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Bauchy et al. Reply: In Ref. [1], based on accelerated
atomic simulations [2], we argue that the mixed-alkali
effect in glass relaxation is driven by the existence of
stressed local instabilities in the atomic network. The
preceding Comment [3] raises some criticisms of our work
along four general lines.

Thermodynamics.—The author begins his Comment by
arguing that “volume and enthalpy should relax in unison.”
First, we would like to point out that his thermodynamics-
based proof is flawed, since “absence of heat transfer” does
not imply “T = const” and vice versa—the author is
neglecting the effect of the heat that is exchanged with
the thermostat. Second, let us reiterate the fact that, as stated
in Ref. [1], our simulations only involve energy minimiza-
tion (that is, they are conducted at a temperature 7' = 0 K)
while imposing a zero average stress (P = 0). Under these
conditions, the enthalpy (H = U + PV) is simply equal to
the internal energy (U) and is uncorrelated with the volume
(V). Third, the decoupling between different modes of
relaxation in glass has been observed in several studies—
both in simulations [2,4-6] and experiments [7,8].

Internal friction.—The author then refers to a series of
papers discussing the origin of the “internal friction” in
silicate glasses (e.g., Ref. [9]), that is, their energy dis-
sipation upon the application of an external mechanical load.
Although these studies are interesting, we do not think that
they are relevant to the thermometer effect. Starting from a
thermodynamic equilibrium state, if a solid is subjected to a
mechanical load, it must achieve a new state of equilibrium
that is consistent with this load. The response of the system
can be delayed if some energy barriers need to be overcome.
In the case of internal friction, relaxation is driven by the
elastic energy resulting from the application of a sustained
load. In contrast, in the case of the thermometer effect, glass
relaxation is spontaneous (with no external load) and driven
by the propensity of the glass to reach a lower free energy
over time. It has previously been shown that relaxation under
sustained stress and spontaneous volumetric relaxation do
not have the same kinetics and, hence, may not be controlled
by the same atomic mechanism [8].

Atomic mechanism.—The author expresses some con-
cerns regarding our proposed atomic mechanism of the
thermometer effect. However, his reasoning is based on the
fact that our mechanism would “assume a viscous relax-
ation behavior,” which is not correct. In our previous work
[2], we showed that, upon room-temperature relaxation, no
Si-O or Al-O bonds break, and that these network-forming
atoms remain largely immobile (see Fig. 4 in Ref. [2]).
In contrast, a fraction of Na and K atoms are able to
jump from one pocket to another (see Fig. 4 in Ref. [2]).
These results show that some local reorganizations of
network-modifying species can indeed occur without the
need for any breaking of Si-O bonds. Hence, in contrast
with what is suggested in the Comment [3], such local
reorganizations (i) do not “demand spatial rearrangement of
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relatively large volume of network™ and (ii) are not a
“viscous relaxation behavior.” Our results are in agreement
with recent experiments showing that room-temperature
relaxation is not viscous in nature [7,10].

Origin of the mixed-alkali effect—The author finally
claims that he has already resolved the mixed-alkali effect
in his “defect model” [11,12], thereby questioning the
importance of our investigation. Although his work is
interesting, we do not think that it is fair to claim that the
mixed modifier effect has been “resolved.” His work
remains a model, which, thus far, lacks direct support
from experiments or simulations—which does not mean
the defect model is not valuable. In addition, it is certainly
an exaggeration to claim that this model explains the mixed
modifier effect “in all its facets and agrees with all
experimental facts.” For instance, this model does not
explain the anomalous mechanical properties exhibited
by mixed glasses. More importantly—to the best of our
understanding—this model does not offer any clear mecha-
nistic origin for the room-temperature volumetric relaxation
observed in mixed glasses (thermometer effect). The Letter
only states that “One of the direct consequences of the bond
breaking and generation of defects is the compaction of
glass structure.” The physical origin of this suggested
relationship between defect formation and glass compac-
tion is unclear from this previous literature. We believe that
atomistic simulations offer a more robust pathway to
decipher the physical nature of the atomic mechanism of
glass relaxation without relying on speculations.
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