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S1. Experimental methods

Preparation of activated zeolites. Two different -zeolites with organic templates and
different microstructures (microporous B-zeolite (M-3) and micro-meso-macroporous [-zeolite
(MMM-B)") were used. The B-zeolite has 12-ring window of 7.7 x 6.7 A and 5.6 x 5.6 A viewed
along [100] and [001], respectively. The M- zeolite templated with tetraethylammonium
hydroxide was obtained from China University of Petroleum and has a Si/Al ratio of 13
(framework Si/Al ratio = 24),2 while MMM-B (framework Si/Al ratio = 34, see Table S6, Figure
S20) with tetraethylammonium hydroxide and glycerol templates was synthetized following a
literature procedure.’ Both zeolites were then calcined in air at 550 °C for 6 h to remove the
templates, ion-exchanged in 1.0 M NH4NOs3 aqueous solution at 80 °C three times and then
subsequently recalcined at 550 °C for 4 h to yield the H-type zeolites. The zeolites were
dehydrated at 500 °C under a continuous flow of He flow at 25 mL'min-" for 2 h in a fixed-bed
quartz tubular reactor followed by a decrease in temperature to the reaction temperature as
follow. M-B was then reacted for 20 minutes (unless otherwise specified) with 3CH3OH (99 atom %
13C, Sigma-Aldrich) with a weight hourly space velocity (WHSV) of 2 h-' at 275 °C while MMM-
B was reacted for 20 minutes with either "*CH3sOH at 300 °C or *C2H4 (99 atom % '3C, Sigma-
Aldrich) at 275 °C with a WHSV of 2 h-'. The reaction was then quenched by immersing the
reactor into liquid N2 and transferred to the N2 glove box at room temperature where the samples
were stored.

The carbocation concentrations of activated M- and activated MMM-f3 are in the order of
0.002 - 0.01 mmol/g based on the 3C NMR spectra and previous work,?> while the one of
activated MMM-§ is much lower.

Chemical compatibility between carbocations and 1,1,2,2-tetrachloroethane (TCE)
solvent. The activated zeolites (30 to 50 mg) were mixed with the halogenated solvent TCE
(about 50 pL) by incipient wetness impregnation. Room temperature '3C cross-polarization (CP)
magic angle spinning (MAS) spectra were recorded at 14.1 T before and after mixing with TCE.

Solid-State NMR. NMR spectra were recorded on Bruker Avance Il spectrometers (9.4 T
and 14.1 T) using 4 mm HXY probes in double resonance mode.

13C CP MAS experiments at 9.4 T were performed at a MAS rate of 12.5 kHz, while 2°Si CP
MAS experiments were performed at a MAS rate of either 8 kHz (for M- with template, MMM-
B with template and activated M-B) or 10 kHz (for activated MMM-B). All 'H pulses and SPINAL-
64 heteronuclear decoupling® were performed at radio-frequency (rf) field amplitude of 83 kHz.

13C CP MAS and 2°Si CP MAS experiments were obtained with a '3C rf field of 51 kHz and a
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293 rf field of 53 and 45 kHz at MAS rates of 8 and 10 kHz, respectively, while the 'H rf field was
ramped to obtain maximum signals at approximately 60 kHz.*

13C CP MAS experiments at 14.1 T were performed at a MAS rate of 12 kHz. All 'H pulses
and SPINAL-64 heteronuclear decoupling were performed at a rf field of 54 kHz. '3C CP MAS
experiments were obtained with 3C rf field of 79 kHz while the 'H rf field was ramped at
approximately 54 kHz.

The directly excited 2°Si MAS NMR spectrum of the H-type MMM-B  zeolite was acquired at
9.4 T at a MAS rate of 10 kHz and with 'H SPINAL-64 high-power decoupling? at a rf field of 83
kHz. 29Si pulses were obtained with rf field of 70 kHz. A recycle delay of 5 x T1 = 65 s was used
where T1 is the ?°Si longitudinal relaxation time constant.

DNP MAS NMR. Samples for DNP experiments were prepared by incipient wetness
impregnation of the solids (typically 30 mg) with 40 uL of 20 mM of nitroxide biradicals TEKPol®
in TCE®® which is currently one of the most efficient polarizing matrix for cross-effect DNP at
9.4-14.1 T.3536 The freshly prepared mixtures were then packed into sapphire rotor which was
then inserted into the pre-cooled DNP probe.

All DNP experiments were performed on a commercial 9.4 T Avance Ill DNP solid-state NMR
spectrometer equipped with a 263 GHz gyrotron and on a 14.1 T Avance |l DNP NMR
spectrometer equipped with a 395 GHz gyrotron, using a low temperature 3.2 mm HXY probe
in double or triple resonance mode. All the '3C and 2°Si CP MAS experiments were performed
with 'H pulses and SPINAL-64 decoupling® at a rf field of 100 kHz and a recycle delay of 1.3 x
tone('H) where tone('H) is the DNP build-up time. A 'H pre-saturation block of 100 pulses
separated by 1 ms was applied.

13C and 2°Si CP MAS experiments at 9.4 T were performed at MAS rates of 12.5 and 8 kHz,
respectively, and at T = 110 K (calculated through T1 of °Br in KBr’ for which a very small
amount was added to the rotor). The 3C CP experiments were obtained with '3C rf field at 62.5
kHz matched to a ramped 'H rf field at approximately 100 kHz while 2°Si CP experiments were
obtained with 2°Si rf field at 62.5 kHz matched to a ramped 'H rf field at approximately 102 kHz.
The rf field of the '3C and 2°Si pulses was set to 62.5 kHz in the '3C-'3C z-filtered refocused
INADEQUATE (Incredible Natural Abundance DoublE QUANntum Transfer Experiment)8, 3C-"3C
PDSD (Proton Driven Spin Diffusion)®', and 2°Si{"3C} REDOR (Rotational Echo DOuble
Resonance)'? experiments (pulse programs are shown in Figure S1). The rotor synchronized t
delays in the INADEQUATE experiments were optimized to about 1.6 ms. The z-filter duration

for activated M- and MMM-B was 0.8 ms and 0.4 ms, respectively, during which 'H continuous
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wave decoupling at 'H rf field of 12.5 kHz was used."? In the 3C-'3C PDSD experiments, a 30
ms mixing time was used. DARR (Dipolar Assisted Rotational Resonance) sequence was
applied during the mixing period with 'H rf field equal to MAS rate at 12.5 kHz. In the 2°Si{'3C}
REDOR experiments, recoupling times up to 28.5 ms (for activated M-) and 30 ms (for
activated MMM-3 were used. The experimental spectral lineshapes and dephasing curves
from the REDOR experiments were simulated with the DMFIT' fitting software and using
MatLab R2016a, respectively.

13C CP MAS experiments at 14.1 T were performed at a MAS rate of 12.5 kHzand at T = 125
K. The spectra were obtained with a 3C rf field at 62 kHz matched to a ramped 'H rf field at
approximate 90 kHz.

EPR spin counting. Electron paramagnetic resonance (EPR) experiments were recorded at
room temperature on the DNP samples packed into 3.2 mm sapphire NMR rotors using an X-
band Bruker Biospin EMX Nano spectrometer operating at X-band (9.6 GHz). The error on the
EPR spin counting experiments was estimated to be about +30%.'>1¢ The concentration of
electron spins in the DNP samples was also calculated based on the amount of zeolite and
radical solution added. The error was estimated to be about £75%, considering the evaporation

of TCE solvent, error in radical concentration in solution, error in sample mass, etc.’



S2. Measurement of overall dynamic nuclear polarization (DNP) sensitivity enhancement
factor X118-26
The overall DNP sensitivity enhancement factor Tt takes into account the sensitivity
improvement from low temperature thermal Boltzmann enhancement (DNP with uw
(microwave) on), signal attenuation due to the paramagnetic relaxation effects (bleaching) from
the exogenous stable biradicals and cross-effect induced depolarization at MAS condition,?'-2°
and time differences between the DNP enhanced nuclear magnetic resonance (NMR)
experiments and standard NMR experiments at room temperature. The following experiments
are used to determine the factor XT:
(@ uw on DNP enhanced NMR at low temperature (approx. 110 K) of the zeolites
impregnated by 20 mM of TEKPol® in TCE®®,
(b) uw off DNP NMR at low temperature (approx. 110 K) of the zeolites impregnated by 20
mM of TEKPol in TCE,
(c) Room temperature NMR of the neat zeolites,
(d) uw off DNP NMR at low temperature (approx. 110 K) of the zeolites impregnated with
TCE and at the same field as in (a).

The equation to calculate >1 is as follows:

St = ( NrT ) ( Trr ) ((S/N)DNP mRT> NSgr T4, rr 0 Equation S1
/\DNP TDNP (S/N)RT mDNP NSDNP TDNP

where A, T, S/IN, m, NS, T4 gy, Tonpe @nd 0 are the full width at half maximum (FWHM), sample

temperature, signal-to-noise ratio, mass of sample used, number of scans accumulated, 'H
longitudinal relaxation time constant at room temperature, DNP polarization build-up time and
contribution factor,232° respectively. The subscripts DNP and RT represent parameters taken

from experiments (a) and (c), respectively. The contribution factor is calculated as:

0= 1<(S/N)DNP mLT) NSyr Equation S2
& \(S/N).r mpnp,/ | NSpnpe

where ¢ is the DNP signal enhancement between (a) and (b), (S/N).t, m;7, and NS, are signal-

to-noise ratio, mass of sample and number of scans accumulated for (d), respectively.

In this paper, T values were calculated for M- and MMM-B with templates and activated M-
B and MMM-B: DNP NMR data recorded at 9.4 T or 14.1 T using 3.2 mm rotors vs 9.4 T room
temperature NMR data using 4 mm rotors which perhaps is the most commonly used solid state
NMR configuration.



S3. Process for extraction the 2°Si-13C dipolar couplings from the 2°Si{3C} REDOR
(Rotational Echo DOuble Resonance)!? data

The vertical error bars in the 2°Si{'3C} REDOR curves (Figure 7, Figures S17-19) have been
derived from both the signal-to-noise ratios of the experimentally obtained So and S’ spectra,
and error analysis in the fit of all experimental 2°Si lineshapes. The signal-to-noise ratios were
calculated from the Topspin 3.2 software while the error analysis was extracted from the DMFIT

fitting software.

For short dipolar evolution times (AS/So < 0.25), the REDOR curve is geometry-independent,
and a first-order approximation can be applied, which gives the following analytical formula for
the 29Si{"3C} dephasing REDOR curves:?’

AS 1612 z”: D? Equation S3
F TR i
So 15 .

where 1, and Dj are the recoupling times and the dipolar coupling constants (in Hz) of
different 2°Si-3C spin pairs, respectively. If assuming a 2°Si-'3C single spin pair model,

the formula becomes:
— = —12xD2 Equation S4

where D is the dipolar coupling constant (in Hz) of the 2°Si-'3C spin pair.

The relationship between the dipolar coupling constant (in Hz) and internuclear distance

between 29Si and '3C spins (rzg;.13c) is

po hngsiY13C
81‘[2 r§98i_13c

D=- Equation S5

where v, and v, are the gyromagnetic ratios of ?°Si and 3C spins, respectively, h the

reduced Planck’s constant and o the vacuum permeability.



S4. Additional tables

Table S1. Enhancement factors Zfc cp and ZTsi cp calculation parameters for M- with

template.
Yfcep YTsicp
20 mM 20 mM
Matrix TEKPol® TCE None TEKPol TCE None
in TCE? in TCE
Field/ T 94 94 9.4 9.4 9.4 9.4
€ 14 - - 14 - -
N/ Hz 210P - 100P 420 - 360
T/K 110°¢ - 298 110° - 298
(S/N)/ a.u. 208 37 41 129 28 38
m / mg 23 24 89 23 24 89
NS 32 64 1024 16 64 512
Tonp! S 2.1 - - 2.1 - -
T,/s - - 0.17¢ - - 0.17¢
0 0.6 - - 0.7 - -
st 25 - - 34 - -

a “TCE” refers to 1,1,2,2-tetrachloroethane. ® Signal of CH2 group of (CH3CH2)4sNOH. ¢
Calculated through T1 of 7Br in KBr added to rotor.” ¢ A longer recycle delay of 3 s (instead of

1.3 x T1) was used to record the CP experiments as to ensure an adequate duty cycle for the
probe.



Table S2. Enhancement factors Xtc cp and Z'sicp calculation parameters for MMM-B with

template.
Yfcep YTsicp
20 mM 20 mM
Matrix TEKPol TCE None TEKPol TCE None
in TCE in TCE
Field / T 9.4 9.4 9.4 9.4 9.4 9.4
€ 54 - - 72 - -
N/ Hz 2102 - 702 500 - 320
T/K 110P - 298 110° - 298
(S/N)/ a.u. 364 18 35 670 19 45
m / mg 12 13 60 12 13 60
NS 64 128 512 64 64 256
Tonp! S 2.0 - - 2.0 - -
T,/s - - 0.92¢ - - 0.92¢
0 0.6 - - 0.5 - -
>t 53 - - 97 - .

2 Signal of CH2 group of (CH3CH2)sNOH. P Calculated through T1 of 7°Br in KBr added to rotor.”
¢ A longer recycle delay of 3 s (instead of 1.3 x T1) was used to record the CP experiments as
to ensure an adequate duty cycle for the probe.



Table S3. Concentration of electron spins in the DNP samples.

Electron spin concentration Electron spin concentration
Sample measured by EPR spin calculated from preparation
counting (mmol/g)2 procedure (mmol/g)P
M-B with template (2.7 £0.8) x 102 (2.2 +£1.7) x 102
Activated M- (1.1 £0.3) x 102 (2.4 £1.8) x 102
MMM-f with template (7.4 £2.2) x 102 (3.3+£2.5)x 102
Activated MMM-f3 (7.3 +£2.2) x 102 (3.3 +£2.5) x 102

a EPR spin counting measurements were performed on samples after DNP experiments. The
error on the spin counting measurements was estimated to be about +30%.1516 b The electron
spin concentrations were obtained based on the amount of zeolite and radical solution added.
The error was estimated to be about +75%, considering the evaporation of TCE solvent, error

in radical concentration in solution, error in sample mass, etc.'’
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Table S4. Enhancement factors Zfc cp and Tsicp calculation parameters for activated M-f.

YTcep XTsicp
20 mM 20 mM
Matrix TEKPol in TCE None TEKPol TCE None
TCE in TCE
Field/ T 9.4 14.1 9.4 14.1 9.4 9.4 9.4 9.4
€ 10 4 - - - 9 - -
A/ Hz 490% 9007 - - 3652 520 - 400
T/K 110° 125° - - 298 110° - 298
(S/N)/a.u. | 851 274 192 217 242 273 50 108
m / mg 22 14 20 15 75 17 15 75
NS 32 32 128 160 1024 16 32 5656
Tone!S | 102 13 - - - 9.7 - -
T,/s - - - - 0.74¢ - - 0.74¢
0 0.8 0.8 - - - 0.8 - -
>t 30 6¢ - - - 96 - -

2 Signal of methanol. ? Calculated through T1 of 7°Br in KBr added to rotor.” ¢ A longer recycle
delay of 2 s or 3 s (instead of 1.3 x T1) was used to record the CP experiments as to ensure an

adequate duty cycle for the probe. ¢ Compared to the 9.4 T room temperature spectrum.
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Table S5. Enhancement factors XTc cp and Z1sicp calculation parameters for activated MMM-

B.
Tfcep STsicp
Matrix 20 mMT-EEEKPOI in TCE None 'I?glgl\c/)ll TCE None
in TCE
Field/ T | 9.42 9.4 14.1 943 14.1 9.4 9.4 9.4 9.4
€ 34 40 9 - - - 45 - -
A/Hz |2900° 2800° 4500P - - 3100° 500 - 570
T/K 110¢ 110¢ 125¢ - - 298 110¢ - 298
M/ | 35 168 150 | 15 58 | 89 854 a1 20
m / mg 13 11 13 15 14 53 13 15 53
NS 128 32 64 128 256 20480 64 128 1024
Towe/S | 42 29 43 | - - - 4.2 i i
T./s i ; ; i ; 0.31¢ ; : 0.31¢
0 0.7 0.7 0.7 - - - 0.8 - -
>t 111 161 38¢ - - - 462 - -

2 Used to calculate 0. ® Signal of aromatic rings. ¢ Calculated through Tz of 7°Br in KBr added to

rotor.” ¢ A longer recycle delay of 2 s or 3 s (instead of 1.3 x T1) was used to record the CP

experiments as to ensure an adequate duty cycle for the probe. © Compared to the 9.4 T room

temperature spectrum.
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Table S6. Framework Si/Al ratios in H-type M-p and MMM- zeolites determined from 2°Si
MAS NMR spectra (Figure S20 for MMM-p).

Zeolite Framework Si/Al
M-$ 242
MMM-3 34
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S5. Additional figures
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Figure S1. (a) H saturation recovery pulse sequence to measure DNP polarization build-up
time (tone(*H)) with uw on/off and H longitudinal relaxation time constant (Ti) at room
temperature. Tw is the variable delay list. (b) Pre-saturated CP pulse sequence. (c) Pre-
saturated 13C-13C CP z-filtered refocused INADEQUATE pulse sequence. T is synchronized to

be an integer number of rotor periods.? (d) 3C-13C CP PDSD DARR pulse sequence with T
representing the mixing time.%>*1 (e) 2°Si{*3C} CP REDOR pulse sequence.'? T; = 1/v is the rotor

period, L is number of rotor periods and T is the total recoupling time equaling to L*T:. In all the
sequences, d is the recycle delay which is equal to 1.3 x tone(*H). N = 100 is the number of 'H
saturation pulses with 1 ms delay T4 between pulses. t1 and t2 correspond to indirect and direct

dimension acquisition time, respectively. “CW” refers to continuous wave.
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Figure S2. 2°Si CP MAS DNP spectra of M-B with template with microwave irradiation (uw on)
(green) and without (uw off) (red) recorded at 110 K. The sample was impregnated with 20 mM
TEKPol in TCE. The black spectrum shows the 2°Si CP MAS spectrum at room temperature
(without adding the radical solution). The experimental times for the uw on/off and room
temperature spectra are 45 seconds and 26 minutes, respectively. All spectra were recorded at
9.4 T and with a MAS rate of 8 kHz.
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Figure S3. 2°Si CP MAS DNP spectra of MMM-B  with template with microwave irradiation (uw
on) (green) and without (uw off) (red) recorded at 110 K. The sample was impregnated with 20
mM TEKPol in TCE. The black spectrum the 2°Si CP MAS spectrum at room temperature
(without adding the radical solution). The experimental times for the uw on/off and room
temperature spectra are 166 seconds and 13 minutes, respectively. All spectra were recorded
at 9.4 T and with a MAS rate of 8 kHz.
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(a) (CH3CH,),NOH
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Figure S4. '3C CP MAS spectra of M- with template. (a) Spectrum of the neat zeolite at room
temperature. (b) Spectrum of the zeolite impregnated with TCE at 110 K. (c) DNP pw on
spectrum of the zeolite impregnated with 20 mM TEKPol in TCE at 110 K. All spectra were
recorded at 9.4 T and with a MAS rate of 12.5 kHz.
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(a) (CH3CH,)4sNOH

(CH3CH,)4sNOH
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Figure S5. '3C CP MAS spectra of MMM-B  with template. (a) Spectrum of the neat zeolite at
room temperature. (b) Spectrum of the zeolite impregnated with TCE at 110 K. (c) DNP uw on
spectrum of the zeolite impregnated with 20 mM TEKPol in TCE at 110 K. All spectra were
recorded at 9.4 T and with a MAS rate of 12.5 kHz.
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Figure S6. Room temperature 13C CP MAS spectra of (a) MMM-B activated with **CHsOH and
(b) MMM -B activated with 13C2H4. Data were recorded at 14.1 T and with a MAS rate of 12 kHz.
Asterisks (*) denote spinning sidebands.
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Figure S7. Room temperature 13C CP MAS spectra of (a) activated M- and (b) activated MMM-
B. The upper and lower spectra were obtained on zeolites impregnated with TCE and neat,
respectively. Data were recorded at 14.1 T and with a MAS rate of 12 kHz. Asterisks (*) denote

spinning sidebands.
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Figure S8. 13C CP MAS spectra of activated M-B. (a) Spectrum of the neat activated zeolite at
room temperature. (b) Spectrum of the activated zeolite impregnated with TCE at 110 K. (c)
DNP pw on spectrum of the activated zeolite impregnated with 20 mM TEKPol in TCE at 110 K.
All spectra were recorded at 9.4 T and with a MAS rate of 12.5 kHz. Asterisks (*) denote spinning
sidebands.
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Figure S9. 13C CP MAS spectra of activated MMM-B. (a) Spectrum of the neat activated zeolite
at room temperature. (b) Spectrum of the activated zeolite impregnated with TCE at 110 K. (c)
DNP uw on spectrum of the activated zeolite impregnated with 20 mM TEKPol in TCE at 110 K.
All spectra were recorded at 9.4 T and with a MAS rate of 12.5 kHz. Asterisks (*) denote spinning
sidebands.
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Figure S10. DNP enhanced 2D 3C-13C refocused INADEQUATE spectrum of activated M-f.
Data was recorded at Bo = 9.4 T and with a MAS frequency of vr = 12.5 kHz. The correlations
and spectral assignments are coded with the same colors as their corresponding carbocations
in Figure 2. Signals in the black dashed box correspond to t1 noise. Correlations corresponding
to naphthalenium ions (IV) are shown with the 13C chemical shifts in the Single Quantum
dimension of the two correlated carbon atoms given in the parenthesis. Correlations for cation
II'are C1(Il) (56 ppm) — C2(I1) (299 ppm), C1(Il) (56 ppm) — C5(II) (28 ppm), C2(11) (199 ppm) —
C3(Il) (144 ppm), C2(I1) (199 ppm) — C6(1l) (22 ppm), C3(II) (144 ppm) — C4(ll) (182 ppm), C3(lI)
(244 ppm) — C7(11) (13 ppm), C4(ll) (182 ppm) — C8(ll) (24 ppm), while for cation Il are C1(lIl)
(220 ppm) — C2(lll) (45 ppm) and C1(lll) (220 ppm) — C3(lll) (30 ppm). Asterisks (*) denote
spinning sidebands.
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Figure S11. DNP enhanced 2D 3C-13C refocused INADEQUATE spectrum of activated MMM-
. Data was recorded at Bo = 9.4 T and with a MAS frequency of vr = 12.5 kHz. The correlations
and spectral assignments are coded with the same colors as their corresponding carbocations
in Figure 2. Correlations corresponding to naphthalenium ions (IV) are shown with the °C
chemical shifts in the Single Quantum dimension of the two correlated carbon atoms given in
the parenthesis. Correlations for cation Il are C2(1l) (199 ppm) — C3(ll) (144 ppm), C2(ll) (199
ppm) — C6(Il) (19 ppm), C3(I1) (144 ppm) — C4(Il) (182 ppm), C3(Il) (144 ppm) — C7(Il) (10 ppm),
C4(1) (182 ppm) — C8(1) (24 ppm), while for cation Il are C1(lll) (220 ppm) — C2(lll) (48 ppm)
and C1(111) (220 ppm) — C3(11) (30 ppm). Asterisks (*) denote spinning sidebands.
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Figure S12. DNP enhanced 2D 3C-13C refocused INADEQUATE spectrum of activated M-B.
Data was recorded at Bo = 9.4 T and a MAS frequency of vr = 12.5 kHz. Signals in the black
dashed box correspond to t1 noise. Correlations corresponding to the neutral species such as
aromatics and alkanes? are shown with the 13C chemical shifts in the Single Quantum dimension
of the two correlated carbon atoms given in the parenthesis. Structures of such possible
compounds are shown in the figure and include methylnaphthalenes,?82°
hexamethylbenzene,?®3° hexamethylmethylenecyclohexadiene.3%32 Asterisks (*) denote
spinning sidebands.
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Figure S13. DNP enhanced 2D 3C-3C refocused INADEQUATE spectrum of activated MMM-
. Data was recorded at Bo = 9.4 T and a MAS frequency of vr = 12.5 kHz. Correlations
corresponding to the neutral species such as aromatics and alkanes? are shown with the 13C
chemical shifts in the Single Quantum dimension of the two correlated carbon atoms given in
the parenthesis. Structures of such possible compounds are shown in the figure and include
methylnaphthalenes,?82° hexamethylbenzene,?®3°0 hexamethylmethylenecyclohexadiene.3%3?
Asterisks (*) denote spinning sidebands.
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Figure S14. Reaction route for the formation of hydrocarbon pool species.33-3°

26

C2H4, C3Hsg, CaHs, ...



23 348

] — O
0 M~ o
q-l 0 ——- |
onN——————— n
=
- LO E
L L o
O L 2
3 (176,123). S
g ® - O
5: (176,131)«= i £
o o O
o™ __ﬁ O
&)
i o
n o E
— O
. N
V- [ 3
|

T T I T 1 1 T I T T T I I T T T T I T 1 T T I T T T 1 I

250 200 150 100 50 0
F2: 13C Chemical Shift / ppm

Figure S15. DNP enhanced 2D 3C-3C PDSD DARR spectrum of activated MMM-B. Data was
recorded at Bo = 9.4 T and with a MAS frequency of vr = 12.5 kHz. The correlations and spectral
assignments are coded with the same colors as their corresponding carbocations in Figure 2.
Correlations corresponding to naphthalenium ions (V) are shown with the *3C chemical shifts
of the two correlated carbon atoms given in the parenthesis. Asterisks (*) denote spinning
sidebands.
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Figure S16. '3C CP MAS DNP spectra of activated M-B. Data were recorded at 9.4 T and with
a MAS rate of (a) 8 kHz, (b) 10 kHz and (c) 12.5 kHz. Asterisks (*) denote spinning sidebands.

28



Q4 and Q¥

1 T I I T 1 1

-50 -100 -150 0 5 10 15 20 25 30 35
298i Chemical Shift / ppm Recoupling time t/ ms

Figure S17. (a) DNP enhanced 2°Si CP spin echo spectrum (So) and 2°Si{'3C} REDOR spectrum
(S’) with the reintroduction of dipolar couplings at a recoupling time of 30 ms. AS is the difference
spectrum So - S'. Spectra were recorded at 9.4 T on activated MMM-B. (b) 2°Si{'3C} REDOR
fraction AS/So as a function of the recoupling times up to 30 ms. The experimental time is = 11
hours. The solid lines are best-fit of the REDOR curves using equation S4 and the 2°Si-'3C
dipolar coupling values given in Table 1. The vertical error bars correspond to the error analysis
as given in section 3 above. The REDOR curves for each 2°Si sites are also shown separately
in Figure S19.
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Figure S18. Individual 2°Si{'3C} REDOR curves for each ?°Si sites of activated M-B. The solid
lines are best-fit of the REDOR curves (see Figure 7b) while the dashed lines correspond to the

fit boundaries corresponding to the errors in the simulated 2°Si-'3C dipolar coupling values given
in Table 1.
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Figure S19. Individual 2°Si{’3C} REDOR curves for each 2°Si sites of activated MMM-B. The
solid lines are best-fit of the REDOR curves (see Figure S17) while the dashed lines correspond
to the fit boundaries corresponding to the errors in the simulated 2°Si-'3C dipolar coupling values
given in Table 1.
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Figure S20. Quantitative room temperature 2°Si MAS NMR spectrum of H-type MMM-B at 9.4
T and a MAS rate of 10 kHz.
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