effect of a numbef factors:
influence of the electrode polarisation impedanesth
their components, resistive and capacitive, depend
frequency), influence of parasitic capacitancesuoang in

the measuring circuit and too low input resistané¢ethe
voltmeter.

NaCl, 25C

+0.17%

1
R0.01/R0.1 ratio

reference value

-0.07%

frequency [Hz]

1000 °

10 ® 100 % °

Fig. 5.Ratio of the resistances of the cell filled withGpd1
and 0,1 kmol/mNacCl solutions at &, as a function of
frequency: measured — pl&)(@nd simulated after correction of
the measuring circuit — plob), results obtained in [3].

To verify this hypothesis, the conductance celjetber
with the whole measuring circuit used, was modeligdan
electrical circuit of lumped parameters. The models

in function of the measuring frequency
especially noticeable in the case of the 0,01 kmrol/

resistances measured for tw

in Fig. 5) anc
independent of frequency. According to the hypdthes
advanced in [3], variations of the four-electrodell ¢
resistances observed as a function of the measuring

Solartron 1260 Impedance Analyzer — Fig. 6.

GEN
CURRENT OUTPUT

S

VOLTAGE  VOLTAGE - ]
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Fig. 6. The way of connecting the cell to the Soder 1260
Impedance Analyser.

3. RESULTSAND DISCUSSION

Results of the carried out experiments, shown m Fi
and Fig. 8, confirm the results of modelling of tbell
together with the whole measuring circuit presernte{B].
The cell resistances, measured in the improved uneaent
circuit at various frequencies, indicate their ins@ncy
which is much lower than previously — Fig. 7 andE®en
though the resistance values obtained in single
measurements for particular electrode configuratidiffer
from the theoretical values by more thah% (it may be
attributed to asymmetric location of the gaps i ¢kll body
— Fig. 2), the mean values of these resistancésr dibm
the theoretical ones no more than, or absu®R5%. The
ratio of the cell resistances measured for bothutmwis
applied is almost constant in function of frequen@g
maximum variation is lower than 0,04% in the fregue
range 20 Hz to 5kHz, i.e. wider than in [3]) — F&. Its
discrepancy, in comparison with the reference (&bu
value 9,007, can be explained by uncertainties haf t
measurements performed, especially: uncertainty of
determining the solution concentration, uncertairdy
resistance measurements and uncertainty of tengperat
measurement.

Experimental verification of the results of the rathishg
performed in [3] was necessary because some ahtidel
parameters were estimated rather roughly — thiateel
particularly to the impedance of electrode lay¢rcéin be
very large) [11].
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Fig. 7. Resistances of the cell filled with of 0,01 kmol/NaCl

solution measured at 45 as a function of frequency {RR,, Rao

Raq— particular electrode configurations,,R— mean resistance
value calculated according to the van der Pauw oagth
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Fig. 8. Resistance of the cell filled with 0,1 knmol/NaCl solution
measured at 28 as a function of frequency {RR;, Rao Rag—
particular electrode configurations,,R— mean resistance value
calculated according to the van der Pauw method).
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Fig. 9. Ratio of the resistances of the cell filled withDdnhd 0,1
kmol/m® NaCl solutions, measured at’25as a function of
frequency.

4. CONCLUSIONS

The results obtained confirm undoubtedly the hypsith
that the cell constant of the cell under considenatan be
determined from its height with the uncertaintytbethan it
was previously obtained. The limited accuracy oigdi
before was caused mostly by non-ideal propertieshef
measuring circuit and the applied instrumentatiather
than by the principle of the method. Continuatidnttoe
research is required, with further improvement o t
experimental workshop (e.g. more accurate detengioif
the solution concentration and temperature, higheut
impedance of the voltage measuring device, etaithEr
modelling will also be very helpful.

The cell in question can be especially useful for
determining very low conductivities, i.e. UB/cm and less
[8]. The use of the calculable cell is more coneahithan
the application of standard solutions of low corttiity (no
problem with dissolved Cf no necessity for temperature
compensation, etc.). Such a cell could be used for
calibration of other conductivity cells and alsowlo
conductivity meters, without necessity of usingndtrd
solutions. Therefore, experiments with solutionsnadich
lower conductivities are required. For this purpaseell of
much larger height (much lower cell constant vaktejuld
be designed.

The cell has another advantageous feature, i.etdigather
with height increases the area of the electrodaca (the
ratio of the polarization resistance to the eldgteosolution
resistance remains constant).

The results of modelling performed in [7] indicatieat
sloping location of the electrodes can result magor error.
The cell of the new design, with chambers and gsipsuld

not have that shortcoming. However, it needs to be
confirmed by further modelling and experiments.
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