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1. 'H MAS NMR spectrum

The 'H free induction decay following a single radiofrequency pulse is unfortunately
perturbed by the backround signal of our CPMAS probe. This problem was overcome by
applying the well-known two-pulse Hahn-echo sequence /2 — 7 — m — echo (1) (2). In
order to optimize the refocusing of the magnetization the spin echo was synchronized with a
rotational echo (3), i.e., the delay T between the pulses was fixed to an integer multiple of

the rotor period T,. = 1/v,.. Whereas the resulting spectrum of GO at v,, = 18 kHz is still



significantly distorted by the wide probe signal for T = T,, = 55.55 us (data not shown) the
MAS synchronized spin-echo technique gives a rather poorly resolved but quantifiable signal
with an overall linewidth of ~4.5 kHz surrounded by first-order spinning sidebands of low
intensity when 7 is increased to 6T, = 333.33 ps (Fig. S1). The subspectrum of each proton
species may then be simulated by a set of spinning side bands (ssb’s) separated by v, around
an isotropic peak, each ssb being described by a Lorentzo-Gaussian line shape of full-width
at half-height (FWHH) Av. Since the anisotropy information is contained in the ssb intensities
MAS allows separation of resonances with overlapping static line shapes. The *H MAS NMR
spectrum was fitted using the solid line shape analysis (SOLA) package as implemented in
the BRUKER™ TopSpin 4.0.8 software. Although the isotropic lines overlap this peak fitting
procedure permits to distinguish three resonances at 3.0, 5.0 and 6.3 ppm representing 30%,
4% and 66% of the total signal, respectively (Fig. S1). Indeed, the presence of the rather
sharp peak at 5.0 ppm (Av = 0.7 kHz) and the wider resonance at 6.3 ppm (Av = 3.8 kHz) is
clearly demonstrated by inspection of their first-order ssb’s (Fig. S1). Furthermore, the
existence of the signal at 3.0 ppm appearing only as a shoulder in the spectrum of Fig. S1 is
confirmed by the heterogeneous character of T; relaxation (see below). The interaction
anisotropy of the minor peak at 5.0 ppm is readily observed to be much larger than the one
of the major line at 6.3 ppm (Fig. S1). This is in agreement with previous assignments of
peaks at 6.4 and 5.4 ppm to mobile water and strongly bound water, respectively (4). On the
other hand, the ssb intensities for the signal at 3.0 ppm (Av = 4.7 kHz) are found to be
negligible. This shows that v,. largely exceeds the anisotropic part of any nuclear spin

interaction for this particular *H signal.

2. T relaxation data

Using the line deconvolution of Fig. S1, it was possible to extract the magnetization recovery
of the different 'H chemical shifts. Fig. 52 displays the TH inversion-recovery (IR) relaxation
curves at 3.0, 5.0 and 6.3 ppm. The relaxation is, within experimental accuracy, exponential

for the three resonances. The resulting T{ relaxation times (weight%) corresponding to the



sites at 3.0, 5.0 and 6.3 ppm are 48 ms (24%), 13 ms (2%) and 4.6 ms (74%), respectively. The
'H magnetizations at 5.0 and 6.3 ppm then are expected to fully return to their equilibrium
values in B, during the mixing time t,;, = 50 ms of the MC-CP sequence (7, is longer than 3
times the spin-lattice relaxation time). On the other hand, the magnetization at 3.0 ppm
must be partially saturated (T = 7,,). Fortunately, 2D *H-">C HETCOR spectra of GO
demonstrate that only protons whose chemical shifts are between 4.5 and 7.5 ppm generate
significant cross-peaks with the carbons (5). In other words, the signal at 3.0 ppm is
irrelevant for the analysis of the MC-CP data since the “>C spins are not efficiently polarized
by these protons. This fits well with the fact that the signal at 3.0 ppm having no ssb’s (Fig.

S1) may be assigned to a third kind of mobile water molecules.

The C IR data for the C-OH peak at (70 ppm) have been successfully fitted to a sum of two
exponentials with time constants T = 0.2 s and T, = 6 s (Fig. S3). Disregarding the
irrelevant 'H resonance at 3.0 ppm, this result clearly demonstrates that TE is longer than

T by at least an order of magnitude (T? < 0.01s).

3. T,, relaxation data

Extraction of relaxation data for individual resonances as done for the T}’ measurements
(Fig. S2) was also attempted in the case of the direct Tl";, relaxation experiments.
Unfortunately, this analysis was unsuccessful due to the presence of lineshape distortions
even when using a long delay T between the end of the spin-lock and the application of the
additional refocusing pulse. Hence, the integrated intensity of the whole *H MAS NMR
spectrum was fitted instead. The Tﬁ, relaxation decays fit well to two-exponential curves
irrespective of the value of the delay 7 (Fig. S4). Moreover, the short (Tﬂ,s) and long (Tﬁ,L)
relaxation times are determined with a good accuracy since they differ by an order of
magnitude. The variation of the component intensities with the spin-echo delay 7 is easily
explained by the effect of transverse relaxation. Indeed, Tﬁ,s and Tﬁ,L are expected to be

respectively associated with short and long T relaxation components (6) (7). In principle,



Tﬁ,s and Tﬁm should be essentially independent of 7. Although this is the case for the long
component (Tﬁ,L ~ 2 ms) Tﬁ,s increases from 0.05 to 0.3 ms when increasing T from 55.55
us to 333.33 s (Fig. S4). This result is readily attributed to a remaining contribution of the
probe signal and/or the presence of an inhomogeneous distribution of correlation times (6)
(7) as well as to the fact that the fast-relaxing component is almost completely determined
by the intensity of the first point of the relaxation curve at t5; = 120 pus when 7 = 55.55 pus
(Fig. S4(a)). Indeed, 3 parameter fits of the T/}, relaxation data with T/, and T{}, fixed to
0.1 ms and 2 ms, respectively, results in an increase of the y2 merit function (8) by only a
factor of ~3 when compared to the 5 parameter fits of Fig. S4. It may then be concluded
that two main relaxation components with Tﬁ,s ~ 0.1 ms and Tf;,L ~ 2 ms are clearly
observed in GO by direct Tﬁ, measurements although a precise determination of Tﬁ,s is
impossible because this relaxation component decays very fast and is affected by the
backround signal of the probe. Note finally that this problem cannot be solved by indirect
Tﬁ, measurement through >C magnetization because of low polarization transfer efficiency

at short contact times (t;p < 0.1 ms).

T, , relaxation is, within experimental accuracy, exponential for all 3C resonances. Tfp is
determined to be 7.4 ms for the C-OH peak (Fig. S5). Similar results are obtained for the C-O-
C (Tfp = 9.2 ms) and C=C (Tfp = 7.0 ms) resonances (data not shown). Note however that
the presence of a longer Tfp component cannot be excluded because the maximum spin-

lock duration employed in the measurements was only 10 ms.

4. MC-CP data at 70 ppm

Two T,’S”C components can be separated in the MC-CP experiments with t.p/n = 277.5 us at
the C-OH resonance (Fig. S6). Indeed, the distribution of the residuals for a one and two-
exponential fit clearly demonstrates the two-exponential nature of build-up curve

(TMC(Z) TMED & 4). A separation into two components is outside experimental accuracy
is IS



for the MC-CP experiment at t.p/n = 555 us (cf. Fig. 8 in the main text) which is well fitted

by an exponential curve with T/¢¢ = 0.7 ms (not shown).

5. Simulations of static and MAS NMR spectra

Simple analytical treatments to describe the spin dynamics in powders under the
simultaneous action of local fields produced by either chemical-shift anisotropy or dipolar
couplings, intermediate regime motions, and MAS have been presented in several articles
(9) (10) (11) (12) (13) (14). The spectra of Fig. S7 calculated for a diffusive isotropic or
anisotropic Gaussian-Markov process according to Ref. (12) reproduce the relevant features
of the static and MAS *H spectra discussed in the main text. An interproton distance of

1.62 A within the water molecule corresponds to a powder-averaged second moment M, =

3.189%10%° 572 (1/\/M, = 5.6 pis).
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Fig. S1
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Figure S1 : Deconvolution of the MAS spin-echo 'H NMR spectrum of GO (black line) at v, =
18 kHz (t = 6T, = 333.33 ps). The fitted spectrum (red line) is the weighted sum of the
subspectra at 3.0 ppm (orange line), 5.0 ppm (purple line) and 6.3 ppm (green line).



Fig. S2
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Figure S2 : H spin-lattice relaxation in the laboratory frame by the inversion-recovery (IR)
pulse sequence with spin-echo (t = 6T, = 333.33 pus). The spin-lattice relaxation times
(component weight%) obtained by exponential fitting (red line) of the deconvoluted IR data
corresponding to the subspectra of Fig. S1 at (a) 3.0 ppm, (b) 5.0 ppm and (c) 6.3 ppm are
TH =48 ms (24%), T =13 ms (2%) and T{! = 4.6 ms (74%).



Fig. S3
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Figure S3 : °C spin-lattice relaxation in the laboratory frame by the IR pulse sequence with
spin-echo (t = T,, = 55.55 us) for the C-OH resonance (70 ppm). The two-exponential fit
(red line) of the data gives the relaxation times (component weight%) Tfs = 0.2 5 (39%) and
TS =65 (61%).
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Figure S4 : 'H spin-lattice relaxation in the rotating frame by the spin-lock (SL) pulse
sequence including spin-echo with (a) T = T,, = 55.55 us and (b) T = 6T, = 333.33 us. The
two-exponential fit (red solid line) of the SL data gives the relaxation times (component
weight%) : (a) T{hs = 53 us (91%) and T/, = 2.2 ms (9%) ; (b) T{,s = 0.3 ms (46%) and
T}, = 2.1 ms (54%). The exponential fit (blue dotted line) in (b) yielding T{,, = 1.4 ms
clearly demonstrates the two-exponential nature of the relaxation decay.
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Fig. S5
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Figure S5 : °C spin-lattice relaxation in the rotating frame by SL pulse sequence with spin-
echo (t = T,, = 55.55 pus) for the C-OH resonance (70 ppm). The exponential fit (red line) of
the SL data gives the relaxation time Tfp =7.4 ms.
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Fig. S6
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Figure S6 : Time dependence of the >C magnetization in the MC-CP experiment with

tcp/m = 277.5 s for the C-OH resonance (70 ppm) of GO. The two-exponential fit (red solid
line) of the MC-CP data gives the time constants (component weight%) Tgcu) =0.25ms
(36%) ; T/;lC(Z) = 1.1 ms (64%). The exponential fit (blue dotted line) of the MC-CP data

yields T/¢¢ =0.66 ms. The distribution of the residuals for the one and two -exponential fit is

reported at the bottom of the plot.
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Fig. S7
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Figure S7 : (a) static and (b) MAS (v,, = 18 kHz) NMR spectra for isotropic slow-exchange
narrowing due to spin diffusion (black line) and anisotropic fast-exchange narrowing due to
molecular motion (red line) calculated for a diffusive Gaussian-Markov process according to

Ref. (12). The parameters are 1/,/M, = 10 us and 75 = 100 ps for the rigid (slow-exchange)

component lineshape ; 1/4/M4T = 5.6 ps, 1/{/ M =120 ps and 7, = 0.2 ps for the mobile
(fast-exchange) component lineshape.
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