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Part 1, Solid-State NMR pulse sequences and experiments. 

 
Fig. S1 Pulse sequences. (A) {

1
H-

29
Si}-

1
H double cross-polarization inverse detection (DCPi), 

phases of pulses and receiver are the same as given in Babonneau’s work.1 (B) {
1
H-

29
Si}-

1
H multiple 

cross-polarization reverse detection (MCPi), phases of pulses and receiver are as follows: φ
1
 = φ

2
 = {x, 

x, -x, -x}, φ
3
 = φ

4
 = {y}, φ

5
 = φ

6
 = {-x, -x, x, x},  φ

7
 = {x}, φ

8
 = {x, -x}, φ

9
 = {x*4, -x*4, y*4, -y*4}, φ

10
 = {y}, φ

rec
 = 

{x, -x, x, -x, -x, x, -x, x, y, -y, y, -y, -y, y, -y, y}. (C) {
1
H-}-

29
Si multiple cross-polarization (multiCP). The 

phases of pulses and receiver are the same as given in the original work.2 (D) 
1
H-

1
H radio frequency 

driven recoupling correlation spectroscopy (RFDR), phases of pulses and receiver are as follows: φ
1
 = 

{x, -x}, φ
2
 = {x*8, -x*8}, φ

3
 = {{x, y, x, y, y, x, y, x}}, φ

4
 = {x, x, -x, -x, y, y, -y, -y}, φ

rec
 = {x, -x, x, -x, y, -y, -y, 

y, -x, x, x, -x, -y, y, y, -y}. The phase cycling of the RFDR part (φ
3
) was adopted from Griffin’s work.3  
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Part 2, Supplementary data. 
 

 

	  

Fig. S2 Proton spin-lattice relaxation constant (𝑇!!) measurement of the DMSO-h6-
adsorbed SiNP using standard saturation recovery pulse sequence, where delay 
between two consecutive 90° pulses (τsat) = 1 ms, total number of 90° pulses (n) = 
64. The T1’s were obtained by fitting the peak intensities to a single exponential 
function (embedded in the figure). The fitting was performed using the software 
OriginPro 2018 (64-bit) SR1. The standard errors were estimated by the fitting errors. 
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Fig. S3 1H reference spectra used for the chemical shift assignments of silanol, 
water and DMSO. These spectra were obtained from the 1H onepulse (① to ⑤) and 
{1H-29Si}-1H (⑥)

 
DCPi ssNMR experiments. Samples used for obtaining these 

spectra are ①“SiNP-as received”, ②liquid DMSO-H6, ③liquid water, ④DMSO-d6-
adsorbed SiNP and ⑤&⑥DMSO-H6-adsorbed SiNP, respectively. For spectra ① to 
③, RD = 2 s and NS = 4. For spectra ④&⑤, RD = 4 s and NS = 4. For spectrum 
⑥, RD = 4 s , NS = 2048, tcp1 = tcp2 = 5 ms.   
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Fig. S4 The sensitivity comparison between {1H-29Si}-1H MCPi and DCPi (RD = 0.44 s, tcp1 = 
1.0, 2.5 & 5.0 ms, tcp2 = 5 ms, m = 3 for MCPi). Sample is DMSO-adsorbed SiNP (SiNP: 
DMSO-h6 = 0.20 g : 0.11 g). 
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Fig. S5 The sensitivity comparison between {1H-29Si}-1H MCPi and DCPi (RD = 4.0 s, tcp1 = 
1.0, 2.5 & 5.0 ms, tcp2 = 5 ms, m = 3 for MCPi). Sample is DMSO-adsorbed SiNP (SiNP: 
DMSO-h6 = 0.20 g : 0.11 g). 
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Table S1. Comparison of the signal-to-noise ratio (S/N) between MCPi and DCPi sequences 
for DMSO-adsorbed SiNP (SiNP: DMSO-h6 = 0.20 g : 0.11 g). 
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Table S2. Comparison of the signal-to-noise ratio (S/N) between MCPi and DCPi sequences 
for DMSO-adsorbed SiNP (SiNP: DMSO-h6 = 0.20 g : 0.11 g). 
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Fig. S6 The sensitivity dependence on tcp2 in the {1H-29Si}-1H MCPi experiment (tcp1 = 5 ms, 
tcp2 = variable, m = 3). Sample is DMSO-adsorbed SiNP (SiNP: DMSO-h6 = 0.20 g : 0.11 g). 
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Fig. S7 1H one-pulse spectra of silanized silica (RD = 4.0 s) and polymer-silica composite 
(RD = 0.5 to 5.0 s). 
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Fig. S8 29Si multiCP spectrum of the polymer-silica composite obtained by the pulse 
sequence of Fig. S1C. Acquisition parameters: MAS speed = 14 kHz, RD = 4.0 s, 𝜏rel = 0.7 s, 
contact time = 5 ms, multiCP looping number m = 2 (i.e. 3 contacts in total) and 
accumulation of 662 scans.  
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Fig. S9 For the sample containing large organic molecule, the saturation pulse train of Fig. 
S1A & B was replaced by a more efficient scheme, which consists of two long out-of-phase 
pulses at low power (each pulse duration is 500 ms and pulse power level is 1 Watts, 
respectively). This saturation scheme has been reported previously.4, 5 
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Table S3. The signal-to-noise ratio (S/N) of the DCPi/MCPi spectra of the polymer-silica 
composite.  
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Fig. S10 {1H-29Si}-1H MCPi spectra of the polymer-silica composite obtained by a slightly 
modified pulse sequence (Fig. S9): RD= 4.0 s, tcp1 = 5 ms, τrel = 0.7 s, m = 3 and tcp2 = 1 ms 
(black), 10 ms (blue) and 15 ms (green). Grey boxed are the regions where the polyisoprene 
signals would be expected. 
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