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In our recent paper' we reported a comparative study of
the finite difference (FD) and orthogonal collocation
(OC) algorithms of electrochemical kinetic simulations.?
We found that OC is a quality method, capable of great
accuracy and efficiency; we found also some negative
aspects, apparently hitherto neglected or overlooked.
Speiser® has recently presented critical comments on our
study. In this letter we reply to these comments.

(1) Speiser? criticises our choice of algorithms, stating
that the worst OC variant has been compared with one
of the best FD techniques, which may be regarded un-
favourable for OC. We agree that out of the various OC
algorithms suggested in the electrochemical literature the
selected standard OC variant is the least satisfactory.
This has been plainly stated in our paper.' It may be
debatable, however, whether the considered FD algo-
rithms are really the best. Actually, we have worked with
the simplest possible, classic explicit (EX) and Crank-
Nicolson implicit (CN) FD methods, assuming temporal
two-level and spatial three-point discretizations, as well
as with the explicit Runge—Kutta second-order (RK?2)
method of lines. A variety of more advanced FD tech-
niques exists based, for example, on the multilevel tem-
poral discretization,** five-point spatial discretization,>~’
deferred correction,” predictor—corrector integration,>®
other composite solution methods,> implicit methods of
lines,® etc. These techniques are known to be more ac-
curate and/or efficient than the simple FD algorithms
considered by us. Another improvement may be brought
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by the adaptive grid FD strategies.'? It may also be de-
batable whether Rudolph’s matrix solution technique'!
used in our work represents the best possible way of han-
dling coupled FD equations arising in the CN method. In
fact, our results indicate that this technique is very slow,
the most accurate CN method becoming in some in-
stances less efficient than the less accurate EX method or
the comparably accurate RK2 integration (cf. Figs. 4a, 5a
and 5b in Ref. 1). A variety of algorithms for solving
sparse systems of equations is known,'? and some of
these methods may prove to be more efficient, although
we have not explored this possibility.

(2) A certain amount of criticism about the reliability
of OC, expressed in our paper,' results not only from the
numerical tests (of the standard OC variant) presented
therein, but also from the observation that the practical
use of this method usually involves some kind of heuristic
argumentation'®> which does not seem to have a fully
rigorous formal justification. This refers as well to the
more advanced variants employed by Speiser.®> For
example, essential factors such as the choice of orthogo-
nal polynomials most suitable for a given problem, the
number of collocation nodes, etc., must be specified by
trial and error rather than based on rigorous convergence
and/or stability criteria.'* It is difficult to ascertain that a
given choice is adequate, since general theorems regard-
ing the accuracy and numerical stability of OC seem ei-
ther not available or fragmentary,'> although some
development of the theoretical basis for collocation
methods is observed.'® Out of the finite-element methods,
OC is relatively rarely used and discussed in the field of
numerical analysis, apparently not being highly re-
garded,'® despite the fact that a few comparative studies
indicate'” that in the area of application close to the needs
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of electrochemistry its performance may be similar to the
better known Galerkin method. More attention has been
paid to the theoretical principles and development of the
Galerkin method."® With regard to FD methods, a large
number of studies on the convergence and stability of
these methods has been performed over the past decades
and these properties are now relatively well under-
stood.'*?!

(3) The purpose of our study was not to provide
solutions to problems for which solutions or solution
algorithms do not exist, as one might infer from the con-
clusion by Speiser.> Our goal was to obtain answers to
basic questions regarding the relative efficiency and reli-
ability of the OC and FD methods, using simple examples
and simple algorithms, since this facilitates conclusions.
This goal has been achieved within the limitations im-
posed by the scope of our study. Our conclusions' re-
garding the advantages and disadvantages of OC relative
to the FD methods are close to the conclusions obtained
in other, non-electrochemical but similar, applications of
these methods.”*~ The discussion by Speiser® brings a
useful extension to our work, showing the advantage of
the modified OC algorithms over the standard OC vari-
ant, as already documented.**** However, in order to ob-
tain more complete conclusions about the reliability of
various algorithms, it would also be interesting to see a
comparison of the advanced OC variants with FD algo-
rithms modified in a similar way. For example, a time-
dependent, pre-defined transformation of the space var-
iable could probably also be used with the FD algorithms.
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