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NMR relaxation measurements of samples saturated with a bulk liquid phase
NMR relaxation measurements were performed with three different experimental setups to verify the consistency of the results: Acorn Area (Xigo Nanotools), Spinsolve (Magritek) and Minispec mq 20 (Bruker). All mesoporous silica materials were measured immersed in water. Samples were measured as suspension (concentration of 5 – 20 wt% of silica in water) with an excess of bulk liquid with the devices Acorn Area and Spinsolve. The devices Acorn Area and Spinsolve do not measure the lower part of the NMR tube (approx. 2 cm) and hence, a powder bed of sedimented particles would not be accounted for during the measurement, causing an overestimation of the relaxation time. To ensure that there was no sedimentation effect on the results, measurements were performed as sediment with the Minispec mq20. For this, suspensions of silica particles in water were created and particles were left for sedimentation over 24 h. Prior to the measurement, the bulk excess liquid was removed with a pipette. Measurement of such sediments is possible with the Minispec mq20 due to the fact that this instrument measures at the bottom of the NMR tube. In addition, the larger NMR tube (10 mm) allows for easier sample preparation directly in the NMR tube. The weight of solid and liquid inside the NMR tube was measured for all samples prior to the NMR relaxation measurements. Samples were dried in a drying oven after the NMR relaxation time measurements and the weight of solid inside the NMR tube was measured afterwards.
Sample Preparation of suspensions for NMR relaxation measurements 
Sample preparation has been performed similarly to the measurements performed in our previous study (Schlumberger et al. 2023). To measure NMR relaxation times, the silica model materials were immersed in deionized water. All samples were left in water for at least 24 h to ensure complete hydroxylation of the silica surface and filling of the pore system. Concentrations between 5 and 20 wt% of the model materials in water were prepared for the NMR relaxation measurements. Homogeneous and stable suspension without aggregation of particles were prepared by mixing the samples in an ultrasonic bath (Branson 1510) until visible particle agglomerates disappeared (approx. 5 h ultrasonic treatment for each sample). Prior to transferring the samples to the NMR tube, the samples were mixed with a magnetic stirrer for 30 min at approx. 700 rpm. These samples were measured with the devices Acorn Area and Spinsolve. 
Measurement of NMR Relaxation times with Acorn Area
To measure NMR spin-spin relaxation times of the model materials suspended in liquid, the sample in the NMR tube (5 mm, Deutero) was added to the benchtop time-domain NMR device Acorn Area (Xigo Nanotools, 13 MHz). The temperature of the device was stabilized at 25 °C with an external thermostat (LAUDA ECO RE 415 S) during the measurements. The resonance frequency was determined with a copper sulfate solution provided by Xigo Nanotools before a new sample was added to the device.
The CPMG pulse sequence was used for the determination of the spin-spin relaxation time with an interpulse spacing of 0.5 ms. The spin-spin relaxation time was anticipated prior to each measurement. The anticipated value was used for the determination of the recycle delay (recycle delay = 5 · T2,anticipated). This procedure was repeated until the anticipated value did not deviate more than 20 % from the measured value. A monoexponential fit was applied to the magnetization curve to determine the relaxation time T2 of the samples. Each measurement was repeated three times for each sample to investigate the repeatability. The average of the three repeated runs was used for further evaluation.
Measurement of NMR relaxation with Spinsolve
The resonance frequency was determined before the first measurement of the day or after restarting the device using a reference fluid consisting of 10 % H2O and 90 % D2O and the method ”checksim”. Measurements were performed by measuring the suspensions in 5 mm NMR tubes (Deutero). T2 was determined using the “T2Bulk” method, which is based on the CPMG method. For this method, four scans were used, a repetition time of 1 min, 50,000 echoes and a CPMG echo time of 1 ms. This method outputs the magnetization over time, which was fitted with a monoexponential function to determine T2. T2 measurements were repeated three times for each sample to verify the repeatability. The average of the three repeated runs was used for further evaluation.
Measurement of NMR relaxation of sediments with Minispec mq20
The silica model materials were immersed in deionized water prior to NMR relaxation measurements at a concentration of approx. 20 wt% in a 10 mm NMR tube. The samples were left in the liquid for at least 24 h to ensure complete filling of the pore system and hydroxylation of silica surfaces. The samples were left until the particles formed clearly visible sediments and the excess liquid was removed with a pipette. However, it was assured that the sediment was still completely saturated with liquid water. Subsequently, relaxation times were measured with the Minispec mq20.
The Minispec mq20 (20 MHz) was checked every day prior to the first measurement using the ”Daily Check” method and silicone oil as a sample. The temperature was stabilized to 25 °C using an external thermostat (Julabo 200F). A table with optimized settings (e.g. receiver gain, detection angles) was generated for water. The method ”Update Settings” was used to determine the correct settings for water using pure water as sample. A second ”Daily Check” was performed using the table created for water prior to the first measurement of the day using pure water. A recycle delay of 5 times the estimated spin-lattice relaxation time, i.e. 15 s for water was used for T2 measurements. The CPMG pulse sequence was used for the determination of T2. The time τ between the 90° and 180° pulse was set to 0.5 ms. The number of recorded data points was set such that the recorded signal time was at least twice as long as the point where the signal Mxy decreased to 0. For example, for pure water 32000 data points were recorded. T2 measurements were repeated three times for each sample to verify the repeatability. The average of the three repeated runs was used for further evaluation.
The obtained graphs of magnetization versus time were fitted with a monoexponential function for the determination T2 for most samples. However, for some samples a significant deviation between monoexponential fit and measurement data was observed, which can be attributed to the presence of bulk liquid on top of the sediment. An example is shown for MCM-41 in water in Fig. S1, which clearly indicates that the measurement points cannot be fitted with the monoexponential fit shown in red. In this case, a biexponential fit (green) was used resulting in two relaxation times, i.e., with the longer relaxation time T2,a corresponding to bulk liquid on top of the sediment and the shorter relaxation time T2,b associated with the liquid inside the sediment and pores. For these samples, the average relaxation time T2,average was calculated by assuming that the amount of water corresponding to a certain relaxation time is equal to the magnitude of the initial magnetization Mxy,a(0) and Mxy,b(0):
	
	(S1)
	




[bookmark: _Ref175145274]Fig. S1: Example magnetization curve of MCM-41 3.8 in water measured with the Minispec mq20 and fitted with a monoexponential and biexponential fit

In addition, the spin-lattice relaxation time (T1) was determined for selected samples of SBA-3 2.7, MCM-41 3.8, KIT-6 5.7, KIT-6 6.8 and KIT-6 10.1 using the Minispec mq20 to allow for the assessment of wettability effects based on the Tads.film,1/Tads.film,2-ratio. T1 was measured for the sediments to exclude any effect of sedimentation on the final result. Sedimentation would have a larger effect on T1 due to the significantly longer measurement times for T1 compared to T2 (15-20 min versus 3-5 min). The Inversion Recovery pulse sequence was used to determine the spin-lattice relaxation time. 20 points were measured, the first and last point were defined such that the exponential behavior of the magnetization Mz(t) over time was resolved correctly. The first point was usually set to 25. The final point was set such that it was lying in the plateau region of Mz(t).
The spin-lattice to spin-spin relaxation time ratio of the adsorbed liquid film (Tads.film,1/Tads.film,2) was calculated as suggested in (Schlumberger et al. 2024). For this, the spin-lattice specific surface relaxivity ka,1 was calculated using a calibration line of T1-1 versus the specific surface area times the volume ratio Vsolid Vliquid-1 (Fig. S3). 

NMR relaxation measurements of samples saturated with a bulk vapor phase

In addition to samples saturated with a bulk liquid phase, i.e. as suspensions or liquid saturated sediments, we investigate the potential of NMR relaxometry for pore size analysis using ordered mesoporous silica saturated with a bulk water vapor phase. Pore size analysis by NMR relaxometry requires pores completely filled with liquid-like adsorbate, i.e. the pore volume should be equal to the volume of liquid in the sample. To ensure complete saturation of the pores, approx. 0.1 - 0.15 g of dry powder were filled into a 10 mm NMR tube (Bruker). The NMR tube was inserted into a closed glass bottle, which was filled with water to approx.one third. The sample was left for at least 24 h in contact to the water reservoir to saturate and fill the pores. A small piece of wool was soaked with water and added underneath the cap of the NMR tube to ensure a water saturated atmosphere during the measurement.
Water vapor saturated samples were measured with the Minispec mq20. A receiver gain of 49 was used for these samples. NMR T2 was measured using the CPMG method recording 6000 data points with a pulse separation of 0.05 ms. The number of scans was set to 16 or 64 to enhance the signal-to-noise ratio. A recycle delay of 15 s was used for both methods. The resulting T2 magnetization curves were fitted with a monoexponential function resulting in one relaxation time for each sample. This relaxation time was used to calculate the pore size of the sample.
Determination of the spin-spin specific surface relaxivity ka,2
To determine the specific surface relaxivity ka,2 of the ordered mesoporous silica, calibration lines were generated by plotting the relaxation rate versus the surface area determined by Ar 87 K adsorption times the ratio of solid volume to liquid volume in the samples. Fig. S2 shows the calibration lines determined for the mesoporous silicas in water with the three experimental setups. Please note that KIT-6 8.5 has been measured with the experimental setups Acorn Area and Spinsolve, MCM-41 3.8 with the setups Minispec mq20 and Acorn Area, while all other samples were measured with all three experimental setups.


[bookmark: _Ref175145315]Fig. S2: NMR T2 calibration lines of ordered mesoporous silica in water determined with the experimental setups Acorn Area (suspension), Minispec mq20 (sediment) and Spinsolve (suspension), (a) SBA-3 2.7, (b) MCM-41 3.8, (c) KIT-6 5.7, (d) KIT-6 6.8, (e) KIT-6 8.5, (f) KIT-6 10.1 (reprinted from (Schlumberger 2024))

Determination of the spin-spin specific surface relaxivity ka,1	
To determine the specific surface relaxivity ka,1 of the ordered mesoporous silica materials, calibration lines were generated by plotting the spin-lattice relaxation rate T1-1 versus the surface area determined by Ar 87 K adsorption times the ratio of solid volume to liquid volume in the samples. The spec. surface relaxivity ka,1 can be determined from the slope of the linear fit. Fig. S3 depicts the calibration lines measured for SBA-3 2.7, MCM-41 3.8, KIT-6 5.7, KIT-6 6.8, KIT-6 10.1.


[bookmark: _Ref175145359]Fig. S3: NMR T1 calibration lines of ordered mesoporous silica in water determined with the experimental setup Minispec mq20 (sediment), (a) SBA-3 2.7, (b) MCM-41 3.8, (c) KIT-6 5.7, (d) KIT-6 6.8, (e) KIT-6 10.1 (adapted from (Schlumberger 2024))
Skeletal Density
The skeletal density of the silica model materials was determined using He pycnometry. The silica particles were degassed in vacuum at 150 °C for 12 h prior to analysis and analyzed with a MicroUltrapyc 1200e (QuantaTec, formerly Quantachrome Instruments). At least three measurements were performed to calculate the skeletal density of the materials. The results of these measurements can be found in Table S1. As expected for silica, all values are around 2.2 g cm-3. 

[bookmark: _Ref175145532][bookmark: _Ref175145528]Table S1: Skeletal density of the mesoporous silica model materials
	Sample
	Skeletal Density / g cm-3

	SBA-3 2.7
	2.24

	MCM-41 3.8
	2.29

	KIT-6 5.7
	2.19

	KIT-6 6.8
	2.25

	KIT-6 8.5
	2.19

	KIT-6 10.1
	2.22



Ar 87 K Adsorption Isotherms of Mesoporous Silica Model Materials
Fig. S4 and Fig. S5 show the Ar 87 K adsorption isotherms on the mesoporous model materials that were shown in Fig. 1 in the main text as linear and semi-logarithmic plots.


[bookmark: _Ref175145470]Fig. S4: Linear and semi-logarithmic plot of Ar 87 K isotherms of the ordered mesoporous silica. (a) SBA-3 2.7 (linear), (b) SBA-3 2.7 (semi-log), (c) MCM-41 3.8 (linear), (d) MCM-41 3.8 (semi-log), (e) KIT-6 5.7 (linear), (f) KIT-6 5.7 (semi-log) (reprinted from (Schlumberger 2024))



[bookmark: _Ref175145471]Fig. S5: Linear and semi-logarithmic plot of Ar 87 K isotherms of the ordered mesoporous silica materials. (a) KIT-6 6.8 (linear), (b) KIT-6 6.8 (semi-log), (c) KIT-6 8.5 (linear), (d) KIT-6 8.5 (semi-log), (e) KIT-6 10.1 (linear), (f) KIT-6 10.1 (semi-log) (reprinted from (Schlumberger 2024))

Assessment of Wetting Characteristics by NMR Relaxometry
The applicability of NMR relaxometry in the context of surface area assessment as well as pore size analysis requires the choice of fluids completely wetting the adsorbent’s surface. Beyond that, NMR relaxometry can be a valuable tool to investigate the wettability. In our previous study (Schlumberger et al. 2024), we reported that one can use the ratio of spin-lattice to spin-spin relaxation time of the adsorbed liquid film (Tads.film,1/Tads.film,2) to quantitatively analyze and compare the wetting characteristics of adsorbates on surfaces. The Tads.film,1/Tads.film,2 -ratio can be calculated by using the ratio of the specific surface relaxivities (ka,2/ka,1) or the ratio of the slopes (m2/m1) of the linear regression of relaxation rate  or  versus the volume ratio (VsolidVliquid-1). As the two-fraction-fast-exchange model (eq. 1) is in principle valid for spin-lattice (T1) as well as spin-spin relaxation (T2), one can do a similar adaption of the two-fraction-fast-exchange model for spin-lattice relaxation. Calculation of the ratio of slopes m2/m1 (from eq. 7) demonstrates that the effect of textural properties cancels out as the surface area S and the pore volume Vpore are present in the nominator as well as denominator. Hence, the ratio can still be correlated with the ratio of spin-lattice to spin-spin relaxation of the adsorbed liquid film as shown in eq. 9 and is therefore independent of the pore size. 
	
	(9)
	


Consequently, analysis and comparison of the wettability of mesoporous samples with different pore sizes should still be possible using the Tads.film,1/Tads.film,2 -ratio. This was exemplarily tested with SBA-3 2.7, KIT-6 5.7, KIT-6 6.8 and KIT-6 10.1 as depicted in Fig. 4. We did not see a major effect on the Tads.film,1/Tads.film,2 -ratio for these samples in a pore size range of 2.7 to 10.1 nm. The Tads.film,1/Tads.film,2 -ratio is between 65 and 100 in-line with our previous reported value of approx. 85 for pristine Silica in water (sample AMT Silica in Fig. 4) (Schlumberger et al. 2024). Interestingly, the investigated MCM-41 3.8 showed a specific spin-lattice surface relaxivity ka,1 much lower than SBA-3 and KIT-6 resulting in a Tads.film,1/Tads.film,2-ratio much larger than SBA-3 and KIT-6. This might be an outlier and is hence, not depicted in Fig. S6. However, more work is necessary to completely understand the effect of confinement on the Tads.film,1/Tads.film,2-ratio.


Fig. S6 Tads.film,1/Tads.film,2-ratio versus the mode pore size of SBA-3 2.7, KIT-6 5.7, KIT-6 6.8 and KIT-6 10.1 in comparison to pristine silica AMT Silica investigated in our previous study (Schlumberger et al. 2024)
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