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Chemically active colloids (CAC) achieve motility by promot-
ing, on catalytic parts of their surface, chemical reactions involv-
ing molecular species from the surrounding solution. Recently, they
have been the subject of extensive research (see, e.g., the reviews in
Refs. 1–3). The issue of the collective dynamics of such particles is a
particularly difficult problem not only due to the intrinsic nonequi-
librium character of the system but also due to the complex nature
of the effective interactions—generically anisotropic—between the
self-propelled CAC. This topic has been the subject of several exper-
imental and numerical studies (see, e.g., Refs. 4–9), and recently
it is receiving significantly increased theoretical interest (see, e.g.,
Refs. 10 and 11).

In this context, in Ref. 12, which deals with chemi-
cally active Janus colloids in unbounded suspensions, Liebchen
and Löwen (LL) surprisingly claim “to demonstrate that
phoretic interactions are generically important in
active colloids . . . and often seem to be the dominant
far-field interactions,” and “to derive a minimal
description of these often neglected interactions.”12

Here, we demonstrate that their claim, that in the far field the
phoretic interactions generically (“often seem to”) dominate the

hydrodynamic ones, is flawed on account of the points detailed
below. In addition, we point out that, contrary to the opinion of LL
that such aspects have been neglected in the literature, the impor-
tance of the phoretic interactions is well known for more than a
decade13–15 and a number of systematic studies of systems with
phoretic interactions only have been published.16–21

Our arguments are as follows:
(i) In contrast to the claim by LL, the model of self-phoresis consid-

ered by them typically involves hydrodynamic interactions with
precisely the same far-field decay as the unscreened phoretic
ones; only in an exceptional case, the phoretic interactions are
dominant in the far field.

We set aside the issue of “screened” (i.e., exponentially decay-
ing) phoretic interactions because asymptotically they cannot dom-
inate the algebraically decaying hydrodynamic ones. (We note that,
as discussed in Ref. 22, also in this case the far-field hydrodynamic
flow exhibits, generically, a decay ∝1/r2.) In the case of unscreened
phoretic interactions (i.e., with an inverse decay length κ = 0), LL
use the conceptually simple model of self-diffusiophoresis of a par-
ticle as proposed in Ref. 23 and analyzed further in, e.g., Refs. 13, 24,
and 25.
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For this model, the behavior of the number densities of the
chemical species and of the hydrodynamic field, associated with the
chemically active character of the particle, is well understood. In
spatial dimension three (i.e., in unbounded suspensions), the num-
ber densities decay as r−1 and thus the phoretic interactions, which
are proportional to the gradient of the number densities, depend
asymptotically on the distance r from the particle as r−2.

As far as the hydrodynamic interactions are concerned, the
model mentioned above implies that a spherical Janus particle
immersed in a three-dimensional unbounded suspension induces a
hydrodynamic flow decaying as r−2 (stresslet), where r is the dis-
tance from the particle (as pointed out in Ref. 13, and subsequently
analyzed thoroughly in Ref. 25); this holds because a Janus parti-
cle has two hemispheres with different surface properties. Only in
the very special case that the two faces (here denoted by “c”atalytic
and “i”nert, respectively) of the Janus particle have exactly the
same phoretic mobility coefficient, μc = μi, and that these are spa-
tially constant over the corresponding hemisphere, the hydrody-
namic flow field changes qualitatively to one which decays faster,
i.e.,∝r−3.

Therefore, the generic case is the one in which hydrodynamic
and phoretic interactions decay equally ∝r−2. Only in the rather
exceptional case μi = μc (exceptional because a Janus particle has two
sides with different coatings), i.e., when μr ∶= (μi − μc)/(μi + μc) = 0 in
the notation of LL, one can disregard the hydrodynamic interactions
within a far-field approximation.

(ii) Equation (9) in Ref. 12 is incompatible with the model [Eqs.
(1), (3), and either (5) or (8) therein] if μr ≠ 0.

The analysis discussed in Ref. 12 invokes a phoretic rotational
response of the particle [see the second part of Eq. (5) or (8), respec-
tively, depending on whether screened or unscreened phoretic inter-
actions are considered]. Such a quantity can contribute only if μr ≠ 0.
This implies, in accordance with the discussion in (i), the occurrence
of a stresslet hydrodynamic field decaying∝r−2.

Consequently, Eq. (9) in Ref. 12 is incompatible with the
remaining part of the self-phoretic Janus particle model. The model,
claimed by the authors to be “generic,” is actually internally incon-
sistent.

(iii) It is an ad hoc procedure to discard, within a far-field theory
and based on the analysis of their relative amplitudes (Sec. V
in Ref. 12), one of the two contributions (phoretic or hydro-
dynamic), both of which exhibit the same far-field power law
decay.

Irrespective of their amplitudes, the two contributions can
exhibit competing effects or, worse, decoupled ones. Based on a
rigorous linear stability analysis concerning the isotropic and uni-
form density steady state of a dilute suspension of basically the same
model CAC as considered by LL, Refs. 26–28 have shown precisely
such a decoupling of the hydrodynamic and phoretic effects. The
solutions of the corresponding eigenvalue problem consist of two
subsets, the first one being “purely phoretic,” i.e., exhibiting the same
eigenvalues as one would have obtained by neglecting hydrodynamic
interactions altogether and the second one being “purely hydrody-
namic,” i.e., the same as one would have obtained by neglecting
phoretic interactions altogether. Accordingly, each of the phoretic
and the hydrodynamic interactions induces its own set of stable
or unstable perturbations, irrespective of the relative amplitudes

of the two contributions. There is no possibility of, e.g., cancel-
ing a linear instability of one type by a linear stability of the other
type.

Finally, we briefly note that, because the experimental realiza-
tions of suspensions of CAC usually deal with particles sedimented
near a wall, it may be the case that a “screening” of the hydro-
dynamic interactions occurs. While such effects are well under-
stood for driven particles, the case of the “force- and torque-free”
self-propelled CAC may be different and more involved (see, e.g.,
the recent discussion in Ref. 10). Irrespective of whether such
a confinement-induced screening of hydrodynamic interactions
occurs or not, the issue remains that the model proposed by LL
builds upon Eqs. (1)–(9) in Ref. 12, the form of which holds only for
unbounded suspensions. Accordingly, any extrapolation of such a
model to be valid even in the case of confinement-induced screened
hydrodynamic interactions gives rise to inconsistencies and leads
solely to a heuristic, ad hoc mathematical formulation which is
disconnected from the actual physical system.
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