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1. Simulation Details

The silica pore models used in the MD simulations were constructed by carving
cylindrical pores (2.8, 5.4, and 8.3 nm diameters) out of amorphous silica blocks. Dangling-bond
O and Si atoms on the surfaces of the cylindrical pores were correspondingly saturated with H
and OH groups to generate surface silanol groups. The resulting surface silanol density was 4.8
+ 0.3 sites/nm?, which is in good agreement with the experimental value of 4.9 + 0.5 sites/nm?.!
The cell dimensions of the 2.8, 5.4, and 8.3 nm silica pore models are 4.28%x4.28x4.40,
7.55x7.55x4.40, and 11.20x11.20%x4.40 nm?, respectively. Bulk MeIm boxes with the same
dimensions were built using Packmol.? To obtain model pores filled with MeIm molecules, the
silica pore models were sandwiched between two corresponding bulk Melm boxes along the
axial direction of the cylindrical pores (the z axis). This sandwich-like assembly was the starting
point for the MD simulations. First, non-optimal geometrical configurations were eliminated
through 5000 steps of energy minimization. The resultant boxes were then equilibrated under the
canonical (NVT) ensemble with a Berendsen thermostat at 296.2 K for 40 ns to fully fill the
pores. Melm molecules located outside the silica framework were removed, leaving 183, 721,
and 1742 confined Melm molecules in the 2.8, 5.4, and 8.3 nm models, respectively. To match
the molar ratio of SeCN™ (vibrational probe) to Melm (1:200) used in experimental conditions, 1,
3, and 9 Melm molecules at the pore center were replaced with corresponding numbers of
BmimSeCN ion pairs in the 2.8, 5.4, and 8.3 nm models, respectively. The resulting model of
confined Melm and BmimSeCN for a 5.4 nm pore is shown in Fig. S1. The composite boxes

were further equilibrated for 20 ns under the NV'T ensemble with a Nose-Hoover thermostat at
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296.2 K and run for an additional 60 ns to obtain the properties of interest.

The interactions between the silica, Melm, and BmimSeCN were represented by
Lennard-Jones (L-J) interactions. The L-J parameters of the silica model had been validated in
our previous works.>* The parameters for MeIm and BmimSeCN were taken from the OPLS-
AA force field. All of the MD simulations were conducted using GROMACS with 1 fs time
steps.”® Lorentz-Berthelot mixing rules were employed with periodic boundary conditions in
three dimensions. During the simulations, the silica framework was fixed, but the angles and
dihedral angles of the Si-OH and Si(OH)2 groups on the pore surface were flexible. The Si-O
and O-H bond lengths of the Si-OH and Si(OH)2 groups were fixed at 1.54 and 0.98 A,
respectively. The particle mesh Ewald method with a cut-off radius of 1.2 nm was used to treat
the long-range electrostatic interactions. The initial velocities were randomly generated from a
Maxwell-Boltzmann distribution. The LINCS algorithm was used to constrain the covalent

bonds including hydrogen atoms.
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Figure S1. Cross-sectional view of MD simulation snapshots of Melm (green) and BmimSeCN (van der Waals
models) confined in a 5.4 nm silica pore model.

2. Hydrogen Bonding and the Linear Absorption Spectra

Hydrogen bonding (H-bonding) interactions are important to the solvatochromism of
SeCN". Stronger H-bonds to the SeCN™ nitrogen atom produces a blue shift, due to the increase
in the CN triple bond character, which has a bluer frequency than a double bond character CN.
H-bonding to the nitrogen end of CN shortens (and strengthens) the CN bond since the molecular
orbitals of both the CN and the H-bond donor are delocalized throughout the adduct.’ In contrast,
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stronger H-bonds to the OD deuterium in HOD water weaken the covalent OD bond, leading to a
redshift in the OD stretch frequency.'® This is why confinement resulted in opposite spectral
shifts in water confined in AOT reversed micelles (RMs) when studied with SeCN™ versus HOD.
In RMs with anionic head groups, increasing confinement increases the population of probes
interacting with the anion surface groups relative to those interacting with water.!! The strength
of H-bonds the probe forms increases in the order of: no interactions, interactions with anions,
and interactions with water. Since the average strength of probe H-bonds formed are weaker with
increasing confinement, the center frequencies of the OD spectrum blue shifts'! and the SeCN™
spectrum redshifts'?.

H-bonding between SeCN™~ and Melm are influenced by the interactions of Melm with
the silica pore surface. For imidazole (structural analog of Melm), the compact region of high
electron density on the sp? hybridized lone pair on the N3 atom (numbering scheme in main text,
Fig. 1) facilitates H-bond formation, and charge transfer through the ¢ electron system and
concurrent 7 electron polarization leaves the N3 atom more negatively charged and the N1
hydrogen atom more H-bond donating.'* H-bonds between the N3 atom on MeIm and the
surface silanols may similarly make the ring hydrogens on Melm more H-bond donating.

1415 and can

Different silanol groups have varying adsorption and H-bond donating properties,
change the properties of the interacting Melm, and subsequently the SeCN™ vibrational
frequency, to varying extents. For bulk Melm, H-bonds with SeCN™ are present but low in
number, and formed mostly via the MeIm C2 hydrogen.® Stronger H-bonds formed via these C2
hydrogens may result in a blue shift of the SeCN™ spectrum. H-bonds between SeCN™ and the C4
and C5 hydrogens that may previously be absent may become possible; these may be weaker

and redder. Increases in both contributions may explain the broadening of the SeCN™ linewidth
without a clear shift in center frequency.

The vibrational frequency of SeCN" is also influenced by the number and orientation of
the H-bonds it forms. Categorization of H-bonds to SeCN™ in D20 revealed that H-bonds roughly
collinear with the CN bond (axial type) are stronger and hence blue shifted, while weaker, oft-
axis H-bonds (equatorial type, typically forming where an axial bonds is already present) are
redshifted.'® This dependence of the CN frequency with the angle of H-bonds had been observed

in other studies of protic solvents as well.!”"'® Molecular orbital calculations similarly showed

that two H-bonds to the nitrogen end of SeCN~ produce a redshift relative to a single interaction.’
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Simulations of SeCN™ in D20 confined in silica pores revealed a slight inhibition of H-
bond formation under confinement, decreasing the total number of H-bonds, but not the axial
population.!® While the confined D20 spectra were surprisingly similar to the bulk in terms of
band center and width, the red wing in the bulk spectrum is noticeably reduced in the confined
spectra.'”2° The red wing was attributed to the non-Condon effect,'®?! or the frequency
dependence of the transition dipole strength, with weaker transition dipoles being assigned to
bluer frequency CN’s and stronger transition dipoles to those with redder frequencies, resulting
in higher absorbance on the red side of the spectrum. Thus, the diminished contribution of the
redder equatorial H-bonds in the pores led to a diminished red wing.

A similar reduction in the red wing was also observed in confined Melm, though the red
wing in the bulk spectrum is small to begin with, as seen by extending a Voigt fit of the bluer
side of the spectra to the full range of the absorption band (Fig. S2). The reduced red wing
suggests that the relative proportion of bluer H-bonds increased with confinement. One
explanation is that MeIm becomes more H-bond donating upon confinement and thus capable of
forming stronger and thus bluer H-bonds with SeCN". However, the center frequency was
unchanged. Another explanation is a steric argument that the electrostatic ordering of Melm to
the surface reduced the probability of SeCN™ forming additional equatorial (red) H-bonds to
other Melm molecules after forming an axial H-bond with one Melm molecule. Detailed
simulations can help clarify both the reduction of the red wing and the broader line shape by

determining the types and relative ratios of H-bonds in bulk and confined Melm.
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Figure S2. Linear IR spectra of the SeCN™~ CN stretch in bulk Melm (solid green curve) and Melm confined in 2.8
nm pores (solid black curve). Voigt fits (dashed curves) to the blue sides and peaks of the spectra are extended
across the full frequency range, revealing a red wing in the bulk that is diminished in the pore.
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3. Isotropic Pump-Probe Signals P(t)
A. Non-Condon Effect

The non-Condon effect is described by redder SeCN™ oscillators having larger transition
dipoles. Thus, even with uniform pumping of the line, more absorption occurs on the red side,
resulting in an excited state distribution skewed towards the red. Thermal equilibrium is restored
by means of spectral diffusion: as oscillators sample different frequencies via solvent structural
fluctuations, a net population transfer across the absorption line occurs, from the red to the
blue.'® 22 The time scales preceding the dominant, slow exponential decay in the P(¢) is
comparable to those of spectral diffusion. When these fast time scales were shared across
frequencies, their amplitudes decrease with increasing frequency. The positive (negative)
amplitudes on the red (blue) side of the absorption line correspond to fast decays (growths),
showing a net transfer of population from the red to the blue.

Since the amplitudes of the fast spectral diffusion time scales are small (<5% of the total
amplitude), when the P(¢) decays were fit starting at >100 ps, single exponential fits gave the
same vibrational lifetimes as multi-exponential fits (Fig. S3) over the entire time range. The non-
Condon effect was more subtle in the pore P(f) decays, consistent with the reduction of the red
wing in the pore linear spectra. Hence, fitting the pore decays with a single exponential over the
entire time range gave very reasonable fits, with vibrational lifetimes that were within error of

the multi-exponential fits.
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Figure S3. Isotropic pump-probe signal decays near the band center (2065 cm™) in bulk Melm (green points) and
Melm confined in silica pores of sizes 8.3 nm (blue points), 5.4 nm (red points), and 2.8 nm (black points). The final
time constant of the multi-exponential fits (solid curves) correspond to the SeCN™ CN stretch vibrational lifetimes.
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B. Heating Signals (Confined Melm)

Isotropic heating signals can result in long time offsets, which were observed in the pore
P(t). However, fitting P(f) data with small offsets gave identical lifetimes to more involved
procedures such as scaled subtraction of the measured non-resonant background signal (on pore
samples filled with only MeIm),?® analytic modeling of probe heat signals,** and pulse-shaping
of the “pump on” and “pump off” shots to match the heat deposition between shots and hence
intrinsically mitigate the non-resonant signal.?> Likewise, the anisotropy data that were treated
using the abovementioned methods also produced fit parameters within error of untreated data.

Thus, while these heating signals can be observed, their effects are negligible.

4. Anisotropy Decays r(t)
A. Probe Concentration Dependence (Bulk Melm)

The time constants for the SeCN~ dynamics in bulk MeIm with Bmim" as the counter ion
are faster than those previously reported with K" as the counter ion.* The KSeCN measured
dynamics had been fit to a triexponential with no offset. When the »(¢) for 1-800, 1-400, and 1-
100 molar concentrations of KSeCN to Melm were fit to triexponentials with small offsets (Fig.
S4), the time constants are the same, but the offsets increase with probe concentration. These
time constants are the same as those obtained for 1-200 BmimSeCN to Melm fit to a
triexponential with no offset.

The low amplitude offset was also observed when KSeCN was used to measure
rotational dynamics in an imidazolium based ionic liquid (IL).” The large positive charge density
on the K" cation was believed to engender local structuring that locks up the structure of the IL.
The small fraction of SeCN™ in these more rigid solvent regions exhibit substantially slower
dynamics, while the remainder of the SeCN™ in the unaffected regions reflects the faster,
unmodified IL dynamics. This small fraction of slower dynamics showed up as a low amplitude
offset that increased with increasing K concentration. Allowing for this offset, the predominant
rotational dynamics were unchanged for various KSeCN concentrations.

The K effect affected dynamics in Melm to a lesser extent, with the largest offset being
~2% of the total amplitude as opposed to ~8% in the IL. The lower susceptibility of Melm to
electrostatic ordering by the K" may be related to its neutral charge, compared to the ion pairs in

the IL. The lack of an offset when using BmimSeCN confirms that the Bmim" cation, with its
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singly positive charge spread over many more atoms and similarity in structure with Melm, is
unlikely to cause structural ordering. BmimSeCN can be safely used at concentrations giving

reasonable signal without altering the underlying dynamics.
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Figure S4. Measured rotational anisotropy 7(f) decays of SeCN™ in bulk Melm (points) for four samples with the
SeCN™ added as KSeCN in decreasing molar ratios (1-100, 1-400, 1-800) and as BmimSeCN (1-200 molar ratio).
The solid curves are triexponential fits to the data, with the offset fixed to zero only for the BmimSeCN sample.
Other than an increase in offset with increasing concentration (most obvious for 1-100 KSeCN), the dynamics are
the same.

B. Hydrodynamic Theory

In general, hydrodynamic theory applies best when solute-solvent coupling is purely
mechanical, the case for medium sized, spherical solute molecules (hundreds of A%) rotating in a
structureless solvent continuum.?®?® The theory proposes that the orientational relaxation time

7, 1s proportional to the volume 7 of the rotator (solute) and the bulk dynamic viscosity 7 of

the solvent, and inversely proportional to the absolute temperature 7 :

Tm :ﬂ (Sl)
k,T

Here, k, is the Boltzmann constant and for the basic Stokes-Einstein-Debye (SED) model, the

471

rotator is assumed to be a sphere with V' =

For the two limiting cases of hydrodynamic theory, stick and slip boundary conditions,
the correction factors f'(shape or Perrin factor) and C (interaction or boundary condition factor)

are multiplied to the right hand side of Eq. S1. The shape factor accounts for deviations from
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sphericity of the solute (the value increases from unity with increasing deviation). The boundary
condition factor ranges from 0 to 1 depending on solute-solvent interactions. 2°=** For a spherical
rotator under stick boundary conditions, =1 and C = 1, and hence the corrected equation
reduces to Eq. SI.

One might expect SeCN™ in Melm to exhibit stick boundary conditions (C = 1) since the
molecules are comparable in size, and so a SeCN™ molecule will likely drag surrounding Melm
molecules along as it rotates. Under this assumption, without accounting for the shape factor and

lower and upper bounds on V' from previous studies,” for 7 = 1.72 cP, T =294.7611 K, T,

ranges from 15 to 28 ps, which is two to three times larger than the experimentally obtained
value of 8.4 ps. Rotation in dipolar aprotic solvents such as acetonitrile are often better

3132 which are typically invoked when the solute is small

reproduced by slip boundary conditions,
relative to the solvent (or solvent structure), such as in ILs.” Modeling SeCN™ as a prolate

spheroid instead of a perfect sphere, the total correction factor ( f - C) takes on the values of 0.19
and 1.29 for slip and stick boundary conditions, respectively.®® Using the upper bound volume,

this would give a 7, of approximately 5.3 ps for the slip boundary condition. This value is

shorter but comparable to the experimentally measured value of 8.4 ps. One may expect to
further correct this theoretical value due to H-bonding interactions between SeCN™ and Melm,
which would increase resistance to rotation (i.e., dielectric friction) and hence increase the

theoretical 7, towards the experimental value.

5. Spectral Diffusion
A. RISD and Spectral Diffusion

Under circumstances where reorientation-induced spectral diffusion (RISD) occurs, the
perpendicular and parallel CLS curves decay over distinctly different time scales. For SeCN™ in
bulk Melm, the differences between the parallel and perpendicular CLS decays are very small
(Fig. S5).8 RISD was thus not considered and only the 2D spectra acquired in the scatter-
reducing perpendicular configuration were used for spectral diffusion analysis.

If RISD had been significant, spectral diffusion would proceed through both the
structural fluctuations of the solvent (structural spectral diffusion SSD) and rotation of the probe

molecule (RISD). RISD typically occurs when the electric field from the surrounding

S8



environment varies on a time scale similar to the probe rotation, and is caused by the first-order
Stark effect for a probe molecule with a permanent dipole moment (e.g., SeCN).>*3% In general,
the slower the SSD relative to rotation, the more significant RISD effects are. RISD accelerates
the FFCF decay, giving deceptively fast structural diffusion time scales.

Although orientational relaxation occurs relatively quickly for bulk Melm, more than half
of the amplitude is in the final free diffusion time scale of 8.4 ps (main text, Table II), whereas
the majority of the amplitude of the CLS decay is in the first time constant, which is a much
shorter time 1.63 ps (main text, Table IV). Furthermore, the dominant term in RISD is Ci(¢), the
first order orientational correlation function, which is a factor of 3 slower than Cx(¢) if both can

be modeled with a single exponential. Hence, RISD effects should be very small, and they were.
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Figure S5. Parallel, isotropic, and perpendicular CLS decays (spectral diffusion) for the CN stretch of SeCN™ in
bulk Melm. The solid curves are triexponential fits to the data.

B. FFCF Parameters

FFCF components can be separated into homogeneous and inhomogeneous contributions.
The homogeneous component is a result of motionally narrowed dynamics, the vibrational
lifetime, and orientational relaxation. A component is motionally narrowed if A, x7, <1 (A, in

angular frequency units) and inhomogeneously broadened if A, xz, >1.%

For a motionally
narrowed component, A and z cannot be independently determined. This contribution to the

absorption spectrum has a pure dephasing linewidth given by I = Azr/ r=1x T, , where T, is
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the pure dephasing time. The observed total homogeneous dephasing time 7, is given by

e
L T 2L 3,

SR - (S2)

where T, is the vibrational lifetime and T, is the orientational relaxation time.*” The
corresponding homogeneous (Lorentzian) linewidth is I' =1/77, . For bulk Melm, the total

homogeneous linewidth of ~4 cm™ (main text, Table V) is dominated by motionally narrowed

pure dephasing, as the lifetime 7; (~0.04 cm™) and orientational relaxation 7, (~0.4 cm™)

combined contribute <0.5 cm™'. The inhomogeneous contribution to the absorption spectrum is

the convolution of the Gaussian components with standard deviations A,, giving a total

inhomogeneous linewidth FWHM =2(2In2)"?A,,,, where A,,, = (D A7)"* . The total linear

total >

absorption line shape depends on both the A/'s and the z’s and can be obtained from the FFCF
using standard diagrammatic perturbation theory.**3° The homogeneous component, 3.5-3.6 cm™!
(main text, Table V), is unchanged upon confinement within experimental error. However, its
relative contribution to the total line shape decreases with confinement as reflected by the higher

initial CLS(7) value in the pores (main text, Fig. 5).

6. Simulation Results

A. Simulated Anisotropies r(t)
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Figure S6. Measured rotational anisotropy 7(f) decays of SeCN™ in bulk Melm (green points) and in Melm confined
in silica pores of sizes 8.3 nm (blue points), 5.4 nm (red points), and 2.8 nm (black points) are compared to the
simulated 7(7) (solid curves of the same color).
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B. Defining the Interfacial Layer

It can be difficult to define an interfacial layer, especially if interdigitated structures exist,
such as in acetonitrile, in which case considering two sublayers collectively as the surface layer
may be more reasonable.*’ The molecular diameter of MeIm obtained from the Connolly volume
is 5.02 A (main text, Sec. III. B. 1). The corresponding values are 4.11 A for acetonitrile and

2.70 A for water. While the precise definition varies across studies, the values obtained from a

41-44 (20,4547

range of experimental and computational studies on acetonitrile™ ** and wate at silica
surfaces are usually on the order of one to two molecular diameters. Extracting the layer
thickness from the Melm probability distribution f{d) (Fig. S7) is complicated by the choice of
the reference atom for the distance determination and also the orientational preferences of the
molecules. We previously determined A = 4.6 A for Melm as the value of d at the first minimum
in the f{d) distribution.> However, it can be seen from studies of acetonitrile*' and water®® that
such values can vary by 1-2 A depending on which atom on the molecule is used as the reference
point. The distance between probability peaks may seem more reliable, but the peak spacing can
be influenced by the orientation of the molecules, especially if they are not random. The f{(d)
peak to peak distance for MeIm is ~2 A, which is significantly smaller than either 5.02 A or 4.6
A. The peak to peak distance for MeIm density, a more general property than the position of
specific atoms, is ~4.6 A, which is consistent with both the Connolly sphere diameter and the
f(d) value (first minimum). Considering that the Connolly sphere diameters are comparable to

surface thicknesses determined for acetonitrile and water, A= 4.6 A is a reasonable reference

value for the Melm layer thickness.
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C. Average Orientational Probability
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Figure S7. The solid curves are the average orientations of Melm (black) and SeCN™ (red) as a function of the
distance d from the pore surface in an 8.3 nm pore. The colored dashed lines are the corresponding probability
distributions, f{d), of the two species (also shown in main text, Fig. 6).

D. Probability Distributions
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Figure S8. Normalized probability distribution for the Melm C2 atom (black), SeCN~ carbon atom (red), and

Bmim* C2 atom (blue) as a function of the distance d from the pore surface in (a) 8.3 nm, (b) 5.4 nm, and (c) 2.8 nm
pores.
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7. Two-State Models
A. Simple Two-State Model Fits
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Figure S9. Measured (a) isotropic pump-probe signal decays P(¢), (b) rotational anisotropies r(f), and (c) CLS(7.)
decays (spectral diffusion) of SeCN™ in bulk Melm (green points) and Melm confined in silica pores of sizes 8.3 nm
(blue points), 5.4 nm (red points), and 2.8 nm (black points). The solid curves of the same colors are strict two-state
model fits to the data, with an interfacial thickness A ~10.4 A. The orange dashed curves are the shell decays that
yield the best fit to the experimental data for the three pore sizes.

B. Lifetime Correction

To account for the non-negligible lifetime variation of SeCN™ located at different
distances, Eq. 12 (main text) was modified for modeling of the »(¢) and the CLS(7w) by replacing
th position-dependent probability distribution f(p) of SeCN™ with a version F(¢; o) that is also

time-dependent:

F(:p) = f(P)] 1+ {e ™ [e ™) = sy (0) . (83)

The quantities zshell and zoulk are the vibrational lifetimes tabulated in Table VI (main text) for the

shell and core, respectively. The implication of a distance dependent lifetime is that at long time,
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the relative contribution of the shell population (with shorter lifetime) to the signal will be
reduced.

At long time, the reduction of the shell SeCN™ contribution (with shorter vibrational
lifetime) to the signal is mathematically equivalent to a reduction of SeCN™ probability at the
surface. Eq. S3 redistributes the SeCN™ probability based on core-shell designations in the

original f(p) for each time 7, and thus takes on a form reminiscent of Eq. 11 in the main text.

Since the lifetime is longest at the core, the core component is represented by an amplitude 1,
and the relative amplitude of signal emitted in the shell region at a given time ¢ is represented by
the fraction e¢™/™ / ¢~/ <1

At time ¢ = 0, before any signal decay, no distinction is made between SeCN™ in different
Melm layers. Accordingly, e /" / ¢™/*« =1, and Eq. S3 reduces to F(¢; p) = f(p). The long

time limit is not meaningful since all signals (shell and core) decay to zero. At an intermediate

time 7, the value of f(p) at a given distance p is scaled by two factors to give F(z;p). The first
is the model my; . (o), which is the smoothed step function used for modeling the lifetime

(main text, Eq. 13), and is thus fit simultaneously to the same parameters in the global fit of all

the data sets. This my,,.(p) term determines the proportion of shell character (lifetime) that a
SeCN™ molecule has at distance p, and the corresponding fraction of the f(p) amplitude at that

distance is scaled down by the ¢ /%=1 / ¢/ term (i.e., the second factor) for the given z.

C. Translational Diffusion

If molecules exchange between liquid layers sufficiently fast over the time scale of
SeCN" vibrational relaxation, the measured lifetime at a given distance from the surface would
actually be an average of lifetimes of molecules in adjacent liquid layers. If that were the case,
the transition from core to shell lifetime may be a simple step function, but manifests as a
smoothed step due to spatial translations of the confined species. We will present justifications
for why the effects of exchange between core and shell populations in the Melm system are
negligible and thus support the validity of the smoothed step model.

In general, exchange between the core and shell populations should be considered when
the time scales of exchange are faster than the dynamics being measured. In computational*!> 43

and OKE*® studies of acetonitrile rotational dynamics (Ci(¢) and collective rotational dynamics)
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where an exchange model was invoked, the confined dynamics were dramatically slower than
the bulk, taking on different functional forms and decaying to nonzero plateaus. This was not
observed for the rotational dynamics (C2(¢)) in our Melm study.

In one of the computational studies of acetonitrile reorientation, the exchange model was
attempted since a simple two-state fit to 2.4 nm pore data was poor, although the fits improved
with increasing shell thickness.** Arbitrarily increasing the shell population to the upper limit of
the entire pore population is certainly not a reliable approach, as pore data can always be exactly
matched without necessarily reflecting the true dynamics. This is why in the present study, we
measured multiple pore sizes to better constrain the fits. Given the decent fits obtained without
incorporating exchange, it seems prudent to avoid introducing additional uncertainty associated
with including additional fit parameters to describe the exchange equilibrium. In the acetonitrile
study, some ambiguity accompanied the use of the exchange model, as a single shell thickness
could not be determined, with excellent fits for a range of thicknesses (4-7 A).*

Most importantly, the expected rates of diffusion in the Melm pores are slow enough that
exchange is unlikely to factor significantly. A simple approximation for the bulk Melm
k,T

translational diffusion constant D, can be determined from the Stokes-Einstein law D, = p ,
nr

which would suggest that the D, for Melm should be smaller than acetontrile given their similar
size (radii r) and larger (~4x) Melm viscosity 77.* Although these liquids may not fulfill the
assumptions underlying the Stokes-Einstein law, for both SeCN™ and Melm in bulk Melm, the
calculated D, =5x107'"*m?/s is the same order of magnitude as binary diffusion coefficients of
Melm obtained via NMR measurements in DMSO (6.1x107"* m*/s)* and in acetonitrile
(7.2x10™"°m?/s)*!, and an order of magnitude smaller than D, ~5x10° m*/s for bulk

acetonitrile*!. One study suggested that the slower diffusion of MeIm may be a result of &
stacking of the rings.’!

For a one dimensional random walk, the root mean square (RMS) displacement is given

by <x2 (t)> =2D,t, whichis ~1 A in 10 ps and ~3 A in 100 ps for bulk MeIm.>? Under

confinement, diffusion tends to be anisotropic due to geometric constraints, and diffusion
perpendicular to the surface is often dramatically slower than the bulk, due to energetic and

entropic barriers.>* Diffusion coefficients may not provide appropriate descriptions of the
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complex and often subdiffusive behavior of confined liquids, but are useful for quantifying the
extent of the slowdown. In a computational study of Melm confined in 2.8 nm silica, both
parallel and perpendicular diffusion coefficients were reduced by an order of magnitude relative
to the bulk* and in an NMR diffusometry study of pyridine, another nitrogen heterocycle,
confined in 3.3 nm silica pores, the perpendicular diffusion coefficient was found to be reduced
by two orders of magnitude.>* An order of magnitude reduction in the diffusion constant
corresponds to RMS displacements of ~0.3 A in 10 ps and ~1 A in 100 ps.

With the longest shell time scales (for both #(#) and CLS, main text Table VI) being less
than 100 ps and the longest core time scales on the order of 10 ps, the corresponding RMS
displacements of ~1 A and ~0.3 A are well within the error of the model fit parameters
(characteristic distances) obtained. Even the upper bound of 3 A RMS displacement is small, and
calculations showed that the smoothed step model for the lifetime cannot be obtained if we start
from a strict (or even less “smooth”) step model, even with unreasonably large translational
displacements (>10 A in ~140 ps). Considering the small RMS displacements taking place over
the time scales of the Melm dynamics being measured, the effects of shell and core population
exchange of both the SeCN™ probe and the MeIm molecules themselves should be negligible and
will not be considered. Two-state models without exchange had also been successfully applied to

experimental?’ and computational® studies of confined water dynamics.
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