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Abstract
This paper reports the coupling@berandolR and SSITKA (Steady State Isotopic Transient
Kinetic Analysis) for air purification studies fronvOCs by photocatalysis. Methanol
photooxidation has been used as a model reactiamevA photocatalyst (Ti&L) has been
studied and compared to the reference materia}-P&. The TOF and reaction rate have
been calculated and compared. We show that TOFesahre not really available in
heterogeneous photocatalysis where the number tofeasite can vary from one TiO
material to the other and from one experimentalséd the other. The influence of methanol
concentration and reaction temperature on photlytiatactivity and on selectivity was also
investigated. Ti@L is more active than Ti@P25 at low methanol concentration and more
selective at high methanol concentrations. SSITHakifeed the role of the surface formate
species in the reaction mechanism. Most of thesadte species are spectators and are not
the main intermediates in alcohol photooxidatiorgrAduation was found in the efficiency of

active sites on photocatalyst surfaces.

Keywords:. IR-operando, SSITKA, photocatalysis, Bi®nethanol photooxidation, methyl

formate, CQ-selectivity, air purification.

1. Introduction

The exponential growth of population accompaniethva high increase of industrial and
military activities have caused a rapid degradatbrair and water quality in the last few
years. Consequently, environmental pollution is newnajor global priority, requiring a

considerable research effort. New analytical, bemcizal, and physicochemical methods are
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developed and studied for the characterization alwhination of hazardous chemical
compounds from air, soil, and water. Advanced axitaprocesses (AOPs), and especially
heterogeneous photocatalysis, are intended to thedupplementary and complementary to
some of the more conventional approaches to thérudéien and/or transformation of
hazardous chemical wastes such as filtraticenaerobic digestién and conventional
physicochemical treatmefft In the field of air cleaning technologies, hetgmoeous
photocatalysis is a well established and widelestigated process for the oxidation of many
pollutants in air, especially indoor air where ptthn can be even more importdfitMore
than 2000 companies now commercialize differentt@datalytic products, mainly for self-
cleaning application§® Therefore, the developments of new techniques raethods to
investigate photocatalytic activity of solids, inater and/or air, become more and more
important. During the last decade, more than 22 fdpers on photocatalysis have been
published, out of which only ~5% deal with its apgation to air purification versus more than
32% for water purification®!* The reasons for this could well be experimentfiodilties,
since studying heterogeneous photocatalysis is aftere difficult in the gas phase than in
the liquid phase:

(i) contrarily to water purification where the pboatalyst can be used as a suspension,
photocatalysis processes (or studies) for air atibn require the fixation of the
photocatalyst on a support or/and on the reactdacel This needs, in most cases, the use of
a binder, which could influence photocatalytic aty;

(i) a homogenous and reproducible irradiationha&f photocatalyst surfaces is needed in order
to have reproducible experiments and results;

(i) the amount of photocatalyst used must be kmaecurately and the loss of material
during the reaction must be kept to a minimum;

(iv) for spectroscopic studies, the design of th&ctor can be difficult, and, for example, the
internal volume of the reactor must be kept as kiaslpossible to minimize the optical
pathway in the gas phase and to decrease resitieTgge

(v) the reaction parameters (e.g. air compositan,flow (or contact time), temperature,
irradiation intensity...) must be easily and accuyatentrolled, etc...

For these reasons, we have developed recently aopewandolIR reactor for studying
photocatalytic processes for air purificatior This technique presents several advantages:
(i) the photocatalyst is used and studied undefdha of thin pellets, which allows limiting



the mass loss, with an accurate control of the quadalyst mass, and which ensures a
homogenous irradiation of the photocatalyst surface

(i) the irradiation intensity can be easily cotiied and the irradiation source can be changed
(to mono or polychromatic irradiations, UV and/asible light sources...) without changing
the photoreactor;

(ii) the dead volume is reduced to about 0.4 mesiglual space between each sample face and
the photoreactor windows);

(iv) the reactor is coupled to on line analysishteques, such as IR gas cell and mass
spectroscopy (or GC-MS), which provides photocai@lgictivity and selectivity data with
high precision;

(v) the heating temperature of the reactor-cell barcontrolled from RT to 600°C, and the
VOCs (volatile organic compounds) or different gascentrations from a few ppm to a few
%. The air composition (VOCs mixture, humidity, iogas...) and the gas flow (from 1 to 50
cm®min) can reproduce the real conditions of the pbatalytic reaction and the influence of
these parameters on photocatalytic activities ahetsvities is easily studied.

This paper demonstrates the reliability of thishteque in the study of the photoactivity and
selectivity of a newly elaborated Ti(photocatalyst (Ti@L) and of TiQ-P25 (Evonik-
Degussa) in the purification of air from methanekd as a model molecule for VOCs. We
already presented previously the role of surfatesdor the adsorption of reactants and for
the formation of intermediates in room temperatmethanol photooxidatidh The usually
accepted mechanism involves formate species as mermmediates (as is the case for
thermal oxidatioff), since these formates were detected by IR spetpy on the surface,
but no kinetic proof for the validation of this hythesis has ever been reported:* For
these reasons, we further investigated this sysieing the SSITKA approach (isotopic
exchange technique$’CH;OHMCH;OH)) combined with infrared (IRpperandoanalysis
system, a methodology which has already shown lkextetesults in methanol oxidation
studied’ but was up to now not accessible in photocataly#is also report the influence of
some other parameters on the £@lectivity and activity of TiQ like the temperature and

the methanol concentration of.



2. Experimental section

2.1. Synthesis and characterization of TiO,-L
Hierarchical TiQ (TiO,-L) has been synthesized and characterized asiloedadn reference
[18]. The seeding of natural Luffa sponge (usedbméemplate) with TiQ anatase was
accomplished by a 24 h hydrothermal synthesis 8QQunder autogeneous pressure. A
synthesis mixture with the following compositionTIEt),:45CGHsOH:45H,0 (vol.%) was
used. The precursor solution was stirred with th#d_sponges at room temperature for 1 h.
Then, 100 ml of the solution (together with 500 afd.uffa sponge) was poured into Teflon-
lined stainless steel autoclaves. After the symshése Luffa sponges were removed from the
autoclaves, thoroughly cleaned (in order to renmtbeeexcess of Ti@seeds loosely bound on
the substrate) with ethanol and water, and driestroght at 60°C. After rinsing, the samples
(TiO4/Luffa) were calcined under air: 5 h ramp to 50@i@ 5 h dwell time. A macro-tubular
TiO, shape with macro-channel was obtained after remolvéhe natural organic support
(replica of luffa fibers) (Figure S-1). Then, THQ samples were characterized using XRD,
N, sorption and UV-vis spectroscop§ithe results are collected in TableAk. a comparison,
the photooxidation was also performed on a comraefdO, from Evonik-Degussa (Ti9
P25).

2.2. Photocatalysis

The photocatalytic oxidation of methanol was perfed using the newperandolR reactor
described in reference [13]. The THD and TiG-P25 (Degussa) were pressed into self-
supported wafers (@ = 16 mm, m = ~10 mdfcrhickness = 50-§0m (measured by
Micromaster-IP54)). The cell was connected to gaesslwith gas mixing devices and mass
flow controllers. The two gas mixtures, so calledivation and reaction flows, could be
prepared and sent independently to the reactor ErHaust gases (reactive and/or reaction
products) can be analyzed by a Quadrupole Massr8pester (Pfeiffer Omnistar GSD 301),
while complementary information on the gas phaselbsagained by IR spectroscopy through
a gas micro-cell. IR spectra (64 scans per spegtairhe catalyst under working conditions
were collected at a time resolution of 1 spectriaohe2 minutes with a Thermo Scientific
Nicolet 6700 spectrometer, equipped with a MCT clete More details can be found in the
following references for both theperandolR system [19-21] and the modified IR reactor-



cell [12]. All IR spectra are displayed as absodeart-or this specific study, the system was
equipped with two saturators in the same thermiodvath (at exactly the same temperature),
in order to send, via a 4 ways valve, a fixed catregion of vaporized methanol, either in its
natural form or 99.09%°C enriched, provided by Cambridge Isotope LaboiesoiThe flow
conditions were as follows: 400-1200 ppm 4CHf, 20% oxygen in Argon at 60,000h
constant gas hourly space velocity. A calibratiamve was drawn to establish the linear
relationship between the concentration of methanal the MS (at m/z=29) and IR (at 1038-
1026 cnt) signals (Figure S-1). The reaction was studiedR@t A monochromatic UV
irradiation at 365 nm withy+11 mW/cnf was used in order to simplify the discussion @f th
results. It was applied with a Xe-Hg lamp (LC8 Spigtht Hamamatsu, L10852, 200 W) and
a 365 nm band pass filter (Hamamatsu). A UV-lighidg (A10014-50-0110) mounted at the
entrance of a modified operando IR cell was usegktablish a homogeneous irradiation, (as
shown in Scheme S1 in supplementary informationB.Nunder polychromatic irradiation
(reference 13), Ti@presents a higher activity and selectivity tharehender monochromatic
irradiation. Under the same irradiation conditiofi§),-25 presented the same activity here as
in our previous work. The methanol conversion an@,-€electivity were calculated as

reported in our previous work.
3. Resultsand discussion

3.1 photocatalytic activity and selectivity of TiO,-L and TiO»-P25 and effect of
the methanol concentration

In order to compare photocatalytic activity andes@Vity for TiO,-L and TiG-P25, the
photooxidation of methanol was performed undersime conditions for different methanol
concentrations ([MeOH])). The concentration of matiian the gas was measured using the
surface area of the MeOH-IR band at 1090-950 amd the MeOH-MS signal at m/z=29 (a
calibration curve is presented in Figure S-2). &elgy for CO, (selectivity of the reaction
for a complete methanol mineralization) was detaediusing the IR band area at 2395-2182
cm™* and/or the MS signal at m/z=44. Figure 1 pres#érgsevolution of methanol conversion
and CQ-selectivity versus MeOH concentration. For eachncemtration, methanol
conversion and Cg&selectivity were calculated after the stabilizatiof the gas phase IR
spectra and MS signals, i.e. 30min to 1h irradiatime after each flow modification (Figure

S-3). As reported in our previous wdrk,the methanol concentration can influence
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significantly the activity and the selectivity dfet reaction. For a concentration lower than 600
ppm, TiG-L shows a higher activity and similar @®electivity than Ti@-P25 (Figure 1). In
this range of concentration, the g&klectivity is slightly affected for both Tl and TiG-
P25. For a concentration higher than 600 ppm, tethamol conversion on TiL is lower
than on TiQ-P25. An important decrease in the £&@lectivity could be also observed, less
pronounced on Ti@L than on TiQ-P25. New IR bands at 1755 ¢rand 1890 ci, assigned
respectively tov(C=0) andv(C-O) vibration modes of methyl formafeare observed in the
reaction gas phase (Figure 2). The increase oéthasds (and the m/z=60 MS signal) with
methanol concentration explains the decrease ofge{@ctivity. The maximum amount of
converted methanol (Table S1 in supplementary im&tion) is about 700 ppm/min (with
~55% CQ-selectivity) for TiQ-L and about 800 ppm/min for T¥P25 (with 50% CQ
selectivity). Therefore, the maximum amount of “enalized” methanol on both T and
TiO,-P25 is about 400 ppm/min (under the experimentdicmms described in the
experimental part). These results show that theease in methanol concentration promotes

the formation of methylformate by increasing suefaoverage by methanol.

The turnover frequency (TOF) is important for comipg heterogeneous catalyétsAs in
enzymatic or homogeneous catalysis, the turnowesugncy corresponds to the number of
molecules converted per second and per active (siteper catalytic moleculéy. In
heterogeneous catalysis, TOF is often more diffitwldetermine and the number of active
sites can be largely unknown and it is generallyerestimated, considering all the
theoretically calculated sites on the sample agssiiole and active. In the case of solid/gas
photocatalysis it could be even worse: the actparating surface is not known since some
parts of photocatalyst particles are not illumidaténhomogeneous irradiation) as a
consequence of internal shadfig*°In our case, the use of the photocatalyst undefatm

of a thin pellet (~4Qum) allows a homogenous, reproducible and totamihation of the
photocatalyst. On the other hand, the possibilitiwternal shading of the Tiparticles does
not preclude the comparison between two photocstialwhere the effect will be same.
Consequently, a more reliable estimation of the TWiF be used in this study for an
additional comparison of TK2L and TiQ-P25. Practically, we used the surface density of
titanol groups Ti-OH (equal to 5xX0OH/n? or 5 OH/NN3,?®) as the upper limit for the
number of active sites;is The methanol conversion rateydén) corresponds to the amount
of methanol converted (in ml) per gram of photolysta(g*ca) per minute of irradiation time
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(min™). The results for TOF andwon are presented in Figure 3 and Table S-1. Conversio
rates are similar for both photocatalysts, buteiftO,-L has a higher specific surface area
(Table 1), the TOF for Ti@L is 2 to 3 times lower than for TgP25. This means that the
active sites are less efficient on B than on TiQ-P25 or that only a fraction of the sites
are accessible or active. In the last case, theotiske theoretically estimated number of
active sites is not acceptable.

Operando IR in the photocatalytic reactor shed somee light on these reactions. During
UV irradiation, new bands appeared (Figures 4 a#), &ssigned to mono and bidentate
formate species adsorbed on the catalyst sutfddé’?® These species are commonly
described as intermediates in the photooxidatiomafhols'®*>1%2*34ye observed different
vibration bands for bidentate formates on FIO(maxima at 1600, 1373 and 1356 tnand

on TiO-P25 (maxima at 1570, 1379, 1362 Bmprobably because of a difference in the
nature of the formation/adsorption site. In additithe IR intensity of these bands is much
higher on TiQ-L than on TiQ-P25 (Figure 4). This could be due to (i) the highpecific
surface of TiG-L (~1.6 times higher than T¥P25) leading to a higher formation of formate
species and/or to (ii) a stronger adsorption okbidte formate species on D than on
TiO,-P25, thus reducing their transformation.

The increase of methanol concentration led to allsameous increase of some corresponding
IR band intensities, more important on FHDthan on TiGQ-P25, with a maximum at 800
ppm (Figure 5A and 5B). The same catalytic actgitivere observed on both photocatalysts
when working in reverse concentration order, froighér to lower MeOH concentrations,
which rules out surface deactivation at high metthanncentration.

These results raise the question about the allegledof intermediates for the formates on

TiO, surface.

3.2 Influence of temperature on the activity of TiO,-L

The influence of temperature on the activity of 25 has already been discussed (under
polychromatic irradiation) in a previous wofkResults for TiG-L are reported in Figure 6.
Both activity and selectivity increase with tempara, like on TiQ-P25 For T > 75°C,
methanol conversion is higher than 90% (vs. ~55%®TMt with complete mineralization (vs.
60% CQ-selectivity at RT). Following the formate specms TiO,-L with temperature is
easy due to the high intensity of the correspondiRgbands (Figure 7). An important
decrease is observed with increasing temperatutie asmaximum between 75°C and 100°C.
7



This apparent decrease of surface formates witle@sing temperature (and activity) already
raises the question about the role of the formatese photocatalytic oxidation of methanol
(and alcohols) and of their true intermediate reatum addition, stationary IR bands could
also be observed even at high temperature, shothiemgormation and presence of stable

species on the photocatalyst during photooxidation

3.3 Role of formate species in methanol photooxidation: a complementary
study by SSITKA

SSITKA is a methodology for obtaining transient dions while remaining under the
required chemical and/or kinetic steady state enwirent for a given reaction. It is already
used in some operando studies for a better undeéiatnor for clarifying the mechanism of a
catalytic reaction, and sometimes to determineathization energy>=>°In our case, SSITKA
experiments were performed to clarify the roleafriate species in methanol photooxidation.
Two reaction flows in our operando system have hessd, each of them equipped with a
saturator containing either natural’8€ enriched methanol (Scheme S1). A four ways valve
allows instantaneous switching from one flow to thtber under the same experimental
conditions (flow: 25 criimin, concentration: 1200 ppm, temperature: RT, ltediation
intensity: bges)~11 mW/cnf; A = 366 nm and air composition: 20% oxygen in Ar)d dhe
reaction remains chemically identical in both ca3é® chosen methanol concentration led to
incomplete conversion and partial mineralization neéthanol (Figure 1), which allowed
following the isotopic exchange of all species ulthg reactants with the on-line gas
analyses. The switch from’C to °C-substituted methanol was done during the
photooxidation reaction and the switching time waed as t = 0. The results presented here
were obtained on Ti@P25, and those with Tl are presented in supplementary
information.
Starting from the chemical steady state (t = @, rgmction flow was switched from natural to
labeled methanol. Consequently, the bands of addotfC-methoxy (1090 ci) and
3C-formates (1340 and 1515 dnspecies progressively replaced those of the etgdb
species (Figure 8Al), giving rise to several isasioepoints. On the time traces (Figure 9A),
crossing points are observed at t ~5 min and tmitB(> 75min for TiQ-L; Figure S-5) for
adsorbed methoxy and formate species respectivh/on-line analyses of the exhaust gases
show similar isosbestic and crossing points (at7)3or methanol, carbon dioxide and
carbonyl compounds (methyl formate with trace eofrfaldehyde and/or formic acid) (Figures
8



8B-1, 9B, S-5). Similar results were obtained o®ZFL (Figure S-4). The kinetic behavior of
surface methoxy groups is coherent with the kiseticthe changes in the reactor exhaust, but
formate species are clearly reacting too slowly pared to the speed of G@nd methyl
formate productions. These results show that thenhaof formate species, formed on the
TiO, surface, are spectators. This conclusion is ieegent with the relatively lower activity
founded on Ti@-L, at high methanol concentration, despite thehdigamount of formate
species observed on the surface of this mateoahpared to TiQ-P25). In addition adsorbed
methoxy, which presents a similar isotopic exchakgetic than that of final products, could
rather be an effective intermediate in methanokg@idadation.

However, even after a complete replacemenf®H;OH by *?CH;OH in the gas phase (after
t = 8 min, Figure S-6), traces HICO, could still be observed at t = 360 min, due to sty
decomposition of unlabeled surface formates. Tvagtien pathways thus exist on the surface
for the photocatalytic oxidation of methanol: atféand major) one, and a side-path, via the
slow decomposition of surface formates. The fagttien could go via some of the formates
(could be the formates formed on the surface expalectly to the light) or via surface
carbonates, but no carbonate bands were detectsldwkr rate for the isotopic exchange of
surface formates was observed on FiQ(crossing point at t >75 min vs. 18 min for HO
P25). Switching to pure air, with zero methanola@artration, under UV irradiation, does not
change the rate for formates removal from the serfén addition, persistent IR bands were
detected on the photocatalysts after isotopic exgppadue to stable formates formed on the
surface after irradiation (in agreement with theawed influence of temperature).

Infrared spectra for TiOH groups on the surfaceindurthe photocatalytic process give
information on the possible sites for the formatafnweakly or not active formate species
(Figure 10). The evolution of the IR spectra of Ti@ real time is presented in Figure S-7.
Methanol adsorption led to the perturbation of acef TiOH groups and to the total
disappearing of the IR bands at 3720"camd 3690 cr assigned to the vibration bands of
Ti(ll)-OH and Ti(IV)-OH, respectively (Figure S-4After irradiation, the Ti(IV)OH band
was recovered while the Ti(lll)OH band remainediymred (Figure S-8). Figure 10B shows
the linear relationship between the IR-bands ofasarformate species and that of Ti(lll)OH.
This shows the role of TiOH functions in the stedaition of the formate on the photocatalyst
surface. The higher band intensity for formatesTad,-L is thus due to a larger amount of
TiOH sites on the surface of the solid. It shoutdrwted that the higher absorption in the



visible for TiO,-L is linked to the presence of oxygen vacancied/@anof Ti(lll)-OH,

resulting in an absorbance red-shift (Table 1).

Conclusion

The newoperandelR technique presented here shows high performamdaighlight the
activity of the photocatalyst, the selectivity betreaction and the role of the surface species
in the reaction mechanism. However, in situ idérdgifon of the species formed on the
photocatalyst surface is not enough to determieé tiole in the reaction. We used the new
technique to study the activity and selectivityaaiew photocatalyst (T#L), with methanol
photooxidation as model reaction for air purifioatirom VOCs. TiQ-P25 (Evonik-Degussa)
was used as reference under the same reactiontionsdiTiQ-L presents a higher activity at
low methanol concentration and higher selectivithigh methanol concentration compared
to TiO,-P25. The TOF of the reaction were calculated usirtgeoretical number of active
site in TiQ; anatase. It is 2 to 3 times lower in the caseiOb-L than for TiGQ-P25. This was
assigned to an overestimation of the number ofadiites in Ti@-L and showed that the real
number is lower than estimated. A similar methacmiversion rate (mlg,™ min?) was
found for both photocatalysts. The photooxidatiattivty and CQ-selectivity of TiQ
increase with temperature. Formate species areefbramd adsorbed in higher amounts on
TiO.-L than on TiQ-P25. A 40 crit shift could be also observed between IR spect&®4-
P25 and Ti@L surfaces. SSITKA experiments allowed establighialationships between
surface species and final products. Formates foronetiO,-L are more stable than on T#O
P25. Most of formates observed by IR are spectgpecies. A relationship between the
formation of formate and the disappearing of T)(llIH was also observed, showing the role
of defects and TiOH sites in the stabilization @ivlactive formate on the surface. Isosbestic
points between methoxy and final products were meseon both photocatalysts, suggesting
methoxy as intermediates in methanol photooxidati@perandolIR is thus demonstrated as
an important technique in photocatalysis, unveilngre information than other sometimes
more expensive techniques. In the future, operdRdwill be coupled with SSITKA using
different methanol isotopes (GHOH and CROH) in order to determine the real

intermediates and global mechanism in methanolgahxadation.
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Tables.
Table 1. Characteristic of Ti@L and TiQ-P25 photocatalysts used in this work.

SBET Vmeso A
Photocatalyst Crystallinity Morphology

(m7g)  (cm'/g) (nm)

Tubular
TiO»-L Anatase (>95%) 90 0.14 <416
macrofibers

Anatase (80%), Agglomerated
TiO,-P25 55 -- <405
Rutile (20%) powders

Sger: BET surface; Wesg mesoporous volume; wave lengths of the photocatalyst
absorbance.
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Figures caption

Figure 1. influence of methanol concentration on methanaiveosion and C@&selectivity
for methanol photooxidation reaction using ZHO (square) and Ti@P25 (circle)
photocatalysts. (20% fDAr vol.%; flow = 25 cni/min; RT; kass)~10 mW/cnd; A = 366 nm).

Figure 2: Original IR spectra of the gas phase during thetgdatalytic reaction at RT, at
different methanol concentrations. “a” correspondsthe IR spectrum of 1000 ppm of

methanol before photooxidation.

Figure 3: Influence of methanol concentration on turnoveqfrency (TOF; close symbol)
and on methanol conversion rate (in ml per grarmphaftocatalyst per minutes; open symbol)
for the methanol photooxidation reaction using JFR25 (square) and T (circle) as

photocatalysts. (20%£Ar vol.%:; flow=25 cmi/min; RT; base~10 mW/cni; A =366 nm).

Figure 4: IR spectra of TiIQ-L (A) and TiQ-P25 (B) before (a) and after (b) 60 minutes of
UV irradiation . (1200ppm of methanol in synthetit; flow=25 cni/min; RT; bzes~10
mW/cnt; A =366 nm)

Figure5: IR spectra of TI@QL (A) and TiO-P25 (B) after ~1h of methanol photooxidation at

different methanol concentrations (Subtraction ltesftom IR spectra recorded in the dark).

Figure 6: A) Evolution of the gas phase IR spectra vs reaeimperature for the methanol
photooxidation reaction using Ti as photocatalyst. B) Evolution of methanol casuen
(calculated using the IR band at 1090-950'%tmand the IR band areas of €(2395-2182
cm™®) and carbonyl species {8=0; 1810-1717 cif) at different temperatures. ([MeOH] =
1200ppm; dzes-10mW/cnt; A=366nm; flow= 25 crifmin; heating rate = 1°C/min and

stabilization for ~1 h/temperature step).

Figure 7: A) Evolution of the IR band area of formate speca& 1605ch and their
derivative versus the temperature (d(IR band at&a)ising TiQ-L as photocatalyst. Figure
(B) corresponds to the original IR spectra of FlOsurface at different temperatures of
methanol photooxidation.

12



Figure 8. IR spectra of Ti@P25 (A) and of the reaction gas phase (B) durir§SérkKA
experiment for which an initial flow of 1200 ppm BECH;OH, 20% of oxygen diluted in Ar
(total flow = 25 cm min™®) was switched to a similar but labeledfQH;OH) flow (the
spectrum recorded at t=0 was used as backgrouigiixes (All) and (BIl) correspond to the
original IR spectra of TiP25 and of the reaction gas phase, respectivelsingl the
SSITKA experiment at t= 0 and 120 min.

Figure 9: Evolution of the IR band intensities for adsorlspecies on TiQP25 (A) and for

final products detected in the gas phase (B) xadiation time.

Figure 10: (A) Evolution of the IR band of Ti(llIl)OH at 369&m™* and of formate species at
1602 cni during methanol photooxidation. (B) Evolution bétformate species IR-band vs
Ti(lII)OH IR-band during methanol photooxidation.
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Supplementary information

Operando IR technique New operando IR cell
Cold air

Mass
spectrometer
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Ar==_h =
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o %I Reaction
2 flow
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Infrared IR reactor-cell @==f==3>
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Scheme S1. Scheme of the SSITKA equipment used and of tmelseh reactor-IR cell
modified for UV catalysis study.

Figure S-1. SEM micrographs of self-supporting (calcined) Fi€plica of Luffa sponge
(Tio2-L).
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Figure S-3. Evolution of the methanol conversion (calculatemhgisn/z=29 MS signal), the
MS signal of CQ (m/z=44) and of KO (m/z=18) versus different methanol concentrations
and irradiation time.
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Figure S-4. IR spectra of Ti@L before (a) and during methanol photooxidation=a0min
(b) 30 min (c) and 360 min (d) (t=irradiation tim¢pubtracted results from IR spectrum of
TiO,-L after activation at 500°C, taken as the refeeg¢nc
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Figure S-5. IR spectra of Ti@L (A) and of the reaction gas phase (B) recorde@54C
during a SSITKA experiment for which an initial flomade of 1200 ppm dfCH;OH, 20%

of oxygen diluted in Ar (total flow = 25 ctnmin™) was switched to a similar labeled
(**CH;OH) flow (Spectra subtracted from the spectrum méeo at t = 0, which corresponds
to the switch moment ofPCH;OH/**CH;OH). Figures (All) and (BIl) corresponds to the
evolution of the IR band intensities of the speeidsorbed on the photocatalyst surface and to
those of final products detected in the gas phraspgectively, vs. irradiation time.
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Table S-1. Data obtained in the photooxidation of differentth@amol concentrations using
TiO,-P25 and Ti@-L photocatalysts

TiO,-P25 TiO,-L
I 1
[MeOH] | Conv. CO- TOF V meoH Conv. CO- TOF V meoH
selectivity selectivity
(ppm) (%) (%) (molecules/s/active  (ml g (%) (molecules/s/active  (mlg
site) Lea Min (%) site) Lea Min
) )

I 1 1
250 87 99 0.24 0.27 97 95 0.17 0.30
350 87 99 0.34 0.38 96 90 0.23 0.42
500 86 90 0.49 0.54 90 88 0.31 0.56
600 85 86 0.57 0.64 89 77 0.37 0.67
700 85 80 0.67 0.74 85 72 0.41 0.74
800 84 74 0.76 0.84 79 68 0.43 0.79
900 80 63 0.85 0.9 76 60 0.48 0.85
1000 81 50 0.91 1.0 71 57 0.49 0.89
1200 73 39 0.84 11 54 57 0.45 0.81
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