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Part 1 Experimental scattered intensities of wet and dry Ph-PMO samples at

different temperatures
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Fig.S1 Experimental scattered intensities of wet (solid lines) and dry (dashed lines) Ph-PMO

samples at different temperatures.

Part 2 Large-angle X-ray scattering data analysis

The X-ray scattering intensities of methanol-absorbed (wet) in Ph-PMO, Iy(s),
can be described by Eq. S1,
Is(s) = Imeon(s) + Imeon-pmo(S) + Ipyo(s) + Ic(s) (S1)
where Imeon(s) and Ipmo(s) represent X-ray scattering intensities from adsorbed
methanol and Ph-PMO, respectively. Imecon-mcm(s) denotes the intensities from
interactions between adsorbed methanol and the Ph-PMO surface, and /.(s) represents
those from the capillary.

The X-ray intensities of the dry Ph-PMO sample, /iry(s), can be represented as

Iary(s) = Ipmo(s) + 1c(s) (52)

Therefore, the X-ray scattering intensities related to the adsorbed methanol in
2
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Ph-PMO pores are obtained by subtracting Eq. S2 from Eq. S1 as
Is(s) = Iary (s) = Ivieon(s) + Imeon-pmo(S) (S3)
As previously described, the experimental X-ray intensities, /s(s), were corrected
for multiple and Compton scattering. !> The structure function, i(s), is given by Eq.
S4.
i(s) = KIs(s) = X x:f?(s) = K[Imeou(s) + Ineon-pmo(s)] — X x:f*(s) (54)
Here, K represents a factor to normalize the experimental intensities to absolute units

12 x; is the number of atoms i in a stoichiometric volume, V,

in a usual manner.
containing one O atom from a methanol molecule. fi(s) represents the atomic
scattering factor of atom 7 corrected for the anomalous dispersion.

The radial distribution function (RDF), D(r), was calculated by means of the
Fourier transform as
D(r) = 4nr?py + 2rm~t fosmax si(s)M(s)sin (rs)ds (S5)
Here, po(= [X x;£;2(0)]/V) stands for the average scattering density of a sample in
the stoichiometric volume V, and smax 1s the maximum s value used in the analysis
(Smax =14.4 A1), M(s) is a modification function expressed as

M()E %7 (0) / 3 x:f(5)]exp(-0.015%) (S6)

All treatments of the X-ray diffraction data were carried out with the KURVLR

program. >

Part 3 Dynamic susceptibilities of methanol confined in OMC and Ph-PMO

pores at 300, 285, and 270 K
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2 Fig. S2 Dynamic susceptibilities for methanol confined in OMC pores at different O’s at 300, 285,
3  and 270 K, and add a different value to the y”(Q, E).
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5  Fig. S3 Dynamic susceptibilities for methanol confined in Ph-PMO pores at different O’s at 300,
6 285, and 270 K, and add a different value to the y’(Q, E).
7  Part 4 Fitting results of QENS spectra measurement at 300, 285, and 270 K.
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Fig. S5 Fitting results of the QENS spectra of methanol confined in PMO pores at 0=0.825 A"!
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and at 300 K (a), 285 K (b), and 270 K (c). The gray line is the experimental values, the red line is

the fitted data, the green dotted line is a quasielastic component, the blue dotted line is the elastic

component, and the purple line is the resolution function.

Part 5 Nonlinear fitting of the I'(Q) function at each temperature for methanol

confined in OMC and Ph-PMO pores.
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Fig. S6 The half-width at half-maximum (ball) of the QENS spectra for methanol confined in

OMC pores at 315, 300, 285, 270, and 255 K. The red lines indicate a nonlinear fitting. Light

green shading indicates error.
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Fig. S7 The half-width at half-maximum (ball) of the QENS spectra for methanol molecules

confined in Ph-PMO pores at 315, 300, 285, 270, and 255 K. The red lines indicate a nonlinear

fitting. Light blue shading indicates error.

Part 6: The measured diffusion coefficients of methanol molecules in OMC and

Ph-PMO pores.

Ju—
[\S]

—
(=1

Diffusion Coeffient

(10"°m’s™)
(o)

(=)}

N

- (a) g I (b)
= :\24 -
- o
St |
| = S 18
S =
£ |
- £~k
- Q [ Q
1 1 1 1 1 6. 1 1 1 1
315 300 285 270 255 315 300 285 270 255
T/IK T/K

Fig. S8 The diffusion coefficient as a function of temperature for methanol confined in OMC (a)

and Ph-PMO (b). Light orange shading indicates error.
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Part 7: Elastic Incoherent Structure Factor (EISF) Fitting.
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Fig. S9 Elastic incoherent structure factor (EISF) for methanol at various temperatures measured
in OMC pores with Q < 0.9 A", The red solid lines represent fits to the EISF model, the light

purple shading indicates error.
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Fig. S10 Elastic incoherent structure factor (EISF) for methanol at various temperatures measured
in Ph-PMO pores with Q < 0.9 A-!. The red solid lines represent fits to the EISF model. The light

blue shading indicates an error.

To further comprehend the concept of dynamic states distinguished by the
mobility of water molecules, we calculated the elastic incoherent structure factor

(EISF), which is derived from the elastic and quasielastic components of the
7
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experimental data. It is defined as the fraction of elastic intensity in the QENS spectra.
3 In Fig. S10 and Fig. S10, we show the EISFs derived from the QENS measurements
as a function of Q at different temperatures. The decrease in the EISF with an increase
in temperature suggests that the fraction of immobile H atoms decreases. As shown in
Figs. 6(a) and 6(d) found that the behavior of HWHM is characteristic of diffusion of
water protons confined in a volume assimilated to a sphere of confinement radius a,
which was confirmed by the fitting of EISF. For such a situation, the EISF can be

given by

EISF = py + (1= po) [0 = py + (1~ po) [ (oD — 2y (g

where ji stands for the first-order spherical Bessel function, and po is the fraction of
“immobile” hydrogens that do not participate in the confined diffusion. *> We found
that we obtained rather poor fits when fitting the EISF to this equation. Especially
when Q is close to 0, the EISF does not approach unity as expected from Eq. (S9).
This is because the immobilized/confined water molecules constitute only a fraction ¢
of the system. In contrast, a fraction 1-c participates in jump diffusion, as seen from

HWHM fits or in free diffusion.

In this condition, writing Eq.(2) separately for the two species, and taking I'(Q,E)

= C(Q)J(E) + (1-C(0))S(Q,E), we can write®

Ih(Q,E) = A, (Q)S(E) + (1 — Ap(Q))Su(Q,E) (S10)
I{(Q,E) = Af(Q)S6(E) + (1 — A¢(Q))S¢(Q, E) (S11)
I'Q,E) = cIy(Q.E) + (1 — )I(Q, E) (S12)

Here, the subscripts “b” and “f” denote bound (including immobilized and confined
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water molecules) and free (including jump diffusion and free diffusion water
molecules), respectively. For free water molecules, assuming that the EISF Ar= 0 is
reasonable. Additionally, we anticipate that [S(Q,E)dE=const=1-c, indicating that the
area of S(Q,E) remains constant regardless of O and solely depends on the mobile
fraction. For the confined water, the motion of the locally confined water molecules is
likely rapid, resulting in a broad Lorentzian that may not be measurable within the
energy resolution of the instrument. Consequently, we can take Sp(Q,.E) = 0, as the
corresponding signal is most likely absorbed into the background B(Q,E). Based on

this, we can write for the EISF

r— A(Q) _ cAp(@
EISF" = J(AQ)8(E)+S(QE)AE ~ cAp(Q)+(1—c) (S13)

Substitute the expression for EISF in Eq. (S9) for Ay(Q) in Eq. (13), and obtained the

fits results.
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