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H-H distances in each layer, d,,.. = 2.8nm , no normalization
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Figure S1 Distance between intermolecular H atoms for molecules in the first, second, and
mobile layer (panels left, center, and right respectively). Results corresponds to MD simulations
of a 2.8 (upper panels) and 5.1 nm (lower panels) pore with different water content, as indicated

in the legends.
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Figure S2 Distance between intermolecular H atoms for molecules in the first layer obtained
from MD, and the gaussian deconvolution.
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Molecular distances in each layer, d,,.. = 2.8nm , no normalization
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Figure S3 Distance between intermolecular O atoms for molecules in the first, second, and
mobile layer (panels left, center, and right respectively). Results corresponds to MD simulations
of a 2.8 (upper panels) and 5.1 nm (lower panels) pore with different water content, as indicated

in the legends.
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DQ-NMR

The DQ-NMR experiment is composed by three main blocks: Excitation-Evolution-
Reconversion. The complete DQ sequence scheme used is: [90°-1-90°t1-90°-1-90°-t--90°%]1.
During the first block, coherences of order two (which comprise two coupled spins) are excited
with the application of two 90 degree pulses. Then, the excited coherences freely evolve during a
fixed time t;, The double quantum coherences are not NMR observables and their detection is
achieved in an indirect manner by the reconversion to observable magnetization in the third part
of the experiment, again with two 90 degree pulses. The receiver phase is cycled in +n on each
acquisition in order to remove undesired coherences. In Figure S the spectrum for the completely
filled sample (sample E) is shown in dotted line, the evolution temporal parameters were set as t
=10 ps; tr =50 us and t=35us. Two different contributions to the spectrum are easily

distinguished.
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Figure S4 DQ Spectra for sample E, without and with DQ filter application.

The broader contribution in the spectrum in Figure S corresponds to those protons with a large
dipolar coupling, i.e. very close to each other. The narrower contribution corresponds to the more
mobile water. In order to remove the influence of the more mobile water a DQ filter is applied
before the proper DQ sequence’. The spectrum obtained after the DQ filter (the filter time was set
as T1r=35us) is the one shown in straight line in Figure S, where only the broad contribution
remains.

By repeating the DQ experiment incrementing the mixing time t, a build up of the double
quantum coherence is obtained™*. The build up curves were recorded after de DQ filter and

shown in Figure S for samples A, B and E. The signal Spo, shown in Fig. S4 is normalized
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according to a standard normalization process’. For the mentioned normalization, a second
experiment, without receiver cycling was performed in order to get rid of the dipolar encoded

longitudinal magnetization from the DQ signal.
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Figure S5 Filter DQ build up curves for samples A,B and E. Inset: Dipolar distribution obtained

by Inverse Laplace transformation with kernel function 0.5*(1-exp(-t**D?))

By means of an inverse Laplace transform®’ the build up curves, were fitted with an inverted
Gaussian function, based on static second moment approximations, to the function S pg = 0.5 %
(1 — exp(—t2D?)). In the former equation, the parameter D indicates the residual dipolar
coupling. From the Laplace Transform a distribution of residual dipolar constant is obtained, see
inset in Figure S. This distribution corresponds to the contribution of different intermolecular spin
pair couplings.

2
The residual dipolar coupling is related to the intermolecular distanced as D = Z—;yr—f This

expression was used for the rescaling of the distribution of dipolar couplings to intermolecular

distances, shown in Fig. 4 in the report.
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Figure S6. Left: DQ spectrum of sample A and its fitting function, shown in gray color. Right:
MAS spectrum obtained at 10 kHz spinning rate. The doublet corresponding to the second layer

is more evident in the rotational bands, where the mobile contribution is lower.
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Figure S7. Radial density profiles for the a) 2.8 nm and b) 5.1 nm pores at 100% filling. Red,

blue and green lines correspond to water molecules in the first, second, and mobile layers

respectively, as also depicted in the inserts showing snapshots of the final configurations at 300K.

Adapted with permission from Ref °. Copyright 2013 American Chemical Society.
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