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ABSTRACT

Utilizing Near Ambient Pressure X-ray Photoelectron Spectroscopy (NAP-XPS) under pressures
up to 10 mbar, this study investigates the hydration behaviors of two swelling (negatively
charged) smectite clays, specifically hydroxyhectorite and hydroxysaponite, under the
influence of counterions, Cs*, Na* and Sr?* which differ in size and affinity for water. NAP-XPS
reveals differences in the electronic structures of hydroxyhectorite and hydroxysaponite,
which are related to the location of cation substitution within the negatively charged
phyllosilicate layers. Importantly, this study provides atomic-scale insights into the
interactions between water and these clays, focusing on changes in the counterion core-level
binding energies due to hydration. We discuss the fact that the binding energy shift due to
hydration results from the combination of two components: a physical component related to
a change in the electrostatic potential (calculated after molecular dynamics simulation), and
a chemical component related to a change in charge transfer between ligands and counterion,
due to the replacement of phyllosilicate oxygen atoms with water molecules (as suggested by
guantum chemistry calculations). These insights—critical for understanding the electronic
structure of swelling smectites—open promising avenues for future research into the

hydration mechanisms of other nanostructured minerals using NAP-XPS.



1. Introduction

Smectites are clay minerals where negatively charged phyllosilicate layers are stacked
and separated by interlayer spaces containing with positive counterions. The unique
characteristic of these minerals is their ability to absorb water (and other molecules) into the
interlayer space, causing the clay to swell.! This property has garnered significant interest
across various fields, including soil engineering,? nuclear waste storage, >* nanofluidics, > and
materials science, where the capability to insert molecules into the interlayer is particularly

valued.®

Figure 1 illustrates the structure of smectites which are formed with two tetrahedral
(Th) silicon sheets sandwiching a central octahedral (On) magnesium oxide sheet, and thus
smectites belong to the 2:1 or TOT clays family.” The layers acquire their negative charge from
the isomorphic substitution of certain cations with lower valency ones in either the T, or On
sheets.® This negative charge is balanced by positive counterions (exchangeable cations) in the
interlayer space. Additionally, the layer surface features siloxane rings with hexagonal cavities,

which encapsulate hydroxyl groups from the O, sheet.

The hydration state of swelling smectites is typically determined using X-ray diffraction
(XRD) patterns measured under various relative humidity (RH).>'%!! These patterns allow
measuring the basal spacing doo1 and its evolution with RH. Commonly reported hydration
states for smectites include dehydrated layers (OW, doo1 in the 0.97-1.02 nm range), mono-
hydrated layers (1W, doo1 in the 1.16—1.29 nm range), bi-hydrated layers (2W, doo1 in the 1.49—
1.57 nm range), and tri-hydrated layers (3W, doo1 in the 1.80-1.90 nm range). The
interpretation of X-ray diffraction (XRD) profiles involves assumptions about the distribution
of counterions and water planes, which may not always match the results of
simulations.?%31415 For light counterions such as Na*, whose scattering power is similar to

that of water molecules, the refinement of their positions remains unaddressed.®

A key question arises regarding whether interlayer counterions assume inner-shell or
outer-shell configurations depending on the clay's hydration state. Unfortunately,
experimental data on the atomistic details of clay swelling are scarce. Until now, the
application of Extended X-ray Absorption Fine Structure Spectroscopy (EXAFS) has been

confined to ‘dry’ clays, despite its potential to provide valuable insights into this matter. 1718



Therefore, there is a pressing need for experimental data derived from techniques sensitive
to chemical bonding. X-ray photoemission spectroscopy (XPS) is one such technique, though
its application in studying clays has been minimal, with the notable exception of early work on
dry clays by Ebina and coworkers?® in the late 90s using ultra-high vacuum (UHV)
monochromatized Al Ko XPS. At that time, the study of swelling clays using XPS was hindered
by the water pressures in the mbar range and above. However, the introduction of near-
ambient pressure XPS (NAP-XPS)20:21,22,23,24,2526.27  groynd two decades ago significantly
transformed the landscape of surface science. NAP-XPS systems, capable of operating under
pressures of up to approximately 10 mbar using soft X-ray, have enabled XPS experiments in

environments with 100% RH at temperatures below approximately 7°C.

Previous research by the present authors provided initial insights into the effect of
hydration on the electronic structure of clays, particularly on the counterion core-level binding
energy, through the study of pyridine insertion into hydrated Sr?*-hydroxyhectorite.?> Despite
its contributions, that study left the origins and extents of these effects largely unexplored.
Therefore, the primary objective of the present research was to fully assess the potential of
NAP-XPS core-level spectroscopy in monitoring in real time the interlayer hydration of
synthetic hydroxyhectorite (with a per unit cell composition of
[XO_S/Z]inter[Mg5_2LiO_8]0h [Sigo]™0,0(0H),)and synthetic hydroxysaponite (with a per unit
cell composition of [XO_S/Z]inter[Mg6]0h [Si; ,Algg]™0,,(0H),), where X represents a z-

valent cation (X*).

Both the positioning of the substituting cation within the Oy or T sheets, and the
characteristics of the exchangeable cation (size and charge) influence the swelling properties
of clays.10:11 282930313233 The phyllosilicate layers of hydroxyhectorite and hydroxysaponite
possess the same negative charge density. However, in hydroxysaponite, the substitution of
Si** with AlI3* occurs within the Th sheet, whereas in hydroxyhectorite, the substitution of Mg?*
with Li* takes place in the O sheet. As a consequence, the negative charge spreads over the
oxygen atoms on the surface of the phyllosilicate layers. It is more uniform for
hydroxyhectorite and more localized on the oxygens bonded to AI** in the case of
hydroxysaponite. In addition, the selected counterions, Cs*, Na* and Sr?* exhibit significantly
different water affinities and ionic radii: the hydration enthalpy3* of gaseous Cs*, Na* and Sr?*

are —264, —406, and —1446 kl/mol respectively; Sr?* has a ionic radius of 132 pm, intermediate



between that of Na* (116 pm) and that of Cs* (181 pm).3> Therefore, by varying both the
identity of the counterions and the location of the substituting cations in the phyllosilicate
layer, we can anticipate observing a variety of changes in the electronic structures upon

hydration.

This NAP-XPS study demonstrates that effects of hydration are manifested on the
counterion core-level binding energies. The interpretation of these energy shifts was
supported by molecular dynamics (MD) calculations. These calculations not only describe
counterion coordination but also enable estimating variations in the electrostatic potential
upon hydration, which significantly contributes to the initial-state shift. Additionally, guantum
chemistry calculations were carried out to elucidate the changes in charge transfer from the
ligand to the counterion associated with the replacement of phyllosilicate oxygens by water
molecules, both in the ground state and core-ionized state. A combined effect of changes in
electrostatic potential and counterion electron population is essential to explain the observed

binding energy variations.




Figure 1. Smectite structure; red:O; blue: counterion; yellow:Si, magenta:Mg; white:H. In
hydroxyhectorite Mg?* is substituted by Li*, while in hydroxysaponite, Si** is substituted by
Al3,

2. METHODS

2.1. Molecular Dynamics Calculations
Molecular dynamics (MD) simulations were performed with the LAMMPS package.3®

Periodic boundary conditions were used in all directions. The simulation box contained three
clay layers of hydroxylated hectorite, consequently three interlayer spaces. Each layer
consisted of 50 unit cells of formula [Xgg,,]"™*" [Mgs.,Liog]°"[Sigo] ™02 (0OH),) where X
represents a z-valent cation (X?**). (Na*, Cs* or Sr?*). The chosen force field describing the
interatomic forces was the clayFF forcefield®’ with SPCE water.3® For Na, Cs and Sr, the
parameters are respectively from refs 32,441, The long-range electrostatic interactions were
calculated using the Particle-Particle-Particle-Mesh solver with a precision of 10*. The short-
range electrostatic and Lennard-Jones interactions were calculated up to a cutoff radius of 0.9

nm.

For the dry state (OW), the counterions were first allowed to move in the interlayer
spaces by fixing the interlayer spacing at 1.15 nm. The Nose-Hoover thermostat was used for
NVT simulations (fixed interlayer spacings) with a thermostat constant of 1 ps. The timestep
was 1 fs. After an equilibration phase of 100 ps, the interlayer spacings were reduced to values
close to known experimental values for dry interlayer spaces of hectorite or similar smectite
clays: 0.97 nm for Na*-hydroxyhectorite,'®4? 1.07 nm for Cs*-hydroxyhectorite** and 1.0 nm
for Sr2*-hydroxyhectorite.?>4* After another equilibration phase, trajectories were recorded in

NVT over a 200 ps simulation from which equilibrium properties were calculated.

For the monohydrated state (1W), 5 H20 per counterion were added to the interlayer
spaces. The interlayer spacing was fixed to 1.25 nm for the three clays. After an equilibration
phase of 100 ps, trajectories were recorded over a 200 ps simulation from which equilibrium
properties were calculated. A snapshot of the monohydrated state with Na* as the counterion

is given in Figure 2.
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Figure 2. Snapshot of Na*-hydroxyhectorite in the monohydrated (1W) state; red:O; blue:

Na; yellow:Si, magenta:Mg; green: Li, white:H.

From these trajectories, radial distribution functions, coordination numbers and charge
densities could be computed. They were also used to calculate the average electrostatic
potential felt by Mg and the counterion, to calculate the potential difference between both
which helps interpreting NAP-XPS experiments. The calculation was performed thanks to a

home-made program using Ewald summation with a precision of 102,

A modified clayFF forcefield'? was also used to evaluated the sensitivity of the results
to the size of the surface oxygen (which impacts the distance of the fluid to the surface). The
results are not presented because they did not impact the results quantitatively. The
sensitivity of the results to the interlayer spacings was also studied by performing simulations
in NPzT ensemble, i.e. by letting the spaces evolve under a pressure perpendicular to the clay
layers equal to 1 bar. This did not change the results significantly either. In the case of Cs-

hectorite that hydrates less, simulations with 4 H,O per counterion were also performed.



2.2 Quantum Chemistry Calculations
The simulation of the charge transfer process was conducted by utilizing two small

clusters [Na-H;0]* and [Na-O]~. For the hydrated cluster geometry, optimization was
performed using a small 6-311G* basis set for both sodium and the (O/H) ligands using the
density functional theory (DFT) GAMESS(US) package® and applying the Becke* three-
parameter hybrid exchange and the Lee-Yang-Parr*’ gradient-corrected correlation functional
(B3LYP). For [Na-O] the internuclear distance was fixed to 0.244 nm, the MD simulated value.
The 6-311G* basis set designed for Na combined with DFT level of theory was also used for
Na 2s core binding energy calculation. In order to take into account relaxation and differential
correlation, Self-Consistent Field (SCF) iteration process was applied to take into account both
relaxation and induced correlation effect in the core hole final state compared to the initial
state. The clusters were “embedded” in a polarizable medium describing an aqueous solution,
using the so-called polarizable continuum model (PCM) implemented in GAMESS(US), where
the nonequilibrium model accounts for electronic relaxation only. Keeping electronic
relaxation only (and excluding that of the nuclei) implies that the relative permittivities at
infinite frequency in bulk water and clay minerals must be considered and compared. That of
bulk water is 1.8, while that of SiO2 (a constituent of clays) is 2.#° Therefore, the PCM

approach is reasonable to calculate ionization energies in the present case.

The change of population analysis of the occupied molecular orbitals between the
initial and final states was performed using the Léwdin>® approach. Indeed, while the Mulliken
population analyses is conceptually simple, it suffers from a heavy dependence on the basis
set used, as well as from the possibility of producing unphysical negative numbers of electrons.
The Léwdin population analysis is an alternative that does not present these drawbacks. It
uses the Lowdin symmetrically orthogonalized basis set (which is still atom-tagged) to assign

the electron density.

2.3. Clay Deposits

Clay films of ~ 1 um thickness were deposited on a gold-coated silicon wafer by
evaporating dilute aqueous suspensions of (i) synthetic hydoxyhectorite and (ii) synthetic
hydroxysaponite exchanged with Cs* ,Sr?* or Na* counterions.'? The preparation of the clay

dispersion solution used for drop-casting is available in ref32.The platelets have typical



dimensions of ~ 1 um and micro-domains or tactoids are typically constituted of 20

platelets.’! The platelets are laid flat on the gold substrate.>1>3

2.4. Synchrotron Radiation NAP-XPS at TEMPO Beamline
The experiment was conducted at the NAP-XPS station located at the TEMPO beamline

of SOLEIL synchrotron. It utilized a SPECS PHOIBOS NAP-XPS 150 analyzer for the
measurements, see refs.?>?’ To maximize the photoelectron signal intensity, the analyzer
aperture (a pinhole of diameter 0.3 mm) is brought close to the sample surface at a distance
of ~1 mm. The analyzer acceptance cone, as given by the manufacturer, has an apex angle 2a.
of 44°, However, at a working distance of 1 mm the acceptance angle is reduced with respect

to the latter value (a value of 32°is found for 2a assuming a point X-ray spot).

After introduction in the NAP-XPS analysis chamber, the clay sample underwent
cooling via a Peltier cooler. The sample holder temperature, as measured by a thermocouple,
was chosen between 1°Cand 3°C. Ultra-pure water (degassed after several freeze-pump-thaw
cycles) was subsequently introduced through a leak valve until the desired pressure
(measured with a Baratron gauge) was attained. The experiment was terminated upon
formation of liquid water on the sample surface, with the initial droplet formation monitored
using a camera focused on the sample holder. At dewpoint, the pressure pg,, corresponds to

100% relative humidity (RH). The RH at pressures p lower than pg, was calculated with the

formula RH = pl X 100%. As the pressure escalated, the signal emanating from the sample
dp

progressively diminished. Therefore, for spectrum comparison purposes, curves are multiplied

by factors indicated in the figures.

The core-level spectra were recorded at photon energies of 750 and 1050 eV using a
pass energy of 50 eV with slits of 3x20 mm corresponding to an analyzer resolution of 500
meV. Discussion about the difference in probing depth and its impact on the different
contribution is available in Sl section S2. In all figures presented in this article, the Mg 2p core-
level is used as reference peak and its binding energy is fixed at a constant value to make the
binding energy shifts of the counterion core-levels and of the Si 2p core-level more easily
observable. Therefore, we will specifically consider changes in the binding energy difference

BEy; 5, = BE(CI CL) — BE(Mg 2p) (where Cl denotes counterion and CL core-level) that
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are related to the hydration process. Discussion about why Mg 2p was chosen as reference
peak and charging effect observed during experiment is available in Sl section S4. Spectra were
fitted using Gaussian shape peaks and Shirley background. The spin-orbit splitting values are
2.3 eV for the Cs 4ds/2/4ds/2 doublet, 1.8 eV for the Sr 3ds/2/3ds/2 doublet, 0.6 eV for the Si
2p1/2/2p3/2 doublet and 0.4 eV for the Al 2p1/2 /2p3/2 doublet. The branching intensity ratio of
the spin-orbit split components of total angular momentum J; and J; is taken as % Mg 2p

was modeled with a single Gaussian component, owing to the small spin-orbit splitting of 0.28
eV.>* Fitting parameters are collected in the Supporting Information (SI), section S1 (Tables S1

to S6). The possibility of radiolysis due to beam effect is discussed in Sl section S5.

3. RESULTS AND DISCUSSIONS

3.1. MD Calculation of Counterion Environments in the OW and 1W State and
Electrostatic Potential (Hydroxyhectorite Case)
Pair distribution functions g(r) can be calculated to get a more detailed picture of

counterion environments in both the dry (OW) and monohydrated (1W) states. The positions
of the first peak of the g(r) function between counterions and oxygen are provided in Table
1. The coordination numbers n.,,q are calculated as the integral of g(r) according to:

Tc

Ncoord = pf 4mr? g(r)dr
0

where p is the density (the number of atoms per unit volume) and 7, the first minimum in the

pair distribution function g (7).

counterion/ Atomic pair 15t peak T, Neoord total ncpora
hydration state position
(nm)
(nm)
OW Na* Na-Os 0.241 0.30 53 5.3
1W Na* Na-Os 0.244 0.30 1.3
Na-Ow 0.235 0.30 3.7 5.0




11

OW Sr?* Sr-Os 0.268 0.34 8 8
1W Sr2* Sr-Os 0.270 0.34 2.5

Sr-Ow 0.254 0.34 5.4 7.9
oW Cs* Cs-Os 0.329 0.42 12 12
1W Cs* Cs-Os 0.326 0.42 7.1

Cs-Ow 0.306 0.42 4.3 11.4
all counterions Mg-O 0.21 0.30 6 6

Table 1. Values of g(r), 1. and n,,,.q obtained for Na*, Sr** and Cs* hydroxyhectorite from

MD calculations. In all cases the H,O:counterion ratio was 5:1.

To compare the dry and hydrated states, the value of 7. (see Table 1) was chosen to be
the same for both states and both oxygen types (Os for surface oxygen atoms and Ow for water
oxygen atoms). Fortunately, regardless of the hydration state and type of oxygen surrounding
the counterion, the g(r) minima are very close for a given clay. The g(r) function and the

coordination function are given in the S|, Figures S4 and S5.

Knowing the coordination of the counterion with oxygen neighbors may help to better
apprehend the effects of hydration. Two parameters must be considered: the distance
between the counterion and the surrounding oxygen atoms (the position of the first g(r) peak
in Table 1) and the number of oxygens in its first coordination sphere ( 1.y0rq also given in

Table 1).

In the case of Na*-hydroxyhectorite, the counterion-oxygen distance is short (about
0.24 nm) and the coordination number is low (~5) regardless of the hydration state (OW or
1W). For Sr?*-hydroxyhectorite, the counterion-oxygen distance is also short (~0.26 nm), but
Ncoora 1S greater (~8) than for the smaller Na*ion. The n.,,,-4 value is also independent of the
hydration state. For Cs*-hydroxyhectorite, both in the OW and 1W states, the counterion-
oxygen distance (about 0.3-0.32 nm) is significantly larger than those obtained for the Na* -
and Sr?* -hydroxyhectorite. The n.,,rq value (~¥12), much greater that in the case of Na* and

Sr?*, is also practically independent of the hydration state.
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From the MD atomic positions and charges, we calculate V (x site) which stands for
the electrostatic potential at the site where the atom x sits. Knowledge of V (x site) is crucial

to interpret changes in XPS binding energies (see below). It can be calculated by summing the

Qi

electrostatic terms over all atoms i different from x. Here, Q; is the charge of atom i,

€oTxi
and r,; denotes the distance between x and atom i. From a methodological point of view, this
sum contains long-range terms which can be calculated using the Ewald summation.> The
electrostatic potential was calculated with a home-made code. The parameters used for the

Ewald summation were chosen to yield a precision of 102 on V (x site).

V(CI site) and V(Mg?" site) are the electrostatic potentials (expressed in V) at the

site

counterion (Cl) site and at the Mg?* site, respectively. We define Vlflfqz;, <ite a5 the potential

difference between V(CI site) and V(Mg?* site) (V,ﬁésne = V(CI site) — V(Mg*")).

2+ site

Calculated values of V(CIsite), V(Mg?* site) and VI\ilg site are reported in Table 2 for the

2+ site

OW and 1W states in the case of hydroxyhectorite, and for the three counterions.

Counterion (Cl) Na* Sr2t Cs*
Hydration state ow 1w ow 1w ow 1w 1w
5H,0 5H,0 4H,0 5H,0
V(ClIsite) -8.00 -9.32 | -1291 | -14.72 | —6.68 —7.06 -7.14
AV (CI site) - -1.32 - -1.81 - -0.38 | -0.46

V(Mg®* site) | -15.76 | -15.45 | —15.47 | —15.51 | —15.74 | —15.55 | —15.50

AV (Mg?** site) - +0.31 - -0.04 - +0.19 | +0.24
CI sit
Vios¥ie 7.76 6.13 2.56 0.79 9.06 8.49 8.35

CI sit - -1.63 - -1.77 - -0.57 -0.71
AVMgSl e

2+ site
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Table 2. Calculated values of V(CI site), V(Mg?* site), and V5%, for Na*, Sr2* and Cs*
hydroxyhectorite. We also indicate the variation upon hydration of V (x site), AV (x site),

CI site Cl site .
and of VMg2+ site’ AVMgz+ <ite- All values are in volts (V).

o
l
|

V(CI site)

Electrostatic Potential V (V)
1S [D) AV

(72 12) 555"V

(n2) £b.4oug uoasayq

e -+ Aef (Mg 2p)

10
v +

Figure 3. Schematic representation of the changes in the electrostatic potential (left axis in V
units, directed upward) at the counterion and Mg?* sites upon hydration, derived from MD

calculation. The corresponding change in the energy of the electronic level i, €; (right axis in

elec

eV units, directed downward) is denoted as A¢;”"". The two axes are in opposite directions,

as the electron energy is the product of —e by the electrostatic potential V. As an initial-state

elec

effect, the electrostatic potential variation contributes by —Ae; """ to the binding energy shift,

see eqs 2to 6.
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Note that V(CI site) is always greater than V(Mg?* site). This is not a priori surprising,
given that Mg?* sits in the negatively charged phyllosilicate layer, while the interlayer space
where the counterion sits is positively charged on average. Upon hydration V(Mg?2* site)
varies little remaining within the interval of -0.04 V to +0.3 V. In contrast, V(CI site) can see
a sizeable decrease when water is added. The magnitude of its decrease is in the range of 1.3

V to 1.8 Vinterval for Na* and Sr?*. For Cs*, the decrease is smaller, ~0.4 V.

3.2. Core-Level Shift Analysis
Shifts (ABE) observed in the core-level binding energy of a given atom present in

different chemical environments are typically interpreted in terms of initial and final-state
contributions.>® Within the framework of Hartree-Fock theory, the binding energy (BE) is

written as:
BE = —€; — Ex + AE, (1)

where €; is the energy of the orbital i (¢; < 0), Ej, is the relaxation energy (E;r > 0), and AE,
is the variation in correlation energy. Between two different chemical environments, €; and

Eg vary by A¢; and AEjy respectively, and the binding energy shift ABE is defined as:
ABE = —A€; — AER (2)

considering that A(AE,) is negligible.® The quantity —Ae¢; represents the so-called “initial-
state contribution” to the binding energy shift and —AER the so-called “final-state

contribution”.

We now focus on the initial state contribution —Ae; to ABE. A¢; can be broken into
two parts. The first part is related to a change in the electron population of the atom under
consideration due to hydration. This part of A¢; can be denoted AeiCT, where the superscript
CT (for charge transfer) denotes a possible variation in the electronic population of the atom
in its ground state upon hydration. This primarily affects the counterion, which experiences a
change in the nature of its ligands. Indeed the (formally zero) occupation of the counterion ns
orbital varies with the oxygen ligand, Os or Ow, see the quantum chemistry computation

below.
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elec

The second contribution to Ae; , denoted Ae;”"", is associated to variations of the

electrostatic potential, which displays, according to calculations, a significant variation upon

elec

hydration (more than 1 eV for Na* and Sr?* counterions). A¢; is similar to variations in band

bending at semiconductor surfaces. °® As shown in Figure 3, the core-level (CL) energy (in eV,

axis oriented downward) at the counterion site changes by Aeielec (CI CL) which is equal to:
A€;%¢ (CI CL) = —eAV (CI site) (3)

where e is the elementary charge (e > 0). For all three counterions Aeielec (CI CL) is positive
(Table 2), thus the initial-state contribution —Ae;?**® (CI CL) to ABE is negative. Similarly, we

obtain at the Mg?* site:
A€;'¢ (Mg 2p) = —eAV(Mg?* site) (4)

Table 2 shows that Aeielec (Mg 2p) is negative for the Na* and Cs* counterions, and nearly

zero for Sr?*. In all cases |Aei”ec (Mg 2p)| < |AeieleC (CICcL)|.

In practice, we use the Mg 2p binding energy as a reference, due to problematic

E;CI CL .

charging issue. Therefore, we examine the variations of BEy,%,,, ABEf 5:):

ABEGE, = — (A€, (CI CL) — Aei®'* (Mg 2p)) — (e (CI CL) — AT (Mg 2p)) -

(AER(CI CL) — AER(Mg 2p)) (5)
which can be rewritten as:

ABEGCh = eAV,gfqéf“;ite + (ABEG % )T (6)

with (ABE )T = —Ae;“" (CI CL) — AER(CI CL) + Ae;“T (Mg 2p) + AER(Mg 2p)

site

2+ gire IS @pproximately

Calculated AV,f,fqi?f‘;ite values are reported in Table 2. Note that eAVI\f,fg

equal to —Ag° (CICL), when |Ae° (Mg 2p)| is significantly smaller than

A€;®¢ (CI CL). This is clearly the case for the Na* and Sr* cations (see also Table 2).

Regarding (ABEf,%,)T one can assume that (ABEG,5)T ~ —Ag;“" (CICL) —
AER(CI CL) because A¢;“T (Mg 2p) and AEx(Mg 2p) vary little, as Mg2* ions are nested in

the middle of the phyllosilicate layer, and are much less sensitive to the presence of water
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molecules. This naturally limits the study to the hydration of the counter-ion, specifically to

the replacement of Os ligands by water molecules.

In this context, a DFT quantum chemistry approach limited to the cation and one ligand
(an oxygen ion or a water molecule) can provide qualitative insights on Ael—CT (cIcL) and
AER (CI CL) upon hydration. Since the negative charge on the surface oxygen atoms (Os) is
about -1.05 (the charge used in clayFF, with the negative charge due to Mg?* substitution by
Li* evenly distributed over the Os atoms in hydroxyhectorite), we considered two small
clusters Na*O~and Na*-H,0 to examine the effect of ligand substitution. The Lowdin electronic
populations on the various atoms, in the ground state and the core ionized Na 25! state, as

well as those projected on particular orbitals are collected in Table S7 of the SI.

The calculation provides an ionization energy of Na*-H,O that is significantly greater
(by +0.8 eV) than that of Na*O~ (see Table S7). The population analysis helps in understanding
why this is so. First, we note that in the ground state, the Lowdin electronic population of Na
in Na*-H,O is less than in Na*O~ (10.24 versus 10.31). Therefore, we expect that
—AeiCT (CI CL) is positive.”® Then, if we examine the variation in the electronic population in
the Na 2s! state, 0.20 (of —e) is transferred from the ligand to (mostly) the Na 3s orbital in
the Na 2s?! state for Na*O". The “O 2p,” isodensity map (z is the internuclear axis) has strongly
changed, see Figure S6, extending over the sodium. For its part, Na*-H,0O exhibits a much
smaller ligand—Na charge transfer of 0.1 in the Na 2s? state (the charge is transferred to the
Na 3s/3p/3d orbitals). Indeed, the 3a; orbital of water is much less deformed towards the Na
atom than the O 2p; orbital of Na*O-, see Figure S6. We conclude that the screening of the Na
2s core-hole is significantly less effective when the ligand is a water molecule compared to
when the ligand is an oxygen ion. Therefore, a positive —AER (CI CL) is expected. Hence, the

binding energy increases when the oxygen ion is replaced by the water molecule.

III

Insights into the “real” smectite can be drawn from the DFT calculations applied to
bimolecular clusters. The “complex” under consideration in clays consists of a Na* ion
surrounded by approximately five ligands, either phyllosilicate layer oxygens Os or water

CICL \CT
EMg Zp) ~

oxygens Ow. As our quantum chemistry calculation suggests, we expect that (AB
—A€;“T (CI CL) — AER(CI CL) will increase with an increasing number of water ligands

substituting the Os ligands. The positive (ABEj,%,)T will counteract the negative
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eAVI\flfC]ilfesite in eq 6. Although this type of analysis was not extended to Sr**and Cs* ions,

insights from the Na* case can be referenced in analyzing their core-level shifts.

3.3 NAP-XPS measurements

3.3.1 Cs*-hydroxyhectorite and hydroxysaponite
The affinity of cesium ions for water is relatively limited. Sorption studies indicate that

the d, spacing for Cs*-smectite remains within the range of 1.2 nm (equivalent to 1W) even
at high RH>""% and after immersion in water.”” Notably, less water is incorporated into the
interlayer of Cs*-smectites than in those with a small counterion like Na*. In Cs*-
hydroxysaponite, the water/counterion ratio is ~3.75 while it is ~5 in Na*-hydroxysaponite.*3

This is why we also tested the case of 4 H,0/counterion in the MD calculation.

Cs4d
E 5/2

Figure 4 shows B Mg 2p

plotted against RH for both Cs*-hydroxyhectorite and Cs*-

hydroxysaponite. NAP-XPS spectra of the Cs 4d and Si 2p spectra are available in Figure S7 for
Cs*-hydroxyhectorite, and Figure S8 for Cs*-hydroxysaponite. However, due to significant
charging effects, the Cs 4d and Mg 2p spectra of Cs*-hydroxyhectorite recorded in ultra-high
vacuum (UHV) are omitted. Charging effects are already substantially reduced at 1.2 mbar
(17% RH), rendering the spectra analyzable. For the same reasons, the Cs 4d and Mg 2p of Cs*-

hydroxysaponite are presented from a pressure of 2.5 mbar (35% RH).

- | L L L L L L L L L L L L e L L L L ) ?

28.2F 1 #pressured
. .

28.0[cs Hydroxyhectorite .

£ & - A pressure
';3.:'; 27.8F — § -
UF-T-IE [ P )
[+ J

q 27.6 rCs Hydroxysaponite i |
274L T F pressure]]

: Pressure increase:

272 : T T T T above RH:100%_-

20 40 60 80 100
Relative Humidity (%)



18

Cs4d
Figure 4. Plot of BEA;;ZS/Z = BE(Cs 4ds,;) — BE(Mg 2p) across different RH levels for
Cs4d
Cs*-hydroxyhectorite and Cs*-hydroxysaponite. Note the systematically smaller BEMSg 2;/2

value of Cs*-hydroxysaponite (0.4 eV from 35% RH), reflecting the inherent structural

differences between the two clay types.

Cs 4d
BE 5/2

Mg 2p remains unchanged from 17% to 67% RH for Cs*-hydroxyhectorite (only the

XPS intensity diminishes as seen in Figure S7(a), due to the increased scattering of the

ECS 4-d5/

g 2p 2 equals + 0.20 eV, then it

photoelectrons by the gas phase). However, at 83% RH, AB

reaches +0.4 eV at 100% RH. The measured shift is clearly related to the insertion of water in

.
theinterlayer. We recall that the calculated electrostatic initial-state contribution eAVlflngfiete

to the Cs 4d binding energy shift is negative upon formation of the 1W state, ranging from

Cs4d
E 5/2

Mg 2p is the

—0.71 eV (5H20/counterion) to —0.51 eV (4H,0/counterion), see Table 2. As AB

)T (eq 6), this means that (ABECS 4dS/Z)CT is positive, in

cst site Cs 4ds;
sum of eAV, and (ABE Mg 2p

2+ site Mg 2p
the 0.9-1.1 eV range. The evolution of the Si 2p3;; binding energy (relative to Mg 2p)

Si 2p3/2
BEMg 2p

Figure S7).

as a function of RH also reveals an increase of + 0.23 eV at 100% RH (Table S1 and

As discussed in S| section 2, the Cs 4d signal encompasses contributions from
counterions lying in the interlayers (estimated to 60%-75% of the spectral weight) and
counterions sitting at the surface of the tactoids. In principle, different chemical
environments?® should lead to chemically shifted components. This is not seen experimentally
as the Cs 4d spectra of both Cs*-smectites (Figure S7(a) and S8(a)) are always fitted with a
single spin-orbit split doublet. The Cs 4ds;; FWHM in the case of Cs*™-hydroxyhectorite s is 1.76
eV (Table S1) under 1.2 mbar (17% RH). Under 2.4 mbar (34% RH), the Cs 4ds;, FWHM is even
smaller, 1.55 eV. These widths suggest that Cs* occupies rather equivalent sites, at least for

water pressures >1.2 mbar.

In the case of Cs*-hydroxysaponite, the Cs 4ds;, component overlaps with the Al 2p
peak (Al substitutes Si in the T, sheets). However both signal can be easily deconvoluted
(Figures S10(a,b)). Moreover, binding energy shifts can be visually appreciated via the Cs 4d3,;

component (Figure S8(a)). A single Cs 4d doublet is sufficient to fit the spectra and the FWHM
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remains stable at 1.58+0.03 eV with increasing RH indicating equivalent adsorption sites (e.g.

surface and interlayer sites). Similar to Cs*-hydroxyhectorite, Figures 4 shows that ABE;Z‘LZ?/Z
is positive at high RH, reaching +0.30 eV at 100% RH. Although the electrostatic potential was

not calculated for Cs*-hydroxysaponite, it is very likely that the analysis made for

Si2p
E 3/2

Mg 2p (Table S2, Figure S8(b)

hydroxyhectorite can also apply to this case. For its part, B

and Figure S10) increases by about +0.17 eV at 100% RH.

Finally, we see that X-ray photoelectron spectroscopy (XPS) is sensitive to differences

in the electronic structures between hydroxyhectorite and hydroxysaponite. As illustrated in

Figure 4, BECS *ds/2

Mg 2p is ~0.4 eV lower for Cs*-hydroxysaponite compared to Cs*-

hydroxyhectorite.

3.3.2 Sr** hydroxyhectorite and hydroxysaponite
The alkaline-earth counterion Sr?* has a high water hydration affinity (the gaseous

hydration enthalpy3* is -1446 kl/mol) that drives the swelling of smectites.®* However, it has
been so far relatively little associated with hydroxyhectorite and hydroxysaponite in
experimental studies. Hints from alkali-earth exchanged smectites indicate that Sr?*
hydroxyhectorite and hydroxysaponite should start to hydrate at low RH. The 1W state of Sr?*
montmorillonite already forms at 5% RH, and the 2W state occurs within the range of 35-40%
RH.622% Ca?* saponite already reaches the 2W state at a RH of 20%, and the two-step hydration

is difficult to observe.9:10.30

ds

S
Figure 5 shows BEM;32p is plotted against RH for both smectites. The individual Sr 3d

spectra of Sr2*-hydroxyhectorite acquired at hv=750 eV up to 48% RH are reported in Figure

S11 while those of Sr?*hydroxysaponite acquired up to 100% RH are displayed in Figure S12.

d
For Sr?*-hydroxyhectorite, an initial decrease of BEsr3 5/2 of 0.3 eV was observed at 2% RH

Mg 2p
(when the 1W state forms), in agreement with previous measurements,?®> and a subsequent

minor one of 0.1 eV at RH=48%, when the 2W state is expected to form.?3 This leads to an

d
overall decrease of 0.4 eV for BEISVZ;Z;/2 upon hydration, a shift opposite to that found for

2+ site

Cs*. Note that the initial-state contribution of the electrostatic potential eAV,ifqu, <ite tO the Sr
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3ds/2 binding energy shift upon formation of the 1W state is negative —1.77 eV (see Table 2).

This mean that (ABE. >25/2

Mg 2p )T (eq 6) is positive and equals ~1.4 eV.

The Sr 3d spectra of Sr>*-hydroxysaponite (Figure S12(a)) are well-resolved all the way
from 0% RH to 100 % RH, due to the positive biasing of the sample holder and the use of
“background” gas (Ar) at 0% RH (the FWHM remains in the 1.4-1.9 range). A significant

A BEST 3d5/2

Mg 2p of —0.5 eV was observed between 2% and 15% RH (see Figure 5, and also Figure

S12(a)) stronger than in hydroxyhectorite case. Beyond 35% RH up to 100%, i.e. in the 2W

3d5/2

. Sr
state, no further changes in BEMg 2p

were observed. Figure S12(b) shows that the binding

energy position of the Si 2p core level is remarkably constant with increasing RH, in contrast

with the Cs*-smectite case.

For both smectites, Sr 3d spectra are fitted with a single doublet, despite the fact that

Sr?* cations at the surface of the tactoids could represent 25 to 40% of the spectral weight at

Sr3d
hv=750 eV indicating similar adsorption site for cations. Like for Cs*- smectites, BE " 20502 for

Mg 2p
hydroxysaponite is ~0.4 eV lower than for hydroxyhectorite except at lower RH where the

hydroxysaponite hydrates before the hydroxysaponite.

Sr2+ Hydroxyhectorite

Sr2+ Hydroxysaponite

—
83_2IllllllIlllllllI|llIIllllllllllllllllllIIllllllll
0 20 40 60 80 100
Relative Humidity (%)
Figure 5. Plot of BESMr;g;/Z = BE(Sr 3ds,,) — BE(Mg 2p) across different RH levels for

5/2

Sr3d
Sr?*-hydroxyhectorite and Sr?*-hydroxysaponite. Note the smaller BEMrg 2p value of Sr?*-
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hydroxysaponite for RH>10%, reflecting the inherent structural differences between the two

clay types.

Due to the significant swelling observed in smectites with a divalent counterion, it is

reasonable to investigate whether a dilution of the Sr?* ion could lead to its migration away

jor
Sr3d
cor

Mg 2p

from the surface or from the interlayer spaces. We define the cross-section corrected

jeor Israg OMa 2
Sr3d — 5134 o 9P where =24

Mgz2p IMg2p Osraa’ Img 2p

Isr3d

XPS intensity ratio as is the measured XPS intensity ratio

and oy g2p (0sr34) is the Mg 2p (Sr 3d) cross-section at hv=750 eV.%* If strontium and

ISr3d
’ jcor
Mg 2p

magnesium were homogeneously distributed in the depth of the sample would be equal

[S7]

gl that is 0.075 for Sr?**-hydroxyhectorite and 0.065 for Sr**-

to the atomic ratio
hydroxysaponite.

jeor
Sr3d

’ jcor
MQZP

For Sr**-hydroxyhectorite (see Figure 6) remains remarkably constant at ~0.04

up to 48% RH, indicating that that there is no loss of strontium up to this humidity level.

However, this ratio is much lower than the nominal % ratio, which is surprising. With a

. . . L 189%
consistent density of strontium at the surface and within the layers, Ifgfd should be greater
Mg 2p
. S . . .
than the nominal % ratio, as the signal of the Mg 2p photoelectrons is attenuated when

crossing half the phyllosilicate layer and the external counterion layer. To explain this
discrepancy, we could propose that the density of strontium is lower on the surface (by a
factor of 1/2) than in the interlayer (a possibility discussed in section S2 of the SI). However,

for Sr2*-hydroxysaponite, Figure 6 shows that, at least for measurements made at RH>15%,

ICOT
the measured Ifg:'d corresponds satisfactorily to the nomlnal Ll

ratio (~0.11) given the
Mg 2p ]

measurement accuracy, which suggests that, in this case, the counterion density is not
depressed on the surface. Importantly, it also distinctly illustrates the absence of strontium

loss up to 100% RH.
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(spectra acquired at hv=750 eV).

3.3.3 Na* hydroxyhectorite and hydroxysaponite
For Na* hydroxyhectorite and saponite the transition between the 1W state and the

2W state is clearly defined. Indeed, sorption and X-ray diffraction (XRD) studies demonstrate
that for Na*-hydroxyhectorite, the 1W state forms at low RH, specifically between 0% RH and
20% RH. Subsequently, the 2W state develops between approximately 40% RH and 60% RH.®
The behavior of hydroxysaponite is remarkably similar, with the 1W state forming between

0% RH and 15% RH, and the 2W state appearing between 50% RH and 60% RH.3?

Na* signal lost
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+
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Figure 7. Plot of BE,’}’,,‘;ZZSP = BE(Na 2s) — BE(Mg 2p) across different RH levels for Na*-
hydroxyhectorite and hydroxysaponite (circles for measurements at hv=750 eV, crosses for
measurements at hv=1050 eV for hydroxyhectorite only). Note the systematically smaller
BE%‘;ZZSP of Na*-hydroxysaponite (0.4 eV smaller than that that types.of hydroxyhectorite for

RH> 5%), reflecting the inherent structural differences between the two clay.

[T T T T T T T T T T T
0.12F
hv= 1050 eV
o & 0.08¢ hv= 750 eV
Ssls o :
SFRT §0af
0.04¢ Signal Lost
0-00 : - 1 i | 1 1 il
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Relative Humidity (%)
Figure 8. INazs _ INazs ,( TMg2p intensity ratio as a function of RH for Na*-hydroxyhectorite

va;)gzp IMg 2p ONa2s

(red circles) and Na*-hydroxysaponite (blue circles) recorded at hv=750 eV. At this photon
energy, the Na 2s signal is lost at RH=68% for both smectites. For Na*-hydroxyhectorite the Na
2s signal is recovered at RH>68% after displacing the measurement spot and using photons of

1050 eV energy (light red crosses).

Figure 7 shows BEﬁg %f, plotted against RH for both Na*-smectites. Individual NAP-XPS

spectra of Na 2s and Mg 2p are shown in Figure S13 for Na*-hydroxyhectorite, and Figure S14

for Na*-hydroxysaponite. For Na*-Hydroxyhectorite, ABEA’XZ %;, (Figure 7) equals —0.5 eV upon

hydration between 0% and 17% RH and then stabilizes up to RH=34%. At higher RH, the Na*
signal is lost at hv=750 eV and can only be measured by increasing the photon energy to 1050
eV. The loss of sodium is discussed below. Similar observations can be made for the Na 2s

spectra of Na*-hydroxysaponite, (Figure 7) with an even larger shift in magnitude, ABEﬁg %f,,
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is equal to —0.7 eV at 14% RH. This shift remains consistent up to 43% and is lost aferwards.
For both smectites, Na 2s are fitted with a single component, despite the fact that Na* cations
at the surface of the tactoids could represent 20 to 40% of the spectral weight. This is similar

to the two previous counterion core-levels and indicates that adsorption sites are equivalent.

We recall that for hydroxyhectorite the initial-state contribution of the electrostatic

a® site
2+ site

potential eAVN to the Na 2s binding energy shift upon formation of the 1W state is

negative, —1.63 eV (see Table 2). Therefore, for Na*-hydroxyhectorite, (ABEﬁfql ZZS)CT (eg 6)is
positive and equals ~1.1 eV (hydroxyhectorite). A similar analysis should also apply for
hydroxysaponite. For both Na*-smectites, the (negative) sign and magnitude of the change in
BE,%CZLP are comparable to those observed in the case of Sr?*-smectites, while contrasting

with the positive ABE}, 5, in Cs*-smectites. However, at least for hydroxyhectorite for which

calculations were made, everything is consistent when considering the AVlflgif‘zite values of

CI Slte
V * site

Table 2. For the three counterions we have |A increasing in the Cs*<Na*<Sr?* order

(0.57, 1.63, 1.77, respectively) and positive values of (ABEj7,)¢" in the 0.9-1.4 eV range.

Additionally, BE,\S,,gzgp, which was consistently measured at the same photon energy

only for Na*-hydroxysaponite (Figure S14 (b)), was found to be particularly stable across the
entire RH range from 0% to 100% RH (see Figure S9). This stability contrasts with the behavior
seen in Cs*-smectites. Like Cs*-smectites and Sr?*-smectites, Na*-smectites also display a~0.4

eV difference for BEﬁg %; between Na*-hydroxysaponite and to Na*-hydroxyhectorite.

According to the literature, increasing the RH to 68% results in the formation of the
2W state for both Na*-smectites.'®32 Surprisingly, at this RH, the Na 2s signal vanishes from
both Na*-smectite spectra (Figures S13(a) and S14(a)) when measured at a photon energy of
750 eV. At 68% RH we are still far saturation, and, indeed, no water droplets are condensed

on the Na*-hydroxyhectorite surface (see picture, Figure S13(c)). Note also that the transition

is abrupt. We plot in Figure 8, the cross-section corrected® IQ'O“TZS XPS intensity ratio. In the 20-
Mg 2p

40% RH range (1W state), Qf,‘izs is constant at ~0.11 for both Na*-smectites. Considering that
Mg 2p

[Na] .

the atomic ratio — ] is 0.15 for Na*-hydroxyhectorite and 0.13 for Na*-hydroxysaponite, the
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cor

I . . . .
measured value of Ié‘i,+zs is satisfactory (under the assumption of constant Na* density at the
Mg 2p

tactoid surface and in the interlayers). As there is no indication of Na 2s intensity loss with
increasing RH in the 1W state, before the Na 2s signal disappearance at 64% RH, we interpret
this observation as due to a considerable decrease of the Na* concentration at 68% RH when

the 2W state forms.

To gain a better understanding of the phenomena, we analyzed a fresh area of the
sample by moving the sample under the fixed analyzer nozzle of aperture 0.3 mm by 1 mm.
We also increased the photon energy from 750 eV to 1050 eV, as the A value of Na 2s/Mg 2p
photoelectrons extends from ~2 nm to ~3 nm, allowing the probing of deeper layers. As seen
Figure S13(a), the Na 2s core level reemerges. BEﬁg %150 is still 13.30 eV, which means that in

the 2W state the binding energy distance does not change relative to that of the 1W state,

cor

similar to the Sr?*-smectite case. At 68% RH, the measured ;"’ﬂ was”™ 0.11 after the first

cor
Mg 2p

acquisition scan of ~10 min. However, in subsequent scans performed on the same spot, we
observed that while the Mg 2p intensity remains constant, that of Na 2s continuously
decreases with the number of acquisition scans (Figure S15). This indicates that the NAP-XPS
measurement is the cause of the sodium loss. It also shows that further swelling due to
measurement and corresponding counterion dilution cannot be assumed, as in such a case
the Mg 2p signal would also decrease. At higher RH, the Na 2s signal is systematically

recovered after the analysis spot is displaced (Figure 8).

Undoubtedly, the loss of sodium in Na* smectites results from two combined factors:
(i) a high RH, which corresponds to the insertion of two or more water layers in the interlayer,
and (ii) the NAP-XPS measurement itself. Regarding the first factor, it is important to note that
similar counterion losses are not observed in Sr2*-smectites in the 2W state. This behavior can
be explained by the generally stronger bonding energies associated with divalent cations like
Ca?*, which prevent osmotic swelling—a phenomenon typical in Na* smectites—and restrict
water insertion to crystalline swelling only.®® As for the second factor, the specific mechanisms
underlying the "measurement effect" remain elusive. The triggering effect may primarily be
due to the X-ray beam. In this context, the monitoring of core-peak full width at half maximum
(FWHM) values (Si 2p, Mg 2p, Al 2p) in Na*-smectites does not indicate a significant increase

at RH levels above 68%, which would typically suggest amorphization. Furthermore,
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concerning water radiolysis within the interlayers, although profound effects are observed in
hydrated Sr?*-hydroxyhectorite—such as the mineralization of inserted pyridine?®> —no
counterion losses are detected. These findings underscore the need for additional research to

fully understand these phenomena.

4. Conclusion
The present study highlights the capability of core-level NAP-XPS to monitor in situ (in

the 10 mbar range) and in real time the changes in the electronic structure of hydroxyhectorite
and hydroxysaponite due to their hydration. For Na* and Sr** smectites, counterion hydration
was evidenced by shifts in Na 2s and Sr 3d binding energies to lower values (referenced to Mg
2p) already at relatively low RH, when the 1W state forms. However, no further change in
binding energy was observed at high RH (2W state). Notably, for both Na*-hydroxyhectorite
and hydroxysaponite, the system was perturbed at high RH due to the combination of the 2W
state formation and effects from NAP-XPS measurement, which led to the gradual loss of Na*
ions. However, in the case of Sr?* hydroxysaponite, the counterion concentration remained
constant up to 100% RH. In stark contrast to the cases of Sr** and Na* smectites, Cs 4d shifts
towards higher binding energies (referenced to Mg 2p) were observed in Cs*-smectites when
water penetrates the interlayer at high RH to form the 1W state. Unlike Na*-smectites, but
like Sr?*-smectites, Cs* ions were not lost at high RH. Variations in the negative charge
distribution in these two smectites are indicated by a lower binding energy of the counterion
core-levels for hydroxysaponite compared to hydroxyhectorite, which demonstrates the high

sensitivity of XPS to subtle differences on the electronic structure

The analysis of the core-level shifts was supported by MD calculations of the OW and
1W states of hydroxyhectorite. MD provided insights into the coordination of counterions and
the variation in the electrostatic potential due to hydration (swelling) at counterion and Mg?*
sites. This variation can be viewed as an initial-state contribution to the binding energy shift,
akin to band bending variations at the surface of a semiconductor. Overlooking this
contribution by focusing solely on a local “charge transfer with ligands” chemical analysis (we
also performed complementary DFT quantum chemistry calculations to address this issue)

could result in significant misinterpretations of the XPS data.
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Calculations of the electrostatic potential in the OW and 1W states of hydroxyhectorite
reveal a negative initial-state contribution to the core-level binding energy shift upon
hydration, common to all three counterions. Notably, the magnitude of this “physical”
contribution is significantly larger for Na* and Sr?* than for Cs*. The addition of a “chemical”
ligand-to-counterion charge transfer contribution, related to the substitution of the
phyllosilicate oxygen ion ligands by water molecules, which is positive upon hydration—an
effect supported by quantum chemistry calculations—, is explicative of the observed positive
binding energy shift in the Cs*-smectites. It also explains why the observed negative binding

energy shift in Sr?* and Na* smectites is significantly smaller than the magnitude of the

calculated electrostatic potential variation.

In summary, NAP-XPS reveals how the complex interplay among clay platelets,
counterions, and water molecules is reflected in the material's electronic structure. By
monitoring the interlayer hydration of smectites at an atomic level, near-ambient pressure
XPS core-level spectroscopy reveals its capacity to complement insights derived from
molecular simulations. Evidently, this technique offers a promising avenue for further in situ

exploration into the hydration mechanisms of other nanostructured minerals.
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Figure S15. Evolution of the Na 2s and Mg 2pcore level of the Na*-hydroxyhectorite measured

at hv=1050 eV at 68% RH with increased acquisition time.
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