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INTRODUCTION

At every interface between two immiscible phases, there
exists an array of charged particles and orlented molecules
called the electrical double layer. In the case of the metal-
solution interface "this double layer consists of a layer of
electrons (or holes) in the metal, a layer of adsorbed ions
and molecules, and a diffuse layer of lons extending out into
the bulk solution.

If a potential difference 1s applied between the metal
and the solution, a current may flow across the interface.

It is possible, however, that a range of potentials exists
for which no charge is transferred across the interface,
causing it to act as a capacitor. A system of this second
type is called an ideal polarized electrode, and while it can
never be fully reallzed experimentally, close approximations
to it are attainable. The study of electrodes which behave
as ldeal polarized electrodes is known as electrocapillarity.

Historically, mercury has been the metal chosen most
frequently in electrocapillary studies. There 1s a range of
about 1.5 volts between potentials respectively at which
hydrogen or oxygen evolution reactions lead to appreciable
current flows. Since it is a lliquid, its surface can be
easily cleaned, it is free from mechanical strains, and its
interfacial tension is easily measured.

The study of electrocapillarity began with Lippmann



(1) in 1875, who was the first to realize that a measurement
of interfacial tension at the mercury-solution 1nterfébe is
meaningless unless the potential difference across the
interface is known. Of the early workers, Gouy is the most
widely known, due to his extensive cataloging of electro-
capillary data for many systems (2-4), and his formulation
of a theory of the electrical double layer (5, 6). An
excellent review of the earlier work (up to 1947) in
electrocapillarity, which 1s also a good introduction to the
subject, was published by Grahame (7).

Since many reviews have been published recently on the
subject of the electrical double layer (8-12), no attempt

will be made here to summarize the more recent work in this

field.



THEORY

The basic thermodynamic relation between the variables

at an eiectrified interface is the Gibbs adsorption equation

-dy = QdV + Sd4T + is: T;du (1)
where y is the interfacial tension, Q is the charge density
on the metal surface, V is the polarlzing potential, S 1s
the surface entropy, T is the absolute temperature, My is
the chemical potential of the ith component of the system,
and Fi is the surface excess of the ith component. Since
two similar equations can be written for the metal and the
solution, respectively, it 1s possible to eliminate two of
the terms on the right-hand side of Equation 1. This 1is
usually done by choosing ng = ngO = 0,

Since in this thesis we shall be concerned with the
adsorption of neutral organic molecules at the interface,
the concentration of the electrolyte used and the temperature
will always be the same. Hence the Gibbs equation for this

special case reduces to

du . (2)

-dy = QdV + org

org

The interfacial tension now can be seen to be a function of
two variables, the potential difference applied across the
interface and the chemical potential of the organic substance
present in the solution. Experimental data are usually

obtained by finding the interfacial tension as a function of



potential at constant concentration of the organic solute.

A plot of the data obtained in this manner, which is roughly

parabolic in shape, is called an electrocapillary curve. -
Several useful thermodynamic relations are obtainable

from Equation 2. The charge density 1s found from the first

derivative of the electrocapillary curve, since

Q= - (%%)uorg : (3)

It can be seen from Equation 3 that the maximum interfacial
tension occurs when the charge on the mercury is zero. Since
the differential capacitance, C, is the derivative of charge
with respect to potential,

2
c-- 2y (4)
V- Morg

and the capacity of the electrical double layer can be
obtained from the second derivative of the electrocapillary
curve,

The surface excess of the organic adsorbate 1s given by

- _ (&Y __
Torg (a“org)v . (5)

It can be seen that if rorg > 0, the addition of an
organic substance to the solution causes a lowering of the
surface tension. Experimentally this lowering is more

pronounced near the electrocapillary maximum, i.e., in the

region of low charge density. This 1s because the organic



solute, which 1s usually less polar than the solvent, 1is
displaced from the surface at high charge densities by the
water and ionic species present,

In practice 1t is convenient for calculations to use the
surface pressure, n, deflned by m = Yoo Ys where Yo is the
interfacial tension obtained with no organic material present

in the solution. Equation 5 then becomes

Lovg = AT (51778, (6)
where a is the activity of the organic solute in the bulk
solution. The activity used for the solutes in this thesis
is referred to pure liquid solute as standard state and is
approximated by the reduced concentration (concentration
divided by saturation concentration).

In order to describe the dependence of the amount of
organic solute adsorbed on the bulk activity at a given
potential, the Frumkin isotherm (13) has been used.- The

equation for this isotherm is

e
T8 = Bo2 € ’ (7)

where 9 = F/Fm 1s the fractional surface coverage (Pm being
the surface excess of the adsorbate at monolayer coverage),
By, 18 a constant reflecting the interaction of the adsorbate
with the mercury surface, and o is a constant reflecting the

interactions between molecules of the adsorbate. This



equation 1s based on the regular locallzed monolayer

model, with random distribution of adsorbed molecules in the

monolayer,
Two useful standard free energies of adsorption may be
obtained from the Frumkin isotherm as follows. Equilibrium

between molecules in the solution and on the surface implies

le':l-lss . ' (8)

where My and Wg are the chemical potentials of the molecules
in the bulk solution and on the surface, respectively. In

the solution
up = Wp + RT 1n a, (9)

and on the surface

ug = Hg + RT 1n vg 7% , (10)

where Yg is the surface activity coefficient.

Substituting Equation 7 into Equation 9 gives
o -2a8, 6
up= Mp -RT 1n B_+ RT 1lnfe (=) - (11)

Therefore, Equation 8, together with Equations 10 and 11

implies that

(o] (o]
uS - up = -RT 1n B (12)

if

~206
Yg = e . (13)



The standard state for the adsorbate on the surface
implied by Equation 13 satisfies %Em Yg = 1, and physically
reflects a state 1n which an adsorbgte molecule has no other
adsorbate molecules as near neighbors. Hereafter this will
be referred to as an infinite dilution-based standard state.
The free energy given by Equation 12 is therefore not very
easlily interpreted, as it refers to standard states based on
pure solute in the solution and infinite dilution on the
surface.

The interaction free energy per mole at 6 = 1 is given
by - .

RT 1n v, = -2aRT . (14)
Hence

AGfL’ = -RT 1n B_ - 2aRT, (15)

where AGg is the standard free energy of adsorption referred
to standard states based on pure adsorbate both in solution
and on the surface,

Similarly, the free energy required to transfer one
mole of adsorbate from an infinite dilution-based state in
the bulk solution to pure solute is -RT 1n fo’ where £, 1s
the activity coefficient of the adsorbate at an infinite
dilution-based state, referred to pure solute as standard

state., Therefore

0—-_ -—
AG) = -RT 1n B_ - RT In f_, (16)



8

where AGg is the standard free energy of adsorption referred
to standard states based on infinite dilution of adsorbate
both in solution and on the surface.

The free energies given in Equations 15 and 16 have been
determined for a number of different adsorbates (14), and a
correlation between the free energy of adsorption and the
polarizability of the molecule will be established in a

later section.



EXPERIMENTAL

Materials

Mercury

Mercury was used as recelved from Bethlehem Apparatus
Co. It was triply distilled under vacuum, and had an
evaporation residue of one part in ten million.
Water

All water used in preparing solutions and as the final
rinse in the cleaning of glassware was quadruply distilled.
Tap distilled water was redistilled from alkaline permanganate
solution In a Barnsted still. This water was distilled
again through a fused silica continuous double distillation
column.

Perchloric acid

Perchloric acid was used as the electrolyte so that
results obtained could be more readlly compared with those
of previous workers in this laboratory. Baker Analyzed
Reagent perchloric acid was used without further purification.
. The purification of the mercury, water,_;na perchloric
acid was judged to be sufficient by the reproducibility and
precision of the electrocapillary curves obtained with no
organic adsorbate present. If even a minute amount of a
surface active substance had been present in any of these

materials, the interfacial tensions would not have remained

constant over the time required for a measurement (1 to 5

minutes).
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Adsorbates

All organic compounds used were purified by distillation
in a Nester/Faust spinning band column. A reflux ratio of
20:2 was malntalned during take-off and only the middle one-
third of the product was retalned. The boiling point of
the product was always constant to within O.3°C. For
cyclohexanol and cyclohexanone a vacuum distillation was
performed, due to their high boiling points. The pressure
in each case was maintained at 70 + 1 mm of Hg by a pressure
regulator, also manufactured by Nester/Faust.

Preparation of solutions

All glassware which came into contact with the solutions
or their components was cleaned with alcoholic sodium-
hydroxide, followed by a solution of potassium dichromate in
sulfuric acid, then rinsed severai times with tap diézilled
water and finally with quadruply-distilled water,

The perchloric acld solutions were prepared by first
diluting the stock solution to make a large volume of one
normal acid, from which the tenth normal solutions were
prepared by further dilution. All tenth normal solutions
were titrated to the phenolphthalein end point with standard
0.1000N sodium hydroxide. No solution was used which
deviated by more than 0.0005N from the desired concentration.

Solutions of 3-pentanol and chloroform were prepared by

delivering a measured volume of the liquid with a micropipette
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into a volumetric flask, and dlluting to volume with O.1N
perchloric acid. Cyclohexanol and cyclohexanone solutilons
were prepared by dilution of the saturated solution with O.1N
perchloric acid.

Solubllities

The solubility of 3-pentanol in 0.1N perchloric acid was
determined by preparing several solutions of known concentra-
tion, and determining the refractive index and density of
these solutions and of the saturated solution. Each of these
quantities, when plotted agalnst concentration, ylelded a
straight line which on extrapolatlion gave a solubility of
0.588 + 0.005M.

The solubllity of chloroform could not be determined by
the above method due to the difficulty of dissolving the
chloroform when the solutions were near saturation. Instead, -
standard solutions were prepared of chloroform in heptane
which had been previously saturated with 0.1N perchloric
acid. The absorbance of these solutions at 230 R was
measured and plotted against concentration. The chloroform
in a saturated (0.1N perchloric acid) solution was then
extracted with several known volumes of heptane (previously
saturated with 0.1N perchloric acid) and the absorbance of
the resulting solution measured. An interpolation of the
absorbance plot showed the solubility of chloroform to be

0.0494 -+ 0,0005M.
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The solublility of cyclohexanol was determlned by adding
known volumes of O.1N perchloric acid to a known volume of
cyclohexanol untll the small bubbles of the organic phase
disappeared. Cyclohexanol was then added dropwise until the
bubbles remained after vigorous shaking. The average of
these results was taken as the solubility, 0.217 + 0.005M.

The solubllity of cyclohexanone was determined from
electrocapillary measurements. The technique used will be

described in a later section.
Apparatus

The use of the caplllary electrometer in obtaining
interfacial tension data at the mercﬁry-sglution interface
began with Lippmann (1 ) in 1875. All modern electrometers
are merely refinements of his basic apparatus. A conical
capillary containing mercury is placed in a solution, the
interface between the two liquids being formed in the
capillary. Methods of varying the pressure at the interface
and of applying a potential across the interface must be
devised., The interfacial tension, y, is then determined by

RAP
= 3 Go8 1§ (17)

where R is the radius of the capillary, AP the pressure
difference across the interface, and g the contact angle

between the mercury and the solution, which 1s assumed to
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be zero. If measurements are made with the interface always
in the same position, R is a constant. When the interfacial
tension is varied by changing the polarizing potential, the
pressure AP is then adjusted so as to return the interface

to its original position.

In order to obtain the radius of the caplillary at this
reference position, the electrocapillary curve of a standard
solution was determined. The maximum interfacial tension of
the standard solution being known independently, the radius
of the capillary could then be calculated. The solutlon
originally used as a standard was 0.05M sodium sulfate, for
which the maximum interfacial tension had been determined
by sessile drop measurements (15) as 426.2 + 0.2 dynes/cm at
25.0 + 0.3 degrees Centigrade. After several electrocapillary
curves of both 0.05M sodium sulfate and 0.1N perchloric.
acid had been taken wlth the same capillary, it was decided
to use 0.1N perchloric acid as a standard, since the data
obtained with this sol&%ion were more reproducible, The
interfacial tension of 0.1N perchloric acid at the electro-
capillary maximum was taken as 425.6 dynes/cm at 25.0 + 0.1
degrees Centigrade.

The capillary electrometer and its associated pressure
system was designed by Gordon Potter and is shown schemati-
cally in Pigure 1. The capillaries were formed from preclsion
bore Pyrex capillary tubing of internal diameter 0.0008

inches by drawing out the tubing in a gas flame until a



tenfold reduction in the outside diameter was attained.

The mercury reservoir above the caplillary was about 23 cm
high, the diameter at the top being much larger in order to
minimize the change in helght caused by expelling mercury
during the experiment.

A tungsten wire was sealed through the glass near the
top of the mercury reservolr to provide an electrical connec-
tion with the mercury side of the interface. The reference
electrode, a Beckman filber junction saturated calomel
electrode, was placed in the solution at the opposite end of
the cell from the capillary. A Leeds and Northrup K-3
potentiometer was used to control the potential supplied by
four mercury cells., The drift in the potentlial of these
cells after they had been in the circult for several hours
was negligible, so that the potentiometer needed to be
calibrated only at 5-10 minute intervals to maintain one
millivolt accuracy. Calibration was done with an Eppley
standard cell, using a Leeds and Northrup D-C Null Detector,
modsl 9834.

The pressure at the interface was varied by applying
pressure to the gas above the mercury with a bellows system.
Four 100 cc glass syringes, mounted in a screw-driven press,
were used for coarse adjustment, and fine adjustment was
achieved with a single 30 cc syringe mounted 1n a separate
press, All syringes were lubricated with stopcock grease to

prevent leakage of gas around the edges. A Texas Instruments,
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Inc. Fused Quartz Precision Pressure Gauge was used to measure
the gas pressure, rather than a mercury manometer, as had been
previously employed. The use of this instrument was respon-
sible for the greatly improved precision of the electro-
capillary data. The precision of the gauge was an order of
magnitude greater than the best precision obtalned for the
electrocapillary data. Since measurements took only a
matter of seconds, the interfacial tension could be measured
immediately following expulsion of a mercury drop and before
a significant amount of impurities could diffuse to the
interface.

In order to always return the interface to the same
position a Unitron stereomicroscope was used to view the
capillary, a high intensity lamp being directed through the
length of the cell for lllumination. A reticular scale
within the eyeplece enabled the position of the interface
to be determined with respect to the hole in the tip of the
capillary. Optically plane glass was used for the ends
of the cell to eliminate distortion.

The height of the mercury column and of the solution
above the tip of the capillary were measured with a Gaertner
cathetometer to a precision of 0.02 mm, Vibrations were
reduced by resting the cathetometer on a concrete block
stand and by attaching the capillary electrometer to a

Dexangle frame which rested on a heavy pilece of soapstone,
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Temperature control was achieved by the use of a steam-
reheat air conditioner which maintained the temperature of the
air surrounding the electrometer and mercury column at 25 + 1
degree Centigrade. Water from a large bath thermostated to
25.0 + 0.1 degrees Centigrade by a Haake temperature controller

was circulated through coils in the center of tle electrometer,
Procedure

As was noted by Kelsh (16), newly prepared capillaries
were found to take up to two weeks after initial wetting to
obtain a constant radius. All caplllaries were therefore
aged by soaking in O.1N perchloric acid solution for at
least two weeks before calibration. Since a different
capillary was used for each adsorbate studied, it was
possible to dismantle and thoroughly clean the electrometer
cell before each new set of experiments, thereby removing any
traces of the previous adsorbate., After the initial cleaning,
the cell was merely rinsed several times with the solution
to be added.

After pouring the solution into the cell and installing
the calomel electrode, cathetometer readings were taken of
the top of the mercury reservolr, the level of the solution
in the cell and the bottom of the capillary. These readings
were taken only at the beginning and end of each experiment,
since the mercury level only dropped by about a tenth of a

millimeter during each run.
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For the first few electrocapillary curves taken,
purlfied nitrogen was bubbled through the cell prior to the
experiment to remove oxygen from the solution., After
retaking these curves without first removing the oxygen, it
was found that there was no detectable difference in the
results, and the procedure was discontinued.

In taking each data point, the potentiometer was first
calibrated and the desired potential applied. A drop of
mercury was then expelled from the tip of the capillary to
provide a fresh surface, presumably free of impurities. The
pressure was then adjusted with the bellows to bring the
interface to the reference point in the capillary, and the
pressure gauge was read. Several oscillations of the inter-
face were made about the reference point by means of the
bellows to make sure the mercury was not sticking at this
point. Another drop of mercury was expelled and the process
repeated as a check. Readlngs were usually reproducible to
within 0.03 dynes/cm. - -

In order to observe any time-dependent errors in the
data, points were taken at even 100 mV intervals proceding
from_the lowest to the highest potential applied, then

the 50 mV points in between were taken in the reverse

direction.
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Problems

Although interfacial tensions were reproducible to
within 0.03 dyne/cm, it was found that the scatter of the
points when plotted against potential was more than an order
of magnitude larger than this for 3-pentanol. When taking
the data it was noticed that the initial value of the inter-
facial tension was not very reproducible, but if a time
varying from three to twenty minutes elapsed after the
expulsion of a mercury drop, reproducibility was obtained.

At the time the possibility of impurities was not considered,
as a gas phase chromatographic analysis had shown that any
impurities in the 3-pentanol were less than one-tenth of one
percent., On later reflection, however, it was declded that
impurities, even in this low a concentration, could have )
reached the interface in appreciable amounts by ten minutes or
so,

When the chloroform data were taken the initial value of
the interfacial tension was recorded, assuming that . coverage
of the surface with cth;oform would be as complete as possible
within a few seconds due to its relatively high concentration
compared to that of any impurities present, Considerable
Scattor was still obtained in the electrocapillary points for
chloroform, but this time the scatter appeared to be time-

dependent. 1In order that the reference port of the pressure

gauge be at the same pressure as the gas above the solution,
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the central port of the electrometer cell had been left
loosely stoppered. Enough chloroform had evidently evaporated
from the solution to cause a measurable rise in the inter-
facial tension during-the experiment.

A method of correcting the data for evaporation was
devised, and will be presented in a later section. To pre-
vent this from being as much of a problem, however, relatively
non-volatile solutes were chosen for future work. Much less
scatter was observed in the electrocapillary curves for
cyclohexanol,

After much deliberation, an absurdly simple solution to
the evaporation problem was devised. The reference port of
the pressure gauge was simply connected to the central port
of the electrometer cell, thus providing a closed system and
minimizing evaporation. The data fof cyclohexanone were
taken using this modified apparatus, and the scatter in the
data was greatly reduced.

When solutions of the three lower concentrations of
cyclohexanone were run, reproducible initial values for the
interfacial tension were not obtainable for potentials
negative with respect to the electrocapillary maximum., A
gas chromatogram was taken of the cyclohexanone used, and no
impurily could be found with a concentration greater than
one-tenth of one percent. Due to the method used in analyzing

the data, however, useful results were stlill obtained for this

compound.
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ANALYSIS OF RESULTS
Computer Programs

Several computer programs were written for use in data
analysis. The output from these programs could probably
have been obtained more quickly by hand calculation and
graphing, since much time was spent in devising, coding,
debugging, and revising the programs. Hand calculations,
however, are subject to error and hand plotting to bias. And
while the saving in real time may have been negative, the
saving in boredom was highly positive.

Although the use of the programs will be described in
the next section, a few features common to all of them are
given here. All programs were written in the Full Fortran IV
language, compiled in Fortran G, and run on an IBM 360/65
computer, A listing of three of the programs (ECl, EC2, and
EC5) may be found in Appendix B. The other two programs used
are not given, since they merely involve reading in data to
be graphed by the plotter. The subroutines PCLA (replace
one polynomial by another), PDER (derivative of a polynomial),
POLRT (roots of a polynomial), and PVAL (value of a polynomial)
are not listed, as they are part of the IBM Scientific
Subroutine Package (17). GORAPH, LETTER, and ORIGIN are part
of a resident plotting routine SIMPLOTTER (18), and OPLSPA

(19) is a resident curve fitting subroutine which calculates
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least squares polynomlal coefficients by an orthogonal

polynomial method.
Method of Analysls

A general description of the method used to analyze the
data will be given in this section. Complications obtained
with individual adsorbates and the method of handling them
will be discussed in the next section.

The first computer program used, ECl, converts the
pressure readings to interfacial tension and fits the
resulting electrocapillary data with an analytical expression.
The expression chosen as the best fit to the data in each
case was the least squares polynomial of highest degree (less
than or equal to degree ten) which had no point of inflection
in the region of the datal. A complete description of EC1l
may be found in the listing of the program itself in Appendix
B. An example of part of the output from the program is
given in Appendix C and Figures 2-5.

When all the electrocapillary curves for a particular
adsorbate had been analyzed by ECl, the polynomlials fit to
each curve were input to the second program, EC2, This

program was used to shift the reference point of the potential

lA portion of the electrocapillary curve with positive
curvature would imply a negative differential capacity in
that region, a physically untenable result.
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scale from the saturated calomel electrode potential to that
of the electrocapillary maximum of the base electrolyte.

In addition the family of electrocapillary curves for the
given adsorbate was plotted and the dependence of surface
pressure, n (calculated from the least squares polynomials),
on potential and 1ln activity was established. A listing of
EC2 may be found in Appendix B.

For each potential (usually 50 millivolt intervals were
chosen) a plot was made by the third program, EC3, of the
surface pressure vs, 1ln activity points. These plots were
found to be superimposable (within experimental error) by
shifting the entire graph horizontally along the 1ln a axis.
One of the p-1ln a curves, usually for a potential near the
electrocapillary maximum, was chosen as a reference and
the magnitude of the shift required for superposition,
LNAINC, was found by eye and recorded as a function of
potential,

The data thus obtained were read into the fourth
program, IIC4, which plotted all of the shifted n-1n a points
onn a single composite curve. An internal smoothing routine
in SIMPLOTTER was used to ploft a smooth curve through these
points on a separate graph.

An interesting application of the superimposability of
the surface pressure curves i1s a new method for determining
solubility. A solution of known concentration is prepared

and an electroczapillary curve of the solution taken., For
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each potentlal a value of the surface pressure, m, 1s
calculated, and the 1ln a corresponding to this n is read from
the composite m-1n a curve. When the shift for the given
potential, LNAINC, is added to this 1ln a, the actual 1ln a of
the solution is recovered. The activities obtained are
averaged over a number of potentials, and the solubility,

C,s C2n then be calculated, since both ¢ and a = c/co are
known. This method was used to determine the solubility of
cyclohexanone.

In order to obtain the surface excess, I', the derivative
of the composite n-1n a curve must be obtained. This may be
done by graphical differentiation or by fitting the curve
with a theoretical expression and differentiating analyti-
cally. Since the second method is more aesthetically
pleasing, the surface pressure curve was tested against
several different equations. The best fit to the data,
however, was provided indirectly by the Frumkin isotherm,
for which an analytical relation between m and 1n a 1is
impossible to obtain. In order to use a Frumkin isotherm,
therefore, 1t was necessary to differentiate graphically
the composite n-1ln a curve to obtain T.

The computer-smoothed curve output from EC4 was found
to contaln several irregularities in slope, and was therefore
resmoothed with French curves., Tangents to this curve were

constructed, and two points were read from opposite ends
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of each tangent. These points, along with the coordinates
of the point on the curve to which the tangent was drawn,
were used as part of the input data for the last computer
program, EC5.

EC5 was written as a three-part program. The first
section reads in actual data points from the linear portion
of the composite p-1n a curve, which are then used to calcu-
late the maximum surface excess, T (the surface excess
corresponding to monolaye;_coverage). Next the points obtained
in the graphical differentiation are read and converted first
to surface excess, I', and then to fractional surface coverage,
a. The array of 1ln a vs. g points thus obtained is then fit
with a Frumkin equation. The last part of the program reads
in an array of potential vs. LNAINC points and these, together
with the parameters of the Frumkin equation, are used to

calculate the free energies of adsorption, AGg and AG?, as

functions of potential.
Accuracy of Electrocapillary Curves

As was discussed in the experimental section, good
precision was not obtained in the electrocapillary curves
for several compounds because of the presence of impurities
and loss of solute by evaporation. While nothing can be done
ex post facto to regain the precision lost due to impurities,
a semi-empirical method was developed to correct the data for

evaporation losses, If it is assumed that the concentration
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decays exponentially with time, as would be true for
diffusional flow of vapor away from the surface for a simpli-

fied but nonetheless reasonable model, then

a =.aoe""Lt , (18)

where ag and a are the bulk activities of the adsorbate at
time 0 and t respectively, and o is the rate constant for the

diffusion. The rate of change of interfaclal tension, v,

oy dy d 1n a
3t = 5ina) 55 )

(19)

(-1 RT 8)(-a)

= Ag
where A = aFmRT.

The fractional surface coverages, 8, were estimated by
plotting preliminary 7m-1ln a curves, formlng a preliminary
composite curve, and graphically differentiating. The
constant A was estimated by plotting separate electro-
capillary curves for the 100 mV and 50 mV interval points,
and finding the difference, Ay, between these curves at
some potential. The time difference between the points on
each curve was either known or estimated. The correction
was then calculated for each data point and the data were
corrected before submitting it to the program EC1,

The corrections applied, while small (see Table 1,

Appendix D), greatly improved the precision of the
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electrocapillary data for chloroform and cyclohexanol, They
were not applied to 3-pentanol, as the scatter due to impur-
itles was too large to enable the constant A to be determined.

Another source of error was in the measurement of the
height of the mercury column with the cathetometer. While
the difference between individual readings was generallyﬂonly
a few hundredths of a millimeter, the heights of the mercury
column measured on different days (even without expelling
any mercury between measurements) sometimes differed by as
much as a tenth of a millimeter, which would introduce an
error of 0.05 dyne/cm in the interfacial tension. To minimize
this error, a plot of mercury height vs. number of drops
expelled from the capillary was made, and a stralght line was
drawn through the points. This straight line was then used
to find both the mercury height at the start of each experi-
ment, and the correction which was applied by ECl1l to each
data point for loss of mercury during the experiment.

Some error is undoubtedly introduced by attempting
to fit the electrocapillary curve with a finite polynomial
rather than an infinite series. An examination of the
graphs produced by ECl, however, reveals that this error is
within the scatter of the points in all cases. This means
that the root mean square deviation of the data points from
the polynomial fit to these points provides a good measure
of the precision of the data. Table 1 1ists the RMS devia-

tion, along with other information on the precision of the
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various electrocapillary curves.

The fit in some cases 1s so good that the capacity
curves produced by double differentiation of the electro-
capillary curve reproduce not only the shape of the capacity
curves obtained by direct measurement, but also are close to
being numerically correct. Figure 5 compares the capacity
curve for pure 0.1 N HClOu obtained from electrocapillary
measurements with that obtained directly, and the fit is seen
to be remarkably good except near the ends of the curve,
where the electrocaplillary data are not sufficient to permit

an accurate determination of the curvature.
Accuracy of Results

While the errors in the taking and fitting of the
original data are naturally propagated to the final results,
there are other errors which arise in the course of analyzing
the data due to the imperfect methods used. " o

In the process of superimposing the n-1n a curves, which
was done by eye, it was assumed that surface pressures near
the electrocapillary maximum potentlial were the most accurate,

and the curves were shifted to superimpose in this region.

It is believed that this assumption is Justified by the

1Any error caused by a mistake in the radius of the
capillary would be smallest near the electrocapillary maximum
potential of the base electrolyte since the calibration point
was the electrocapillary maximum,

1
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larger scatter in the points of the composite curves in the
low © region. Possibly the curves could have been super-
Imposed with less scatter in all regions had this assumption
not been made, but no unbiased way was found to do this.

At high positive or negative potentials the surface pressures
were too low to .obtaln an accurate measure of the shift
required for superposition. This was made difficult both
because of the increased scatter in the low © region and the
low slope of the curve.

Before drawing a smooth curve for the composite p-1ln a
data certain polnts were deleted. Points at high positive or
negative potentials were omitted for 3-pentanol and cyclo-
hexanol, as explained above, While only the 100 mV interval
points are shown in Figures 10 and 12 for clarity, the 50 mV
interval points wefe included when drawing the curve. For
chloroform and cyclohexanone, larger regioﬂé were omitted
due to the bad scatter of the points caused by impurities.

In the case of chloroform the impurity was adsorbed mainly
on the positive side of the electrocapillary maximum, while
for cyclohexanone it was adsorbed on the negative side.

Possibly the largest sources of error in the analysis
of the data were the inaccuracies inherent in drawing a
smooth curve through the m-1n a points and in drawing tangents
to this curve. Some of the bias in drawing the curve was
eliminated by using the computer smoothing routine, but the

graphical differentiation still caused considerable scatter
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in the surface excesses obtained (see Figures 14-17).
Although this scatter 1is large, the Frumkin 1sotherm which
was fit to the data,<when used to calculate theoretical

m-1n a points, fit the original m-1ln a points extremely well
(see Figures 10-13).

Special problems arose in the analysis of the chloroform
data due to its high volatility and low surface activity.
When the m-1ln a points were originally plotted it was
discovered that they were all superimposable except the
points for the saturated solution, which were superimposable
on a different curve, parallel to the first but at higher
surface pressure, Evidently considerable chloroform in the
unsaturated solutions had evaporated during the process of
preparing and mixing them, while any chloroform evaporating
from the saturated solution during this process was replaced
from the chloroform phase., Since the solutions had been
prepared the day before the electrocapillary data were taken,
and had been stirred overnight, considerable evaporation
could have occurred around the stopper of the flask during
this time. 1In fact it was later found that if a flask
containing a saturated solution with a small lens of
chloroform on the bottom was left standing for a few days,
the lens would disappear.

— Since the m-1n a points for the lower concentrations
were superimposable it was assumed, as for the previous

evaporation correction, that the concentration decayed
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exponentially with time. Since the time of evaporation was
approximately the same for each solution, the mw-1ln a polnts
were shifted by the same amount to a lower 1ln a. The composite
curve thus obtained, while not as accurate due to the
approximate method of correction, has a scatter comparable
to that found for the other adsorbates studied.

Due to the low surface activity of chloroform, monolayer
coverage was not approached even with a saturated solution.
A special technique was therefore used to approximate the
maximum surface excess. It was assumed that the data could
be fit by a Frumkin isotherm, for which a plot of 1n a vs. ¢
is symmetric on inversion through the point (8 =%, ln a =
1ln a%). A plot of the surface excess, I', vs. ln a was made,
and Ehe point of symmetry was determined by eye. Twice the

value of T at this point was taken as the maximum surface

excess,

Results

Illectrocapillary curves for the adsorbates studled are
given in Figures 6-~9, 3-pentanol, cyclohexanol, and
cyclohexanone can be seen to shift the potential of the
electrocapillary maximum to the right, indicating a pre-
ferential adsorption on a negatively charged surface,
Chloroform, within experimental error, does not shift the

potential of the electrocapillary maximum at all,
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Coefficients of the polynomials fit to each electro-
capillary curve were listed as part of the output data of
program EC2, These are given in Appendix C, along wilth the
coefficients of the polynomials after transformation to the -
new potential scale (volts vs. electrocapillary maximum).

A table of interfacial tensions calculated from these
polynomials is also given for each adsorbate,

The composite n-1n a points and the curve calculated
from the Frumkin equation can be seen in Figures 10-13.

The output of program EC5 for each adsorbate (see
Appendix C) lists the Frumkin parameters obtained, and a
table of interfacial variables experimentally determined and
those calculated from the Frumkin equation.1

Rather than draw individual adsorption isotherms for
each potential, it was found that if the dimensionless
variables g, fractional surface coverage, and a/a%, reduced
activityg, were used, a single isotherm was sufficient to
describe the data at all potentials (see Figure 18). In
fact, superimposability of the surface pressure plots is a
sufficient condition for the existence of a single dimen-

sionless isotherm. Superimposability implies that

1The calculated values of ™ are not necessarily close
to the experimental values, since they correspond to different

activities,

2al is the activity of the adsorbate in the bulk solution
at one-half the maximum coverage.
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"= f[ln a + g(V)] (20)
and that the fractional surface coverage is a function of n

alone, independent of V, i.e., 8 = h(m). Thus

£ (n)-g (V)
£ n"1(e)] - g(v),

In a
(21)

or a 1s the product of two functions, one dependent on §
alone, the other on V alone, and hence a/é% will be indepen-
dent of.V.

This can be readily seen in the speclal case of the

Frumkin isotherm, if Equation 7 1is written in the form

8 _ a_y.208
1-9 - BO' (al)e * (22)

ay is the only parameter which depends on the potential.
h The standard free energies of adsorption AFS and AF?

-are plotted as a function of potential in Figures 21 and 22.
These were calculated using Equations 16 and 15, where the

BO for each potential was found from the relation

= ' -
1n Bo 1ln B0 1n a%

(23)

lIn B - 1n aj - LNAINC

2

where 1n ai 1s 1n a; for the reference potential of the
2 2

composite surface pressure curve,



33
INTERPRETATION OF RESULTS

The fact that the n-1n a curves for the adsorbates
studied can be superimposed means that the interactilons
between molecules of the adsorbate (as measured by the
constant a of the Frumkin equation) are independent of
potential, Only adsorbate-metal interactions (as measured
by Bo or the standard free energies gf'adsorption) are
potential dependent. This 1s physically reasonable, as
changing the electrical state of the interface would not be
expected to have an appreciable effect on intermolecular
forces. Parsons has observed superimposability1 for a
number of other compounds: thiourea (20, 21), sodium benzene
m-disulfonate (22), n-butanol (23), and acetanilide (24).

The only compound known to this author for which the
m-1ln a curves are not superimposab1e2 is phenol (16, 25).

It is now believed (26) that there is an interaction between
the electrode and the m-electrons of the benzene ring which

causes the molecule to lle parallel to the surface when the

mercury i1s positively charged. When the mercury is

1Although Parsons has chosen the charge, rather than the
potential as his electrical variable, he has shown (23) that
within experimental error superimposability of the 7-1n a
curves is also possible if the potential is chosen,

2This does not mean to imply that other such compounds
have not been observed, only that few authors have attempted
superimposability. -
-
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negatively charged, the molecules undergo a gradual reorienta-
tion to a positlon perpendicular to the surface. This
reorientation alters the molecular area at full coverage

(and hence rm), as well as the intermolecular forces.

Although a Frumkin lsotherm could be fit to the data for

such a compound, the three parameters Bo’ a, and T would all
vary with potential, and consequently would not be as easily
interpretable.

It appears that unless some phenomenon such as reorienta-
tion occurs to change the intermolecular forces, these inter-
actions should be independent of potential. Compounds for
which molecular interactions are independent of the electrical
state of the interface will henceforth be termed I-compounds,
for brevity.

Previous work in this laboratory (14,16,25,27) has been

analyzed by means of a generalized Frumkin isotherm

1?6 =Bl a 298 e'(SQ/RT) , (24)

where S is the molar area of the adsorbate at full coverage,

\'
Q=,J ('?r%) av ,
0 A

and the other parameters are as previously defined.

Comparison of Equations 22 and 24 shows that

g = _5% Inay . (25)
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For I-compounds, ¥ has been shown to be a function of V
alone (independent of T), and hence the surface charge
density, Q, varies linearly with pr (at fixed V), as was shown
in Reference 25. Thus a linear variation of charge density
with coverage appears to be justified for I-compounds. This
is the basic assumption initially propounded by Frumkin (13),
and used in this laboratory to obtaln adsorption information
from double layer capacitance measurements.

A comparison of the standard free energies of adsorption,
AGS and AG‘l’, obtained for the various adsorbates studied
should give an indication of the types of forces responsible
for the adsorption. A model based on van der Waals forces
which appears to represent the data fairly well has been
published by Steele and Halsey (28). It is derived on the
assumption of hard-sphere monolayer adsorption and applied
to the adsorption of rare gas atoms on a solid surface. The

formula which they obtain for the energy of interaction of

an atom with the surface, €¥*, 1s

2
N menm Q.
_ o 1%
€* = D3 [0'1 (12 ] [} (26)
X3 X2

where No is the number of adsorbent particles per cubilc
centimeter, m is the mass of the electron, c¢ is the velocity
of light, D is the distance of closest approach of adsorbate
and adsorbent molecules, and a and x are the polarizabilities

and diamagnetic susceptibilities, respectively, of the
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adsorbate and adsorbent molecules,.
In applying this formulation to the mercury-solution
interface we now have an adsorbent, Hg, and two adsorbates,

water, w, and an organic substance, i. Thus

2
N mec n aH Oy
o g
€, = 1 (27)
w DS a, _E!’_
XHg xw
and o
N mccn o4
o =~ (e (28)
? Hg 4
XHg Xy

Now.the change in interactlion energy when one mole of organic

solute replaces an equal area of water molecules is given by
-2/3
AE; = -Ney + Neg (—573) , (29)

where N is Avogadro's number, and Vi and Vw are the molar
volumes of the organic substance and of water, respectively.
It is assumed that since the model applies to hard-sphere
adsorption, the ratio of the areas covered by the molecules

is the same as the ratio of thelr molar volumes to the two-

thirds power.
Substituting Equations 27 and 28, dividing by \'rf/ 3, and

assuming that the entropy term is negligible gives

AGi kGH a L a
. .8 [52-1%3- - ('fj‘,’ %9-3-] , (30)



where k = NNomcen, Ly = Dg (;§§ 1), and L = DS(YE? + ::)
The solutes investigated in this study were all organic
molecules and all were found to adsorb wilth orientation
parallel to the surface. In this circumstance their struétures
were such that Di should be nearly the same for all solutes.
For these same solutes the ratio-% varied from -33 x 106 to

~44 x 106 c.g.s. units, and the ratio for mercury was about

-30 x 106 c.g.s. units. Hence L1 should be constant for these

solutes within a range + 10%. If L, 1s considered constant a

AG Q
i i

- plot of - 5273 Vs, %§7§ should yleld a straight line.
i i

Such plots are given in Figures 21 and 22 for AGg and
AG? at the potential of the electrocapillary maximum for the
inert electrolyte. Polnts obtalned for the four adsorbates
studied are glven, as well as points obtalned for other
adsorbates by previous workers in thls laboratory through
measurement of differential capacitance (14). The point for
phenol on both graphs is clearly not on the line, which 1s
to be expected since it was obtained by a method which
assumed that it was an I-compound and it is not. While the
model used 1s of course not strictly applicable to the mercury-
solution system, the linearity of the plots suggests that
van der Waals forces are of prime importance in adsorption
at the mercury-solution interface.

The surface area oc;upied by a molecule of the adsorbate

at full monolayer coverage may be obtalned by taking the
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reciprocal of Tpe Experimental surface areas are compared
with those derlved from molecular models in Table 2, Godfrey
space-filling molecular models were arranged on a flat
surface and photographed from directly above. Areas were
then calculated assuming that the molecules were allowed to
rot;Ee.about their geometric centers, and that they were
arranged in a hexagonal array covering the surface,
Experimental surface areas can be seen in all cases
to be somewhat larger than those obtained from the models,
which is to be expected since the molecules are probably
not localized in a regular array on the surface even at full
coverage. The experimental areas of the larger molecules
indicate that they are arranged parallel to the surface,
rather than perpendicular. The hydroxyl group of cyclohexanol
is most likely oriented in an equatorial position with respect
to the ring. An anomaly in the case of cyclohexanone has
yet to be explained.
Of the two main techniques used to obtain information
on adsorption at the mercury-solution interface-interfacial
tension and differential capacltance measurements-there
has been considerable controversy in the literature (29-31)
as to which 1s the more accurate. Most authors have compared
the two methods by looking at the interfaclial tension obtained
directly from electrocapillary curves, Yh, and that obtained
indirectly by double integration of capacity curves, Yoo

Deviations between Ym and Y, are generally on the order of
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0.5 dynes/cm, which is about the same as the experimental
error of the measurements. Conslidering the greatly improved
precision now obtainable in the measurement of Ym? direct
measurement would seem to be the preferable technlque.

The use of a model based on the linear varlation of Q
with T at constant V (14, 16, 25, 27) to infer adsorption
from differential capacitance measurements has been Jjustified
for I-compounds. If capacitance data is used this technique
would seem to be preferable to that of doubly integrating
the capacitance data, since it would presumably involve less

multiplication of errors.
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SUMMARY

The adsorption of chloroform, 3-pentanol, cyclohexanol,
and cyclohexanone at the mercury-0,1N perchloric acid
solution interface has been Studled. Interfacial tension
measurements were made with a capillary electrometer of
greatly improved precision.

In the analysis of the electrocapillary data obtained
for each adsorbate it was discovered that the surface
pressure - 1ln activity curves for different potentialé could
be superimposed by a translation along the 1ln a axis.
Implications of this superimposability are (1) that the
interactions between molecules of the adsorbate are indepen-
dent of the electrical state of the interface and (2) that
the surface charge density varles linearly with surface
excess (at fixed potential).

The Frumkin isotherm was used to fit the data for
éach adsorbate, and two standard free energiles of adsorption
were calculated from its parameters, one referring to
standard states based on infinite dilution both 1n solution
and on the surface and the other referring to standard
states bésed on pure adsorbate both in solution and on the
surface. A correlation between these standard free energies
of adsorption and polarizabilities of the molecules was
established, indicating that van der Waals forces are

primarily responsible for the adsorbate-adsorbent
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interactions.

Molecular areas determined experimentally were found to
compare favorably with those obtained from molecular models.

The high precision of the interfaclal tension measure-
ments obtained would seem to favor direct measurement, rather
than inference from capacitance measurements, as the more

accurate method of obtaining adsorption parameters.
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SUGGESTED MODIFICATIONS AND EXTENSIONS

Several experimental modifications should be made to
increase both the accuracy and precision of the data. In
order to study compounds of high volatility, an apparatus
should be constructed to prepare the solutions from the
saturated solution directly 1n tﬁe cell, to avoid loss of
solute by evaporation durling the mixing and transferring of
the solution. Kaganovich, Gerovich, and Gusakova (32) have
recently designed and used such an apparatus to find the
electrocapillary curves of several volatile adsorbates.

Since even minute amounts of a surface active impurity
can affect the accuracy of the electrocapillary data, the
impurities remalning after distillation should be removed by
a gas chromatographic separation.

It would be instructive to retake a famlly of electro-
capillary curves for one of the adsorbates already studied
and note any difference in the resﬁlts obtalined after these
two modifications, If these modificatlions cause a significant
improvement in the accuracy of the data, a critical compari-
son should be made between analyses of the data using
potential and using charge as the electrical variable.

It is possible that improved precision could enable a
decision to be made in this continuing controversy (10,

23, 24, 33-37).
With data of improved accuracy 1t would be interesting
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to see if fitting the electrocapillary curves 1n sections,
rather than as a whole, would cause a better correspondence
between capacitance curves obtalned directly and those
obtained by double differentiation of electrocapillary curves.
A computer program to fit the electrocapillary curve 1n

sections has been recently written by Mohilner (38).
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APPENDIX A

Figures Cited in Text

The numerical data corresponding to the graphs of Figures

2 - 18 may be found in Appendix C.

Figure 1
Figures 2-5
Figures 6-9
Figures 10-13
Figures 14-17
Figure 18
Figures 19-20
Figures 21-22

Diagram of apparatus

Example of output from computer program EC1
Electrocapillary curves

Composite m~1n a curves : -

ln a vs. 8 curves

Adsorption lsotherms

Free energy vs. potential curves

Correlation of free energy with
polarizabllity



Figure 1.

Diagram of apparatus. Four mercury cells are used to supply a
potentlal to the potentliometer, which applies a known potential
between the mercury in the caplllary and the saturated calomel
electrode used as a reference. Pressure 1s applied to the gas
above the mercury by a set of screw-driven glass syringes, and
is measured with the fused quartz precislion pressure gauge. The
capillary is viewed through a binocular microscope (not shown)
set 1n front of the cell.
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Figure 2,

Example of an electrocapillary curve
output from computer program ECl., The
solution used was 0,100 N HC10,, with no
organic adsorbate present. Points shown
are experimental data. The curve is the
least squares polynomial fit to the data.
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Figure 3. The region of the electrocapillary curve of Figure 2 near the
electrocapillary maximum, shown on an expanded scale,
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Figure 4., Surface charge per unit area on the mercury
side of the double layer. The curve 1is
calculated from the least squares polynomial
fit to the electrocaplllary data of Figure 2.
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Figure 5.

Differential capacitance per unit area of
the double layer. Polnts shown are direct
experimental data. The curve 1s calculated
from the least squares polynomial fit to
the electrocapillary data of Figure 2.
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Figure 6. Electrocapillary curves for 3-pentanol in

0.100N HC10,. Concentrations of 3-pentanol
are (A) zero; (B) 0.0131M; SC) 0.0263M;

gn; 0.0525M; (E) 0.133M; (F) 0.263M;
G) 0.588M,
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Figure 7. Electrocaplllary curves for chloroform in
0.100N H0104. Concentrations of chloroform
are, from thé top curve down, zero; 0.0126M;
0.0178M; 0.0251M; 0.0316M; 0.0377M; 0.0455M;
0.0460M; and 0.0494M,
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Figure 8. Electrocapillary curves for cyclohexanol in

0.100N HC10,. Activities of cyclohexanol

are (A) zerd; (B) 0.025; (C) 0.050; (D) 0.100;
(E) 0.225; (F) 0.450; (G) 0.900.
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Figure 9,

Electrocapillary curves for cyclohexanone

in 0.100N HC1l0;,. Activities of cyclohexanone
are (A) zero; (B) 0.025; (C) 0.050; (D) 0.100;
(E) 0.238; (F) 0.475; (G) 0.950. Data for
curves B and D were obtalnable only for the
regions shown. Data for curve C are unreliable
to the left of the electrocapillary maximum.
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Filgure 10,

Composite n-1ln a curve for 3-pentanol. Polints are experimental data;
the line is calculated from the Frumkin equatlion fit to the data.

In the legend above, the first number is the potentilal, V, in volts
vs. the electrocapillary maximum potentlial for O.1OON HC104. The
number 1in parenthesis 1s the amount by which the 1ln a axls has

been shifted with respect to the curve for -0,.,033 volts.
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Figure 11. Composite m-1ln a curve for chloroform. Legend as in Figure 10,
except that the reference was the curve for O volts,
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Figure 12. Composlite mn-1n a curve for cyclohexanol. Legend as in Figure 11.
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Figure 13. Composlite n-1ln a curve for cyclohexanone. Legend as in Figure 10,
except that the potentlal, V, 1s 1in volts vs. S.C.E. and the
reference was the curve for -0.7 volts,



—

T

T

®x O0 DODPA+ OPp &N o

SURFACE PRESSURE, 7T (dynes/cm)

-1.100 Vv (0.91) v -0.400 V (0.56)
-1.050 V (0.71) v -0.350 v(078)
-1.000 V (0.53) x -0.300 V (1.04)
-0.950 V (0.39) » -0.250 V(i.34)
-0.900 V(027) o -0.200 V (1.70)
-0.850 V(0.17) s -0.150 V (2.06)
-0.800 V (0.08) a -0.100 V (2.43)
-0.750 V(0.03) v -0.050 V (2.80)
-0.700V or -0650V (0.00) o 0.000 V (3.18)
-0.600 V (0.05) + +0.050 V(3.50)
-0.550 V (0.13) + +0.100 V(3.86)
-0.500 V (0.24) ¢ +0.150 V (4.13)
-0450 V(0.38) « +0.200 V (4.41)
- c@‘"M
— Y
st e—WOY) | 1 \

-6 -5 -4 -3
In a (-0.700V vs. SCE)

w1l




Figure 14. 1n a vs. 6§ curve for 3-pentanol. 6 1s the fractlonal surface
coverage, P/Fm. Points shown were obtalned by graphlcal

differentiation of the composite m-1n a curve. The 1line is
calculated from the Frumkin equation fit to the points.
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Figure 15. 1ln a vs. § curve for chloroform.
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Figure 16, 1n a vs. 8 curve for cyclohexanol.
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Figure 17. 1ln a vs. 8 curve for cyclohexanone,
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Figure 18. Dimensionless adsorption isotherms. a; 1s the activity of the

2
absorbate at which 6 = 1. Adsorbates shown are (A) chloroform,
(B) cyclohexanol, (C) 3-pentanol, and (D) cyclohexanone.
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Figure 19. Standard free energy of adsorption referred
to infinite dilution based standard states
both in solution and on the surface.
Adsorbates shown are (A) cyclohexanone,

(B) cyclohexanol, (C) 3-pentanol, and (D)
chloroform,
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Figure 20. Standard free energy of adsorption referred
to pure solute based standard states both
in solution and on the surface. Adsorbates
shown are (A) eyclohexanone, (B) cyclohexanol,
(C) 3-pentanol, and (D) chloroform.
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Figure 21,

2
n-1 _
Correlation of 4GS with polarizability, o = —5— V. Units of
n~+2
-1/3 D -2
absclssa are cm mole . Unlts of ordinate are cal cm

mole'1/3. Points obtained in this studX)are (1) 3-pentanol,

(2) chloroform, (3) cyclohexanol, and ( cyclohexanone; Points
obtalned by previous workers in thlis laboratory from differential
capacitance measurements are (5) l-pentanol, (6) 3-pentanone, (7)
2,4-pentanedione, (8) pentanoic acid (9) pentanenitrile, (10
octanolc acld, (11) phenol.
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Figure 22, Correlation of AGg with polarizability, a. Polnts are numbered

as in Figure 21, |
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APPENDIX B
Computer Program Listings

EC1 Program for initial analysis of electrocaplllary

data. Page 94
EC2 Second program for analysis of electrocapillary
data. Page 107

EC5 Program for fitting Frumkin equation to electro-
caplillary data from a composite m-1ln a curve Page 112
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PROGRAM FOR INITIAL ANALYSIS CF ELECTROCAPILLARY DATA

USE OF PROGRAM
RAW ELECTROCAPILLARY CATA FCR THE PROGRAM MAY BE OF
THREE TYPES, AS INCICATEC 8Y THE PARAMETER IDATA,
ICATA 1 GAS PRESSURE MEASURED WITH MANCMETER
2 GAS PRESSURE MEASURED WITH B8OURDON
TUBE PRESSURE GAUGE
3 DATA ALREADY CCNVERTED TO DYNES/CM
THE PROGRAM MAY BE USED TO CALCULATE THE RADIUS OF
THE CAPILLARY IF DAYA ARE TAKEN FOR A SCOLUTION QOF
KNOWN ELECTRCCAPILLARY MAXIMUM, GR IT MAY BE USED
TO CALCULATE THE INTERFACIAL TENSION AT EACF PATA
POINT IF THE RADIUS IS ALREADY KNOWN,
ICALIB = 0 DATA ARE NCT FOR CALIBRATION; RADIUS
= RACIUS OF CAPILLARY IN CM,
ICALIB = 1 DATA ARE FCR CALIBRATION CF
CAPILLARY; RACIUS = EeCoeMAXe OF
SCLUTION (CYNES/CM),

METHOC
THE PROGRAM FIRST FINDS THE PRESSURE ON THE
INTERFACE FOR EACH CATA POINT (IF IDATA =1 OR 2),
ANG THEN CONVERTS THIS TC INTERFACIAL TENSION (IF
ICALIB = 0)e IN EITHER CASE, WHETHER THE FINAL
RESULTS ARE PRESSURE OR INTERFACIAL TENSION, THE
ARRAY IS LAVELLED Yy ANC THE DATA (VOLTS,Y) ARE
THEN FIT WITH A LEAST SQUARES POLYNOMIAL (FOR A -
DEFINITION CF ®BEST FIT", SEE SUBRCUTINE FITECC),
WEIGHTING FACTORS ARE ASSIGNED TO EACH DBATA PCINT
BY FITTING THE CIFFERENCES BETWEEN EXPERIMENTAL
AND CALCULATED Y*S wWITH A NCRMAL ERROR CURVE, AND
THE DATA ARE FIT AGAIN USING THESE WEIGHTSe A PLOT
OF THE CALCULATED ELECTRCCAPILLARY CURVE WITH
SUPERIMPOSED EXPERIMENTAL PCINTS IS MADE, AS WELL
AS A PLOT OF THE REGION NEAR THE EsCeMAXe [IF THE
CATA WERE NOT USED FCR A CALIBRATION, THE CHARGE
DENSITY, Qy AND THE CIFFERENTIAL CAPACITANCE OF THE
OOUBLE LAYER,y Cy ARE CALCULATED FROM THE POLYNOMIAL
FIT AND PLOTTED, AND THE CCEFFICIENTS OF THE
POLYNOMIAL ARE PUNCHED CN DATA CARDS FOR USF IN THE
NEXT PROGRAMe IF THE DATA WERE USED FOR A
CALIBRATICNy THE RACIUS CF THE CAPILLARY IS FOUND.

CESCRIPTION CF CATA CARDS
ALL CATA MUST BE IN CGS UNITS, UNLESS OTHERWISE
NITED.
INITIAL CARDS (CALY CONE SET, AT PEGINNING OF RUN):
CARD 1 (3F10.0): GRAV - ACCELERATION OF CGRAVITY,
DHG - DENSITY CF MERCURY, DH20 - DENSITY OF
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WATER.

CARD 2 (2F150): BOURC(1) AND BOURD(2) - COEFS.
(IN ASCENDING POWER CF DCD) CF THE LINEAR
APPROXe TC THE BOURDCN TUBE CONSTANT, IN INCHES
OF HG PER DEGREE OF DEFLECTION.

CARD 3 (3F1CeC): CMICR - CALTBRATICN CCNSTANT OF
THE MICROSCOPE RETICLE USED TO POSITION THE HG
SURFACE IN THE CAPILLARY, IN CM/DIVISION, OIV -~
CISTANCE CF HG SURFACE FRCM BOTTOM CF
CAPILLARY, IN DIVISICNS CN MICRCSCOPE RETICLE,
RADIUS - EXPLAINED AEOVE,

CARC 4 (5A4): XL - X-LABEL FOR GRAPHS (UNITS OF
PCTENTIAL)

CARD 5 (315): IDATA, ICALIB, MSTART - LOWEST
DEGREE PCLYNOMIAL TO BE FIT TO DATA,

CARCS FOR EACKH CATA SET:

CARDS 6 € 7 (20A4/20A4): TITLE

CARD 8 {15A4): ORGy ELECTR, DATE - TITLES FOR
GRAPHS (MUST BE 20 CHARACTERS EACHy STARTING IN
CCOLUMNS 1, 21, AND 41).

CARD 9 (4F10,0): (OMIT IF IDATA = 3) TOPHG,
WATERy BCTCAP - CATHETOMETER READINGS OF THE
TOP OF THE +G COLUMN BEFORE CATA WAS TAKENy THE
LEVEL OF THE SOLUTION IN THE CELL, AND THE
BOTTOM OF THE CAPILLARY, CORR - DECREASE IN HG
HEIGHT PER CROP OF HC EXPELLED.

CARDS 10 TC (AN-2) (4F10.,0): DATA FOR EACH POINT
OF THE ELECTROCAPILLARY CURVE (MUST BE IN ORDER
FROM SMALLEST TC LARGEST POTENT IALe NEED NOT
BE EVENLY SPACEDe ).

IF IDATA = 1: VOLTS -~ APPLIED POTENTIAL,
MANTOP - READING OF TOP MANOMETER COLUMN,
MANBOT - READING OF BOTTOM MANOMETER COLUMN,
CROPS - NCe CF DROPS OF HG EXPELLED SO FAR.
IF IDATA = 2: VOLTS, OOC - DEGREES OF
DEFLECTICN ON BCURDON TUBE PRESSURE GAUGE,
OROPSe

IF IDATA = 32 VOLTS, Y - INTERFACIAL TENSION

CARE (N-1): BLANK CARDy TO INCICATE END OF ABOVE
ARRAY.

CARC N (I5): NDATA - MMBER OF THE CATA SET
(LAST DATA SET MUST HAVE NDATA = 0).

CCMMCN NPTS, VOLTS(100), Y(1CO)y W(1CO), YCCF(11),

CYCOF(10), DDYCOF(9), RMS, WTRMS, VMAX, YMAX,
MDEG, YEST(100), ERROR(1CO)y CRG(5)y ELECTR(5),
WTFACT(S5), DATE(5)y MSTART, Z

DIMENSION TDEG(10), DEG(5), TYLP(S), TYLG(5), TWTFL(5),

TWTF2(S5), GL(S), SCALE(S), GLQ(S), YLQ(S),
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GLC(5)y YLC(5), BOURD(2)y XL(5)y TITLE(4O),
DRGPS (1001, COD(10C), YL(5), VEXP(100),
YEXP(100), YESTEX(100), QCOF(10), CCOF(9),
Q(1001, C(100C)

INTEGER Z, $

REAL MANTOP(100), MANROT(100)

EQUIVALENCE (MANTCP,D0CyQy VEXP), (MANBOT,C,YEXP),

1 (OROPS,W), (DYCOF,QCCF)y (DDYCOF,CCOF)

nHwn

c
C
1001 FORMAT (4F10.0)
1002 FCRMAT (2F15.,0)
10G3 FORMAT (20A44/20A4)
1004 FORMAT (3I5)
2001 FORMAT (15A4)
2CC2 FORMAT (1P4E15.7)
3001 FORMAT (%1°%////1X420A4/2X420A4)
3002 FORMAT (//* INPUT PARAMETERS '}
3003 FORMAT (/4Xy *GRAV*6X,'0FG® 98X,y *0H20' /F10e29Flle4yFlle5)
3004 FORMAT (/4X.*BOURC(1)%98Xy *BOURC(2)/ 2F1€66)
3005 FORMAT (/4Xy *CMICR® 46Xy "DIV® 44Xy *RADILSY /F11e54FTely
1 1PEl4e4)
3006 FORMAT (/4Xqe'XL*/4XyEA4)
3007 FORMAT (/74X IDATAY,4Xy *ICALIR® 44X,*MSTART*/1I5,19,110)
3008 FORMAT (/4X,'0RG* 920Xy "ELECTR®y17X,* DATEY/4X 35A4 43X y5A%,
1 3Xy5A%)
3C09 FORMAT (///* DOATA PCINTS (GAS PRESSURE MEASURED WITH ¢,
1 *MANOMETER)*)
3010 FORMAT (/76X TOPHG®y5Xy "WATER 45X *BOTCAP® » 7Xy *CCRR*/
1 F12¢3+2F10e3yFl4e7)
3011 FORMAT (/6X,*VOLTS"y4X, *MANTOP® 44X ,* MANBCT *, 4X,y *DROPS"* /
1 (F1l1e2y2F106e3¢FE€40C))
3012 FCRMAT (///* DATA POINTS (GAS PRESSURE MEASURED WITH *,
1 *BOURCON CAUGE)*)
3013 FCRMAT (/6% *VOLTS®46X9*DOD"®$€Xy*DROPS*/(2F11e 34F840))
3014 FCRMAT (///* OATA PCINTS (IN DYNES/CN)?')
3015 FORMAT (/6Xe*VOLTS® y7Xs*Y*/(2F1163))
3016 FORMAT ('1%////* GUTPUT CATA*/* VOLTS = EMF IN *y5M/
1 6Xy%Y = *,5A4)
3Cl7 FORMAT (*1°%////* BEST FIT TO CATA FOR *45A4,1Xy5A4,1X,
1 5A4/1X,5A4)
3018 FORMAT (/* PCLYNCMIAL OF CEGREE *y12,' WAS REST FITe*'/
1 * RMS CEVIATION = *,F5.,3)
3019 FORMAT (/5Xs*VOLTS®94Xe *Y(EXPTL) * 94X, *Y(CALCD) *y5X,
1 "ERROR'/(Fl0e34Fl1le3,F12e3,F1163))
3020 FORMAT (*1°7)
3021 FORMAT (/5Xe*VCLTS® 34Xy *WEIGHT " 94X, Y(EXPTL)*y4X,
1 'Y(CALCD)*y5Xy ERROR® 37X ,?Q* 48Xy*C*/(F10e39F9e¢39F12e3,
2 F12e34F11e34yF10e2¢FF62))
3C22 FORMAT (/* RADIUS OF CAFILLARY = 1, 1PEL12,€)
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3023 FORMAT (/5Xe'VOLTS*y4Xy "WEIGHT 'y 4X,*Y(EXPTL) *y4X,
1 'Y(CALCC)*yS5Xo'ERRORY/(F10e3,FGe3,F1263,F1263,F1143))
3024 FORMAT (* COORDINATES OF ELECTRCCAPILLARY MAXIMUM ARE °*
1 "' yF6e39'y"yFTe2,)") _
3025 FORMAT (' NO MAXIMUM WAS FOQUND IN REGION OF DATA, ')

PUT ALPHANUMERIC OCATA INTO ARRAYS FOR GRAPH LABELS.

DATA TDEG(3)/4H3RC /,TDEG(4)/4H4TE /4 TDEGL SV1/4H5TH /,
TDEG(6) /4HETE / 4TDEG(T)/4HTTH /7, TDEG(8) /4HBTH /,
TDEG(9Y/4HSTH /,TDEG(10)/4H10TH/ 4DEG(2) /4H CEG/,
CEG(3)/4He PO/ ,0EG(4)/4HLYNO/,DEG(S5)/4HMIALY/,
TYLP /20HPRESSURE (CM OF KG) /,

TYLG /20HGANMNMA (DYNES/CM) /y
TWTF1/20H NO WEIGHTS USEC /v
TWTF2/20H WEIGHTS WERE USEC 7/,
GL /20HEe Ce CURVE FOR /v
SCALE/20HREGION NEAR EeCoeMAXe/,
GLQ /20HCHARCE ON FG /s
YLQ /20HQ (MICROCOUL/CM#*x%x2) /,
GLC /20HCAPACITANCE OF Dele /o
YLC /20HC (MICROFARAD/CWN%%x2)/

D> OO NPVMPWN N

WITH THE PROPER CONTROL CARDS, SETTING Z AND §$ = 13
WILL CAUSE ALL WRITE STATEMENTS WITH A Z OR $ TO BE
OUTPUT CN THE FRINTER, ANC WILL CALSE ALL PROGRAM
INTERRUPT STATEMENTS NCT TO BE QUTPUT, SETTING Z = 3
WILL CAUSE ALL WRITE STATEMENTS WITH A Z NOT TO BE
OUTPUT (USE FOR FINAL WHITE PAPER JOBS).

3
13

™~

READ INITIAL CATA CARCSe

READ (1,1C01) GRAV,DFG,DH20
READ (1,1002) BCURD(1},BOURC(2)
READ (1,1C01) CMICR,DIV,RADIUS

READ (1,1003) XL
READ (191004) IDATA,ICALIByMSTART

READ TITLE, SYSTEM, DATE & PRINT ALL INPUT DATA SO
FARe

OO0

1 READ (1,41003) TITLE.ORG.ELECTR,DATE
WRITE (Z,3001) TITLE
WRITE (Z,3002)
WRITE (Z,3003) GRAV,DHG,yLH20
WRITE (Z42004) BCURD(1),BOURLC(2)
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WRITE (Z2,3005) CMICRsDIVoRADIUS
WRITE (Z2,3006) XL

WRITE (2,3007) IDATA,ICALIByMSTART
WRITE (2,3008) ORC,ELECTR,DATE

TEST FOR TYPE OF CATA TO BE READy, READ POINTS,
CALCULATE Y.

GO TO (2.8414), IDATA
GAS PRESSURE WAS MEASURED WITH MANCME TER.

WRITE (Z,3009)

READ (151001) TCPHGyWATER,RBOTCAP,CORR

WRITE (Z,3010) TCPHG,WATER,BOTCAP,CORR

00 3 I=1,1C0

READ (1,1001) VOLTS(I),MANTOP(I),MANBCT(I),DROPSI(I)

IF (VOGLTS(I) + MANTOP(I) + MANBOT(I)) 344,43

NPTS =1

WRITE (Z2,43011) (VCLTS(I),MANTCOP(I),MANBCT(I),DROPS(I),
1 I=14NPTS)

PRES = TOPHG - BOTCAP - DIV * CMICR -~ (WATER -~ BCTCAP -
1 OIvV * CMICR) * DH20 / DHG

DO 5 I=14NPTS

Y{(I) = PRES + MANTCP(I) - MANBCT(I) - CORR * DROPS(I)

IF (ICALIB) 646,418

CCNST = CHG * GRAV * RADIUS / 2.0
DO 7 I=1,NPTS

Y(I) = CCNST * Y(I)

GO T0 17

GAS PRESSURE MEASURED WITH BCURDON GAUGEe

WRITE (Z43C12)

READ (1,1001) TCPHGyWATER,yBOTCAP,CORR

WRITE (Z,3010) TOPHGyWATER,BCTCAP,CORR

DC 9 I=1,1CO

READ (1,1001) VOLTS(I),00D(1),DROPS(IT)

IF (VCLTS(I) + DOD(I)) 9,10,9

NPTS =1

WRITE (Z,3C13) (VCLTS(I),DOD(1),DROPS(I),y I=1,NPTS)
PRES = TOPHG - BOTCAP - D1V * CMICR ~ (WATER - BOTCAP -
1 DIV * CMICR) * DF20 / OKG

DO 11 I=14APTS

BCUR = BOURD(1) + BOURD(2) * COD(I)

Y(I) = PRES + 2540005 * BOUR * COC(I) - CORR * CROPS(I)

IF (ICALIB) 12412418

12 CCNST = DHG * GRAV * RADIUS / 2.0
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DG 12 I=1,NPTS
Y(I) = CONST * Y(I)
GO T0 17

DATA ALREADY IN DYNES/CM.

WRITE (Z43014)

00 15 I=1,100

READ (1,1C01) VOLTS(I),Y(I)

IF (VOLTS(I) + Y(I)) 15,16,415

NPFTS =1

WRITE (Z,3015) (VOLTS(I),Y(I)y I=1,NPTS)

PUT TITLE FOR Y-AXIS INTO YL ARRAY,

DO 171 I=1,5
YL{I) = TYLG(I)
GC TO 20

DO 1S I=1,5
YL(I) = TYLP(I)

PRINT TITLE FOR OUTPUT DATA, SET WEIGHTS = 1.0, PUT
TITLE INTO WTFACT ARRAY,

WRITE (Z,3016) XLoYL
DO 21 I=1,4NPTS

W(I) = 160

DO 22 I=1,5
WTFACT(I) = TWTFL1(I)

FIT PCLYNOMIAL TO CATA (VOLTS,.Y)y PRINT RESULTS.

CALL FITECC

WRITE (Z243017) ORGJELECTRyDATE,WTFACT

WRITE (Z43018) MDEG,RMS

IF (VMAX + YMAX) 40441040

WRITE (Z2,43025)

GO TC 42

WRITE (2,3024) VMAX, YMAX

WRITE (Z,3019) (VOLTS(I) Y(I)GYEST(I) JERROR(INI=1,NPTS)
WRITE (Z,3020)

CALCULATE WEIGFTS, PUT NEW TITLE INTO WTFACT ARRAY,
FIT NEW POLYNOMIAL TO DATA, PRIANT INITIAL RESULTS.

DO 23 I=14NPTS

W(I) = 043989423 * EXP ((ERROR(IV/WTRMS)*%2 / (~-24))
DO 24 I=1,5

WTFACT(I) = TWTF2(I)

CALL FITECC
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WRITE ($+3017) ORGLELECTR,DATE,WTFACT
WRITE ($+3018) MDEG,RMS

IF (VMAX + YMAX) 43,44,43

WRITE ($,3025)

60 TC 45

WRITE ($,+3024) VMAX,YMAX

GRAPH CALCULATED EeCe CURVE AND DATA POINTS.

VSIZE = AINT ((VCLTS(NPTS) ~ VOLTS(1)) / 0e2 ¢+ 20001}
VO = VSIZE ~ 2,0

DEG(1) = TCEG(MDEC)

CALL GRAPH (NPTSeVOLTS,YEST04294VSIZE910e+09090909 XL,YL,

1 GL+ORG)

CALL GRAPH (NPTSyVOLTSyY3197+C904040¢9C90904040,0)
CALL LETTER (V09929001 +ELECTR400 920909090¢4C90940+04040,

1 C)

CALL LETTER (V099055001 ¢yDATE1Ce+20404+0,0,04040,C9C40,0)
CALL LETTER (V098680 +0e1¢DEG9Ce92C9040404040,40,0,0,0,0)

GRAPH REGION NEAR EoCe MAXINMUVN,

IF (VFMAX ¢+ YMAX) 25,30,25

YEXPC = AINT (YMAX -~ G40)

Jd =20

DO 2¢ I=1,NPTS

IF (Y(I) = YEXPO) 26427,27

J=J+1

VEXP (J) voLTS(1)

YEXP (J) Y{1)

YESTEX(J) = YEST(I)

CONT INUE

VEXPSZ = AINT ((VEXP(J) = VEXP{l)) / Ce05 + 2400C1)
VEO = VEXPSZ? - 240

CALL GRAPH (JoVEXPoYESTEX90929VEXPSZ 9106909040909 XL,YL,

1 GLyCRG)

CALL GRAPH (JyVEXPYEXPy19T7909CyCy090+04040,40,50)
CALL LETTER (VEN99¢2+0e1+ELECTR90e920+09C90409409040+0,+0,

1 0)
CALL LETTER (VEC919e0590e1yDATECe92090¢09049040,40,0,0,0,

1 0

CALL LETTER (VE0+8¢8040e1¢DEG+Ce92C9y0+09090404050+0,0,0)
CALL LETTER (VEO98e6540e 19SCALE90e920909090409090,0+0,0,

1 0)

IF (ICALIB) 31,31,34
"FIND CHARGE ANC CAPACITANCE.

QCCF(MDEG) = —0Oel * CYCOF(MOEG)
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MDEG1 = MDEG - 1

DC 32 J=1,MDEG]

QCOF (J) 0.1 * CYCCF(J)
32 CCOF(J) -0el * DODYCOF(J)

DO 33 I=1,NPTS

CALL PVAL (Q(I),vOLTS(I),QCCF,MDEG)
33 CALL PVAL (C(I),yVCLTS(Y),CCOF,MDEG])

PRINT FINAL RESULTSy GRAPH Q AND C.

WRITE ($,3021) (VCLTS(IDoWUI) oYUIDHYEST(I}oERROR(I),

1 QUI),C(I), I=1,NPTS)
CALL CRAPH (NPTSeVOLTS9Q90492¢VSIZE410690,04Cy04XLyYLQ,

1 GLQ,CRG)

CALL LETTER (V099¢2¢0e1yELECTR9069209C+09090+0404049040,
1 0)

CALL GRAPH (NPTS,VOLTSyCy0y2yVSIZE410e90+0,0¢0,XLyYLC,
1 GLC,0RG)

CALL LETTER (V09Se29001yELECTR40e9209Cy09050+090+040+0,
1 0)

PUNCH DATA CARCS FOR NEXT PROGRAM,

MDEG1 = MDEG + 1

WRITE (2,2001) GL yORG,ELECTR

WRITE (2,2002) (YCCF(J)y J=1,¥MCEG1)
GO TO 35

CALCULATE RADILS, PRINT FINAL RESULTS,

34 KADIUS = (2,0 * RACIUS) / (YMAX * DHG * GRAV)
WRITE ($,3022) RACIUS
WRITE ($,3023) (VOLTS(I)yW(I),Y(T)oYEST(I),ERROR(I),
1 I=1,NPTS)

TESY TC SEE IF LAST CATA SET.

35 READ (1,1004) NDATA
IF (NCATA) 1,36,1
36 STOP
END

SUBRCUTINE FITECC

PLRPOSE .
FITS THE DATA PCINTS WITH POLYNOMIALS FROM DEGREE 3

TO 10, FINDS THE RMS DEVIATION OF THE POINTS FROM
EACH FITTED POLYNOMIAL ANC THE 1ST AND 2NN
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CERIVATIVES AND THEIR RCCTS (BOTH REAL AND COMPLEX)
FOR EACH POLYNOMIALe THE “BEST FIT®™ (THE
POLYNOMIAL OF HIGHEST DECREE WHICH KAS NO POINT 0F
INFLECTION IN THE REGIGN OF THE CATA) IS FOUNOC.

NCTE - (1) IF IERD>0 WHEN FINDING THE ROOTS OF THE
SECOND DERIVATIVE OF A POLYNOMIAL (SEE SUBROGUTINE
POLPT FOR A CEFINITION OF IER)y THE GIVEN
POLYNOMIAL IS PRESUMED TC HAVE A PCINT OF
INFLECTION.

(2) IF ALL POLYNOMIALS HAVE A POINTY OF
INFLECTION IN THE REGION OF THE CATA, THEN THE
POLYNCMIAL OF DEGREE 10 IS PRESUMED TO BE THE
“BEST FIT%,

OTHER SUBROUT INES REQUIRED

CPLSPA

PDER - -
PVAL

POLRT

CPXCRD

PCLA

2XaksNeNa NN oo o ool o N oo N o e Yo N e oo NaNaRa X o}
I

COMMON AN, X(100), Y(100), W(100), CCF(11), DCOF (10},

1 ODCOF(9)y RMS, WTRMS, XMAX, YMAX, MDEG,

2 YEST(100), ERROR(100), CRG(5)y ELECTR{S),

3 WTFACT(5), DATE(5), MSTART, 2

DIMENSION COF1(11), YEST1(10C), ERROR1(100), XMAX1(9),

1 YMAX1(9)y XMAXR(9)y XMAXI(S)y XFLX(B),
2 YFLX(8), XFLXR(B), XFLXI(8)
DOUBLE PRECISION COFD(1l)y CCOFC(10)y DDCOFD(9),
1 WCOF(100), RCOTR(9), ROCTI(9)
INTEGER 2
EQUIVALENCE (XMAXR, XFLXF)y (XMAXI XFLXI)
C
c

2001 FORMAT (/' POLYNOMIALS FIT TO DATA (VCLTS,Y) FOR *,5A4/
1 2Xy9 5A4y1X,5A4)

2002 FCRMAT (1X,5A4)

2003 FORMAT (///¢ POLYANOVMIAL OF DEGREE *,12/3X,
1 'COEFFICIENTSy IN ORDER DF ASCENDING POWER CF VOLTS */
2 10X y*POLYNOMIAL® 411X,°1ST DERIV?®,12X,?2ND DERIV?)

2004 FORMATY ( 1P3E21.7)

2005 FORMAT (/°* RMS DEVIATICN =',Fte399X*WEIGHTED RMS*,
1 ¢ DEVIATION =',Fé€s3)

2006 FORMAT (/° EXTRENMATY)

2007 FORMAT (5X,'REAL ROOTS*/9Xy *VCLTS'y8X,*Y-ESTIMATE®)

2008 FORMAT (Fl4e4,F16e2)

2009 FORMAT (1P2E21e7/ E2167)
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FORMAT (SXy*'THERE ARE NO REAL ROCTS*)

FORMAT (/¢ INFLECTIGN POINTS®)

FORMAT (/5Xy *ERROR IN POLRT SUBRCUTINE, IER =%,12)
FORMAT (5X+* THERE ARE NG COMPLEX RCOOTS')

FCRMAT (5X,*COMPLEX ROOTS*)

FORMAT ( 1PE20¢69E16669* * [*)

FCRMAT (///* ALL POLYNOMIALS HAVE POINTS OF INFLECTION®
1 /7/7° BEST FIT TO CATA IS ASSUMED TO BE PCLYNCMIAL OF*,
2 ° DECREE 10.")

PRINT TITLES FCR INFORMATICN TO BE FOUND

WRITE (Z292001) ORG,ELECTR,DATE
WRITE (Z,2002) WTFACT

TUWYLC = 0.0

IERFIT =1

M = MSTART

FIT DATA POINTS WITH LEAST SQUARES PCLYNCMIAL

CALL CPLSPA (MyNyXyYylWy COFD,TUWYLC)
TUWYLO = 1.0

MP1 = M ¢+ ]

MM2 = M - 2

DC 6 J = 1,MP1

COF1(J) = SNGL(COFD(J))

FIND CERIVATIVES OF POLYNCMIAL AND PRINT RESULTS

CALL PDER (DCCFD, #yCCFD,MP1)

CALL PCER (DOCOFDyMM14,DCOFDyM)

WRITE (Z1,2003) M

WRITE (Z,2004) (CCFD(J)yDCOFD(J)CCCOFD(J)y J=1yMM1)
WRITE (Z,2009) COFO(M),DCOFD(M), COFD(MPL)

FIND Y-ESTIMATES & ERRORS FOR EACH POINT AND FIND AND
PRINT RMS DEVIATICNS

SUMW = 0.0

SUMSQ = CeO

SUMSQW = 0,0

DC 7 I = 14N

CALL PVAL (YESTL(I)yX(I)yCOF1lyMP1)
ERRORL(I) = YESTI(I) - Y(I)

SUMW = SUMW + W(I1)

SUMSQ = SUMSO + ERRORL(I) *%. 2
SUMSQW = SUMSQW + W(I) * ERRORL(I) ** 2
CONT INUE

WTRMS1 = SQRT (SUMSQW/ SUMW)
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RMS1 = SQRT (SUMSQ / FLCAT(N))
WRITE (2,2005) RMS1,WTRMS1

FIND THE ROOTS CF THE 1ST CERIVATIVE, PUT THE REAL
ROOTS IN ORDER & FIND THEIR Y-ESTIMATES,

CALL POLRT (DCOFDyWCCFyMN1ly ROCTRoROOTI,IER)

CALL CPXCRD (MM1l,FOOTRyROOTI ¢ NRMAX ¢ XMAX]1yNCMAXyXMAXR,
1 XMAXI)

00 5 J = 1,NRMAX

CALL PVAL (YMAX1{J)sXMAXL(J)COFLlyMP1)

PRINT RESULTANT EXTREMA

WRITE (Z,2006)

If (IER) 101,101,102

WRITE (2,2012) IER

IF(NRMAX ) 15415414

WRITE (2,2010)

GO TO 103

WRITE (Z,2007)

WRITE (2,2008) (XMAX1(J) YMAX1(J)y J=1,NRMAX)
IF (NCMAX) 104,104,105

WRITE (2,2028)

GO TC 17

WRITE (Z,2029)

WRITE (Z2,2030) (XMAXR(J)XMAXI(J)y J=1,NCMAX)

FINC THE ROOTS CF THE 2ND CERIVATIVE, PUT THE REAL
RCCTS IN ORDER & FIND THEIR Y-ESTIMATES.

CALL PCLRT (DDCOFCWCOF ¢yMM2 yRCCTRyROOTI, [ER)

CALL CPXORD (MMZ2,yRCOTRyRCOTI g NRFLX ¢XFLXoNCFLXy XFLXR,
1 XFLXI)

00 13 J = 14NRFLX

CALL PVAL (YFLX(J)sXFLX(J)9COF1,MP1)

PRINT RESULTANT INFLECTICN PCINTS

WRITE (Z,2011)

IF (IER) 10641064107
WRITE (Z,2012) IER

IF (MRFLX) 19,19,20
WRITE (Z,2010)

GC 7C 16

WRITE (Z,2007)

WRITE (Z,2C08) (XFLX{J)9YFLX(J)9 J=14ARFLX)
IF (NCFLX) 1084108,109
WRITE (Z,2028)

GO TG 18
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WRITE (Z2,2029)
WRITE (Z42030) (XFLXR(J) oXFLXI(J)y J=19NCFLX)
IF (1ER) 2649264122

IF NO POINTS OF INFLECTION IN REGION OF DATA, STORE
YESTy ERROR, CCF, OCOF, DCCOF, RMS, WTRMS,

IF(NRFLX) 949,753

D0 22 J = 1,NRFLX

IF (X(1) - XFLX(J)) 21422422
IF (XFLX(J) - X{N)) 122,22,22
CONT INUE

IERFIT =0

MOEG = M

CALL PCLA (YESTyNsYESTLHN)
CALL PCLA (ERRORyN,ERROR1yN)
CALL PCLA (COF,MP1,CCFl,MP1)
DO 13C J = 1,MM]1

DCOF(J) = SNGL{DCGFD (J))
DDCOF(J) = SNGL (DCCOFO(J))
DCOF(¥) = SNGL(DCCFD(M)) -
RMS = RMS1

WTRMS = WTRMS1

FIND WHICH MAXIMUM POINT IS IN THE REGION OF THE DATA

DO 4 J = 1,NRMAX

K=J

IF (X(1) - XMAX1(J)) B,4.4
IF (XMAX1(J) - X(N)) 1045494
CCNT INUE

XMAX = 060

- YMAX = 040

10

122
121

120

GG 70 122

XMAX = XMAX1(K)

YMAX = YMAX1(K)

IfF (M-10) 121,120,120
M=Mel

GO TC 1

IF ALL POLYNOMIALS HAVE POINTS OF INFLECTION, ASSUME
THE HIGHEST DEGREE POLYNOMIAL IS THE BEST FIT,.

IF (JERFIT) 29243
WRITE (2,2031)
GO TC 9

RETURN
END
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SUBRCOUTINE CPXORD (NINyCRINyCIINyNROUT,RROUT 4sNCOUT, -
1 CROUT ,CI0OUT)

D IMENSION RROUT(10), CROUT(10), CICUT(10)
DOUBLE PRECISION CRIN(10)y, CIIN(10)

SEPARATE INPUT COMPLEX NUMEERS (CRIN + CIIN * I) INTO
PURE REAL NUMBERS (RROUT) AND CCMPLEX NUMBERS (CROUT
+ CIOUT * 1),

NROUT 0

NCOUT 0

DO 1 I = 1yNIN

IF (CIINCI)) 24342

NROUT = NROUT + 1
RROUT(NRQUT) = SNCGL(CRIN(I))
GO TC 1

NCOUT = NCOUT + 1
CROUT(NCCUT) = SNGL(CRIN(I)})
C IDUT(NCOUT) = SNGL(CIIN(I))
CCNTINUE

PUT PURE REAL NUMBERS IN ORDER FROM SMALLEST TO
LARGE STe

M = NROUT - 1

IF (M) 444,45

DO 6 I = 1M

K=1#+1

DO 6 J = KyNROUT

IF (RROUT(I) - RROUT(J)) 646,7

X = RFOUT(I)
RROUT(I) = RROUT(J)
RROUT(S) = X

CCNT INUE

RETURN

END
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c SECOND PROGRAM FOR ANALYSIS OF EL ECTROCAPILLARY DATA
c
c
C
CCMMON NCONCS, NVOLTS, VSTART, VINC, MBASE, BBASE,
1 ¥y By CONC, ACT, LNACT, VOLTS, YBASE, Y, PI
DIMENSION TITLE(40), ORG(5)y ELECTR(5), NAME(S5),
1 ABASE(11), M(10), CONC(10)y A(1l1l,10}),
2 BBASE(11), LNACT(10), B(11,10)y VCLTS(40),
3 YBASE(40)y Y(40,10)y PI(10,40)y ACT(10)
REAL NAME, LNACT
c

1001 FORMAT (20A4/20A4)

1002 FORMAT ('1°////1X920A4/2X+20A4)

1003 FORMAT (//* INPUT PARAMETERS*//4Xy* ORG® 920Xy *ELECTR?,
1 17X¢*NAME®/4X,5A4,3Xy5A493X,y5A4)

1004 FORMAT (211044F10.0)

1005 FORMAT (/4X,*NCONCS® 34Xy *"NVOLTS® 94Xy * VSTART® 46 X9 'VINC®,
1 6Xy *VECM'y8X,°CO*)

1006 FORMAT (1104F10eC!}

1007 FORMAT (//7* INPUT COEFFICIENTS FOR PCLYNOMIALS')

1008 FORMAT (1P4E15.7)

1009 FORMAT (/3X,*CONCN®y€Xy*0e0%9y3Xy10F1066)

1010 FORMAT (3X,*DEGREE®*+18,410110/)

1011 FCRMAT (I643Xy11F1Ce2)

1012 FORMAT (//* COEFFICIENTS OF TRANSFORMED PCLYNOMIALS®/
1 (NOW IN TERMS OF VOLTS VSe ELECTROCAPILLARY?®,
2 * MAXIMUM OF */° BASE ELECTRCLYTE) *)

1013 FORMAT (211043F10e34F10e4)

INITIALIZE ALL POLYNOMIAL COEFFICIENTS TO ZERO.

OO0

DO 7 1I=1,11
ABASE(I) = 0.0
BBASE(I) = 060
DO 7 J=1,10
AlI,yJ) 0e0

7 B(I,J) 0.0

READ IN & WRITE OUT DATA

s Nale

4 READ (1,1001) TITLE
WRITE (3,1002) TITLE
READ (1,1001) ORG.ELECTRyNAME
WRITE (3,1003) ORC,ELECTR,NAME
READ (1,1004) NCONCSyNVOLTS,VSTART,VINC,VECM,CO
WRITE (3,1005)
WRITE (3,1013) NCCNCSyNVOLTSyVSTART,VINC,VECV,CO
READ (1,1006) MBASE
MP1L = MBASE + 1
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READ (1,1008) (ABASE(I)y I=1,VNP1)

DO 1 J=1,NCONCS

READ (1,1006) M{J),CCNC (J)

MP1 = M(J) + 1

READ (191008) (A(I4J)sI=1,MP1)

WRITE (3,1007)

WRITE (3,1009) (CCNC(J), J=1,NCONCS)
WRITE (3,1010) MBASE,(M(J)y J=1yNCONCS)
DO S I=1,11

K=1-1

WRITE (391011) KyABASE(I)4(A(14J)y J=19yNCONCS)

TRANSFCRM POLYNCMIALS TO VCLTS VSe EeCaMAX,

CALL SHIFT (MBASE,VECM,ABASE, EBASE)

DO 2 J=1,NCONCS

ACT(J) = CONC(J) /7 CO

LNACT(J) = ALGG (ACT(J))

CALL SHIFT (M(J) oVECMA(1,4J)4B(l,yu))
WRITE (3,1012)

WRITE (3,1009) (CONC(J),y, J=1,MNCCNCS)
WRITE (3,1010) MBASE.(M(J)y J=1,NCCNCS)
D0 6 I=1,11

K=1-=-1

WRITE (3,1011) K,BBASE(I),(B(I,4)y J=1o,NCONCS)

CALL FINDPI

CALL COMBIN (NCONCSyNVOLTSyVOLTSsYBASE,YORGHELECTR,

1 NAME)

READ (1,1006) NDATA
IF (NCATA)Y 443,44

3 STAOP

END

SUBROUTINE SHIFT (MyXyAyB)

PURPOSE

TRANSFORMS THE EQUATION CF A POLYNOMIAL WHEN THE
ORICIN IS SHIFTED TC A NEw POSITION (Xy0) ALONG THE

X=AXI Se

DE SCRIPTION OF PARAMETERS
M = DEGREE OF PCLYNOMIAL
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X = X=VALUE (IN OLC COCRCINATE SYSTEM) OF NEW
ORIGIN
A = ARRAY OF COEFFICIENTS CF CLD PCLYNOMIAL,
CRDERED FROM SMALLEST TO LARGEST POWER
B = ARRAY OF COEFFICIENTS OF NEW POLYNOMIAL
DIMENSION A(11),B(11)
MPl = M + 1
B(1) = Q.
D03 I = 1,MP1
3 B(1) = B(1) + A(I) * X**%(]-1)
DO 2 J = 2,MP1
JM1 = J -1
B(J) = Oe
DO 2 I = J,MPL
U= 1.
DO 1 K = 1,JM1

1 U =0U * (FLOAT(I-K) /7 FLOAT(K))
2 B(J) =B(J) + U * A(]) * X*x(]-J)

RETURN
END

SUBROUTINE FINDPI

PURPQOSE
FINCS VALUES OF THE INTERFACIAL TENSION (Y) AND OF
THE SPREADING PRESSURE (PI) AS A FUNCTION OF
POTENTIAL AND CONCENTRATICN CF ORGANIC SOLUTE AND
PRINTS THESE VALUES IN TWC TABLESe

OTHER SUBROUTINES REQUIRED
PVAL

COMMON NCONCSy NVOLTS, VSTART, VINC, MBASE, BBASE,

1 My By CONCy ACT, LNACT, VOLTS, YBASE, Y, PI

D IMENSION B8BASE(11), M(10), £(11,10)y CONC(10),

1 LNACT(10), VOLTS(40), YBASE(40), Y(40,10),
2 PI (10440}, VL(3), ACT(10)

REAL LNACT

1001 FCRMAT (*1¢//7//7°% INTERFACIAL TENSION (Y)*//
SOLUTION®*9y12X,*BASE®, 19,5110)
1002 FORMAT (°* CCNCENTRATION®413X,10F104¢)
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1004
1005
1006

1007
1008
1009
1010
1011
1cC12
1013
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FORMAT (* LN(C/CO)*418X,10F10s4)

FORMAT (13X,°*VOLTS®)

FORMAT (F1B8e3911F1062)

FORMAT (*1%////*% SPREADING PRESSURE (PI)*//
¢ SOLUTION®,+5X,10110)

FORMAT (¢ CCNCENTRATION® ,3X410F10Ce6)

FORMAT (¢ LN(C/CO)*9y8X910F1Ce %)

FORMAT (8F10e4)

FORMAT (8F10e2)

FCRMAT (° ACTIVITY (C/CO)%911Xs10F1Ce6)

FORMAT (°* ACTIVITY (C/CO) *410F10s6)

F CRMAT (F6e392Xy3A4)

DATA VL/12HVOLTS VS ECM/

MFl = MBASE + 1

00 1 K=1,NVOLTS

REALK = FLOAT (K-1)

VOLTS(K) = VSTART ¢ REALK * VINC

CALL PVAL (YBASE(K),VOLTS(K),BBASE,MP1)

0C 2 J=1,4NCONCS

MPL = M(J) ¢+ 1

00 2 K=14NVOLTS

CALL PVAL (Y(KyJ)yVOLTS(K) 9sB(1eJ)eMP1)
PI(JyK) = YBASE(K) = Y(KyJ)

WRITE (3,1001) (Jy J=1,NCONCS)

WRITE (341002) (CCNC (J) s J=1,NCONCS)
WRITE (3,1011) (ACT(J), J=1,NCONCS)
WRITE (341003) (LNACT(J)s J=1,4NCCNCS)
WRITE (3,+1004)

DC 3 K=1,NVOLTS
WRITE (3,1005) VOLTS(K) YBASE(K) o(Y(KesJ)y J=14NCONCS)

CONT INUE

WRITE (3,1006) (Jy J=1,NCONCS)

WRITE (3,1007) (CONC(J)y J=1,NCONCS)
WRITE (3,1012) (ACT(J), J=1,NCONCS)
WRITE (3,1008) (LNACT(J), J=1,NCCNCS)
WRITE (391004

DO 4 K=1,NVOLTS
WRITE (3,1005) VOLTS(K)y(PI{JyK)y J=14NCONCS)

WRITE (2,1009) (LNACT(J)s J=14NCCNCS)
DO 5 K=1,NVOLTS

WRITE (241013) VOLTS(K),VL

WRITE (291010) (PI(JyK)s J=1,NCONCS)
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RETURN
END

SUBROUTINE COMBIN (NCONCSyNVOLTS,VOLTS,YBASE,Y s CRGy
1 ELECTRy NAME)

PURPOSE
GRAPHS ELECTRCCAPILLARY CURVES FOR PURE ELECTY M ™ *iQ
AND FCR ALL CONCENTRATICAS CF ORGANIC SOLUTE 1M THE
SAME GRAPH,

DIMENSION VOLTS(4C), YBASE(40)y Y(40,10), ORG(S),y
1 ELECTR(5), NAME(S5), XL(5)y YL(5), GL(S),
2 DL(5)y LABLI(T7)

REAL NAME , LABL

DATA XL /20HVOLTS VSe EeCe MAXe /y

1 YL /204HGAMM2 (DYNES/CM) /y
2 GL /20H /y
3 DL /20H /o
4

LABL/28HELECTROCAPILLARY CURVES FOR /

CALL ORICIN (1609165,1)
CALL GRAPH (NVOLTS,VOLTSYBASE90929%400950590e4y-0e8,
1 20009320609 XLyYLyGL,DL)
DO 1 J=1,NCONCS
1 CALL CGRAPH (NVOLTS,VCLTS,Y(19J)90924049049040,040,4040,0,0)
CALL LETTER (0e09=16090e159LABLy0e0y2890909090+0,40+0,0,
1 0,0)
CALL LETTER (3e¢69=1¢090615¢0RG90609209090¢09090904090+0,
1 0)
CALL LETTER (0e09=162590e15+ELECTRy06C920909040,509040,0,
1 0,0,0)
CALL LETTER (3609-10¢25906159¢NAME 40609 20904090904C9040¢0
1 C,0)
CALL ORIGIN (7609Ce0,0)

RETURN
END
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PKCGRAM FUR FITTING FRUMKIN EQUATICN TC ELECTRC-
CAPILLARY LCATA FRCM A CCMPCSITE PI VSe LN ACT CURVE

REAL%¥4 CRG(5)y ELECTRI5)y NAKE(E)y LMNAL(5), PIL(5),
THEL(S )y RECALIB), VLUE)y FCL(E), F1L(5),
€LI(5)y GLZ(5)y €L2(5), CL4(S),

LNAa(10C)y FIC1CC)y G(E0)y THI(BL),
{500y Y(5C), TH${21), LNAS(21), FIS(21),
RECAS(21)y V{5C),y FU(X0)y FLIEC),

LNBl,y, LN2Zy LMAC, LNAINC, LAHAF

INTEGER CUT

EQUIVALENCE (LNAsVIy (FI1gTES,FC)y  (LNASSF1),

i (GoPIf)y (X RELAS)

[« BN Z0 SRV S S

("
C

C

canc

1LCl FORVMAT (2 24)

1CCZ FORMAT (11(9F1CeC)
100z FCRMAT (8F1UeU)
1004 FURMAT (2F1000)
1005 FURMET (21101

ZCC1 FCRMAT ('1%///7/°% FRUFKIN EQCLATICM FIT TO ZLECTRLY,
i SCAFILLARY DATA FUR'/2X95A491X95A491X95A4/% ABSCISSA®
2 ' (F CCMPCSITE PI VEe LN A CLRVE IS '95A4)
cCCz FORMAT (/' TEETA('9129') = % 4F563)
2UU3 FORMAT (/' MAXIMUM SURFECE_EXLESS = "9FE5o3y'X10%%k(~10"
i 9%) MOLES/CM#%2%/* ACTIVITY FCER HALF CLVERAGE = ¢,
1PLSo3/% ALPHA = "4CPF7e4/' B~-1ERC = "91PES.2/
' E-ZERG-PRINME = *o(CPF€e4/* ECUATIUN FOR ISOThERV
YENITHZ(A¥(1-TH))) = (*yFT049°)3TH + (% 4FCa32y') Y/
*  EQUATICN CF STATE Pl = ("9F7039% )#TH*¥%2 ¢+ (*3Fb02y
}¥LN(L-TH) ")
204 FURMAT (/' SUKFACE® 94Xe *THETA®9EX9 LN A%9€Xs' LN A'y8Xy
1 %A% 36Xe "A/AHALF " 35X g'P 1%y 8Xy "PI®/3 X9 *LXCESS 912X,y
Z Y(EXPTL)® 93(3Xy® (CALCD)*) 93X (EXPTL)® 42X, (CALCD)")
2CL5 FCRMAT (FHecyFlUeZ92Fl0eigFlle49FSe292FiCel)
2CC€ FCRMAT (*1%////° FREE ENERGIES CF ADSCRPTICN FOR'/ZX,
1 22441X9En491X9EA4/% PLIENTIAL IS IN UNITS CF *45A4//
2 " PLTENTIAL® 92Xy *LNAINC® 94X LN AHALF' 33Xy *F(CG)* 45X,
2 'FICL)*) '
2C{7 FCRMZT (ZFSe393F1Co2)

ocuvdWN -

PLT ALPFAMNUMERIC LATA INTC ARRAYS FUGR GRAFPE LABELS.

LATA FIL /20EFI (CYNES/CM) /y
THL /20RTHETA /s
RECAL J2UhA/AHALF /y
FOL  /Z2OH=F(GC) (KCAL/FCLE) [/,

WA e
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Fll /2CE-F{01) (KCAL/ZMLLE) /o
GL1 J20FLS FIT 1O FRUMKIN EQ/,
GLz J2CHCCPPCSITE CURVE FCR /o
GL:Z /20ELIMENSICMESS ISCTHe/ s
GL4 /2CHFREE ENERCY OF ALSe /
In=1
ULT = 2

REAC (IN91GU1l) GRGLELECTRyNANE,LPAL
WRITE (OUT 92001 ) CRGELECTRoNZMESLMNAL
READ (INy1lCC5) NCPT,,#CPT

IF (MCPTetCel) GC TC 13

REAC (INy1GU4) CMAX

6L TC 14

CALCULATE GAMMA-MAX FRCM PLINTS ON MCACLAYER POKTION
OF CUMPUSITE CURVE (READ IM ACTUAL UDATA PCINTS)o

2 RcAD (IN,10GZ) N

REAC (INy1CC4) (LNALIDGFI(I)y I=14N)
CALL FDLSP2 (NoLNA4PIyA.B)
GMAX = B / 2478S

GO0

aeNaN el

CALCULATE GANKA, THETAy ANL Y FROM SLCPES CF
TANGENTS TC CGPPOSITE CURVE (READ IN PGINTS FROW
HAKC CRANWN TANGENTS & FRCM EANC FIT TC CURVE).

REAL (IN91CCZ) ¥

N=1

DC 2 I=1,4¥

READ (IN,1CU3) LNA1y PIly LMNAZ, FIZy LNA(I),y PI(])
GIN) = (FIZ = PI1l) /7 (204785 #% (LNA2 - LMAL))
TEIN) = G(N) / CGFAX.

IF (TEIN) = leU) T984E

WRITE (QUT92002) T9TH(N)

6L TC 2z

X(N) ALCG (THIN) /7 (1eC = TH(NII)

Y(n) X(N) = LNA(N)

N=N+1

CCATINLE

N=hN=-1

FI1T LN A VSe TFETA WITH FRULMKIN EQUAT ICN.

IF (MCFTetCel) GC 1C S
REALC (INo1LC4) A,E
GC TC 10

> CALL FCLSPA (NsTHyYsEsA)

; BZeRC = EXP(B)
ALPHA = B / 240



oo

114

D = —2.478S * GMAX

C = ALPHA * L

AHALF = EXP (-le( * (CeS * A 4 B))

EZP = AHALF * BZERC

WRITE (CLT920U2) GMAX9AFALF9ALFPHAJBZEFRGEZP9AyEy (ol

CALCULATE THEGRETICAL LN A ANC Fle

WRITE (OUT,2CC4)

LC 3 I=1lyh

LNAC = X(1)} = A * TH(I) - B

PIC = C 3 TH(I) * TH(I) + U * ALCG (1eC - TH(I))

AC = EXP (LNAC)

RECAC = AC / AFALF
3 WRITE (CUT92003) G(I)sTH(ID)oLMACI)9LNACyACoREDACHPI(I),
1 PIC

CALCULATE POINTS FCR TREORETICAL CURVESe

Th$(1l) = Ge025

TES(2) = Co05

TE${21) = CeS15

0C 4 1=3,4C
4 TH3(1) = Th$l1l-1) + CeCS

DC 5 I=1,2¢1

LNAS(]I) = ALGG (TES(I) / (loU - THS(I))) - A ¥ THS(I)
1 -8B

PISC1) = C * THS(I) * THS(I) + C % ALLC (1eC - TH$(I))
5 REDAS(I) = EXP (LNA$(1)) / AEALF

CALL GRAFK (NoTHoLNA 319 79120C9t0(9Cel 90aCyUsCoTHLoLNAL
1 GL14CRG)

CALL GFAFh (Z19THSLNAS 90 329CsC9leColigCeCelyiCoel)

CALL LETTER (10eC 970290019 ELECTR9Go92C 9 9C9C9Cs09C9C9Uy
1l Uel

CALL LETTER (10eC37eGCS59Cel gNANE 3G9 920 9C9CeCoCeCyCoUypy
1 Ce0)

READ (INg1CC3) XSIZEgXSF o XMIN YSFoYMIN

THESE PARAMETERS SECLLD BE THE SAME AS FCR EC4o

CALL CRAPH (21l9LNASyPIS9CeZ9XEIZE910eC o XSFoXNMINyYSFy

1 YPINGLNAL 4PLLeGLZ2yCKG)

XC = XSIZE =ZoC

CALL LETTER (XC99eZ9Col oblLECTR 900920 9CoCoCoCoColyloCouy
1 ¢)

CALL LETTER (XC9Se(59Cel19NAME L0 92CoU gL 3C9C9CeCyCyCyUy
1 €)

IF (ANCPTokCel) GC TG 11

CALL GRAPH (ZigsRELCAS+yTHS 90 9291CeC 980 91eColleC90029l0ly
1 REDAL,THL9GL3y0RE)

CALL LETTER (60C9Te29ColsELECTR9Co 920 9C ol gCyCoCyCeCeCy



[eNaNe

115

1 (yt)
CALL LETTER (CGet9g 70059 elgPAMEJCo9209090 3G90 909U 9ToUly Gy
1¢)

FIMC FKEE ENERCIESe

READ (INs1C02) NoCC

REAC (IN,1CUO1) VL

WRITE (CUT92006) CRGJELECTRoNANE,LVL

T = ALCG (AHALF)

Ui =iol % (T + E # LLLC (5545 / (C0O))
Uz =00 * (T + B ¢+ 4)

UC & I=lyN

REAL (INg1CG3) VII)oLNAINC

LAHAF = LN2INC + 7

FC(l) Ce5923 % (L1 + LARAF)

Fi1(l) e£923 % (L2 + LAHAF)

WRITE (CUT92GCT7) VIID)JLNAINCoLAFAFSFG(I),oF1LI)
Fo(l) = =1leU * FC(I)

. F1(I) = ~1ev * F1(1)

CALL CRAFE (NgVeFC9lell 8eQ091CeC9Ce29=CeEyCad920Cy

L VLoFCL9GL4yCRG)

CALL LETTEK (6eC95029CeloELECTR (092090 9G909C9yUs09Usl,
1 Cy0)

CALL LETIER (€eC9S5e(E 9Ll sNANME9Ce9209C90 909G 909090 9CeUy
1 Q

CALL GRAPh (N’VQF1,1'11'foC,l(o('6029‘0089004’90E,

1 VLyF1lLyGL49 LRG)

CALL LETYEK (60095029001 9ELECTR)Ce 92C9C9CyCyCyCyCye(ty0,
i Uyl)

CALL LETTER (6.0’90051001.NA”£'CO ’20’ C,C,C,C ’C ’U '0 90131
1 ¢C)

1i REAC (IN91udz) NDATA

IF (NCATAeGToul) €EC TC 1c
STCP
END

SUERCLTIME FLLSFA (NyX9Y 929 E)

REAL#4 X(1)eY(1)

REAL%E SUFXySUMY 9SUMXZ 9 SUMXY 9XD9YD9 NCoBL»AD
Su¥X VetLU

SUKY Ce CLU

SUMXz = CelUC

SUFXY = CeCU

LC 1 I=1yM
XL = CELE(X(I))
YC = DBLE(Y(I))
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SLMX + XL
SLMY SUMY + YD
SUVMXe = SUMXe + XC=XC
SUMXY = SUMXY + XC*YLC

[ 72]
c
=
>
HoH

NL = CFLCATIN)
EL = (NU % SUMXY = SUNMY * SUMX) /7 (NC * SUMXZ - SUMX ¥
SUKMX)

AL (SUNY - BD % SLMX) / NC
A = SNGL{AL) ~

E = SNCGL(ED)

KeTURN

ENC
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APPENDIX C
Output Data From Computer Programs

Sample of output data from program ECl.
Corresponds to Figures 2-5 of Appendix A.

The first page for each compound 1lists the
coefficients of the polynomlals fit to each
electrocapillary curve by program EC1.

The second page 1lists the interfacial
tensions computed from the polynomials for
various potentials and concentrations of
adsorbate.

Parameters of Frumklin equation fit to
electrocaplllary data for each compound.
Tables of values of varlous surface
variables.

Page 118

Page 119

Page 127



BESY FIT TO CAYA FOR PURE
WEIGHTS WERE USED

Ce 1CCIN HCLOG

PCLYNOMI AL OF DEGREE 1C wAS REST FIT,

RMS OEVIATION = 0.C22

COORDINATES OF ELFCTROCAPILLARY MAXIMUM ARE (-0e479,42506C2)

voL 7S
-1.100
-1.050
=1.000
-0950
l0.000
-Ce 85C
-0.800
=Ce 750
-0 700
-Ca 650
-Ce600
-04550
=-Ce500
‘OOOMQ
=0,400
=04 350
=0.300
-0.250
=0.200
-0.150
=0+ 100
-Cs 050
0.0
C. 050
0.100
Oe150
0.2CC
0250
0. 300

WEIGHY
00398
0.398
0e 395
06 3€1
00311
00393
0e396
0e292
Ce347
0.277
0e329
00283
06333
0252
0e216
04053
Oe 219
0el139
0151
Ce 399
Os 1 66
0171
De244
0.C 25
Oel 86
06397
06230
0e184
037

YUEXPTL:
3B4e T61
390,444
295, 802
4C0, T44
405.314
409,445
412,204
41¢.546
4194424
421.814
4234694
4244948
425,551
425,458
4240 762
4234277
4214257
4100472
6154177
411,185
4060660
4Gl.463
395,779
385377
382.512
3740929
3¢ 66767
357,912
348,502

Y{CALCD)
384,762
390, 441
365, 800
400,757
405,302
409, 448
413,199
4160539
419 434
421. 833
423, £84
4244 935
425, 544
4250 485
424, 745
4234325
4214240
418,508
415,151
411.188
4064635
401495
395.T66
3894439
282,501
3746 939
2664 146
3570926
2484 500

ERRQOR
0,701
-0.003
-0.002
0.013
-0s012
0.002
~0,005
-000¢
Ce010
0.016
~0.010
-0,013
-0.007
0.026
-0.017
0,049
-0.,017
0.036
-0.02¢
0.00123
-0.,025
0.0132
-0.013
0,063
=0,010
0.01C
-0021
0014
~0+002

0
=114 55
-11.09
IPO.WJ

=9, 50
- m. 69
-1290
=7+ 10
lOONW
=521
-4a27
lU.#N
-1.,87
=0.56
G. 80
2416
% 51
4e 83
6e 10
Te 32
8e 52
9. 69
1C,87
12,05
13.26
14, 50
15.75
17,02
18,25
19,44

(7-9-4R)

3.72
13,31
16636
16651
15. 92
15,73
16036
17,79
19.78
21497
24403
25069
264 80
27+ 29
27420
26667
25.87
24498
244 19
23466
23, 41
23452
23492
240 46
24498
25027
25011
244133
22081

[ ¥4

81t
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SECCND WNALYSTIS OF gliTee0 s -ILLs-y C(2TE2 Fls

IN CaliCY bCLL& ~ [&TVa 1= .o vr(FLFEAC
INPLT PARANCTERS
CR%G FLC T
3-PENTANCL lis GelLCN KCLC&
ANCTACS NVLLTYS VETAr T viINC
7 ct ~Le¢6312 Vel St
INPLY CCERFICIERMTS FUF FOLYNSMIZLS
COACN Gel Lellatt{ CollzleC
DEGRFE 1C 1 1c
o 3644 ¢S 3Ca,e 2L 3c4,4Cl
1 ~118s4C ~llte%e =113e¢u
H -104%e 72 -GTen% -E5e18
2 -424 327 ~féolr ~T4e 81
4 -151e 63 =-2cte T4 =45C412
H 15Se 4¢ éCeld 297e c6
& 547e 4% TCr eS¢t 2C3CeS1
7 =0e 57 Jrce 2C €780
€ -15%¢ 76 -~cibe 75 =3(c0e0b
S -3l Je 60 =17tedl =2127e7C
10 -1524 7 -22t4 3¢ ~GC4e 58

COEFFICIENTS CF TRAANSFCHNMEL PCLYMNCNMIALS

INCw IN TERMS CF VCLTS VS,
BASE ELECTFRCLYTE)

CONCN Cel Ce CL4RSC

CECGREE 1C 1l
C 425456 “4ibeTe
1 -Ce (7 ledtl
2 ~142«(0 ~1354L1
3 -6Ce 42 =T7ceC(
& 1360 Sé 1u3g6c
- 1l4e St 25CaTE
& ~297« 467 =~22704%
7 -1S3.11 ~4bte 1%
-} 337 2¢ dee2C
9 1CSe & I(TeCE
10 -152457 ~22% 46

VE(M
~(e4718

CeCz422C
]
354674
-11%.%2
~154.71
24455
A7.92
-1%e15
-4 10 8C
CeG
Ce0
Cel
CeC

I=PFRTAN L

MAME
CAT2 NF Ceo BRINACKHEAD

co
Oe S8R0

CeC4é23C
S

3353457
-1C4.59
=14940¢

Q2617

-40¢40
~£49e54
-2€6e1C

F61le89

€5le87

ZA0e01

(YY)

ELECTRCCAFILLARY MAXIMUM CF

CeClelel
1¢C
421038
11663
~11€4CE
-199e57
€te 5D
£7%401
-4C4H4(CH
~1714018
1123467
11686C7
-CL 4697

CeC2432C 04046230
S

[
41565C
14624
-Ale €l
~6%e5¢
~%e56
1CCe7?
'41.30
CeC
CeC
CeC
CeC

4CBe€l
Zleb8
=25695
-152e72
=199.33
255432
240,863
-474488
~252e72
2680401
CeC

0e C92460
8
3884 €6
~81e.37
=37.34
136,12
=15%5653
-6566457
-GT49,18
-6521,52
-1665617
0.C
0e0

0e 092460
e
4Clels
20090
~-15,88
-128487
-632.53
229,08
1452426
=1¢€3691
-1665417
0.0
060

Ce23114C
9

338614
-55443
-227665
-424471
286 21
2459447
5885481
€44%e51
3470615
T40e 55
Oe0

06231140
9

3G5le03
17.9C
~29¢84
~=38444
21e43
172438
-267e 71
-7284 57
284425
T40e55
OeC

00462280
10
382426
~4le01
-171e42
=2RE,S5C
~5Ze58
734,15
91445
=326649
=137CeCe
=-9é34 84
-22%.89

Oe4£2280
10
382,24
1€463
-3Ce.22
~Eeb7
4Ee 74
-2€.16
-346633
-96,03
47633
110.92
=225489

61T



INTERF 2CHAL TENSION tY)

SCLUTILA RT3 1 < 2 4 S [ 7
CCANCENTRATICA {aCL4EEC 06U1216C D6C2422C 00246230 0eC9244C Co231140 06462280
ACTIVITY (C/CC) vo((B249 Ce02C68C JeC4126]1 04278622 04157245 (357095 0,78619C
LN{C/CY) ~4e7617 -3, E7P% -3.1854 -205431 =1¢8500 -065337 -0e240¢
VaLv s
~Ce033 31342 3eZel2 A2, 77 3824 42 381426 377467 365084 2624 63
-CeSA2 33% 1u ItCe E4 €€ 28 3E8e 74 335676 381.58 272636 365010
~ue523 1364 54 kLTINS | 333462 163,02 386, £C 384427 374074 267041
~Ce4R2 35%e 5 3%Ye cl 3SEe5E 3G6e 56 392, 86 38¢455 376459 369454
~ue&3? 434,22 ©C3,77 402495 366. 56 3956 61 388.71 3276.C8 37149
~Ce3b3 Lot abs 4C7e 8G 40€e65 4C2621 397.88 36C,78 380697 373,29
-Ged32 4lze27 411,58 406,12 4(C64e 59 399,77 3924 68 302468 374495

~Ve283 &l5e Lk Glaets 41242C 4C6e 79 4016 3¢ 364437 284423 376450
-Ce232 4LFe €T “ 17, 7C 414651 4(CRe 82 402078 295,82 3856¢€5 37795

~Ce lE3 421e 15 4cCel 4l€e4h6 4100 €9 4044C9 367,09 386497 379.32
~0e133 «22e153 “zcelC 41l€e¢2C 4124 36 405 27 3¢€.25 383.21 380.58
-CeCB2 4240 €2 £23.57 419671 4132,€C 4CEe €4 399435 385436 381473
=Cel33 42C441 42404l 42C.87 4140 54 407 8¢ 4CCe44 39Ce%1 382475

JeCl7 425¢52 42404 421455 415,72 40€eS7 4Cle49 391.32 383,62
CaC? 424451 hzhell 4214 6C 4164 06 405 85 402442 392408 384¢ 34
Jell? 422457 42215 420450 415, SC 410,38 403,09 392466 384490
Celo? “2leSe «21e2% 41528 41517 41Ce4l 403631 392,04 385,32

Ce217 418077 Yltetl 417601 4136 8C 405,81 402,91 393,20 385,58
Vel 7 415628 “©1%428 413486 41175 “40€e 47 4Cle 73 292,13 385066
Ce3117 4l le oV 411e 21 41Ce CC 4(8, 96 4064 30 399,71 392,77 385652
06367 GUEe £ 4Cte 5 405.5¢% 4C5.41 403.28 396490 292404 385,07
Coel? ©0le2 4Clet? 4CCec2 4CleC8 399440 353444 39Ce 77 384619
Ce&b 7 33¢L42E 3666 (S 293¢%42°5 3¢5 67 394,71 389455 38€e72 382669
Ce517 3ICecl 2€CeC2 386444 350.,C7 236,25 385444 2856 €1 38Ce38
0e5€17 3832458 At e 4 383.12 3€3443 383610 381408 381612 377,05

Ou017 IT¢te 35 37te st 376616 376,06 376627 375.98 375.08 372649

oct



SECCADY ANALYSIS CF tLelTrlCiPlLLARY [ATA FCR CHLUR)FCRM
IN CalCCN FCLCO = [ATA L.~ .o BFC2CHEAC

INFUT FARANETERS

crG FLFCTR NAME
CRLAORLFORN IN Col("N HCLOA DATA OF Do ARNACHEAD
NCINCS {VOLTS VSTART VINC VECW co

-] S -L o0l G QeC5C -Ce474 0e0454

INFLT CCEFFICIENTS FCk PCLYNOMIALS

CONCN Lol CoC12SEC (eC1782C Co02512C 0eG3163C 0eG37690 CeD44500 UeC4eCLC (oC49400
DECReE 1c 1 1¢ 5 3 1C 10 10 10
c 395, 1C 3¢4,%0 354480 364454 364,419 364422 334, 1 3¢4e4C 393482
1 =117+ 5¢ -1lléelid -11€e€9 =11¢€+CC -122.,€7 =11A8,53 -113,61 =112,7C ~101e43
2 =123, 57 -1C(e87 =115.CNn =1Cle73 =115.60 -122.02 ~162.54 ~216485 -291e57
3 =107 (6 ~le74 ~34el6 Te5C clueéC 163450 954 44 1%€.18 =79.29
4 162428 -1%%e¢1¢ —41a.87 =356425 2067 -€8421 687499 1272.62 2003,71
5 1492+ v -1%3ell 40 eb64 =5C1e80 -1401e€4 -1718,15 338,45 712,64 3568081
5 2744 5¢< 3€4,0C cC3eC5 1244621 <=1555440 =972628 <=2325e1% <-5627491 -5674.,99
7 -7021. Fa 72768 =2C(9e73 34514¢°% 161e22 4745439 -6317e46 -15559437 -2527¢€4T1
€ =12509, 39 22%e37 =4(554C4% 2872452 1626093 8215644 -~7831092 ~18187,77 -325%6439
9 =-514Ge €S =1€2,16 ~2%€5417 8l&,12 15Ce76 5043426 4858674 -10352.92 -18837.59
1¢C =2346491 =il te4l =771.98 Ce0 0.0 11C2692 -115%e29 =22244€0 <-4167.46

CCEFFICIENTS CF TREANSFCKVEL PCLYNOMIALS
(NCW IN TERMS CF VCLTS VSe ELECTRUCAFILLARY MAXIMUM OF
BASE ELECTRULYTE)

CCNCN Uel CeCl276C JaCll782C 0QeCZE12C CoeC3163C (eC37690 0Ge044500 CoeC45CCC 0eC49400

DECGREE 1c 10 1C S 9 1C 190 10 10
¢ 4¢5, €0 424400 422649 421677 41925 416674 4l4sCée 413406 409645
1 Ce 35 =Letl Ce4l le22 -0627 =2421 -2e 2F -2e7C -3e1l4
Z =147, 12 -leSel® -12%e¢? ~G¢te2°5 -54e55 -20e &5 -3le27 -33420 -58616
3 -394 67 -5 eSO =00 o By -6Tel4 -27.173 2066 =-21e94 -te2C =126 22
4 227 2S5 28e Tt 4438 -1€2621 =42Ce50 -509.08 =273637 ~14768 321,20
5 £99, 33 15777 282496 211 7% 52645 -131.05 149,83 63.78 160627
& -5454 05 27415 =221e44 55Ce0C 1248621 154Ce57 17071 =554002 -2530,51
7 '1555056 ‘351-45 '7}5.75 ‘327.43 ‘481.18 289.97 ‘655.43 ‘494.05 ‘777.74
3 23354 b5 =-1t,.91 TtSenl ~blbebZ =12t%5e83 =2148454 R20e 70 2274402 5629 99
S 15746 27 ACTea? €<30€9 8l€.12 75Ce 76 -l84,48 R024,2C TL3e06G 9166 15
1¢ -2346461 -1 %561 -171e¢7 Ce C CeC 1102692 -~117%e29 =2334460 <=4167,45

et



INTExFILIAL TENSISM LY)

SCLITICA nast 1 z 3 4 5 [ 7 8
CONCELTRAT UM CollZCF0 0e017820 JeC2513C 0eU31630 00037690 0e04450C 0046000 0e06940C
ACTIVITY (C/CL) Co2C4EES Co3ECT728 245uB704 0.,640283 C(a762955 (e900810 06521174 1.000090C
LNlL/Cld ~-1e2£13 ~le(16¢ =Ce6 756 “Neb 458 -0e270¢ ~CelC4as -00713 0.0
VGLTS
-Ge€C T 33767 387e 39 3€7e2C 3€7.1C 38700 ELI-TY N 206682 386656 286,02
~Ced5C 2332427 3624 F2 362458 362,26 332424 392.14 391.8C 391,71 391,09
-Ce SCC 238,21 ACTe €S 357.5¢€ 367. 26 39¢6 93 366458 396462 396450 395,73
~Ce %0 472456 4 233 402425 4Cl.€2 401,41 4Cle 44 401.C1 400682 299,65

~Ce4Cl «27e41 4Ctat2 406651 4C6e 06 405 €1 405445 404481 404449 402, 68
-Ce35C 411444 £1Ge 69 410422 4(S, 83 %09, 15 4G 8650 407050 407440 4044 85
“Ce3CU 414eS7 414012 413466 412.C8 412.5C 41170 410e 24 409457 406435
~Ce25C 418400 417.C7 41651 415. 76 414496 413480 411.89 411,08 407435
~Ge 20U 42Ue50 415052 41645C 417.91 4176 4154 25 41Ze58 412,08 408,17
-CelSC “22et4 4Zle 45 42Ce €3 419,55 417,99 416014 413,63 412469 408477
~CelC5 424423 422451 4Z7e 26 420.73 418476 416460 413457 413,02 %0922
~Ca05C 425424 42278 423417 421,47 41917 . 416477 414410 413,15 409446
CoC 4250 £C 424e L6 422446 421477 419,29 416074 414e0¢ 413,09 40945
CeuS0 425422 422,71 422,15 42l.58 415,13 416455 412,86 412,87 409.14
C.10C 424407 422470 422423 420085 418465 416417 413447 412,47 408.57
00150 42ze14 “ZleC2 42Ce58 419,51 417. 74 415448 412,82 411484 407477
Ce20C 415048 41EetS 41Ee2¢ 41750 4160 26 414433 411,179 410,92 406,80
Ce25C 41¢el8 415061 415429 414,19 4144C9 412.56 410.26 409460 405,67
Ce30C %1223 41le 52 411476 411637 4lle1l 410600 408416 407,73 404428
Ce 250 4C7e¢3 4CTe62 407452 47,27 40726 40655 405428 40512 4024 42

Ces0C @) e 17 4C2e T4 4C2480 4024 55 402455 ©02419 31,53 401.60 369,82
Ve 450 35785 3€7e 34 267452 3¢7.26 397,07 39¢€e5S 396481 397.00 396409
Qe SUT 191450 3€le43 351469 3610 45 39C.93 391,05 391.11 391.3¢ 90.98
Ce550 33Ce 4l 38S.CC 3BC. 2t 3€5.12 2846 29 384453 384451 384462 84e46

Qe 60LC 37820 378403 378421 378622 371727 377.50 277.18 377.26 376,81

AA



SECCAU aNALYSIS CF ELFCInTCa”ILLASY TATA FOR CYCLOHERANDL
IN LalGIn FCLOSG = TATL LF T,

INPUT PARAMETEKS

CRy

CYCLGHFX ANL

NCUNCS NVLLYS
-] és

hRCAFFEAC (CONC=C/CC)

INPLT CCEFFICIENTS FCR PCLYANCMIALS

CONCN
DEGReE

S

OSLEL NP NS WN=O

Jel
10
3585677
=120e51
-119¢ 58
=166 4%
~Z2€e 36
1C5. CO
12Ce 24
-1&le 9%
=12%¢ 32
446 EL
65431

ELECTer
Ih ColCLN BOLCSA
VSTART VINC VECV
-Leb( " 0e(5C ~Ce% 1S
LeCZ%0CT LeCECCCC Cod(CCCC
a9 S 10
i9¢43c 3¢5,12 362,52
-118s72 ~11222 -G4g31
~12Ce0& ~203456 =277.91
GEe S1 225454 6Ce22
~371e71 TC6e23 1412, 5C
=J%4elS - 15572 679.18
126te54 =4LESe72 =-%57C(eE4
452¢te3dl ~5135.50 ~12232.21
31855e16 ~2EcheB7 ~1C645,27
10E2e04 -£25621 =-4282.0C
~-1CSe41 -7171,.58 ~63¢&671

CCEFFICIENTS CF TRANSFCRMED FCLYACNMIALS
UNCw IN TERMS OF VCLTS vSe ELECTRCCAPILLARY MPAXIMUM CF
BASE ELECTROLYTE)

CCACN
CEGRE®

e

OOVMNOTLWN=C

Ge
10
425 €0

-Ce (S
-13% 39
~17+ €5
102e4C
‘26.77
-2GTe 1€
151454
-175% 11
45431

CelZE003
S

41¢e71
15687
~4240C
~17¢e91
~35F456
647401
dEte 04
=131Seu%
-3Lt e 0S
luEZeta
~105%e41

NAME

CAT2 CF Co BRUZIDHEAD

ccC
16 000G

Ge2250CO
10
389422
~59. 18
-278635
~267.77
€544 26
2E16458
263408
-8173492
-12650.88
-7t45.82
-1812440

CeC35CCOC O0el1C0O0CO szzfocc
S 1C ic
408437 366695 29G54
17.%1 14052 16e94
~21e63 ~¢le %0 -22e31
-2G4 16 E4e69 le22
~2454 50 -2Ce2¢ 167 7C
-254.13 =~T4e77 1le57
2R94C9 ~5E82440 -12CRe51
€544€3 15864 &¢ -£654C3
~-301e¢0 124Ce 517 245G9e8C
~SE5631 =-122z619 €35454
=-T771e57 ~63¢€e7C -1812435

Ce 45C000
.10
3€2.84
=38e26
~158431
~433623
~1740 24
14614Cl
32844 89
2738.28
508644
-516483
-223490

Ce 45CCCO
1C
3€2409

1776
~254 74
=9el6
46476
1936
-334,13
-526e1%4
426474
555067
-223.90

Ge3000C0
10

374435
=406 3C
206433
-28le42
55604C
1978, 80
~259¢77
-7538, 20
-11566428
-7309,87
-1731.15

c.ls00000
10

373,66
17.86
-29,13
=~Teb6
131,50
103,12
-944,13
=T64¢ 04
207272
982¢ 34
-1731.15

%AS



INTEAFALTAL TInEL.r tY)

(3 T B (AN o e 1 1 ? “ K] ¢
CUNZZRTPATILY 1 el?50L03 GeJSTCLT Jel20030 Le2250C0 (e4S0I0C Qe 9CCOOC
ACVIVITY (C/CC ‘el 2h0CY  GeSCCCC DelCCCIL Ne225CCO le4300CC Co9CCOOC
[ B A0 | ~2etnE ~2e6357 —-zeC2¢ ~le4S17 ~Le 7785 -0el0U54
vaLTr:
al Y W 33%ei? 3rte 7 IBLGTE €519 771e¢€1 2634 36 3544€5
~(e5:C Iite T 316 4% 3ES.CF 302,67 372,82 365654 357.C4
-CeSUL G iv7e533 EAFT R 13%e 26 385e4C 375695 36Te 61 356,07
Lot au7e 11 4luez? 26%4C7? 3€74 54 37€,01 36959 361,05
“Cebl v « 7l 4C2 27 297422 3ESe 44 37992 37144 362054
—ZedbC ~11le07 «CeEo €S 365¢3C Icle 17 331465 373.17 3644 €5
-Ce3L3T ~lae > wlGe il 4CleCe 162481 333,23 374677 366.28
~velty 41771 411, C¢ 4C2e¢€3 354,426 334468 376425 367.74
~CelC3 Lt e “lzet2 “CaheL4 365,91 336005 277. €2 36¢%,11

-Celty otd 4l2e 75 405429 2€7.1C 387,24 379390 37Ce4C
~Celi.C Lehezd 4lae €2 4CEe4? 3¢€Be 22 2384 €4 38C.07 371.60
~Ze0E5 “25%427 41533 4GT o4 169, 14 33%e¢1 38l.14 272469
Cel “itetl 4lce?l 40Ee37 369,55 330e 54 382409 373.¢6
JeUS o ne e lt: 417437 409,16 4CCe €3 391,21 382432 374448
CelCL LZ4he23 417.€7 4CGe84 4Cle 24 151.¢3 383461 375016
Cel5¢ 42Ze53 41742 41Ce24 «Cle 79 292, 43 384617 375.72
Ledl v 4etel? “lé&e4S %1024 4C2e22 292, €4 384662 27¢.18
Ced5C “l7el? 414071 4CSe67 4C2,43 232,15 384494 376455
Ce 3GTC “l?¢55 412401 404e 24 4C2e15 393,25 385.11 37¢.80
Le35V 42ve25 4CEe 4C 4C6eC7 4Cle 22 392,11 385.06 - 376480
LesGC L34et5 4(3 62 4024712 3¢6,25 332.35 284467 37€.40
Lol 34510 2ce.7C 36822 36¢60C3 330,71 383474 375435
CeSCC I32e12 ¢z, 82 362665 361443 387.85 28199 273,41
Ue 551 ELI TN D) 366025 3€6014 3€5.50 383451 379.11 27036

CetL(C 273e4l 2796 21 378462 378.50 3717e62 2740 8C 366012

et



SECCAD ANALYSIS CF ELECYROCARILLARY OATA FP CYCLCHEXANCNE
IN 0o10CN HCLO4 = UCATA CF Do BPCADFEAD (CONC=C/COD

INFUT PARAMETERS

ORG ELECTR NAMF
CYCLOFEXANONE IN 0.100N HCLC4 OATA OF Ce BROADHEAD
NCONCS AVOLTS VSTARY VINC VECWH co

4 25 -0460C 0.C50 -0 482 le 000GC

IN LT COEFFICIENTS FCR PCLYNOMIALS

CINCN 0.0 0e C50000 06237500 O004750C0 06950000

DEGREE 10 9 10 10 10
(4} 395,65 393,93 386.01 3IT7S. €4 371,73
1 =120 74 =103.94 ~€0667 ~49,94 ~49,12
2 =1206 73 ~200.86 ~226625 -156e21 -201.88
3 -56083 127.11 =188657 -191.80 =204.93
L) =30e40 411,94 490029 253. 74 335,53
5 =224 87 ~580.06 1230. 71 826085 1086496
[ -7530 =2008.19 =€03.44 -17%38 =256 74
7 =146 98 =-1T726e57 -4889.87 -2732,52 -4012.52
8 ~19¢ 54 “49Te66 <=6515.90 <=371272 -5786448
9 966 56 =208 =3733,21 =2101.46 <=3498,56
10 454 60 0.0 -812.,84 -446080 -798, 82

COEFFICIENTS OF TRANSFCRMED POLYNOMIALS
(NOW IN TERMS OF VOLTS VSe ELECTROCAPILLARY MAXIMUM OF
BASE ELECTRCLYTE)

CONCN 000 06050000 04237500 0,4750CC 0950000

DEGREE 10 9 10 10 10
0 425060 403,16 285094 37¢€.13 369486
1 0003 29,85 324,09 33,23 32655
2 -130626 ‘30.51 -4Te41 -45.11 -“.27
3 =12 86 =51469 ~10e51 -9,72 ~1146€5
L} 66¢ 82 -283.11 €heT8 43491 56063
5 -29, 2¢ -1C3.96 =80, 25 -T7e61 -22021
[ -101. 63 6C9%. 60 ~-588676 404,75 -503,63
7 126653 172,03 ~65030 11. 84 =226045
-] 36657 -48B465 1180.,91 732626 1038.98
9 ~122.82 =208 184 .66 €2.13 351,74
10 45060 0.0 -8124 84 ~44¢€48C ~798.82

Gel



INTERFACIAL TENSICA tv)

SCLUTICN
CONCEATRATION
ACTIVITY (C/CO)
LN{C/CO)
VOLTYS
-Ce 600
=Ce550
=0e 500
=0e450
-0e4GC0
~0e350
-Ce 300
-0.250
-0s200
-0e 150
=Cel0C
-0.050
Ca0
0,050
04100
00150
00 200
Ce250
0e 300
0e350
Ce4GCO
0e450
Ce 500
0550
Ce 60C

BASE

387,03
392466
397.88
402470
40712
41115
414476
417492
42C. 60
422+ 14
424431
425,28
425460
42%427
424429
4224 66
420038
417647
413,64
409679
405, C4
399,69
363, 74
387.18
38C. 00

1

2

3

[

5

6

06C250C0 0o05C000 04100000 06237500 06475000 00950000

0C25000 0005CNC0 04100C00 00237500 04475000 0,950000

-3.6889

410642
4C9 75
40¢Ce S4
402 46
397.21
391,427
384,77
377,63

-26957

372425
375.6C
378,89
382616
385,35
388436
391.16
393,73
366.CC
398404
399,90
401460
403,16
404457
405,76
406084
407,05
40¢, 85
405,88
403458
401405
397.05
362.CC
38599
379.16

-Ze302¢

3594 26
3¢€7.,00
364,03
3e9, 82
384645
378.12

~1le4376

352494
357634
360668
362492
367.01
369,94
372071
375,33
377. 81
38C. 13
382, 28
3844 22
385.94
387,43
388667
389, 68
390043
390489
390699
390,60
389,58
387, 72
384. A4
380,79
375451

=00 T444

345064
349,13
352453
35590
358.91
361486
364466
367.32
369,83
372.19
374437
376636
378.13
379,68
381,00
382,08
382,92
383,48
383,70
383449
382,73
381.24
378,87
375.48
370496

-0.0513

33789
341637
344470
347.91
350499
352,91
356467
359,28
36174
364404
366418
368412
365486
371.37
372, 66
373,73
374656
375.13
375.38
375023
374453
372,11
37Ce78
367440
362,88

9t



FRUMKTN ESUATION FIT TC ELECTRCCARILLAKMY CAT2 FCR
3=-FENTANCL IN Gel%ON HCLCe C2TA CF Do ARDALFEAD
ABSCISSA UF CUMPCSITE FI VvSe LN 2 CURVE IS LN A (-4C?3y VS.ECY)

MAXIMUM SURFACE EXCESS = 4o470X1(*4(=-1C) MLLES/CMesZ

ACTIVITY FCR HALF CCVERAGE = 1,€S0£-02

ALPFA = 1.3364

B=-2ERD = 1.555& (1

P=ZERQ-PRIPE = Co2028

ECUATIUN FUR ISOTHERM LMTH/ZLAS(L=-THIDI) = ( 24€6728)8TF ¢ ( 2.744)
EQUATLIGN OF STATE FI = (~14,808)*THs»2 0]('11.08)‘LN(1~TH)

SURFACE THETA LN A LN A .8 &/AHALF PI Fl
EXCESS LEXPTL) caLco {caLce)d (CALCD) (EXPTL) {CALCD)
CeS1 CellS =500 -%.1C Ce (CH1 Oe 2¢ Ce? le2
Q.60 Celb € -4e S0 -4e 89 0.CCs Ce 45 0.8 le%
Ce31 0203 -4e 80 —4e €5 0,095 0e56 1.0 1.9
lel2 0.25¢C ~4e 70 4o £1 CeCllC 0. 65 1.3 243
le32 0e 295 -4 €0 ~4e4C 0eCl22 0e72 leb 206
1.50 Go336 =% 50 -4e 22 CeCl33 = (.78 2.0 2.9
1e77 Ce 396 -4e 40 ~4e 22 Qe Cl146€ 0,87 2e4 303
193 Ue %33 -4e 20 ~4el7 0eCl154 0,91 208 365
210 Os 465 -4020 -4e12 0.C162 0e96 3.3 3.9
2026 04505 -4010 ~4eC7 000110 le 01 3,8 400
20351 0s5¢) ~40 CO =-44C0 0.C184 1le 09 4e5 4e5
2472 Ge607 =250 =3463 Ce (196 lelé Sel 4e 9
2098 Oeb66¢ -3+ 80 -3.02 0. C21¢ le 28 58 5¢6
e lb Qe 702 -3e7C =36 76 0eC232 le38 6e6 6ol
3034 C.‘ME =24 60 -3.66 Ce C25¢ le 53 Te3 Te0
3047 Ce 775 =350 -3e58 0eC279 le €5 Be2 Te6
3462 Ge 810 -3440 ~2.4¢ Ce (315 le 8¢ Sel 87
3.77 Ce 843 =330 ~3¢22 0eC2¢€2 2.15 10,0 10.0
3.90 0.871 -3420 =316 0sC424 24 €1 11.0 11.5
4000 Ce 895 =310 -%eS59 Ce(5C2 257 12,0 13.1
4eQ7 Ce910 -3,00 ~2486 V. C570 3037 130 lbe 4
bhel2 Ce921 -Ze 80 ~Ze 1% Ce (637 36 77 1540 1545
4e20 0e 939 -ze €0 =253 Ce CBOC 4e 73 17.0 179
%25 0e951 ~2e 40 -222 0977 5. 178 19.1 20,0
4e29 Ce 961 -2420 -2s12 0e12G3 Tel2 21e3 2262

438 Ce 960 -2 00 ~le48 062277 134 47 235 29.0

L2t



FUVKL B USTIUN FIT TU ELECTROCAFILLARY TATA FCK
CHLCRUF L e IN Colathe FCLIS LATR OF ., BROADFEAD
ABSCISSA LF CCMFCSITE FI vSe LN 8 CUWMVE IS LM ACT (C V VS, ECY)

MAXIMLM SLEFACE EXCESS = Te®CCx1L*9(-1C) PLLES/CPee:
ACTIVITY FCR HALF CCVEREGE = 4,4,452E-)1

ALPPRA = 14E352

B=IERO = 34345%E~U1

B=ZERG-FRlIMt = (o15C?

ECLATICH FCR ISOVFERM LAITH/ZLAS(L-TH)IY = { 2,7904)¢TF ¢ (-1,095)

EQUATICMN CF STATE Pl = (=23S42:510Thes2 ¢ (-18455) sLN(]1=TH)

SURFACE THETA LN A LN A & A/AVALF Pl
EXCESS {EXPTL) (CALCD) (CALCD) (CALCD) (EXPTL)
Celd2 Ge 043 =240 =217 0s1142 Ce 25 0e5
Ce 36 Col&E =2.20 ~¢o (B 0e1252 0e 28 0eb
00'02 0.057 -2.00 '10‘3 0. 1442 0.32 C.B
Ve dA CeCb4 -1l 30 -le 82 Celé&C2 Oe 30 lel
Ce53 2071 ~1le t0 ~le 75 0s 1746 Ce 29 le3
Ge55 C.C73 -1052 =-le 12 Ce1787 Ge 40 le4
Ue 54 CeOEE ~1lebé “le &0 04 2C1¢ Ce 45 1e6
Qe 74 Ce C56 -1le 36 -1e4S 0e 2262 Oe 0 le7
0e30 Cell? -le32 -le 43 Oe 2208 Ce &3 l.8
0eS1 Cel21 ~1.28 =1e35 Ce26C1 O¢ 8 le8
levu Celld4 -le 24 -le £8 Ve c78C Co &2 240
le22 0.163 ~1le 20 =lelb 0s2127 0. 70 201
1.39 CelB5 -ls16 -1sCS Ce 3366 Ge 15 242
le58 0210 -lel2 =1.C3 0s 25017 Ce 80 243
le71 Ce228 -1le08 =CeSS Ce 2715 Ce 83 265
le89 Ceéb5¢ =leC4 ~Ce 95 Qe :87¢ Ce 86 267
2407 Qe 275 -1+ 00 -Ce %2 Ce 4005 0.89 29
Cedb Ge 212 =~Ce 56 =Ue 28 Ce4156 Ce93 3.1
2463 0e357 =-0e92 ~CeBS 0 4290 GeS5 Je4
3402 Ce4C3 -Co 88 ~Ce €2 Ce4301 Ce S8 3e b
3038 Ce 450 =04 864 -C. 81 Ge 4442 0e 59 4eC
Jeb4 Ce4b5 -C. 80 -0. €0 Ce 4478 1. 00 4e3
3¢90 0e 521 =Ce 76 -Ce 80 Oe4512 1. CG 4e7
4e € Ce 502 =Ce72 -0.78 0s 4565 le02 5e1
4e53 Ce 6C 4 =C. 68 -Ce 77 Q¢ 6£2C 1. (3 55
5.C3 Qe 673 =0e64 -Ce 73 Os 4818 leC? 6e0
S5¢56 Ve 742 =0e A0 =Ce 66 O £1€2 1415 65
5.90 Qe T80 =0456 -Ce58 0e 5582 le24 Tel
0e 2V CeB2¢& =Ce 52 =Ce 48 Ce €15¢ le 38 Te?
5036 Qo843 =Co 48 ~CeaC Ge €7C1 149 B8e4

Pl
(CALCD)
0.8
Qef
les0
1.1
1e2
1.2
le 4
leb
le7
149
240
2e 4
246
2¢8
3.0
32
3e3
3¢5
3.7
440
4e0
4ol
4e2
44
49
568
6e9
845
97

gecl
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APPENDIX D

Tables Cited in Text
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Table 1. Precision of the electrocapillary curves

Adsorbate Maximum Correction RMS Percentage of
(activity) Applied for Deviation Points with
Evaporation (dynes/cm) Error > 0.1
(dynes/cm) dyne/cm

3-Pentanol

0 ‘ -—- 0.16 31
0.008 . -— 0.25 56
0.021 -— 0.34 66
0.041 -—- 0.45 94
0.079 --- 0.62 78
0.157 -—-- 1.63 75
0.393 -—- 0.84 67
0.786 ——- 0.75 64
Chloroform

0 -—- 0.18 30
0.225 0.13 0.14 20
0.361 0.13 0.10 28
0.509 0.40 0.14 4o
0.640 0.36 0.24 43
0.763 0.56 0.17 35
0.901 1.03 0.22 40
0.931 0.88 0.25 48
1.000 0.72 0.27 59
Cyclohexanol

0 -—- 0.02 0
0.025 -—- 0.12 34
0.050 0.76 0.22 48
0.100 0.71 0.14 55
0.225 0.25 0.09 17
0. 450 0.07 0.04 3
0.900 -—- 0.06 7
Cyclohexanone

0 -—— 0.03 (o)
0.025 --- 0.06 5
0.050 -—— 0.15 60
0.100 - 0.02 0
0.238 -—- 0.05 7
0.475 ——— 0.05 7
0.950 -—- 0.03 0




Table 2. Orientation of molecules

Adsorbate Configuration Ty X 1010 Area/molecule (32) Area/molecule (ﬂz)
(mole/cmz) (experimental) (calculated)
Chlorofcrm -—— 7.50 22.1 19.3
3-Pentanol Parallel 4. 47 37.1 35
Cyclohexanol axial OH 5.00 33.2 20
Cyclohexanol equatorial OH 5.00 33.2 30
Cyclohexanone parallel 4.66 35.6 26
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