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A method of measuring electrostatic potential at the origin
of the diffuse layer, ¢, from co-ion negative adsorption exper-
tments was described and used for an amphoteric Al-oxide. It
was found that the magnituede of 4 for the Al-oxide decreased
with increasing electrolyte concentration. Qur data showed that
the zeta potential, ¢, differed from ¢4 for the Al-oxide. Therefore,
the gencrally accepted assumption that ¥4 = { should be further
examined. We modeled our experimental data using the triple
layer maodel. It was shown that both the surface charge density,
o0, measured from acid-base titration and 4, determined from
co-ion negative adsorption experiments, can be quantitatively
described by the triple layer model using a self consistent set of
paramcters. A major criterion of a desired surface cornplexation
madel should be its ability to account for various properties of
the inteeface with a self consistent set of parameters as dem-
onstrated by describing or modeling different experimental data,
Hence, further characterization of the physical and chemical
mature and propertics of the colloidal systems is needed to pro-
vide the additional data base for developing, testing, and mod-
ifying models.  « 1994 Academic Press, Inc.

INTRODUCTION

The electrical properties of the oxide—water interface play
an important role in regulating the chemical composition
and physical properties of soil-water, sediment-water, and
other aguatic systems. For example, specific and nonspecific
adsorption of ions, cation and anion exchange, retention
and configuration of large organic molecules at the solid-
liquid interface, dispersion and flocculation of colloids and
thereby, the hydraulic conductivity of soils, and sediments
are all affected to some extent by surface charge and potential.

To quantitatively describe chemical reactions occurring
in oxides and other amphoteric colloidal surfaces and the
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resulting formation of charge and potential, several surface
complexation models have been developed in the last two
decades. These include: the constant capacitance model ( I,
2), the diffuse layer model (3, 4), and the triple layer model
(5, 6). The fundamental concepts upen which all surface
complexation modeis are based are essentially the same.
These include: (1) surface adsorption takes place at finite
and specific coordination sites; (2) surface adsorption re-
actions can be described by mass action equations; and (3)
surface charges and potentials result from and interact with
the adsorption reactions. The main differences in these sur-
face complexation models are the manner in which the
structure of the interfacial region is described, and the re-
lationships between the charges and potentials at the inter-
facial regions.

All of the surface complexation models are capable of
quantitatively describing both cation and anion adsorption
phenomena. Westall and Hohl (7) compared five electro-
static models and found that all models described acid-base
titration data for Al,O; and TiO, fairly well, with corre-
sponding physical and chemical parameters in the models
taking on quite different values for different models, Con-
sequently, Westall and Hohl (7} concluded that these models
must be viewed as mathematical descriptions of the data,
but they may not necessarily provide an accurate physical
description of the interface.

However, an accurate description of the interface is es-
sential to elucidate the mechanisms of surface reactions. In
most studies, potentiometric titration methods have been
used to determine the surface charge at the oxide-water in-
terface, and the corresponding surface potential can then be
calculated according to the model chosen. It is generally ac-
cepted that the magnitude of the electrostatic potential at
the solid-liquid interface, g, is considerably higher than the
electrostatic potential at the origin of the diffuse layer, ¥4.
The values of Y, for oxides and other colloids were generally
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inferred from indirect electrophoretic measurements. Lyk-
lema (8) examined the relation between the zeta potential,
{, and 4 estimated from coagulation data on Agl sols and
concluded that the two coincide within experimental error.
Hunter (9) employed the assumption of Yy = {in consid-
ering the position of the plane of shear. He further suggested
that this assumption be adopted for other surfaces, including
oxides. However, as Lyklema (8) pointed out, there are
practically no systematic studies to compare ¥4 and { in the
literature to substantiate the reliability of the relation between
¥y and §.

In the present study we will describe a method for deter-
mining ¥4 of amphoteric colloids. This method is based on
the negative adsorption of co-ions and has been applied to
colloids with permanent charge, such as clay minerals ( 10—
12). The main objective of our study was to achieve 3 better
understanding on the nature and properties of the oxide—
solution interface and to provide additional sets of experi-
mental data for testing the surface complexation models.

THEORETICAL CONSIDERATIONS

It is well known that amphoteric colloidal particles have
net positive charges when pH < pH,,.. Therefore, cations
such as Na™ ions should be negatively adsorbed, provided
that they are not specifically adsorbed on the surfaces. For
planar shaped colloidal particles, the deficit or negative ad-
sorption of Na™ per unit mass of the colloids, I'y, S, can be
found by integrating the difference between C{,, the con-
centration of Na* ions in the external solution, and Cy., the
local concentration at any distance, x, from the colloidal
surface, over the entire solution volume of the suspension
phase, 1.e,,

it
'.S=3S§ (C%d = Ca)dx, [1]
0

in which § is the specific surface area of the colloidal particles
and the upper limit of the integral, and 4 is the average half
distance between the adjacent colloidal particles and is given
by V/mS, where V is the volume of the solution in the sus-
pension, and m is the mass of the colloidal particles in the
suspension.

The original work of Schofield ( 13) showed that the neg-
ative adsorption of co-ions can be quantitatively described
by the diffuse double layer theory. Schofield (13) published
an approximation equation for the negative adsorption of
co-ions on charged surfaces and demonstrated that his equa-
tion can be used to measure S, However, this method of
measuring .5 is based on an additional condition that the
surface charge density was sufficiently high such that the
concentrations of the co-ions immediately next to the surface
approached zero. Van den Hul and Lyklema ( 14) showed
that this condition was equivalent to Y4 > 150 mV. They
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also demonstrated that the negative adsorption of co-ions
was affected by 4. Although van den Hul and Lyklema ( 14)
provided an equation which related the negative adsorption
of co-ions with 4 for a 1:2 electrolyte, Chan ¢t al. (10) were
the first to recognized that the negative adsorption of co-
ions can be used to estimate Yy and employed this method
to determine Y4 of clay minerals.

In double layer theory it is assumed that the Coulomb
attraction and repulsion on the ions in the diffuse layer are
counteracted by their thermal motion. The resulting statis-
tical equilibrium is described by the Boltzmann distribution
law (15). For Na™ ions,

C‘Nu = Cﬂ&lue—ewﬂﬂ.: [2]
in which ¢ is the electronic charge, ¢ is the electrostatic po-
tential at distance x from the colloidal surface, & is the Boltz-
mann constant, and 7 is the absolute temperature. Substi-
tuting Eq. [2] into Eq. [1], one obtains

ht

TS = CRaS [ (1 = e Ty x. (3]
0

In our experiments # was sufficiently large that the double
layer was essentially nonoverlapping. Under this condition,
the relationship between ¢ and x in a 1:1 clectrolyte, was
given by van Olphen (16) as:

[4]

—ey /KT [~ Je =\
e = >

I+ Je™r~

in which [ = /%1 4 | J = o7 — [ is the Debye-
Huckel parameter, given by x = 3.287 X 107VC® (ecm ™) at
298 K, and C? is the equilibrium electrolyte concentration
in mol/liter. By substituting Eq. [4] for e™***" | Eq. [3] can
be integrated to vield (17),

2C%.S 27
FNaS = Al (

I+ Jeth — 1= e—F¢df2kT) - [5]

K

Since # was large enough such that 4 » 1 and e™" — 0,
Eq. [ 5] reduces to the form derived by Chan ef al. (10), i.e.,

2CY
IS = N“S(i

K

_ e—('\,bd/2kT)

(6]

It is evident from Eq. [6] that the value of 4 can be deter-
mined from negative adsorption measurements provided S
is known. However, it should be noted that the exponent in
Eq. [6] differs in sign from that in the equation derived by
Chan er al (10). This is because Eq. [6] describes negative
adsorption of cations on positively charged colloids, while
the equation of Chan er a/. (10) describes negative adsorption
of anions on negatively charged clay surfaces.



246

MATERIALS AND METHODS

The Al-oxide used in our study was a v-Al,O; manufac-
tured by the Degussa Corp ( Teterboro, NJ), under the name
of Aluminum Oxide C. The Al-oxide was suspended in
deionized water and the <2 um fraction was collected by
centrifugation. To remove soluble salts and other impurities,
the Al-oxide was dialyzed in deionized water for 7 days, with
the deionized water being changed at the beginning and end
of each day. Thereafter, the Al-oxide suspension was cen-
trifuged to remove about 50% of the solution. The removed
solution was filtered through a minipore filter with a pore
size of 0.22 pm and saved as the reference solution. The
remaining Al-oxide was redispersed using a vortex mixer
and saved as a suspension. The concentration of the Al-oxide
suspension was determined gravimetrically by drying the
triplicate samples at 378 K for 24 h. The specific surface
area of the Al-oxide was measured by the EGME adsorption
method (18).

High-resolution  transmission electron  microscopy
{HRTEM) was employed to examine the shape and mor-
phology of the Al-oxide particles. A dilute suspension sample
containing 0.2 mg Al-oxide was dispersed on a holey carbon
film supporied by a copper mesh grid and air dried at 298
K. The images of the Al-oxide particles were recorded on a
Hitachi 9000 NAR transmission electron microscope at
300 kV.

The electrophoretic mobilities of the Al-oxide particles
were determined using a ZM 80 Zeta-Meter. The Al-oxide
suspension was 0.05% by weight and the background elec-
trolyte (NaCl) ranged from 2.00 X 107% 10 2.00 X 1072 M.
At least 10 particles were measured and the average electro-
phoretic mobility was calculated. The ¢ potential of the Al-
oxide particles was then calculated by using the Smolu-
chowski equation,

{ = 4mnp/e, (7]
where u is the electrophoretic mobility of the particles and
n and e are the viscosity and dielectric constant of the liguid,
respectively.

To measure the negative adsorption of Na* ions, a set of
eight membrane cells similar to those used by Low ( 19) were
constructed out of Plexiglass. A cell consisted of two half
cells and each half cell had a central ¢ylindrical slot 1.4 ¢cm
deep and 4.0 ¢m in diameter. One of the half cells was
grooved to place an O-ring. The two half cells were held
together by four screws with a minipore filter { pore size 0.22
gm) in between to separate the central cavity into two com-
partments. Access to the compartments was through holes
drilled in the upper edges of the half cells. Two cells were
used in a pair, one as a sample cell and the other as a ref-
erence. A known amount (by weight) of Al-oxide suspension
containing 10 ml of solution (approximately 1 g Al-oxide)
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was placed in one compartment of the sample cell and 10
ml of a given NaCl solution was put in the other compart-
ment. The concentrations of NaCl solutions ranged from
4,00 X 107" to 4.00 X 1072 M. In the reference cell, 10 ml
of reference solution was placed in one compartment and
10 ml of the same electrolyte solution was put in the other.
The cells were covered with parafilms and were shaken on
an orbital shaker (Lab-Line Instruments, Inc., Melrose Park,
IL) at a speed of 200 RPM for 5 to 7 days until equilibrium
was reached. Determinations at each clectrolyte concentra-
tion were carried out at least in duplicate. The concentrations
of Na* ions in the equilibrium solutions in the sample and
reference cells were determined using ion chromatography
and the negative adsorption of the Na™ ions was calculated
from the difference between these concentrations.

In our experiments, the values of « ranged from 5.0 X 10°
to 4.7 X 10° ecm™', and & = 7.7 X 107% cm, with the cor-
responding «# ranging from 3.8 to 36. Hence, the double
layers were essentially nonoverlapping and the boundary
conditions used to derive Eq. [4] to [6] were justified. The
pH values of the equilibrium solutions were not adjusted.
They were within the range of 5.75 < pH < 6.25 from the
lowest to the highest electrolyte concentrations.

RESULTS AND DISCUSSION

Particle Morphology

The HRTEM images of the Al-oxide particles are shown
in Fig. 1. It can be seen clearly that the Al-oxide particles
are highly ordered crystalline grains with distinct planar faces.
The faceted grains are hexagonal in morphology, with an
edge length of approximately 9 nm. The surface areas of
these planar faces ranged from 150 to 500 nm?. The specific
surface area of the Al-oxide, measured by the EGME method,
is 130 m?/g.

¢ Potential

The measured values of electrophotic mobility of the Al-
oxide particles at different electrolyte concentrations were
converted into { potential by using Eq. [7], and the results
are presented in Fig, 2. The results showed that the values
of { potential slightly decreased with increasing electrolyte
concentration. However, it is more likely that the decrease
in { potential is due to the increase in pH associated with
increasing electrolyte concentration. It has been reported that
¢ potential of montmorillonite is essentially independent of
electrolyte concentration (12). The { potential of Al-oxide
may also behave similarly.

Electrostatic Potential at the Origin of the Diffuse Layer

The measured values of 'y, S (mmol/g) were divided by
CY, (mmol/em?®) and plotted against 2/x in Fig. 3.
I'naS/C%. has the dimension of em?/g. This term has been
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FIG. 1.

High-resolution transmission electron microscopy { HRTEM ) images of the Al-oxide particles, showing that the particles are highty ordered

crystalline grains with distinct planar faces. The faceted grains are hexagonal in morphology, with an edge length of approximately 9 nm (see the arrow).

referred as the exclusion volume in the literature (10-13).
Physically, the exclusion volume is the equivalent volume
per unit mass of colloidal particles, from which the co-ions
are compiletely excluded. In other words, the exclusion vol-
ume is the difference between the volume of the solution
and the volume the co-ions would occupy if they were uni-
formly distributed at a constant concentration of the external
solution (11). According to Eq. [6], a linear relationship
would result ity is independent of elcctrolyte concentration.
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FIG.2. Valuesof { potential of Al-oxide at different NaCl concentrations.

Qur data clearly showed that the relationship is curvilinear,
hence ¥4 of an amphoteric colloid is affected by the electrolyte
concentration. We solved Eq. [ 6] for each of the individual
negative adsorption datum to determine the values of 4 for
the Al-oxide. The results are presented in Fig. 4. The values
of Yy are scattered, since 'y, is related to the exponential
of 4. A small variation in the experimental values of I'y,.§
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FIG. 3. Measured negative adsorption of Na* ions (expressed as exclu-
sion volume) as a function of 2/x.
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FIG. 4. Values of i, for Al-oxide from Na* negative adsorption mea-
surements at differem NaCl concentrations, The solid line represents the
triple layer modeling of ¥4 as related to equilibrium electrolyte concentration.

would result in a large change in the calculated values of ¢y.
Unfortunately, this is an intrinsic disadvantage of the
method. The data show that ¢4 decreased with increasing
electrolyte concentration. This decrease in 4 is likely due
to an increase in adsorption of counterions at the interface.
In contrast to amphoteric Al-oxide, the values of ¥4 for illite
and montmorillonite depended on the nature of the adsorbed
cations but were independent of the electrolyte concentration
{10-12). In addition, the data in Figs. 2 and 4 showed that
the { potential differed from 4. This result is contrary to
the findings of Lyklema on Agl (8) and Miller and Low
(12), who found that for montmorillonite the { potential
and {4 coincided with each other within experimental error.

It is well known that the acid-base equilibrium of am-
photeric colloidal surfaces is affected by the background
electrolyte. This is because increases in the concentration of
background electrolyte cause additional binding of counter-
ions to the surface charge sites and this in turn is accom-
panied by adsorption or desorption of protons, depending
on whether the pH is below or above the ZPC (5, 6). In
addition, studies of electrophoretic potential and colloid sta-
bility have suggested that the magnitude of the diffuse layer
charge rarely exceeds 20% of that of the surface charge (5,
20, 21). Therefore, to maintain electroneutrality, there must
be a region where the counterions accumulate to neutralize
the remaining charge.

In view of the above experimental evidence, both the dif-
fuse layer model and the constant capacitance model do not
give a complete description of the solid-liquid interface, since
the former model assumes that the total charge is neutralized
by the diffuse charge, while the latter assumes the absence
of a diffuse layer. The triple layer model, however, gives a
much better description of the interface. It allows for the
existence of both a diffuse layer and a compact layer in which
counter ions accumulate. Physically, the triple layer model
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consists of two constant capacitance layers and a diffuse layer
{6). We wanted to determine if this model could be used to
describe our data of 4.

Model Formulations

The model formulations presented here followed that of
Davis et al. (6). The amphoteric ionization reactions on the
surfaces of Al-oxide can be described by

i _ [SOH][H'],
+ — + nt _
SOHY < SOH + H = SoHI] (8]
_ e [SOTIIHT],
— + mt —
SOH — SO~ +H* K& [SOH] [9]

where K%' and K% can be considered as the first and second
acidity constants of the surfaces, and the subscript 5 denotes
concentration on the surfaces. Since these constants are for-
mulated using the surface concentration of protons, they are
referred to as intrinsic constants. To account for the adsom-
tion of the counterions, Yates ef al. (5) proposed the for-
mation of “‘ion pairs” at charged surface sites,

- _ ; [SO™ — Na™]
O~ + Na* O~ —Na* KW =—7——— [I0
S a HS a Na [SO_][N3+]S [ ]
SOH: + Q1™ < SOH; - CI™
+ _
i - 1SOHI—CI)

[SOHI}[CIT]

Davis et al. (6) showed that for the purpose of computation
the above ion pair formation reactions may be written as
complex ionization reactions,

SOH + Na® <80~ — Na* + H™
[SO” — Na"][H"];

rint — 12
KR [SOH][Na*t], Lz
SOHZ — Cl- < SOH + H* + Cl~
. HI[H*1[CI" ],
Kint {SOH][H"]J[CI7] [13]

[SOHF — C17]

The charge density at the solid-solution interface, ¢¢, and
the charge density in the § layer { where counterions are ad-
sorbed }, o, are given by

g0 = B([SOHZ)
+[SOH{ —C17] - [SO"1—-[SO~ - Na*]) [14]
o5 = B([SO™ — Na™] —[SOH3; — C1']) [15]
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where B is a constant that converts surface charge from mol/
liter to Coulomb/m?, and B = F/C,S, in which F is the
Faraday constant and C; is the Al-oxide concentration in
the suspension. The charge density at the origin of the diffuse
layer, a4, is given by the electroneutrality relationship:

0'0+D'_3+O'd=0, [16]

The number of surface sites per unit surface area, N;, can
be written as,

N ([SOH] + [SOH3] + [{SOH; — CI™}

N, =
C.S

+[SO7] 4+ [SO™ 4+ Na*]), [17]

where N is Avogadro’s number,
The charge-potential relationships are as follows:

0g = Cl(%“}"ﬁ) [18]
o4 = —Co(y — ¥a) [19]
o9 = —0.1174YC%inh(eyy/2kT), [20]

where (', and (; are the inner and outer layer capacitances,
respectively.

Determination of the model parameters

The surface acidity and surface complex constants were
determined using the double extrapolation method intro-
duced by James et a/. (22) and the titration data of Schulthess
and Sparks (23). The resulting values are: pK%' = 5.6,
pKY = 11.6, pKiat = 10.2, and pK & = 7.1. Similar data
were reported by Huang (24) and James and Parks (25).

The values of N, for oxides range from 2 to 20 sites/nm?
(25). Pieper and de Vooys (26) reported a (, value of 0.2
F/m? (F = C/volt) from direct measurements on the Agl
electrolyte interface. In our modeling, we have used a value
of 6 sites/nm?. The outer layer capacitance, C,, was assumed
to be 0.2 F/m?* The inner layer capacitance, C;, was
treated as an adjustable parameter. Based on a consideration
of the dielectric constant in the interfacial region and the
closest approach of a hydrated monovalent ion to the surface,
Hayes er al. (27) concluded that C, should be within the
range of 0.1 to 2.0 F/m?,

Modeling Results

Borkovec and Westall { 28) have formulated a solution of
the surface excesses of ions in the diffuse Jayer using matrix
equations. The matrix notation is also employed in several
computer algorithms such as MINEQL, MICROQL, and
MINTEQ. The main benefits of the matrix equations are
the generality of the notation and the computational advan-

tage associated with it. For our purpose of model testing, we
decided to express the model in terms of explicit symbolic
equations. We incorporated the triple layer model into the
TK Solver Program (Universal Technical Systems, Inc.,
Rockford, IL). This program is a high-level computer pro-
gram for solving sets of algebraic equations and for tabulating
and plotting the results ( 29). In the TK Solver environment,
equations are viewed as relationships or rules, not as assign-
ment statements, The TK Program has both a direct solver,
which solves the sets of equations using a consecutive sub-
stitution procedure, and an iterative solver, which employs
a modified Newton-Raphson method. When using the it-
erative solver, the user needs to assign a guess status to one
or more variables and to provide reasonable initial guesses
for these variables.

We set up the triple layer model as a set of 11 equations
with 11 wnknowns, namely, [SOH], [SOH7], [SOHI —
CI"],[SO7],[8O™ — Na*], a4, 63, 04, ¥, ¥g, and ¥4. The
known variables or parameters are pH, C° KT, K,
Ko gdm ¢, and N,. The rule sheet for the triple
layer model is shown in Table 1. The electrostatic potential
¥ is expressed as the dimensionless “reduced potential,” y,
defined as v = ey/kT. The constant 38.914 in the potential-
charge relationship equations is a conversion factor between
the reduced potential and the volt. The pH was in the range
of 5.75 < pH < 6.25 for the lowest to the highest electrolyte

TABLE 1
The Rule Sheet of TK Solver Model Oxide.tk

SOH,; = SOHsHxexp (—1l/K),

SO = SOH+exp{1o}+K,/H

SONa = SOHxNaxexp(yy — ye)+Kn/H

SOH;Cl = SOH+H=Cixexp(¥s — yo)/ Kty

Ny = B#(SOH; + SOH + SO + SOH,Ci
+ SONa)

ap = B+(SOH; + SOH,Ci — SO - SONa)

a4 = B»(8ONa — SOH,Cl)

agtastog=0

Yo = ¥ T 0ox38.914/C,

Vo = ¥g — 04+38.914/C,

ag = —11.7d+sqrt{C%)wsinh(va/2)

Mass action eq. for SOH,
Mass action eq. for SO
Mass action eq. for SONa
Mass action eq. for SOH,CI
Mass balance eq.

Charge at surface

Charge in compact layer
Charge balance eq.
Potential at surface
Potential at compact layer
Potential at diffuse layer

pH = —log(H) Definition of pH

pC?® = —log(C™ Definition of pC°

pK, = —log(K,} Definition of pK,

p& = —log(K3) Definition of pk,

PRY. = —log(KL,) Definition of pKy,

pKa = —log(K§ Definition of pK{;

C, = M/V Conc, of Al-cxide, g/ml

Al = 1000+ Cs*4 Surface area, m/liter

B = 1E6+#F/Al Conversion factor mol/liter
to F/m?

Na = C* Equilibrium conc. of Na

Ci=¢" Equilibrium conc. of Cl

pH = 6.5 — 0.2:spC°

Conc. and pH relationship
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concenirations. We found that the relationship between pH
and electrolyte concentration can be approximated by pH
= 6.5 — 0.2pC.

To run the iterative solver, it was necessary to assign a
guess status to at least three variables. We selected to provide
initial guesses for [SOH ], [SOH 7], and ¢4. It is conceivable
that the majonty of the sites should be in the neutral form,
hence [SOQH ] was given an initial value of 0.15 M, which is
equivalent to approximately 6 sites/nm?>, [SOH 3] was given
an initial value of 0.0001 A, and ¢, was guessed to be 10
mV. The TK Solver program ailows us 1o model all of the
unknowns listed above. In addition, sensitivity analyses with
respect to any known variables or parameters can be easily
performed.

We have modeled the values of both & and ¥4 for C;
1.2, 1.4, and 1.6 F/m?. Since the values of ¢, were very
sensitive to changes in C,, while the values of ¢4 were in-
sensitive, the value of C; was adjusted based on the o, data.
It was found that the best fit for the acid-base titration data
of Schulthess and Sparks (23) was obtained when C, = 1.4
F/m? (Fig. 5). The modeling results for 4 are presented
in Fig. 4 in comparison to the experimental data, 1t is clear
that the triple layer model quantitatively described the ex-
perimental data for oy, versus pH and ¢, as related to elec-
trolyte concentration. Earlier investigators have shown that
the triple layer model successfully modeled adsorption data
for alkali and alkaline earth metal cations (25, 30), trace
metal cations (31-33), and anion ligands {34-36). There-
fore, the general validity of the triple layer model has been
well established.

It 1s well recognized that the fit of a model with a particular
property or a given set of experimental data of the interface
does nol necessarily prove that the model is correct physi-
cally. This may simplv be due to the fact that the particular
property of the interface is not sensitive to the deficiency of
the model. For example, the specific adsorption of ions on

0.3
1

0.2

0.1]

0.0

O, {Cm?d

-0.11

2 4 6 8
pH

14

FIG. 5. Triple layer modeling of o, for Al-oxide measured from acid-
base titration as a function of pH and electrolyte concentration { Data from
Ref. (23)).
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surfaces is not very sensitive to the existence of the diffuse
layer, so that the constant capacitance model has been suc-
cessfully used to describe such experimental data (37-39).
However, if a model can successfully describe several prop-
erties of the interface, it is likely that the deficiencies of the
model are diminished, Therefore, further characterization
of the nature and properties of the interfaces is essential if
on¢ wishes 10 obtain physically reliable models.

SUMMARY

In summary, we have measured ¥4 for a Al-oxide as af-
fected by the equilibrium electrolyte concentration using
negative adsorption of Na* ions. It was found that the mag-
nitude of 4 for the amphoteric Al-oxide decreased with in-
creasing electrolyte concentration. Our data showed that the
{ potential differed from {4 for the Al-oxide, therefore, the
generally accepted assumption that ¥4 = ¢ should be further
examined. It was shown that both a,, measured from acid-
base titration, and ¥4, determined from negative adsorption
experiments, can be quantitatively described by the triple
layer model using a self consistent set of parameters. A major
criterion of a desired surface complexation model should be
its ability to account for different properties of the interface
with a self consistent set of parameters. Hence, further char-
acterization of the physical and chemical nature and prop-
erties of the colloidal systems is needed to provide the ad-
ditiona! data base for developing, testing, and verifying
models.
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