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1. Key characterization and catalytic performances data for the five zeolite

catalysts

Table S1. Key characterization data for the five zeolite catalysts from ref. 1: BET surface area
(and its external surface component), pores volume (and its micropores fraction), average
particle size and shift of the Bronsted O—H stretching mode (Av(OH)) upon CO adsorption at
77K.

| Micropore
BET External Tota volume Particle AV(OH)
Si/A]  area pore . upon CO
Sample (m?g (nigeal) volume (emig™) (SIIZS) adsorption
) 7 (i) g (cm!)
ZSM-5 15 414 5 0.18 0.17 1-4 328
Beta 17 677 190 0.99 0.19 <1 311
Mordenite 8 498 4 0.19 0.19 2-6 310
ZSM-22 47 232 12 0.08 0.08 2-5 323
SAPO-34 11 708 5 0.34 0.27 <1 277

Table S2. Key catalytic performance data for the five zeolite catalysts from ref. 1: times on
stream at which MeOH conversion drops to 50% (t,s), conversion capacities (R, derived from

the Janssens model)? and deactivation coefficients (a).

Sample  to5(h) R (molyeon Molycigsie) @ (Eeat MOlveon™)

ZSM-5 11 1415 0.2
Beta 6.5 898 0.3
Mordenite 0.5 64 4.0
ZSM-22 1.4 491 1.3
SAPO-34 133 1136 0.1
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2. UV-Raman spectra of additional reference compounds

In Figure S1 some compounds useful in the operando experiments interpretation are reported.

T T T T T T T T T T T T
(a) (b)
Hexamethylbenzene
&

%‘ L % 1608~ Fluorene
c =
BC 3
= =
g &
§ §
v o

g g I Biphenyl
S 5
i =z

1415 1|296
I TN
Toluene ishexens
T T T T T T T T T g T T T T
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Raman shift (cm™) Raman shift (cm™)

Figure S1. UV-Raman (244 nm) spectra of: a) methylated benzenes; and b) other useful

compounds.

The spectra have been acquired according to the experimental procedure previously described

for polycyclic aromatics compounds.?
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3. Simulation of the Raman spectra of selected methylated PAHs

Since their unavailability for measurements, the Raman spectra of some compounds of interest
were simulated. The focus was in particular on the effect of methylation over the skeletal
vibrational modes of PAHs: naphthalene, anthracene and phenanthrene were selected as
representative model since their affordable computational cost. Calculation were performed
with the Gaussian09 code (D03 release)* at the B3LYP hybrid functional computational level,>6
including dispersive forces according to the Grimme D3 scheme.” The TZV2P basis set from
Abhlrichs was exploited on C atoms, whereas a Pople’s 6-311++G(2d,2p) described H atoms.?°
The “ultrafine” pruned integration grid (99 radial shells and 590 angular points per shell) was
chosen to guarantee a good numerical precision necessary for a proper description of the
flexible methyl groups. Each molecule was geometry relaxed, then a frequency calculation was
performed. In order to better estimate the UV-Raman intensities (i.e. trying to account for
resonance), the dynamic CPHF evaluation of Raman intensities was performed. The excitation
energy was calibrated on the basis of the electronic transitions computed for the bare
naphthalene, anthracene and phenanthrene molecules through TD-DFT. The discrepancy
between simulated and experimental electronic transition wavelength was determined to be in
average -12 nm. Thereby, the excitation wavelength in dynamic CPHF was set to 232 nm to
simulate the experimentally exploited 244 nm excitation. The simulated vibrational frequencies
have been scaled through the following linear relation, derived from the linear fitting of the vey,

VS Veales

Vealc,scaled = 4.86 + 0.97 vearc.

The simulated Raman spectra of single methylated naphthalenes, anthracenes and

phenanthrenes are reported in Figure S2.
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Figure S2. Calculated Raman spectra of a) bare naphthalene (N (calc)), 1-methyl-naphthalene
(1-MN), 2-methyl-naphthalene (2-MN); b) bare anthracene (A (calc)), 1-methyl-anthracene (1-
MA), 2-methyl-anthracene (2-MA), 9-methyl-anthracene (9-MA); and c) bare phenanthrene (P
(calc)), l-methyl-phenanthrene (1-MP), 2-methyl-phenanthrene (2-MP), 3-methyl-
phenanthrene (3-MP), 4-methyl-phenanthrene (4-MP) and 9-methyl-phenanthrene (9-MP).
Raman intensities have been computed through a dynamic CPHF approach simulating the 244
nm excitation. The experimental spectra (A =244 nm) of naphtahlene (N (exp)), anthracene (A
(exp)) and phenathrene (P (exp)) are reported for comparison. All the spectra are normalized to

the maximum intensity peak for sake of visualization.

As demonstrated in Figure S2, a good agreement in terms of frequency is observed for the
experimental and calculated spectra of the bare molecules, testifying the reliability of the
computational approach. The dynamic CPHF approach, even being a rough approximation to
the description of Raman resonance, is able to give a realistic result in term of intensities.
Considering the effect of methylation of PAHs, simulation demonstrates as the high frequency
region (above 1400 cm™') is slightly affected by the insertion of methyl groups in terms of peaks
shift. Some variations in the relative intensities of these peaks are observed, however never
resulting in a complete quench of the most intense modes. Conversely most of the spectral
alterations involve the low frequency region (1200-1400 cm!), where each molecule exhibits

its vibrational fingerprints as a consequence of the different methylation.
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4. Full MS data

Figure S3 shows the full MS charts for the five operando experiments reported in this work.
The following signals/molecules have been monitored (in brackets, their m/z ratio): methanol
(31), dimethylether (45), ethylene (27), propylene (and higher alkenes) (41), xylene
(representative for aromatics) (91). The sudden jumps observed in the MS signals in some cases
(e.g. Beta, panel b) are ascribed to the loss of fluidization, who altered the flow outgoing the

reactor until restored.
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Figure S3. MS charts of the products stream analysis for: a) ZSM-5; b) Beta; ¢c) Mordenite; d)
ZSM-22; and e) SAPO-34, collected during the Raman experiments.
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