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Fig. S1. The 29Si DPMAS spectrum (MAS rate = 15kHz) of sample MCM41-C1. The peak at 15 ppm is an M-site, a Si atom with three bonds to C and one bond to O.  This peak indicates functionalized methyl groups are attached to the silicon surface. The peaks at approximately -110 ppm are the Q-sites, Si atoms with four bounds to O. This peak contains both surface and structural silicon1. From the peak areas, it was estimated that pore surface is largely covered by the methyl group.

[image: A picture containing shape

Description automatically generated]
[bookmark: _Hlk36550963]Fig. S2. Pore size distribution of the MCM41-C1. dV/dlog(D) is the derivative of the pore volume with respect to the logarithm of the pore diameter. The measurement was done using N2 desorption with a Micromeritics ASAP 2460 instrument and the BJH model 2.
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[bookmark: _Hlk36550994]Fig. S3. Illustration of the experimental setup for loading CH3OD into pores of MCM41-C1 using capillary condensation.
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[bookmark: _Hlk36551010]Fig. S4. 1D NMR pulse sequence for selective NOE measurement.  1, 2, 3, and rec represent the phases of the selective 90 pulse, the two hard 90 pulse, and NMR receiver, respectively: 1 = x -x; 2 = x; 3 = x x –x –x y y –y –y; rec = x –x –x x y –y –y y. m represents variable mixing time during which magnetization transfer occurs by NOE. The selective pulse used was a 5 ms E-Burp-2 3.

[bookmark: _Hlk36551053]Signal intensity in the selective NOE experiments


The following shows the mathematical derivations for the signal intensities of a selective NOE experiments with varying mixing time to obtain the cross-relaxation rates. We consider a general system consisting of two sets of spins, A and B. The NMR 1D spectrum has two resolved peaks with signals proportional to the number density of each spin ni (i = A, B). We express the longitudinal magnetization of the spin system as  (i = A, B) with  the equilibrium magnetization of the ith nuclei.  The longitudinal magnetization evolves by relaxation and cross relaxation following the Solomon equation 4

[bookmark: ZEqnNum436425]	 	 
The solution of Eq.  can be written as  5

	 	 
With

	 	

[bookmark: ZEqnNum529748]	 	

[bookmark: ZEqnNum343861]	 	

	 	
and

	 	
Considering the phase cycling in the selective NOE experiments for the pulse sequence in Fig. S4, the initial conditions are, for odd scans,

	 	


where is the magnetization after the selective E-Burp2 90 degree and 90 degree pulse before the NOE mixing time. It is smaller than the equilibrium magnetization  due to the signal decay during the selective 90 excitation and was measured in the experiment. The initial conditions are, for even scans,

	 	
Considering the subtraction of odd and even scans in phase cycling, the detected signals in the selective NOE experiments with mixing time m for spins A and B are as follows

	 	

	 	
Inserting parameters from Eqs.  and , we have

[bookmark: ZEqnNum899101]	 	

[bookmark: ZEqnNum127719]	 	
The cross relaxation rate is obtained by simultaneously fitting the experimental data with Eqs.  and  using common parameters for the relaxation rates. 
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[bookmark: _Hlk36551024]Fig. S5. Fit the NMR pulsed-field-gradient stimulated echo (PFG-STE) data of the CH3OD at 22C for diffusion coefficients. The signal intensity in PFG-STE follows, where   is the gyromagnetic ratio (2.67108 rads-1T-1),  ms and g are the duration and intensity of PFG, respectively,  is the diffusion time. The experiment was done on a 500 MHz Bruker Spectrometer.  = 4 ms and  = 20 ms were used in experiment.  The measured diffusion coefficients is m2/s. 
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