
rsc.li/chemical-science

  Chemical
  Science

rsc.li/chemical-science

ISSN 2041-6539

EDGE ARTICLE
Xinjing Tang et al. 
Caged circular siRNAs for photomodulation of gene 
expression in cells and mice

Volume 9
Number 1
7 January 2018
Pages 1-268  Chemical

  Science

This is an Accepted Manuscript, which has been through the  
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after acceptance, 
before technical editing, formatting and proof reading. Using this free 
service, authors can make their results available to the community, in 
citable form, before we publish the edited article. We will replace this 
Accepted Manuscript with the edited and formatted Advance Article as 
soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes to the 
text and/or graphics, which may alter content. The journal’s standard 
Terms & Conditions and the Ethical guidelines still apply. In no event 
shall the Royal Society of Chemistry be held responsible for any errors 
or omissions in this Accepted Manuscript or any consequences arising 
from the use of any information it contains. 

Accepted Manuscript

View Article Online
View Journal

This article can be cited before page numbers have been issued, to do this please use:  S. Ruiz-Barragan,

D. Muñoz, S. Körning and D. Marx, Chem. Sci., 2026, DOI: 10.1039/D5SC07909H.

http://rsc.li/chemical-science
http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
https://doi.org/10.1039/d5sc07909h
https://pubs.rsc.org/en/journals/journal/SC
http://crossmark.crossref.org/dialog/?doi=10.1039/D5SC07909H&domain=pdf&date_stamp=2026-03-19


Journal Name

Water self-dissociation in slit pores displays non-
monotonic behavior as a function of water filling

Sergi Ruiz-Barragan,∗a Daniel Muñoz-Santiburcio,b Saskia Körning,c Dominik Marx,c

Although nanofluidics and chemistry in nanoconfined liquids has
emerged as an exciting field, the quantitative impact of confine-
ment on fundamental properties remains often unclear. Currently,
there is not yet consensus on the impact of slit pore confinement
on water self-dissociation, namely if this ubiquitous elementary
reaction is enhanced, unaltered or suppressed by nanoconfinement.
We address this question for well-defined water/graphene slit
pore systems that allow us to carefully establish the appropriate
thermodynamic conditions for different pore fillings. Anticipating
our key results, we show that the energetics of the self-dissociation
reaction is very sensitive to even subtle changes of the confinement
conditions, leading even to non-monotonic behavior depending on
water filling. This effect is found to correlate with the different
capabilities of different nanoconfined water lamellae to solvate the
nascent hydroxide defect beyond its second hydration shell parallel
to the confining walls.

Introduction
Recently, nanoconfined water in different environments has been
the focus of intense and growing research efforts1–3 with the aim
to understand its peculiar properties. They include structure and
phase behavior4–11, dielectric and vibrational spectra12–20, dy-
namics and flow21–26, as well as chemical reactivity27–36. Re-
garding the latter, it has become clear that strongly confined wa-
ter can lead to quite distinct reactivities compared to those in the
bulk phase, with immediate interest from electrocatalysis to en-
ergy conversion37,38.

Much of this peculiar chemistry, on the one hand, certainly ap-
pears because of specific interactions between chemically active
sites of the confining host material with both, reactant molecules

a Universitat Politécnica de Catalunya, Departament de Fisica, Rambla Sant Nebridi
22, Terrassa 08222, Barcelona, Spain; E-mail: sergio.ruiz.barragan@upc.edu
b Instituto Andaluz de Ciencias de la Tierra (IACT-CSIC), Spanish Research Council, Av.
de las Palmeras 4, 18100 Armilla, Spain
c Lehrstuhl für Theoretische Chemie, Ruhr-Universität Bochum, 44780 Bochum, Ger-
many

and confined water molecules30. But on the other hand, there
is evidence that some chemical processes change in confinement
compared to bulk because nanoconfined water has different prop-
erties from bulk water2,36.

Some years ago, we investigated via simulations the self-
dissociation of nanoconfined water in a layered mineral offer-
ing ultranarrow FeS slit pores28. The reaction was found to
be enhanced in nanoconfinement at high temperature and pres-
sure conditions in comparison to the bulk regime at correspond-
ing conditions. Along the same lines, evidence was provided
more recently for the existence of a superionic phase of mono-
layer water confined between two planar walls at surprisingly
low pressure and temperature conditions (namely about 4 GPa
and 400 K and beyond)7. This peculiar phase of water consists
of dissociated molecules and is known to require much higher
pressures and temperatures in the bulk regime (of at least about
56 GPa and 700 K)7. Thus, nanoconfinement of water in nar-
row slit pores enhances self-dissociation processes at elevated
pressure and temperature conditions. Around the same time,
is has been discovered39 that planar confinement of water by
graphene or stishovite walls enhances the reactivity of CO2 with
water molecules at high pressure and temperature conditions (of
≈ 10 GPa and 1000/1400 K), thereby displacing the equilibrium
towards the formation of H2CO3, HCO−

2 and CO2−
3 . Again for CO2

conversion but now at ambient conditions, nanoconfinement has
been demonstrated33 to not only reduce the reaction free energy
barrier as such, as subsequently confirmed also for other geolog-
ical nanopores35, but also that the addition reaction CO2 + H2O
changes from endo- to exothermic when comparing the bulk ref-
erence to confinement scenario. Thus, also this chemical reaction
gets enhanced upon nanoconfinement of water. Moreover, strong
confinement has been found to facilitate the formation of charged
intermediates33 in line with previous findings in the realm of pre-
biotic peptide synthesis in nanoconfined water27.

Another scenario is found in a recent simulation study40 ad-
dressing water self-dissociation in three graphene-based slit pore
setups with different interlayer distances, hosting bi-, tri- and
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Fig. 1 Equilibrium interlayer distances, ⟨dint⟩, of water-filled graphene slit pores at 300 K at a perpendicular pressure corresponding to 1 bar at 300 K
(determined from rigid piston AIMD simulations by applying a constant excess piston pressure of 1.6 kbar to consider the intrinsic density correction,
we refer the interested reader to the main text and the ESI for background and details) as a function of pore filling given by the area number densities
of water (i.e. H2O/Å2, see text). The circles are the AIMD data while the interpolating dashed line is merely a guide to the eye. Top figures: Average
perpendicular number density profiles (red: O, clear gray: H, black: C) for selected area number densities as reported therein and highlighted by filled
circles in the main graph with I, II, III, IV, V, VI.

tetra-layer water lamellae at 298 K. This study reports (Figure 2a
therein) that the energy for water self-dissociation increases grad-
ually for water confined between graphene walls upon decreasing
their interlayer distance from 1.6 to 1.2 to 0.94 nm. Last but not
least, it has been concluded more recently that autoionization of
water confined to monolayer lamellae within sub-nanometric slit
pores is suppressed41. At the molecular level, it is found that
this effect can be traced back to the destabilization of the gener-
ated hydroxide ion in monolayers due to its restricted hydration
therein at interfaces.

Given this variety of scenarios concerning nanoconfinement ef-
fects on chemical reactions in general and on water dissociation in
graphene slit pores in particular, we set out to resolve this issue.
In particular, we quantify the energetic change of this reaction
due to nanoscale confinement with slightly different water fillings
yet all belonging to the same bilayer stratification regime, while
carefully establishing an effective perpendicular pressure in cor-
respondence to the bulk water reference and also monitoring the
pressure anisotropy resulting from the inevitable graphene-water
interfacial tension effects. Anticipating our key finding, we reveal
that water self-dissociation taking place in such narrow slit pores
displays a non-monotonic behavior of the corresponding dissoci-
ation free energy depending on the filling of the slit pore with
water. At the molecular level, this behavior is found to align with
distinct differences of the mid-range water structure around the

nascent hydroxide defect at both, the lowest and highest water
fillings in comparison to the intermediate filling regime.

Methods
Simulation methodology. We employ ab initio molecular dynam-
ics (AIMD)42 for simulating nanoconfined water in graphene slit
pores of different equilibrium interlayer distances dint and wa-
ter fillings at 300 K while explicitly treating all atoms in the sys-
tem fully consistently at the quantum-mechanical level using the
much validated RPBE-D3 density functional43,44. We used the
CP2K program package45–49, throughout to carry out the reported
simulations and refer the interested reader to the Electronic Sup-
plementary Information (ESI) for full details and technical refer-
ences. We note in passing that this methodology was validated
against CCSD(T) reference calculations of graphene-water inter-
actions (see Section I.B in the SI of Ref. 5) and, moreover, avoids
systematic accuracy problems that easily arise when using force
field representations of the graphene sheets, as shown to be par-
ticularly severe in the extreme confinement limit as analyzed in
Section I.D.2 in the ESI of Ref. 14. As usual, we compute the
free energy for water self-dissociation, ∆F , via thermodynamic
integration42,50,51. This approach is shown to capture well the
relative changes of ∆F upon changing the thermodynamic condi-
tions, see ESI Section II also for technical aspects.

Piston approach and intrinsic density correction. In order to es-
tablish the proper equilibrium interlayer distances depending on
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water filling, we employ a ‘rigid piston approach’ where the nor-
mal pressure (corresponding to the perpendicular component of
the pressure tensor in slit pores) is controlled to establish the de-
sired thermodynamic conditions; we recall that piston approaches
are well-established since long to simulate inhomogeneous fluids
notably including nanoconfined aqueous solutions as of more re-
cently by others and us14,16,41,52–55. In comparison to alternative
approaches like coupling slit pores of a fixed width to a bulk wa-
ter reservoir, piston setups allow one to accurately determine the
slit pore width as a function of water filling and also to read-
ily compute the parallel component of the pressure tensor within
the confined water slab (using for instance the ‘effective pressure
tensor’ approach8). Apart from that, piston approaches avoid the
inclusion of a large water reservoir in the simulation cell which
would be overly demanding when using full AIMD simulations.
However, when the goal is to compare properties of nanoconfined
water one-to-one to the bulk water limit, a caveat of the piston ap-
proach certainly is that the applied perpendicular pressure must
include a correction in order to compensate for density deviations
from the experimental bulk water density at a given pressure as
used to carry out the bulk reference simulations. In the present
case, this ‘intrinsic density correction’ amounts to an additional
1.6 kbar ‘excess piston pressure’ which must be applied on top of
the desired target pressure (here 1 bar) in order to compensate
for the well-known tendency of the RPBE-D3 density functional
of slightly underestimating the density of bulk water. These quite
technical aspects when simulating confined liquids at controlled
anisotropic pressure conditions using piston approaches, notably
nanoconfined water in graphene-based slit pores, are explained
in more detail in the present ESI Section I.D. For even deeper
discussions and analyses we refer the interested reader to ESI
Section I.E of Ref. 14 for general background while the corre-
sponding AIMD simulation methodology has been introduced and
validated in ESI Section II.D of Ref. 16.

Pressure anisotropy. Before proceeding, we must address the
intricate problem of determining the proper solvent filling of nar-
row slit pores that corresponds to desired thermodynamic (T, p)
conditions corresponding to bulk reference data at a comparable
thermodynamic state point; we refer to Ref. 8 for a broad intro-
duction into this issue including background references.

Fundamentally, it must be recognized that while bulk water is
a homogeneous liquid with isotropic properties, confined water is
inhomogeneous and presents anisotropic properties. This is also
the case of the pressure, which is a tensorial property in slit pores
as opposed to a scalar one in bulk. In particular, the coplanar
nature of this confining setup causes a well-defined difference
between the perpendicular and parallel pressure tensor compo-
nents56. This difference is directly determined by the interfacial
tension, which is a thermodynamic property that depends on the
confined liquid as well as on the confining material and on the
pore geometry.

Recently8, we have shown that even when controlling the per-
pendicular pressure, slightly different pore fillings lead to vastly
different values of the effective parallel pressure, Peff

∥ . For bi-
layer water in graphene slit pores, however, we found that there
exist distinct conditions where the effective pressure tensor of

nanoconfined water is isotropic. Therefore, at this specific state
point, the pressure of the inhomogeneous fluid in the slit pore is
effectively a scalar property as it fundamentally is in the corre-
sponding homogeneous fluid, bulk water. This well-defined point
of vanishing effective interfacial tension is the natural reference
state to compare the properties of nanoconfined fluids to those
of the corresponding bulk fluid at the same (effectively isotropic)
pressure condition and the same temperature8.

Results and discussion
Interlayer distance versus pore filling. Here, we use the rigid pis-
ton approach in the framework of fully consistent AIMD sim-
ulations42. Thus including all water molecules as well as the
graphene walls on equal footing to compute the equilibrium in-
terlayer distances ⟨dint⟩ at the same perpendicular pressure that
reproduces the experimental density of water at 1 bar and 300 K
in the bulk liquid reference phase. This is done for water fillings
(reported in area number densities: H2O/Å2) that span regimes
from monolayer to bilayer to trilayer water lamellae at smallest,
intermediate and largest fillings, see Fig. 1. The flat monolayer
regime extends until fillings of about 0.115 H2O/Å2, when further
filling leads to a somewhat corrugated monolayer, and later to a
disordered/incomplete bilayer, which gradually becomes sharply
defined until reaching 0.216 H2O/Å2 (system V). Adding only a
little more water beyond this point suddenly leads to the loss of
the sharp bilayer stratification, yielding two diffuse external lay-
ers bridged by “intermediate’ molecules” (system VI).

Here, we will focus exclusively on the stratified bilayer regime,
which as seen in Fig. 1 can be sampled by analyzing five slit pores
with water fillings of 0.152, 0.165, 0.182, 0.199, 0.216 H2O/Å2

corresponding to the slit pore setups (I) to (V). Those yield equi-
librium interlayer distances of ⟨dint⟩ = 9.02, 9.25, 9.41, 9.54, and
9.67 Å as computed from rigid piston simulations by averaging
over the fluctuating interlayer distances dint at each state point.
It is worth noting that within this stable bilayer region, ⟨dint⟩ is
found to only mildly increase.

For each of these systems, we fixed the interlayer distance at
the consistently computed equilibrium value ⟨dint⟩ thus contin-
uing the AIMD simulations with the frozen piston method14,16

to compute the corresponding free energy for water self-
dissociation, ∆F , as a function of pore filling (as detailed in the
ESI). In addition, for each slit pore setup with its frozen equilib-
rium interlayer distance depending on pore filling, we calculated
Peff
∥ as also described in the ESI, while Peff

⊥ is given by the normal
pressure corresponding to the piston pressure.

Non-monotonic water self-dissociation in bilayers. The free en-
ergy barriers for the water self-dissociation reaction at 300 K in
the selected slit pores, together with that for the bulk reference
at 300 K and 1 bar, are compiled in Fig. 2 (while the full free
energy profiles determined via constrained AIMD are shown in
the ESI). These ∆F values are, in the first place, sensitive to the
nanoscale environment as provided by the different slit pore bi-
layer setups (I) to (V) according to the data in Fig. 2.

Secondly and maybe more interestingly, these free energies are
found to feature a non-monotonic behavior as a function of slit
pore filling. This effect is non-negligible since it amounts to free

Journal Name, [year], [vol.],1–7 | 3

Page 3 of 8 Chemical Science

C
he

m
ic

al
S

ci
en

ce
A

cc
ep

te
d

M
an

us
cr

ip
t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

9 
M

ar
ch

 2
02

6.
 D

ow
nl

oa
de

d 
on

 3
/2

0/
20

26
 6

:0
4:

59
 P

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online

DOI: 10.1039/D5SC07909H

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5sc07909h


(I)

(II)
(III)

(IV)

(V)
Bulk - 1bar

79

81

83

85

0.14 0.16 0.18 0.2 0.22

∆
F

(k
J/

m
ol

)

H2O/Å2

Fig. 2 Free energy for water self-dissociation, ∆F, of bilayer water at
300 K confined in graphene slit pores at a perpendicular pressure corre-
sponding to 1 bar at 300 K (thus at constant excess piston pressure of
1.6 kbar to consider the intrinsic density correction, see text and ESI) for
slit pore setups (I) to (V) using the consistent fixed equilibrium interlayer
distances, ⟨dint⟩, as a function of pore filling, H2O/Å2, see text. The
circles with error bars are the AIMD data while the interpolating natu-
ral cubic spline fit (long dashed line) is merely a guide to the eye. The
reference dissociation free energy corresponding to bulk water at 1 bar
and 300 K (also subject to the intrinsic density correction) is included as
a horizontal dashed line with the error bar reported by horizontal dotted
lines. The error bars were estimated based on block averaging of the full
trajectories in terms of four statistically independent pieces.

energy changes of about 5 kJ/mol overall (thus being a nanocon-
finement phenomenon that is clearly outside the mutual error es-
timates across the fillings) upon seemingly minor modifications
of the stratified water structure in the bilayer, see the snapshots
and perpendicular density profiles (I) to (V) in Fig. 1. In par-
ticular, an increase in ⟨dint⟩ as small as 0.4 Å from slit pore (I)
to (III) corresponds to an enhancement of ∆F by about 5 kJ/mol,
while another increase of only 0.25 Å from setup (III) to (V) cor-
responds to a decrease of ∆F again by 5 kJ/mol in conjunction
with the underlying changes of slit pore fillings.

Thirdly, the computed dissociation barriers depending on wa-
ter filling are such that two of the slit pores, namely se-
tups (I) and (V) feature a small decrease of the free energy for
water self-dissociation compared to the bulk reference, thus cor-
responding to a slightly enhanced reaction. In contrast, the self-
dissociation reaction is disfavored for bilayers at intermediate wa-
ter fillings. We also note that the effective parallel pressures are
mostly strongly negative by several kbar, see Fig. S4 in the ESI.
However, in case of system (V) with an area number density of
0.216 H2O/Å2, which corresponds to the upper limit of the stable
bilayer domain as the filling increases, indeed provides a nearly
isotropic effective pressure tensor.

Molecular-level picture. Is there a way to provide molecular in-
sights that might explain the unveiled non-monotonic behavior
of the self-dissociation barriers as a function of water filling be-
ing highest at the three intermediate area number densities but
lower than the bulk reference value at both, the lowest and high-
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Fig. 3 Two-dimensional pair correlation functions of the water hydro-
gen atoms with respect to the oxygen atom O∗ of the dissociating water
molecule giving rise to the nascent O∗H− (based on the trajectories ob-
tained using the coordination number CNO∗,H = 1.3 at which ∆F in Fig. 2
is determined from thermodynamic integration as described in ESI Sec-
tion I.C). The color code (top bar) quantifies the value of g2D(rz

O∗H,r
xy
O∗H)

at the respective O∗· · ·H distances along the z axis and within the xy
plane, i.e. perpendicular and parallel to the graphene walls; note that
green corresponds to g ≈ 1.

est densities? Upon comprehensive analyses, we found that the
mid-range hydration water structure around the nascent OH− ion
features subtle qualitative differences depending on water filling,
where ‘mid-range’ refers here to OH−· · ·H2O pair correlations be-
yond the second hydration shell of OH− parallel to the graphene
walls. The three intermediate fillings corresponding to setups (II),
(III) and (IV) feature pronounced mid-range hydration of OH−

with interfacial water close to the graphene walls, while hydra-
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tion of OH− at mid-range distances is greatly suppressed in the
central region of these slit pores. In stark contrast, the limiting
low- and high-density fillings (I) and (V) display, both, uniform
and pronounced mid-range hydration of OH−.

This qualitative picture has been extracted by going beyond
analyses of spherically averaged radial distribution functions with
respect to OH− or its local H-bonding properties. To this end,
we consider the perpendicular and parallel anisotropy of the
nanoconfined water lamellae as imprinted by the two coplanar
graphene walls by employing a two-dimensional pair correlation
function g2D(rz

O∗H,r
xy
O∗H) as depicted in Fig. 3 for the five slit pore

fillings; note that the quarter-circular structures at distances of
about 1 Å corresponds to the intramolecular O∗H covalent bond
in OH− itself.

At the lowest and highest water fillings (top and bottom pan-
els of Fig. 3, respectively), the region beyond the second hydra-
tion shell of OH− is characterized by an extended and homoge-
neous red area (where g ≫ 1) without much modulations that
corresponds to a high water probability density throughout at
these distances relative to OH−. This implies that OH− is very
well embedded in solvation water in the two nanoconfined wa-
ter lamellae corresponding to setups (I) and (V) at mid-range
OH−· · ·water distances.

The scenario in the three slit pores with intermediate water
area number densities, as provided by the setups (II), (III) and
(IV), is found to be distinctly different according to Fig. 3. At
mid-range O∗· · ·H distances there is a spacious blue basin that is
limited by two rather narrow red horizontal stripes at the top and
bottom. This implies very low (blue: g≪ 1) and high (red: g≫ 1)
water probability densities w.r.t. OH−, respectively, in these well-
separated regions across the slit pores. Thus, in contrast to the
two extremely low and high water fillings, the three slit pores
with intermediate water area number density are subject to highly
modulated and most stratified solvation water environments in
the mid-distance range. Therefore, OH− cannot be well solvated
by mid-ranged water molecules throughout slit pores (II), (III)
and (IV).

Overall, we find that the nascent OH− species are very well em-
bedded in hydration water at distances beyond its second solva-
tion shell only in the narrowest and widest slit pores with lowest
and highest water filling, respectively. These are the two slit pores
(I) and (V) that provide the lowest self-dissociation free energy
∆F according to Fig. 2. In contrast, the slit pores with interme-
diate water fillings, which lead to nanoconfined water lamellae
where OH− cannot be well solvated parallel to the walls by water
molecules beyond the second solvation shell. This restriction of
mid-range hydration of OH− consistently correlates with higher
free energy barriers for water self-dissociation within nanocon-
fined water lamellae.

Conclusions and outlook
Given controversial conclusions in the recent literature on
nanoconfinement effects on pure water, we carefully investigated
the free energy barrier for water self-dissociation in well-defined
slit pore setups which host bilayer water lamellae between two
coplanar graphene walls at room temperature. First of all, our

data unveil that there exists an extended stability domain of bi-
layer water at 300 K at a constant normal pressure correspond-
ing to 1 bar in terms of water filling in conjunction with the cor-
responding equilibrium graphene-to-graphene interlayer distance
which determines the nanoscale confinement. Secondly, we find
that the free energy barrier of water self-dissociation in this bi-
layer regime does critically depend on slit pore setup and water
filling. Therefore, our quantitative data demonstrate that the self-
dissociation reaction of water is surprisingly sensitive to subtle
details of the nanoconfinement conditions.

Regarding the more specific question of whether self-
dissociation of water in slit pores is either enhanced, unaltered or
suppressed by nanoconfinement with respect to the bulk regime,
the answer is that it very delicately depends on the particular fill-
ing and interlayer distance of the pore. As we have demonstrated,
quite subtle changes in the slit pore setup, as small as roughly 0.3–
0.4 Å in interlayer distances in conjunction with the correspond-
ing equilibrium water fillings, involve a change in the dissociation
barrier of about 5–6 kJ/mol either way with the highest barrier
occurring at intermediate fillings. Thus, the dissociation reaction
can be either significantly disfavored (at intermediate water fill-
ings) or slightly enhanced (at the lowest and highest fillings) with
respect to bulk water.

Having disclosed such non-monotonic behavior of the self-
dissociation barrier of nanoconfined water as a function of slit
pore filling, we found that this phenomenon aligns with differ-
ences in hydration of the nascent hydroxide defect beyond its sec-
ond solvation sphere that depends on the respective water lamel-
lae. High free energy barriers are found for slit pores with inter-
mediate water fillings: They lead to nanoconfined water lamellae
where OH− cannot be well solvated parallel to the walls by wa-
ter molecules beyond the second solvation shell. Thus, for such
fillings, hydration of OH− beyond its second solvation shell is re-
stricted in major regions within these slit pores. Low free en-
ergy barriers, instead, correlate with lamellae that allow for pro-
nounced and uniform hydration of OH− beyond its second solva-
tion shell, which offers comprehensive embedding of OH− in the
H-bond network of these nanoconfined water lamellae.

In future research, the impact of different thermodynamic state
points in terms of temperature and pressure conditions beyond
ambient might be interesting to be explored, including the afore-
mentioned high temperature and pressure conditions addressed
in some previous work. Another research direction certainly is
to study systematically chemical reactions other than water self-
dissociation by using such well-defined slit pore setups. Together,
these insights will pave the path for exploiting nanoconfined wa-
ter as a versatile ecosystem to enhance or suppress specific chem-
ical reactions using nanofluidic devices.
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