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p.z.n.p.c. We have made a distinction between the sample we
studied (which is nominally a basal surface of alumina but with a
5° miscut and numerous polishing scratches) and the “clean alumina powder[s]” of the consensus (Stack et al., 2001).
Dr. Kosmulski does a particular disservice with the statement “. . .
the discrepancy between the results of Stack et al. (2001) and
those published by others indicates certain limitations of the
Second Harmonic Generation (SHG) method as the tool to
establish the pristine PZC of alumina (and other metal oxides).”
In fact, Dr. Kosmulski’s primary scientific objections have
nothing to do with the SHG technique per se but rather with the
wet-chemical system to which SHG was applied. This is an
important distinction. The SHG is showing us that a point of
zero salt effect does indeed occur in the region of pH 5 for the
surface in question. It is a self-contradiction to impugn the
SHG technique and then base one’s objections to the chemistry
on the correctness of the SHG results.
The discrepancy between our SHG results and the accepted
value for the pristine p.z.c. was indeed a source of concern
during our experimentation, and it prompted us to examine the
surface composition using Auger Electron Spectroscopy (AES)
after the SHG experiments in an attempt to identify contaminants that could have caused such a shift. As stated in section
3.3 of our paper, we did not detect anything other than Al, O,
and adventitious C (which is ubiquitous in surface analyses;
see, e.g., Hochella, 1988). Any contaminants other than adventitious carbon were therefore undetectable by AES. Could Si
have been present in sufficient quantity to lower the p.z.c. to pH
5 but remain undetectable? The most prominent Si LMM peak
(i.e., that with the greatest sensitivity factor for Si) at 92 eV
would have an escape depth of ⬃1.0 to 1.5 nm (Hochella, 1988;
Bishop, 1989). For simplicity, let us assume 1.3 nm (one unit
cell). Let us choose for comparison kaolinite, a material composed of silica and alumina with a p.z.c. near that which we
observed (pH 5.2; Schroth and Sposito, 1997). If our surface
was kaolinite-like, with a half-monolayer of silica, we would
have roughly 3.33 atom percent Si within the analyzed surface
volume. This amount of Si should be evident in the AES, given
an accepted sensitivity of 0.1 to 1 atom percent (Bishop, 1989).
We detected no hint of an Si peak. If we assume a greater
escape depth (i.e., doubling it to 2.6 nm), the atom percent
decreases to 1.67%, but this amount should still be detectable.
A reviewer has argued that the positive surface charge at pH
5 on alumina (with a p.z.c. at 8 or 9) could be compensated by
a much smaller surface concentration of anions than we have
assumed above if each compensating ion held one negative
charge. This argument is not compelling for silica, which has

1. INTRODUCTION

The purpose of this response is to address several misrepresentations of Stack et al. (2001) and its intent in the preceding
Comment. At issue, primarily, is our observed point of zero salt
effect (p.z.s.e.) of a single crystal face of corundum using
optical second harmonic generation (SHG) at a pH (⬃5) much
lower than the accepted value (in the 8 –9 range) of the pristine
p.z.c. of alumina powders. Dr. Kosmulski’s main claim is that
our anomalous observation is the result of surface contamination.
Dr. Kosmulski asserts that “Stack et al. (2001) challenged
the well-established PZC and suggested the pristine point of
zero charge of aluminum oxide at pH 5 to 6. For an unaware
reader, the message of the abstract and conclusions of their
paper may be that the well-established value (pH 9) should be
abandoned and the new value (pH 5 to 6) should be used
instead.” This is an indiscriminate misrepresentation of Stack et
al. (2001); we never claimed that our value should be taken as
“definitive”; our paper clearly recognizes the difference between our observation and the “accepted” pzc, and our paper
devotes a substantial amount of text to exploring possible
reasons for the difference. Stack et al. (2001) does not state in
any manner that anyone should abandon the well-established
value. Dr. Kosmulski’s “unaware reader” may, however, conclude from the misrepresentations in the Comment that we
made such statements in Stack et al. (2001).
The purpose of Stack et al. (2001) was not to assert a new,
definitive pristine p.z.c. for alumina, but rather to show how the
SHG technique could be used to obtain information about
electric fields at the surface of insulating minerals without the
need to interpret titration stoichiometry. Dr. Kosmulski’s point
is mainly that (a) silicate, sulfate, or some other contaminant
could adsorb to our surface and produce a significant shift in
the pH of the p.z.c., or (b) the alumina itself is impure and
could exhibit a p.z.c. substantially different from that of a pure
alumina. We agree—and our manuscript does not say otherwise. Our abstract plainly states that the SHG (and AFM)
results are different from expectations and points out that the
reasons for the differences are unclear. In the last paragraph of
section 4.1 of Stack et al. (2001), we specifically discuss the
possible role of contaminants in shifting the p.z.c. to lower pH
values. The surface studied was not necessarily “pristine,” and
our paper recognizes this fact repeatedly. We refer to our observations as pertaining to the p.z.c. and never as an indication of the
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very low negative surface charge density at pH 5, but could
possibly apply to sulfate/bisulfate.
Thus, in Stack et al. (2001) we could not conclude that contaminants were present in sufficient quantity to cause the difference between our observed p.z.c. and that accepted for clean
powders. However, in our view, the amounts needed to shift the p.z.c.
are also close enough to detection limits to preclude an unequivocal conclusion. Our main point is that we did indeed consider a
number of possible contaminants, and our paper states as much.
We would have liked to have found an obvious explanation for the
discrepancy between our p.z.c. and the accepted one, but such an
explanation is elusive. We simply could not prove or disprove that
surface contamination was necessarily the cause. The wording in
our paper is specifically intended to avoid committing to a particular explanation, because there remained several possibilities.
Dr. Kosmulski dismisses the fact that we are not dealing with
a powder but with a single crystal surface while referring to the
MUSIC model of Hiemstra et al. (1989a, 1989b). We cannot
exclude the possibility that the corundum basal plane behaves
more acidically than other crystal faces. For example, if Al in
trigonal basal plane surface sites is predominantly tetrahedral in
the presence of aqueous solution, this might have a dramatic
effect on p.z.c. relative to aluminas with predominantly octahedral aluminum (e.g., Parks, 1967).
Others have observed a p.z.c. at around pH 5 specifically for
a corundum basal plane (Larson et al., 1997; electrophoresis:
Smit and Holden, 1980; Smit and Stein, 1976). Larson et al.
(1997) find a value similar to ours specifically for a basal plane
and document precautions against silica contamination. Dr.
Kosmulski, deprived of the “silica problem” in this case, refers
to possible (but undocumented) surfactant adsorption instead.
This was our point all along— having looked for specific contaminants spectroscopically, we could not find them, so we
avoided attributing our observed p.z.c. to a specific cause. Dr.
Kosmulski has in effect taken the same approach.
Dr. Kosmulski states, in reference to the model used to
calculate surface potentials from SHG data, that “This resulted
in strong dependence of the calculated surface potential on the
nature of the co-ions. . . .” Surface potential should indeed be
independent of the identity of non-specifically adsorbing ions,
but there are other reasons for these differences that have to do
with SHG as opposed to a titration. The calculated surface
potentials are based on the Gouy-Chapman model that is internally
calibrated at a pH for which surface potential changes only with
ionic strength (the density of charged surface sites is constant). As
discussed in Stack et al. (2001), this requirement may not have
been entirely satisfied, which would cause overestimation of surface potentials. Moreover, the SHG theory described in Ong et al.
(1992) and Zhao et al. (1993) predicts a linear relationship between SH field strength and surface potential. However, Gragson
et al. (1997) show that a linear relationship is not necessarily
adequate at high surface potentials. Because the model is calibrated at high surface potentials, other possible errors are introduced and were discussed in Stack et al. (2001). Variation in
calculated surface potential with varying electrolyte is not necessarily real but could stem from the calibration of the model
between experiments and our assumptions regarding how water
molecules respond to a strong electric field. To be clear, however,
at the p.z.c., SH intensity will still be invariant with ionic strength,
because there is no net surface electric field and, therefore, no need

to assume a specific relationship between the SH electric field and
the surface potential. The crossover points in Stack et al. (2001)
are not the result of the application of a model, but are a simple
experimental observation.
In conclusion, we are exploring new techniques to better
understand mineral surface chemistry at a fundamental level.
SHG is one of the few ways in which we can probe the
oxide-water interface in an intrinsically surface-sensitive manner. SHG was used in Stack et al. (2001) and in other studies to
probe surface electric fields, and there are many other interesting questions regarding the adsorption of organic molecules to
mineral surfaces that can be addressed with this technique. In
Stack et al. (2001), we were unable to prove that we had a
contaminant or that the intrinsic chemistry of the basal corundum surface caused the discrepancy between our observed
p.z.c. and the accepted value. Dr. Kosmulski’s Comment brings
up some possibilities, but after investigating his assertions, we
are left where we started— unable to prove either possibility.
None of this, however, should detract from the SHG technique
as a useful probe for the mineral-water interface.
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