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Dynamics of the Double Layer at  the 
Polorizable Mercury- Electrolyte 
Interface 
S. S. BAMJ1.t S. P. BOWEN, and R. F. TIPSWORD 
Department of Physics, Virginia Polytechnic fnstitute and State University, 
Blacksburg, Virginia 24061 

(Received March 31, 1978). 

The electric potential differences which arise across the length of capillary tubes containing IN 
Perchloric acid and mercury drops are studied experimentally and theoretically for conditions 
of constant acceleration and constant velocity of the mercury drops relative to the capillary 
walls. A relatively simple theory explains many features of the dependence of the potential 
difference on experimental parameters. The results suggest that by coupling mechanical measure- 
ments with electrochemical measurements could yield inferfacial parameters which are difficult 
to determine by electro chemistry alone. 

I INTRODUCTION 

The investigations of electrical phenomena associated with dipole layers date 
back to early experiments in the nineteen hundreds on streaming potentials 
and electrocapillarity. Due to the complexity of the electric double layers at 
the interfaces, there still seems to be some confusion regarding the exact 
mechanisms involved in producing the voltages and currents that are 
observed. 

The book by Levich' provides a very comprehensive review of the subject 
along with an excellent bibliography. In particular, Levich' deals very ex- 
tensively with the problem of convective flow on the dissolution of metals in 
electrolytes. This has some bearing on the subject we have investigated since 
the double layers we have studied are formed by a diffusion limited dissolution 
process. Our experiments were conducted on the dipole layer formed at a 

t Present address: Physics Dept. College Militaire Royal, St. Jean, Quebec, Canada. 
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mercury-electrolyte (perchloric acid) interface. The diffusion limited dis- 
solution process, in this case, means that the dipole density in the double layer 
is determined by a quasa-static process. In the absence of convection dif- 
fusion ; the mercury droplets should be stable against significant dissolution 
for several months.’ This was indeed the case for the mercury droplets in our 
investigation. 

During the study of surface electrical phenomena, Ueda et al. discovered a 
phenomena which they called the U-effect.’~~ In these papers, the U-effect is 
classified as two separate effects: U-effect I and U-effect 11. The first, U-effect I, 
is produced by the relative motion of an electrolyte in a glass capillary with 
respect to the capillary walls through which electrodes have been inserted 
(streaming potential). The U-effect I1 was produced by a rapid periodic vibra- 
tion of a glass capillary in which alternate drops of mercury and electrolyte 
(1N HCI), forming about forty interfaces, had been sealed with electrodes in 
the end drops of the mercury. The voltage was thought to be caused by the 
distortion of the double layer between the mercury-electrolyte interface when 
the capillary was accelerated. The double layer was considered to be similar 
to a condenser with the distortion of the interface changing its area, while the 
charge remained constant. 

A further experimental and theoretical investigation of the U-effect 11 was 
made by Fain et al.’ The theoretical treatment by Fain et aL5 was based upon 
the area changes of the interfaces being treated as capacitors much as was 
the treatment by Ueda et al.3*4 

A new effect, called U-effect 111, was reported by Podolsky et aL6 and was 
though; to be caused by the relative motion between the mercury drops and 
the capillary wall. They constructed a theory in agreement with their results 
that showed an ouput voltage independent of the number of interfaces. This 
result was in disagreement with Ueda et a1.,3*4 who found the output voltage 
to be a linear function of interfaces, 

According to Ueda et aL4 and Fain et aL5 the output voltage is due to the 
changes in the area of the mercury electrolyte interfaces. On the other hand, 
Podolsky et ~ 1 . ~  claims that the differences in the charge density at the ends of 
the mercury slugs, induced by the movement with respect to the capillary 
surface, play a decisive role especially at low frequencies. They describe two 
processes for the double layer to return to equilibrium after a disturbance: 
(1) mercurous ions are transferred across the interface at some rate constant 
K ;  (2) dipoles diffuse over the drop from one surface to  the other with some 
characteristic diffusion rate 1. 

It has been founds*6 that the longer the mercury drop the greater the output 
voltage, for short enough drops. This would tend to indicate that the dipole 
diffusion over the drop is of some importance. If the rate ofdiffusion is approx- 
imately the same order of magnitude as the transfer rate of mercurous ions 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
5
6
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



DYNAMICS OF THE DOUBLE LAYER 191 

across the interface, then making the drop longer would increase the effective 
number of excess dipoles at one end relative to the other, thus producing a 
greater output voltage. Also, according to Podolsky et d6, the output 
voltage depends on the amount of mercury but is independent of the number 
of interfaces, and this contradicts the findings of Ueda et aL4 and Fain et ~ 1 . ’ .  
They6 also found that the U-effect I11 gave rise to a potential of opposite 
polarity to the U-effect 11. 

It should be noted that the potentials observed in this experiment are not 
directly related to the usual phenomena of sedimentation potentials, as 
discussed by Levich,’ since the mercury drops are in contact with the capillary 
walls and do not allow for streaming of ions in the electrolyte around the 
moving mercury drop. The explanation of the effects presented here is de- 
pendent on the surface tension effects and the viscous forces in the capillary 
tube. Similar effects, but for much larger Reynolds’ numbers, have been 
observed by Christiansen’ and are discussed by Levich.’ However; the par- 
ticular process involved in the current work were not considered by either 
Levich’ or Christiansen.’ 

I1 EXPERIMENTAL TECHNIQUE 

An apparatus was designed to give the mercury-electrolyte interface a con- 
stant acceleration and measurable displacement in one direction before 
bringing it to an abrupt stop. This is in contrast to oscillating the mercury- 
electrolyte interface as was done in previous investigations. 

Pyrex glass capillary tubes were obtained with precision bore and had their 
internal diameters varying from 0.5 to 1.5 mm. At both ends of the tube, pyrex 
glass cups of 0.7 cm internal diameter were attached which gave the tube a 
dumb-bell shape with open ends as shown in Figure 1. The tubes were cleaned 
by drawing boiling nitric acid through them, then rinsed with equilibrium 
water* and dried in a vacuum. The electrolyte used throughout the experi- 
ment was 1N perchloric acid and the mercury was triple distilled. The tubes 
were filled with a single mercury drop and electrolyte on either side with 
teflon pistons in the glass cups to complete the capillary tube. Also, care was 
taken to prevent any air from entering the system. Platinum electrodes (gauge 
22), across which the voltage was measured, were sealed into the tubes as 
shown in Figure 1. 

The design of the apparatus used for accelerating the mercury drops in the 
capillary tubes is shown in Figure 2. The tube was fastened to the base of 
clamps A and the piston rods were attached to the carriage C. The carriage 
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FiGURE I Glass capillary tube in shape of dumb-bell 

was driven against an air pressure of about 70 Ibs/sq. in. by the rotation of a 
screw. The screw in turn was rotated by dropping a hammer with a mass 
attached to it from different heights onto a sponge. This caused the pistons to 
move in such a way that when one piston moved to the right, the other piston 
moved to the right also, so that the mercury-electrolyte system was given an 
acceleration and net displacement to the right. By releasing the hammer from 
different heights and with different masses attached to  it, the mercury drop 
could be accelerated at  different rates (since the internal friction remained 
constant) and achieve different maximum velocities. The net displacement of 
the mercury drop was read by means of a traveling microscope. The air 
pressure served to cushion the mercury electrolyte system when it came to a 

CLAMPS A 

CARRIAGE 

FIGURE 2 Top view of the apparatus for giving the mercury drop a constant acceleration. 
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TEFLON SPAG 

TO THE TUBE 

ELECTRONIC TIMERS 
CONNECTED TOTHESE 

TO THE TUBE 

FIGURE 3 Apparatus for moving the mercury drop with constant velocity. 
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stop and thus prevented the mercury drop from breaking up. When the 
mercury drop moved relative to the tube an output voltage was measured 
across the two platinum leads, and was displayed on an oscilloscope. 

A second experiment was designed in which the mercury electrolyte 
interfaces were made to move with a constant velocity. In order to do this, 
teflon tubes with internal diameters varying from 0.5 to 1.7 mm and about 
2 meters long were wound around a cardboard drum as shown in Figure 3. 
The glass cup at the top and the tube were filled with electrolyte (1N HC104) 
and a single drop of mercury was injected into the tube at point P, by means of 
a syringe. When the stopcock was opened allowing the electrolyte to dis- 
charge at a constant rate, output voltages were measured across the platinum 
leads sealed into the tubes when the mercury drop was between the electrodes. 
The voltages were recorded on a strip chart recorder. By varying the rate of 
discharge and the length of the mercury drop, different output voltages were 
measured as long as the mercury drop moved between the platinum elec- 
trodes. The length of the mercury drop and the velocity with which it moved 
were measured by attaching electronic timers (photo cells) to the tube. 
Current measurements were made by directly connecting the platinum 
electrodes to a microammeter. The internal impedance of the tube was of the 
order of lo4 R and that of the ammeter was of the order of 10 R and hence 
these are short circuit currents. 
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Dependence of the decay constant of a 1 cm drop on the velocity (for fixed 

111 EXPERIMENTAL RESULTS 

A Constant acceleration measurements 

It was observed that as long as the drop in the tube moved relative to the 
tube, an output voltage was measured across the platinum probes. The 
output voltage increased as the acceleration increased up to a certain maxi- 
mum velocity and then decayed exponentially when the drop came to an 
abrupt stop. The output voltage and decay were displayed on an oscilloscope 
and photographed. The exponential decays were fitted by means of least 
square to an equation of the form 

v = voe-'/r (1) 

where V is the voltage. These decay constants, T, are plotted as a function of 
the maximum velocity obtained for each mercury drop. Each drop was 1 cm 
long and three constant accelerations were used. These results are shown in 
Figure 4 and indicate that as the acceleration is increased the decay constant 
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increases. It should also be noted in Figure 4 that, as the maximum velocity 
increases the decay constant decreases and even indicates a minimum. 

In Figures 5a and 5b, the maximum output voltages as determined from the 
photographs are plotted against the maximum velocities to which the drops 
were accelerated for different diameter tubes. The plot shows the output 
voltage to increase with, the velocity and tends to saturate at  high velocities. 
The output voltage was also found generally to increase with the length of 
the drop. 

The dependence of the output voltages on velocity and acceleration of a 
drop 1.0 cm long were studied in 0.5 and 1 mm diameter tubes. The drop was 
given various constant accelerations for different lengths of time so that i t  
would obtain different maximum velocities. The maximum output voltages 
were plotted against the maximum velocities of the mercury drops, these are 
shown in Figures 6a and 6b. These plots show that the output voltage increases 
with the velocity but decreases with increasing acceleration. This indicates 
that the velocity and acceleration have an opposite effect on producing the 
output voltage. 
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FIGURE 5b Dependence of the output voltage ofdifferent drop lengths on velocity for 1 rnrn 
i d .  tube. 

6 Constant velocity measurements 

For a drop moving with constant velocity in the tube, an output voltage was 
also measured across the platinum electrodes. In this case, the output voltage 
was displayed on a strip chart recorder which had a large impedance 

The output voltages were plotted against the drop lengths for different 
constant velocities, these plots are shown in Figures 7a and 7b. These plots 
show that the output voltage initially increases as the drop length increases 
and then saturates for very long drops. The output voltage also increases 
with the increase in the velocity of the drop, but no change was noted with 
change in the tube diameter. The polarity of the output voltage was positive 
in the direction of motion, which agrees with our previous experiment. 

Current measurements were made by short circuiting the platinum elec- 
trodes with a microammeter. In Figure 8, the short circuit currents are plotted 
against the drop length for different velocities of the drops. The current is 
found to increase with an increase in the tube diameter. 

( 5  x i06Q). 
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FIGURE 6a Dependence of the output voltage of a 1 crn drop length on the velocity for fixed 
accelerations in a 0.5 mrn i.d. tube. 
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FIGURE 6b Dependence of the output voltage of a 1 cm drop length on the velocity for fixed 
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FIGURE 8 Dependence of the short circuit current on the drop length moving with constant 
velocity. 

1V THEORY 

In order to explain these experimental results we have devised a simple 
approximate theoretical treatment of the fluid dynamics ofinterfaces in a tube. 
The theory begins with the assumption that for a mercuryelectrolyte inter- 
face in a capillary tube having a small enough internal diameter, the contact 
angle, 0 which this interface makes with the capillary wall is determined by 
the radius of curvature of the interface which depends on the radius, a of the 
capillary t ~ b e . ~ . ~  Referring to Figure 9, it is seen that, 

where in the axially symmetric cylindrical coordinate system shown, 
[r(z),  0 , z ] ,  i. is the derivative of r with respect to z,  and we have chosen r = a 
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E 

FIGURE 9 Figure 9 shows the dependence of the contact angle on the radius of curvature. 

at z = 0. The pressure difference at any point across the interface is given 
by Rayleigh's formula,6 

where P and P' are the pressures on the concave and convex sides of the 
interface respectively, and y is the surface tension of the mercury surface in 
contact with the electrolyte and is measured in dynes/cm. 

At z = 0, where r = a, then i = -tan 8 and the equation of the surface 
can be integrated to give; 

The above equation shows that for a stationary mercury drop in a capillary 
tube and having electrolyte at both ends, the front as well as the back inter- 
face is a portion of a sphere with radius a/cos 8 and making a contact angle 
0 with the capillary tube. The surface area of each interface is, 

and the pressure difference across the interface in terms of the contact angle 
is 

(6)  
2Y A P ~  = - cos e. 
a 

For the electrolyte-mercury-electrolyte system moving with constant 
velocity, the viscous forces of the fluid cause the pressure difference at the 
front and back ends of the mercury drop to be different from that of a station- 
ary drop. The forces due to the viscosities of the fluids can be determined by 
considering an annular ring at the front end of the mercury drop which con- 
sists of the surface material of the interface and has a radius r(z). The force on 
an annulus of the ring is, 

(7) 
aF 

F(r + dr) - F(r)  = - dr, 
ar 
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DYNAMICS OF THE DOUBLE LAYER 20 1 

where F(r) is the force due to viscosities on a cylinder of radius r. Assuming 
laminar flow, F(r) is, 

where qe and q, are the viscosities of the electrolyte and mercury respectively, 
1, and 1, are the lengths of the electrolyte column and mercury drop re- 
spectively. The velocity, u, is in the z direction and given by Poiseuille's 
equation, 

u, = uo(l - Z) ,  (9) 

where uo is the velocity at the center of the tube of radius a. If we now use 
Poiseuille's equation in Eq. (7), we get, 

By assuming that the contribution to the force due to viscosity from the 
radial velocity u, can be neglected as compared to the contribution from the 
axial velocity u,, and also assuming that each interface behaves independently 
of the other, the pressure difference at any point on the front end of the moving 
drop is given by, 

and at the back end of the drop it is, 

The form of Eq. (11) and (12) is the same as Eq. (3) in that a constant (inde- 
pendent of z)  appears on the left hand side. This means that the interfaces 
are the ends of a moving mercury drop which remain spherical in shape. If we 
now define for Eq. (3) an a. to be a, = APo/y, then the corresponding a, for 
Eqs. (1 1) and (12) is velocity dependent and is given by, 

where 2 = qmlm + qele and where the f sign reflects the front or back 
respectively. Because of the small size of the capillary the value of a* de- 
termines the contact angle and the area of the interfaces. The forces due to 
the viscosities of the fluids thus cause the two ends of the moving drop to 
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make different contact angles with the capillary walls and to have corre- 
spondingly different areas (cf. EQ. (5)). Substituting Eq. (5 )  into Eqs. (1 1) and 
(12) yields a contact angle at the front end of, 

2 q u 0  cos 6,u F cos 6 - --, 

and a contact angle at the back of, 

Thus for a mercury drop moving with constant velocity, the front interface 
tends to flatten and the back interface tends to become more nearly hemi- 
spherical. At some velocity, uO, the back interface becomes a hemisphere 

= 0) and for velocities greater than uox it cannot bulge out any further 
since this would violate the requirement in Eq. (12) that the interface remains 
spherical in shape. However, for velocities greater than uox, the front inter- 
face can keep flattening until its minimum area would approach that of a 
circular disk. Thus, oO, is the velocity at which one would expect a change 
over from the behavior which reflects both ends of the mercury drop de- 
forming (uo < uox) to only one end deforming (uo > uox). 

If in Eq. 14, we apply the condition that when 8bu = 0, uo = uo, = 2 4 ,  this 
gives, 

where u, is the experimentally determined velocity of the whole mercury slug. 
For Poiseuille flow the velocity u, is one half of uo (the z component of the 
Poiseuille velocity at the center of the drop) the parameter u, is the character- 
istic velocity at which the velocity dependence of the potential changes for 
a drop. Knowing u, for a particular drop allows us to estimate the contact 
angle 8 for a stationary drop. 

We assume the output voltage, E across a moving drop is due to the dif- 
ference in the dipole moment density at each end of the mercury drop because 
of the distortion of the surface areas at the ends (for a detailed analysis of the 
formation of the double layer see Bockris and Reddy"). Implicit in this 
assumption is the hypothesis that the total number of dipoles across the 
double layer does not change when the ends are deformed. From these 
assumptions the output voltage across the moving drop can be shown to be 
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DYNAMICS OF THE DOUBLE LAYER 203 

where p is the dipole moment across the interface, K is some average dielectric 
constant between the dipole layer, c0 is the permittivity of free space, A ,  and 
A, are the surface areas of the front and back of the moving drop respectively. 
The maximum output voltage, E,,,, will occur when the back end of the 
moving drop becomes a hemisphere and the front end becomes a circular 
disk, we can write the above equation as, 

where Em,, = p / ~ ~ ~ 2 n u ~ ,  and would be the potential across a single inter- 
face. Thus, for a drop moving with constant velocity the output voltage 
across the drop is, 

The surface areas of the front and back ends of the drop are found from Eq. 5 
to be, 

(1 - sin 0,") 
A,, = 2na2 

cos2 8,, ' 

and 

(1 - sin ObU) 
A,, = 2 m 2  --. 

cosz 0 b v  

These equations should adequately describe the constant velocity experiment. 
To describe the deformation of the interfaces in a dynamical situation in- 

volving non-zero acceleration of the drop, requires the solution of the 
equivalent of Navier-Stokes equation for the interfaces. However, for a 
mercury drop moving with constant acceleration a phenomenological 
approach can be used to obtain the surface areas of the front and the back 
ends of the moving drop. We utilize the analogy that a constant acceleration is 
like gravity and infer the pressure change in the tube due to this acceleration. 
Rivers" has shown that when a capillary tube containing a mercury drop 
having electrolyte at both ends is acted on by a small force for a short time 
such that this force does not cause any relative motion between the drop and 
the capillary wall, the effect of this force is to distort the surface areas of the 
front and the back ends of the drop. Using perturbation theory he has found 
the surface area of the back end, S' to be, 

S' = S[l -+ :a2(-).], 
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where S is the surface area of the stationary (unperturbed drop), a is the radius 
of the capillary tube, pm and pc are the densities of mercury and electrolytes 
respectively, y is the surface tension of the mercury surface in cantract 
with the electrolyte and A is the acceleration given to the capillary tube. 

We incorporate this approach into our constant velocity results by intro- 
ducing and adjusting a parameter C in place of the and use these expressions 
to determine the surface area of a drop moving with constant acceleration by 
assuming that the force causing the acceleration also causes a small pertur- 
bation to the surface areas of the drop moving with constant velocity (zero 
acceleration). This gives for the area of the front surface, 

and the area for the back surface is, 

where C is our adjustable parameter, A is the acceleration gwen to the drop 
and A,,., and AbD, are the surface areas of the front and back ends for a 
drop moving constant velocity. The output voltage across a drop moving with 
constant acceleration is obtained by replacing A, and A ,  in Eq. 18 by A,, 
and AbA . The output velocity is then given by, 

(25) 

For finite acceleration and zero relative velocity, the above equation gives 
small output voltages (Ueffect 11) as compared to the output voltage for a 
drop moving with constant acceleration and having a finite velocity with 
respect to the capillary tube (Ueffect 111). The dependence of the output 
voltage on acceleration is opposite to that of velocity and hence Ueffect 
I1 has an opposite polarity to that of U-effect III.6 

V ANALYSIS 

As shown by Eq. (25), the output voltage, E was found to be a function of the 
acceleration, u, of the mercury drop, the velocity, u, with which the drop moved, 
the length, I, of the drop, and the radius, r,  of the capillary tube, i.e., 

E = f(a, u, I ,  r).  (26) 
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DYNAMICS OF THE DOUBLE LAYER 205 

The force due to the viscosity acting on a moving drop is proportional to 
u/r and for low velocities the output voltage, E should be proportional to the 
force, F, the product Er should be linearly dependent on the velocity of the 
drop. For a 1 cm drop, the plots of the output voltage versus velocity as 
shown in Figures 6a and 6b were transferred onto a single plot by reducing the 
velocity and acceleration of this drop in two different diameter tubes by use 
of the continuity equation, 

A0.5x0.5 = A I X 1  (27) 

where AD.5 and A, are the cross-sectional areas of the 0.5 and 1 mm diameter 
tubes and Xo.5 and X, is the velocity or acceleration in these two tubes 
depending on which is being transformed. 

The product of the output voltage, Er and the radius of the tube in which it 
was obtained versus the reduced velocity (reduced to 1 mm diameter tubes) 
of the drop are shown in Figure 10. In these plots, the points for the “same” 
acceleration fell on one curve. The curves were extrapolated to the origin, 
since for zero velocity the output voltage (due to U-effect 11) is quite small 
(0.05  volt^).^.^ Each curve shows a change of slope at some velocity u,. This 

ACCELERATION = 25 cms/rcc2 

- 7 ACCELERATION = 50 cms/rcc2 
2.8 

ACCELERATION = 
62 5 cms/sac2 

ACCELERATION = 
975 cms/scc2 

0 .5 mm i.d. DROP I an 
0 I mm i.d. DROP I cm 
A I mm id. DROP 2 c m  

0 
0 2  4 6 8 10 

REDUCED VELOCITY IN cms/sec 

FIGURE 10 Dependence ofE, ,r  on r e d u d  velocity. 
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TABLE I 

Computed values of Em,, and C for drop 
having different constant accelerations 

Acceleration 
cm/sec' Em, volt C 

25 0.7221 6.318 
50 0.7059 5.320 
61.5 0.6008 4.016 
97.5 0.4820 3.394 

is consistent with the theory in which we considered the interfaces to always 
be some portion of a sphere and at the velocity u, ,  the back interface becomes 
a hemisphere and can make no further contribution to the net change in 
area of the two interfaces. For velocities greater than u,,  the slope is less 
than for velocities less than u, .  Again, this fits in with our theory since 
only the front interface can continue to deform for velocities greater than 
u,. When the velocities, uI were plotted against the respective accelerations 
(Figure 10) a straight line was obtained which had an intercept (velocity for 
zero acceleration) of 4.4 cms/sec on the velocity axis. This value of the 
velocity, denoted by v,, was used in Eq. 16 to determine the contact angle 8. 
For typical values of y = 375 dynes/cm, a = 0.05 cm, tf, = 1 c.P., q ,  = 
1.5 c.P., I, = 1 cm and I, = 12 cm, 8 was determined to be 29". 

The value of 8 = 29", and the values of E,, u, and u, from Figure 10, were 
used in Eq. 25 to calculate the parameters Em,, and C. Table I shows the 
values of Em,, and C as a function of acceleration. The parameter Em,, 
should be independent of acceleration and essentially is for acceleration less 
than 50 cm/sec2. The variation of Em, for larger accelerations shows the 
limitations of our simple interpolation Eqs. (23) and (24). 

A plot of the output voltage E ,  versus u/u,  for different accelerations ob- 
tained by using Eq. (25) are shown in Figure 11. The agreement between 
experiment and theory can be seen by comparing Figures 10 and 11. The 
experimental and theoretical plots have the same general shape. 

For adrop 1 cm long moving with constant velocity, the product E,r versus 
reduced velocity (ail for a 1 mm diameter tube) is shown in Figure 12. 
Using the value of u, (4.4 cms/sec), the surface areas of the front and back 
end of drops moving with constant velocity were calculated. These values were 
used in Eq. (19) to find E ,  which would make the theoretical curve fit 
the experimental curve in Figure 12. The value of Em,, obtained by this 
procedure was 0.35V. i t  is possible that gravity distorted the surfaces in the 
constant velocity experiment and this could have resulted in a value of Em,, 
smaller than given in the horizontal tubes. 
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FIGURE 12 Plot of E,r versus reduced velocity. 
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VI CONCLUSION 

These experimental results and the simple theory which has been used to 
interpret them are the first work which iuggests that the U-effect I1 and U- 
effect I11 are manifestations of the deformations of the surface areas of the 
mercury slug. These results allow a first step in the process of determining a 
microscopic understanding of these electromechanical effects in systems 
with polarizable and deformable interfaces. 

The major result of this work may be the indication that by combining 
mechanical perturbations to the interface and deriving from such experi- 
ments the theoretical parameter Em,, , an independent determination of the 
potential across the mercury-acid interface at zero external potential will 
have been made. This may prove to be useful in electrochemical applications. 

While the theory and experiment presented here provide a coherent 
picture of this phenomena, several interesting extensions of these results 
need to be examined in order to establish whether a new area of interaction 
between the physicist and the electrochemist will have been opened up. 
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