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The general parameters of the electrokinetic systems porous A1203/polar liquids: acetone, acetonitrile, 
nitromethane and their binary mixtures have been investigated. 

1. Introduction 6 ~ ? 4 5 
! / / - -  

/ Electrokinetic phenomena have hitherto found 
many applications both in industry and in measure- 
ment techniques. An example is the application of 
streaming potential phenomenon in constructing 
the electrokinetic transducer [1 ]. 

As is well-known, the flow of a polar liquid, a 
dilute electrolyte solution through a porous 
dielectric diaphragm, a capillary, gives rise to a 
potential difference at both sides of the diaphragm 
[2]. This effect is a result of perturbing the double 
layer equilibrium at the solid-electrolyte solution 
interface by the liquid flow [3]. This phenom- 
enon makes it possible to convert a mechanical 
signal which provokes the liquid flow through the 
porous diaphragm into an electric signal. If the 
diaphragm material and porosity, the solvent and 
the electrolyte are chosen properly, a constant 
ratio of the electric signal to the volume flow 
rate of liquid can be attained [4]. 

The electroldnetic sensing device, we have con- 
structed, is shown in Fig. 1. It has so far been 
applied, for example, in the manometers measur- 
ing the ventilation parameters of the human 
respiratory system;measured pressures of several 
centimetres water column; the feeding system 
parameters of internal combustion engines;press- 
ures from -- 0.6 to + 1-0 atm; and the parameters 
of sea waves acting on harbour breakwaters. 

The transducer consists of a porous dielectric 
diaphragm (7) with electrodes deposited on both 
its sides (8, 9) mounted in a housing (3). The 
housing (3) is connected on both sides with 
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Fig. 1. The cross-section of the electrokinetic transducer. 

Kovar rings (1,2)  having electrical contacts with 
the electrodes (8, 9). Elastic, hermetically closed 
bellows (5, 6) are connected to the rings (1, 2). 
The bellows and the diaphragm pores are filled 
with the working liquid, a pure solvent or an 
electrolyte solution. 

A difference in external pressures applied to the 
bellows provokes a flow of liquid through the 
porous diaphragm and the appearance of a voltage 
between the transducer electrodes. Since the 
amount of liquid flowing through the diaphragm is 
limited by the elastic bellows, the transducer can 
be used for measuring the pressure variation or 
variable pressures. 
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Electrokinetic manometers working on the 
electrokinetic transducer principle as presented in 
Fig. 1 are characterized by a high sensitivity [4, 5] 
(1-3 V atm-1), a large working frequency range 
(0.01-10 000 Hz), and a good temperature 
stability [6]. Both the sensitivity and the stability 
depend on the double layer properties at the 
porous diaphragm-liquid interface. 

The following relationship can be deduced from 
known phenomenological equations used in the 
thermodynamics of irreversible processes [5]: 

U1 LeR 
c ~  - - ( 1 )  

P 1 + L n R  

where a = mechano-electric transmittance of the 
transducer, 
U1 = voltage across the output terminals of the 
transducer loaded with a resistance R, 
P = applied pressure difference, 
L e = phenomenological cross-coefficient, 
L n = electrical conductance of the transducer. 
The magnitude Le in (1) is determined by the 
double layer structure at the diaphragm-liquid 
interface. 

As the electro-mechanical parameters of the 
transducer are determined by the Le parameter, 
by the sensitivity a, and by the streaming poten- 
tial Ep, it is necessary to study the double layer in 
many systems to find one with optimum properties. 
The work carried out up to now has dealt with 
pure liquids [7] and with binary systems com- 
posed of water, methanol and acetone [8]. In 
this work, streaming potential measurements are 
described for transducers with an a-A120~ 
diaphragm filled with acetone, acetonitrile, nitro- 
methane, and with their binary mixtures. 

2. Experimental 

2.1. General aspects 

Transducers with a sintered a-A1203 diaphragm 
and with aluminium electrodes have been used in 
order to attain the good purity and tightness 
which are important for very pure solvents and 
for very dilute electrolyte solutions [1] (Fig. 1) 
where the equilibrium at the interface is estab- 
lished after hundreds of hours. The transducers 
have been preliminarily tested by measuring 
their hydrodynamical permeability and speci- 
mens with similar permeabilities have been 
selected for use. 

The transducers have been filled with acetone, 
acetonitrile, nitromethane, and with binary 
mixtures of these substances. The mixture com- 
positions have been determined refractometri- 
cally. The liquids have been distilled twice before 
preparing the mixtures and filling the transducers. 
Essential parameters of the studied liquids are 
shown in Table 1. 

2.2. Apparatus and measurement method 

The internal conductance, L 11, the streaming 
potential, Ep, at R = 0% the sensitivity, a, i.e. the 
streaming potential at the load resistance R = 
1 Mg2, and the streaming current I0, (at R = 0~2) 
have been measured. 

The internal conductance L n has been measured 
by the bridge method by means of an ML-27 
bridge from Unitra. 

The streaming current, Io, i.e. the maximum 
short-circuit current at the moment where the 

Table 1. The physicochemical parameters of  the liquids which have been used, all at the temperature, t = 25 ~ C 

Melting Boiling Density Conductivity Dielectric Dipole Viscosity 
point point p (ohm-l em -~ ) constant moment 
(o C) (~ C) (gin cm -3) e (D) (ep) 

Acetone -- 94-3 56-13 0-7886 6.0 X 10 -s 20.74 2.85 0.296 
(CH~)20 
Acetonitrile --44.9 81.6 0.7768 1.9 • 10 -~ 36.2 3.94 0.325 
CHaCN 
Nitromethane -- 28.5 101-3 1-1312 5.3 • 10 -s 35-9 3-54 0-596 
CH 3NO 2 . . . .  ~ , 
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Table 2. The basic parameters (sensitivity, o~, and stream. 
ing potential, Ep) of the liquids which have been 
measured. 

aX 106(Vm2N -1) EpX 106 (Vm2N -1) 

Acetone 11.7 19.0 
Acetone- 3.41 10-6 
nitromethane 
1:1 
Nitromethane 1-71 2.34 
Nitromethane- 1.23 1.30 
acetonitrile 
1:1 
Acetonitrfle 1.90 2-12 
Acetonitrile- 1-36 1.51 
acetone 
1:1 
Acetone 11-7 19.0 

elastic bellows reaction is zero, has been deter- 
mined by means of a BD-2 recorder from Kipp 
and Zonen. 

The streaming potential , Ep, or the maximum 
open-circuit voltage (atR = oo) and the sensitivity, 
a, for the transducer loaded by a resistance R = 
1 M~2, have been measured by means of a V 529 
digital voltmeter from Elpo. 

The streaming current, Io, the streaming poten- 
tial, Ep, and the sensitivity, a, have been deter- 
mined by applying a unit pressure jump to the 
diaphragm of the transducer. 

3.  Resul ts  and discuss ion 

The measured parameters are interrelated by the 
following equations [9] : 

= (2 )  
E = O  E = O  

Ep = E(p)i : (;)R -- Le 
=o =~ LH (3) 

U(__~) L eR 
a = = (4) 

R=IMa 1 + L,,t~" 

The internal conductance and streaming current 
parameters are subjected to a systematic error since 
the electrode impedance affects the conductance 
measurements and the streaming current measure- 
ments are affected by the inertia of the mechani- 
cal parts of  the recorder. The accuracy of the 
streaming potential, Ep, and of the sensitivity, a, 
amounted to 2-3% and hence the further analysis 
is based on these parameters. They are collected 
in Table 2. 

The sensitivity, a, is highest for the transducers 
filled with acetone and lowest for nitromethane 
and for the nitromethane-acetonitrile mixtures. 
The sensitivity variation is monotonic for the 
acetone-nitromethane systems and shows minima 
for the acetone-acetonitrile and acetonitrile- 
nitromethane systems. 

Similar variations have been observed for the 
streaming potential, Ep, measurements: it is mono- 
tonic in the acetone nitromethane system and 
minima are observed for the acetone-acetonitrile 
and acetonitrile-nitromethane systems. 

According to the classical streaming potential 
theory expressed by the Helmholtz-Smoluchowski 
equation [2], the experimental results show that 
the double layers formed by acetone and nitro- 
methane have similar structures while the double 
layer at the a-A12Oa-acetonitrile interface should be 
different. 

According to the findings of numerous authors 
cited in Tanabe's monograph [ 10], the a-A1203 
surface in contact with a polar liquid has acid 
properties and hence it is a lone electron pair 
accepter. The liquids studied in this work have 
functior/al groups with lone electron pairs either at 
the oxygen atom (acetone and nitromethane) or 
at the nitrogen atom (acetonitrile). In such cases 
the probable structures of the a-A1203 porous 
diaphragm-polar liquid interface can be presented 
as follows: 
for acetone 
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The acetone, (CH3)2CO , and nitromethane, 
CH3NO2, molecules are bonded with the a-A1203 
surface through their oxygen atoms while the 
acetonitrile molecules, CH3CN are bonded through 
the nitrogen atoms. It suggests that the binding 
energy should be similar for acetone and nitro- 
methane interacting with the ~-A1203 surface. 
The binding energy of  acetonitrile should be 
different in this case; this has been confirmed 
by experiment (Table 2). 

This work has shown that the use o f  acetone- 
nitromethane mixtures leads to the construction o f  
electrokinetic transducers with exploitation para- 
meters (stability in time) similar to those of  
transducers filled with acetone but with an 
extended working temperature range (up to 40 ~ C 
for acetone and up to 80 ~ C for acetone-  
nitromethane mixtures). 
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