Supplementary Materials
Synthesis and study of organic nanostructures

fabricated by inclusion of 2-methylbenzimidazole
molecules in nanotubes of chrysotile asbestos,
mesoporous silica, and nanopores of borate glasses.

Elena Balashova', Aleksandr A. Levin?, Sergey Pavlov!, Anatoly Starukhin', Alexander Fokin’,
Dmitry Kurdyukov?, Daniil Eurov?, Boris Krichevtsov!

Ioffe Institute, Politechnicheskaya 26, 194021 Saint Petersburg, Russia
* Correspondence: balashova@mail.ioffe.ru

S.1. XRD results

S.1.1. Simulated XRD pattern of bulk MBI compound
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Figure S1. XRD pattern of bulk MBI compound simulated using structure data
of CDCC databank (code 1199885). Miller indices hkl of selected reflections are
indicated. In the case of highly overlapping reflections, the Ikl of the reflection
giving the greatest contribution is displayed. The insert shows a range of 20
from 6° to 38°.

5.1.2. XRD results for MBI-PG7

In the case of the MBI-PG7 sample, the distribution of the individual
Dot sizes of crystallites over the Bragg angles of the MBI reflections
obtained in the zero microstrain model (&s = 0) does not show such an
obvious division into separate ranges with the strongly different sizes of
crystallites, but rather distributed as a “cloud” with a wide spread around
a certain average value. However, even in this case, it is possible to divide
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this "cloud" into different ranges with crystallite sizes Dot distributed
around the average values with a smaller spread. Unlike the MBI-PG2.5
sample with a smaller pore size of ~2.5 nm, for the MBI-PG7 sample with
a pore size of ~7 nm, it is already possible to distinguish not two, but three
characteristic average sizes of crystallites corresponding to three MBI
phases (Figure S2).
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Figure S2. MBI-PG7 sample. 20 angle distribution of crystallite sizes Do® of
MBI-PG7t, MBI-PG2.5m1, and MBI-PG2.5m2 phases calculated in the model of
zero microstrain (&s = 0) for observed individual reflections of the phases with
Bragg angle 20 = 208 (Bragg angle 20z is corrected to zero shift and displacement
(Section 3.2.2 in the main text)).

Similar to the MBI-PG2.5. phase with a larger average crystallite size
in the MBI-PG2.5 sample, for the MBI-PG7L phase of the MBI-PG7 sample,
characterized by a larger value of the average crystallite size (Do = 53(5)
nm), the experimental individual values of D¢ lie somewhat better on a
straight line with a negative slope (although not as pronounced as for
MBI-PG2.5, cf. Figures 2 of main text and Figure 52), which indicates the
possibility of nonzero microstrain in the crystallites of this phase. The
other two phases, MBI-PG7m1 and MBI-PG2.5m2, are characterized by
smaller ("mean") crystallite sizes Do=231(3) nm and 18(4) nm, respectively,
and show no signs of microstrain.

Really, in MBI-PG7, as in the case of MBI-PG2.5 sample, the WHP
and SSP plots can be described by a linear function with a small spread of
experimental points, assuming the presence of three MBI phases with
different crystallite sizes (Table 2 of main text Figure S3).
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Figure S3. (a) WHP and (b) SSP graphs, constructed for the reflections of MBI-
PG71, MBI-PG7m1, and MBI-PG7m2 crystalline phases of the MBI-PG7 sample. The
designations are the same as shown in the caption to Figure 3 of the main text.

So, like for MBI-PG2.5 sample, both methods of profile analysis of XRD
reflections of the MBI-PG7 sample, WHP and SSP, gave the same values of
microstructure parameters D and es within the e.s.d.s. As anticipated, the SSP
chart is characterized by a much smaller spread of points around the straight plot,
which is expressed by the higher value of the coefficient Recd = 90.07-99.76 %
compared to Rewod = 9.34-85.21 % for WHP (cf. Figures S3b and S3a), and,
correspondingly, smaller e.s.d.s in case of SSP method, as a rule (Table 2 of main
text).

As expected, in the MBI-PG71 like in MBI-PG2.51 phase, the presence
of microstrain was found (&5 = 0.06(12) % in comparison to 57 = 0.16(4)
% in MBI-PG2.51). The crystallite size of the MBI-PG7L phase (DSSP = 57(5)
nm) is approximately two times smaller than that of the MBI-PG2.51. phase
(DS = 119(20) nm). The e.s.d. of microstrain is large, however, both
methods, WHP and SSP, confidently and consistently show the possible
presence of nonzero microstains in the crystallites of the MBIL phase. In
the MBI-PG7m1 and MBI-PG7m2 phases, no microstrains are observed (&s55°
=0), as in the case of the MBI-PG2.5m phase of the MBI-PG2.5 sample. The
average size of the crystallites of the MBI-PG7wm1 phase is also about twice
that in the case of MBI-PG2.5v, while the MBI-PG7m2 crystallites are
approximately of the same size within the e.s.d. (D5SF = 31(3) nm and 18(4)
nm for the MBI-PG7m1 and MBI-PG7wz phases of the MBI-PG7 sample,
respectively, compared to D5 = 15(5) of the MBI-PG2.5um crystallites of the
MBI-PG2.5 sample).

The results of quantitative Rietveld analysis confirmed and
expanded the results of the X-ray line profile analysis. The Rietveld fitting,
carried out under the assumption of only one MBI phase or two MBI
phases with different crystallite sizes (MBI-PG7L and MBI-PG7M1 with
crystallite sizes ~60 nm and ~30 nm, correspondingly), did not allow us to
satisfactorily describe all the observed MBI reflections (achieved weighted
profile agreement factor Rwp = 4.61% and 2.87%, respectively, but its
analogue after subtracting the background contribution cRwp = 65.50% and
38.70%). The inclusion of the parameters of the third phase MBI-PG7M2
with smaller crystallite size ~15 nm in the fitting led to a decrease in the
weighted profile agreement factor to Rwp =2.53%. Visually, the profiles of
all the observed reflections were described quite satisfactorily. However,
the factor cRwp = 30.40% remained unsatisfactorily large. The assumption
of the presence of the MBI-PG7S phase with even smaller crystallite sizes
equal to or smaller than the pore sizes in the MBI-PG7 sample led to a
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significant decrease in the agreement factors to Rwp = 1.64% and cRwp =
13.02%, indicating on the presence of the MPB-PG7s phase.

5.1.3. XRD results for MBI-ChA and MBI-ChA-mill
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Figure S4. MBI-ChA sample. 20 angle distribution of crystallite sizes Do
calculated in the model of zero microstrain (¢s = 0) for observed individual MBI
reflections. Only single non-overlapping reflections were taken into concidration,
as well as individual reflections extracted from the general profile of observed
overlapped reflections and reflections that make the greatest contribution to the
observed general profile, if the contribution of other reflection is negligible.
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Figure S5. (a) WHP and (b) SSP graphs, constructed for the reflections of MBI-
ChA sample. The designations are the same as shown in the caption to Figure
3 of the main text.
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Figure S6. Sample MBI-ChA-mill. Results of the LB fit in frames of the two-phase
MBI-ChA1 + MBI-ChA2 model. The MBI-ChA: and MBI-ChA: phases are
designated as M1 and M2, respectively. Other details are the same as in caption to
Figure 4 of main text. The positions of the phase reflections calculated from the
unit cell parameters refined by the LB method are shown as vertical bars below.
The experimental, calculated, and difference diagrams are marked as Iexp, Icale, and
Iexp — Icale, respectively. The Miller indices hkl of some selected observed reflections
are indicated. In the case of highly overlapping reflections, the Ikl of the reflection
giving the greatest contribution is displayed. The inset shows the experimental
and calculated XRD patterns and calculated diagrams (together with the
background contribution) corresponding to individual crystalline phases in the
region 20 = 17°-39°.

5.1.4. XRD results for MBI-MS and pure MS
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Figure S7. XRD patterns of the samples MBI-MS and pure MS.



S2. Calculation of correlation function

To analyze the amorphous-like XRD pattern of MBI-MS, the method
of total correlation function ¢(r) was chosen [1].

At the first step, the XRD pattern I(20) was corrected for the
contribution of Cu-Ka2 radiation (lcormt = I — Icuka2), for example, using the
EVA [2] program. Then, using a graphical program, for example, Origin
[3], background correction (lcor2 = Icorr1 — Ivkgr) was performed by
subtracting the background of the exponential decay function type to
correct the small-angle region I(20). According to the well-known
formulas (see, for example, [4, 5, 6], the intensities were corrected for
Lorentz factors L, polarization P and absorption A,

Leorr = feorrz 1)
LPA

The resulting corrected function Icorr was normalized at the high
angles 20 > 90° to the <feorr®> function by multiplying by the scaling factor
so that their sufficiently good coincidence was observed in the area of the
high angles. Here

< fc%rr >= Z(Ci ,ficorr)zl 2)

where ci is the atomic concentration of atomic element of sort i in the
sample, and ficor is the atomic scattering factor fi of element i, calculated
analytically [7] and corrected for coefficients of anomalous dispersion (Afi*
and Afi”) as

fE = ((fi + A + (AfHHY2. ®)

An interference function Int(Q) was constructed from the resulting
corrected normalized function Iggy ",

norm 2
ICOIT _<fCOIT>

Int(Q) - <feorr>2 ' (4)

where

< f;:orr >2: (Z Ci* ficorr)zl (5)

and all the dependences on the diffraction angle 20 are recalculated
depending on the modulus of the scattering wave vector

sin (6
Q=4m- =2 (6)
A is the wavelength of Cu-Ku radiation (after correction of the Cu-Kaw
contribution), 0 is half the diffraction angle.
Let note that S(Q) = Int(Q) + 1 is the total structure factor of the
sample. By Fourier transformation of the function (S(Q) - 1), a correlation
function ¢(r) is obtained,

c=2-2[Q-(S@-1sin(Q-1dQ, (7

where r is the correlation distance.

The correlation function c(r) does not require information about the
average atomic density of the sample for its construction. The maxima of
c(r) correspond to the mean interatomic distances in the sample (with the

6



exception of "false" maxima arising from the breakage of the Fourier
series, which usually appear at small values of the correlation distance r).
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