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s The selective aerobic oxidation of cinnamyl alcohol over Pt nanojesrtias been tuning via the use of
mesoporous silica supports to control their dispersion and oxidation state réigiva-dimensional
SBA-15, and three-dimensional, interconnected KIT-6 silica significantiprece Pt dispersion, and thus
surface Pt@concentration, over that achievable via commercial low surface areaSédieative
oxidation activity scales with Pt dispersion in the order KESBA-15 > SiQ, evidencing surface PO

10 as the active site for cinnamyl alcohol selox to cinnamaldehyde. Kimapping has quantified key
reaction pathways, and the importance of higlp&rtial pressures for cinnamaldehyde production.

resulting in enhanced activity, selectivity and lifetime
1. Introduction Platinum is well-established in chemo- and enantioselective

. . . hydrogenation cataly@@ including cinnamaldehyde and
a,p-Unsaturated aldehydes are vital to a sustainable Chem'ééaérotonaldehyde hydrogenation wherein C=O versus C=C

economy, as they are high value intermediates/products for thgctivation is influenced by the molecular adsorption geor@try,

15 pharmaceutlcal, agrochemical _and fine chemical sectors, nanoparticle size and facet termin@ﬁ:innamyl alcohol
Cinnamaldehyde for example is both a food and perfume

4diti €E| ferring the fi q f i 4 al selox has also been reported over PVA-stabilised Pt colloids
additive jcon err.lngt € flavour and aroma of cinnamon, an asodeposited on carbon by Prati ﬂhowever, despite exhibiting
serves as an insect repeIEhSuch aldehydes are typically

. . e ) . 55 high selectivity to cinnamaldehydtheir activity was extremely
derived by §ele_ct|ve OX|d.at|9n of.thelr corresponding  allylic poor, possibly reflecting site-blocking by the polymer stabiliser.

20 algohols. Historically stoichiometric amoupts .of hagardpus We have previously demonstrated the importance of silica
oxidants werg gmployed to effect such OX|(.1at|.o_ns, with f|r1_a| support textural properties in regulating the performance of Pd
product selectivity often poor and generated significant quam't'e%anoparticles towards allylic alcohol S@(El Here we
of harmful \_NastE Hgterogen_e ous catalysts capable of SUCGL]S stematically investigate the impact of support architecture upon
_chemoselectlvg aerobic OX'_d ation (selox) hgve thus attracted grerﬂfe structure and reactivity of analogous (naked) Pt nanoparticles,

N |nteresE|where|n the co-existence of reactivgdHOH and C=C order to identify the active catalytic site in cinnamyl alcohol

L . . . rr

moieties is a challengao high aIFiehyde 56|e_Ct'V'EI selox, competing decarbonylation and hydrogenation pathways,

Consequently, a fundamehtanderstanding of the active site and and deactivation mechanism

reaction network is pivotal for improving catalyst design. '
Platinum group metals (PGM) are widely employed :

30 heterogeneous catalysts for oxidative dehydrogenation, hydroése%' Experimental

transfer and oxygen insertion reactigiipPalladium has been 2.1 Catalyst synthesis

extensively studied for the selective oxidation of allylic alcohols, SBA-15 syntheﬁisi?_glPluronic P123 (10 g) was dissolved in water
E"E wherein sophisticated in-situ/operando spectroscopic an(175.5 ml) and hydrochloric acid (2 M 291.5 ml) with stirring at 35

kinetic measurements have identified surface PdO as the activeC Tetramethoxysilane (15.5 ml) was added and left for 20 h
i ; : 319 f : :

% site responS|bIe_ fEIor CrOty@' anfl mEInnamyI slc R@uthenlrm 7o with agitation. The resulting gel was aged for 24 h at 80 °C
supported on Tigy |Ce Al 03" land hydrotalcilg,]is also without agitation. The solid was filtered, washed with water

effective towards allylic alcohol selox. Nanoparticulate gold also(1000 ml) and dried at room temp before calcination at 500 °C for
exhibits high carbonyl selectivity during alcohol selox, in the 6 h in air (ramp 1 °C.mif). The resulting silica possess

presence_ of a_n auxiliary basend is st_rongly depe_ndent on hexagondy-arranged parallel pores of p6mm symmetry.
40 nanoparticle size and metal-support mterac@wslomass-

derived polyfunctional alcohols, such as 5-hydroxymethyl
furfural (5-HMF) can also be selectively oxidised by supported
gold nanoparticl@ providing routes to exciting renewable

polymel%_g"%ich as PEF (de_rived from 2,5-fura%|dicarboxyrljéacid,added and left for 20 h with agitation. The resulting gel vgesia
+ FDCA) Bimetallic variants, such asu/Pft]and Au/ s for 24 h at 80 °C without agitation. The solid was filtered, washe

catalysts have evidenced strong synergies in alcohol selo>§Nith water (1000 ml) and dried at room temperature before

KIT-6 Q/nthesisE]Pluronic P123 (10 g) was dissolved in water
(361.6 ml), Butan-1-ol (12.3 ml) and hydrochloric acid (35 %
16.7 ml) with stirring at 35 °C. Tetramethoxysilane (15.6 mi$ wa

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00-00 | 1



calcination at 500 °C for 6 h in air (ramp 1 °C.fjin The stubs each backed with carbon tape. Metal loadings were
resulting silica possesses a gyroidal pore architectla® d e determined using EDX analysis on the above instrument
symmetry) with interconnecting pore channels. operating at, 25kV with a maximum current of 25nA and waykin
distance of 9mm. High resolution (S)TEM images were recorded

s Pt impregnation. Mesoporous SBA-15and KIT-6 supports (2.0 on an FEI Tecnai F20 field emission gun TEM operating at 200
g) were wetted with agueous ammonium tetrachloroplatinate (I1)kV equipped with a Gatan Orius SC600A CCD camera. Samples
solution (16 ml with precursor concentrations adjusted to achiewevere prepared for TEM by dispersing in ethanol and drop-casting
nominal Pt loadings of 0.05-2 wt% for SBA-15 and K3T- onto a copper grid coated with a continuous carbon suppuwrt fil
supports). Resulting slurries were stirred for 18 h at room(Agar Scientific Ltd). Images were analysed in ImageJ 1.41.

10 temperature before heating to 50 °C. After 5 h, agitation dease
and the solids were left gt 50 °C for 24 h to dry_to g powder.2.3 Cinnamyl alcohol selective oxidation
These powders were calcined at 500 °C for 2 h in air (ramp 1
°Cmin®) prior to reduction at 400 °C for 2 h (ramp 10 °C.1in
under flowing hydrogen (10 ml.mi. Commercial silica (Sig)

15 (2.0 g Sigma, 200 fgl) was likewise wetted with agqueous

70 Catalyst testing was performed using Radleys Starfish carousel
batch reactors on a 10 ml scale at 90 °C under atmospheric

. . . ) . pressure of oxygen. Catalysts (50 mg) were added to reaction
ammonium tetrachloroplatinate (I1) solution (16 ml with varying mixtures containing 8.4 mmol of alcohol substrate, an internal

i . i 0 ;
lpre(cj:yrsor codn(tzﬁntr?tlonst tot ;C:?I\ée 0|.0'52d MdA) gomlgalstandard (mesitylene, 0.1 ml) and toluene solvent (10 ml) at 90
oadings), an € slurry treated dried, calcined and reduces ag nger stirring and bubbling Q1 bar) at 5 ml mift. The

above. absolute Pt content varied between 0.0l (0.05 wt%
% catalysts) and 5.4mol (for the highest loading 2.10 wt% Pt/$iO
2.2 Characterisation tested), corresponding to substrate:catalyst ratios ranging from

0, 0, i
Nitrogen porosimetry was undertaken on a Quantachrome Novz(a?'ssx1d (0.05 wt%) down to 1.56x20(2.10 wi%). Reactions

so were sampled periodically for kinetic profiling by off-line gas

20096 porosimeter, and analysed using oNovan soﬁware hromatography using a Varian 3900GC with 8400 autosampler
version 11. Samples were degassed at 120 °C for 2 hours prior fc% . .

sanalysis by  nitrogen adsorption  at  -196  °C itted with a (15 m x 0.25 mm x 0.2Bm) CP-Sil5 CB column.
Adsorption/desorption isotherms were recorded for all parent an(!i: or cinnamylalcohol, catalytic activity towards the reaction

Ptimpregnated silicas. BET surface areas were calculated oveptermediates - 3-phenylpropan-1-ol, - 3-phenylpropionaldehyde,

; . gs cinnamic acid and cinnamaldehyde, was also measured under
the relative pressure range 0.01-0.2. Pore diameters and volumeds . . .
. ._I1dentical conditions to those used for cinnamyl alcohol for both
were calculated applying the BJH method to the desorptlor‘h. . o
. . . igh and low Pt loadings (~2 and 0.05 wt%) on all silica supports.
a0 isotherm for relative pressures >0.35. Low and wide angle XRDThe role of oxvaen pressure was investigated under standard
patterns were recorded on either a PANalytical X’pertPro ygen p 9

diffractometer fitted with an X’celerator detector and Cu K, reaction condltlons. (temperature, internal Sta.mdard and
(1.54 A) source, with calibration against a Si standard. Low angle 9 Substrate:catalyst ratio) witha Parr Instruments stainless steel

patterns were recorded for 20 = 0.3-8° with a step size of 0.01°, 2utoclave between 5 and 15 bap @ressure; activity and

35 Wide angle patterns were recorded for 20 = 20-90° with a step selectivity were assessed after 7 h.
size of 0.02°. The Scherrer equation was used to calculat(:a3 Results and discussion
volume-averaged Pt particle sizes. :

XPS was performed on a Kratos Axis HSi X-ray photoelectron3.1 Catalyst characterisation

spectrometer fitted with a charge neutraliser and magneticS . -
w0 focusing lens employing Al Kmonochromated radiation (1486.7% uccessful generation of the pémm 4a8l d silica support pore
"._architectures for SBA-15 and KIT-6 respectively was confirmed

eV). Spectral fitting was performed using CasaXPS version” ™. . . . .
2.3.14. Binding energies were corrected to the Si 2p peak at 103.91y indexing their low angle powder X-ray diffraction (XRD)

eV. Pt 4f XP spectra were fitted using a common asymmetricpattems (Fig. S1). The associated lattice parameters calculated
peék shape. Errors were estimated by varying the Shirle)];rom the major reflection (Table S1) are in agreement with
. - 7 . .
45 background-subtraction procedure across reasonable limits 1§0n§£?r:2ilst::f)e?jrt§§|\f ?soi)r(\i?;t:c\i/;/italt':og:nl Eog?:rlrens?;r);oflts)gth
re-calculating the component fits. Pt dispersions were measure . yP . . P y
via CO pulse chemisorption on a Quantachrome ChemBET 300 ynthesised supports (Fig. S2), with BET surface areas and mean
system. Samples were outgassed at 150 °C under flowing He ( JH pore sizes reported in Table S1 consistent with literature
ml min'.l) for 1 h, prior to reduction at 150 °C under flowing values, and evidencingarrow pore size distributions (Fig. S2).

ios Commercial silica exhibits a type Il isotherm, reflecting a

hyd 10 ml mid) for 1 h bef lysis at : : :
= hydrogen ( m ml.) or . elore ahaygls a room disordered pore network, with a low BET surface area. Bright and
temperature. Note, this reduction protocol is milder than that

employed during Pt impregnation, and thus does not inducéjark field transmission electron microscopy (TEM) (Fig. S3)

additional particle sintering. A CO-Riue Stoichiometry of confirm the expected pore architectures in accordance with XRD

. . n rosimetry. Complementary m rements on the Pt-
O.6Mwas assumed, since the formationadilly saturated a qlpo osimetry. Complementary measurements on the .t doped
10 Variants showed pore arrangements and mesopore diameter

monolayer is energetically unfavourable under the measurement . . .
* conditioils used 9 y comparable to their parent silicas (Fig. 1 and S4-6 and Table S2)
SEM images were recorded on a Carl Zeiss Evo-40 SEN{qowever BET surface areas decrease of all thee supports decrease

) . . i 0
operating at 10 kV. Samples were supported onto aluminiumWIth Ptloading. The latter is greatest for SBA-18(%) and

2 | Journal Name, [year], [vol], 00—00 This journal is © The Royal Society of Chemistry [year]



Fig. 1 Dark field STEM images of (left) 0.06 wt% Pt/KIT-6efttre) 0.06 wt% Pt/SBA-15; and (right) 0.05 wt% RScatalysts. Yellow circles
highlight dispersed Pt nanopatrticles; insets show bfigltt-TEM images of parent SBA-15 and KIT-6 mesoporotisasl

s KIT-6 (<30 %), and likely arises from partial pore blockage, with
the interconnecting pores of Kl@-mitigating this effect. The
smaller decrease observed for the commercial silica is consiste
with Pt nanoparticles residing predominantly over its
proportionately larger external surface area. Platinumr

10 nanoparticle dispersion increases with diminishing loading a:
shown in Fig. 2a and Table Sthe derived Pt nanoparticle sizes
are in good agreement with those calculated from the Scherr
equation from the corresponding XRD patterns for loadings >0.!
wt% and show a dramatic decrease in size from 15 nm (2 wt%) t

15 2.7 nm (0.05 wt%) for the Pt/SBA-15 series. Only fcc Pt metal
reflections were observed by wide angle XRD for all supports
Platinum dispersion was sensitive to the silica support, witt
mesoporous silicas demonstrating increased metal dispersions
71% (SBA-15) and 80% (KIT-6) relative to 44% for the

20 commercial silica at comparable 0.1 wt% loadings. These
differences were reflected in dramatically different degrees o
surface oxidation as measured by XPS (Fig. S8 and S9), resultir
in a linear correlation between surface oxide concentration stal
and dispersion (Fig. 2b) as we previously observed foi

25 Pt/AIZO;F_Ul and Pd/silica and Pd/AD; analoguelMln all
cases, the Pt 4§ oxide binding energies (74.3 eV) were
consistent with Pt@and not PtO, in accordance with Ono %I.
All three supports exhibit similar loading versus oxidation state
relations, precisely as expected since silica is a weakly

30 interacting support. Hence, in this instance, Pt oxidation state i
solely determined by nanoparticle dispersion, the latter a functio
of silica surface area. The distribution of Pt@as explored via
two different X-ray excitation sources (Mg versus Al)Ko
provide different Pt 4f photoelectron sampling depths, as

35 described in the ESThe results indicate a metal core-oxide shell
structure, as may be anticipated given the slow diffusion of
oxygen into the bulk of metals, which typically follows Mott-
Cabrera kineti@i.e. rapid formation of a passivating surface
oxide followed by slow diffusion into the underlying core. For a

40 0.1 wt% Pt/SiQ catalyst, the PtOfilm thickness is estimated at
~0.8 nm (= 3 layers of crystalline Pt

3.2 Cinnamyl alcohol selective oxidation

Cinnamyl alcohol (CinnOH) aerobic selox was explored over oul
three Pt/Si@ catalyst families via reaction profiling (Fig. S10).
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Control experiments evidenced negligible conversion in thedispersed Pt nanoparticles which undergo preferential oxidation
absence of supported platinum, with hot filtration tests showingto minimise their surface energies, and are thus more active than

no detectable

platinum leaching,

demonstrating purely
heterogeneous platinum catalysed seloxtial selox rates are

larger Pt nanoparticles present in metallic form over the low
surface area silica. In order to assess the potential significance of

s inversely proportional to Pt loading for all supports (Fig. 3a), support interactions, we have also examined the reactivity of
replicating prior observations for Pd impregnated s%beit 25 platinum deposited on Ce@nd ZrQ, respective reducible and

with lower activity per gram of metaMesoporous silica confer
selox activity than tine commercial
analogue, with PY/KIT-& Pt/SBA-15 > Pt/SiQ Quantification

significantly higher

Lewis acidic metal oxide supports (Fig. S11). The results show
that under our mild reaction conditions, the principal factor
influencing Pt catalysed alcohol selox is not the chemical nature

10 of the PtQ content of each catalyst, and corresponding activity,of the oxide support, but rather the support surface area, which
reveals a hitherto undiscovered linear relationship between thenfluences the platinum dispersion as described above, and thus

two (Fig. 3b). This striking finding strongly suggests that 8O

degree of oxidation, which in turn controls activity. This is

the active site in platinum catalysed cinnamyl alcohol selox,evident from Fig. 3b, wherein the structure-reactivity properties
precisely as we recently demonstrated for the analogousf 0.1 wt% Pt/ZrQ (100 nf.g™l) and 0.1 wit% Pt/CeQ(5 nt.g?)

15 palladium catalysis, and underpins the observed rates in Fig 3@atalysts both fit perfectly on the line derived for weakly-
We postulate that the high surface area silicas favour highly

Initial rate CinnOH selox / mmol.gPt".h-"

Initial rate CinnOH selox / mmol.h"!
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Fig. 3 Initial rate dependence of cinnamyl alcohol seloXarPt loading
and support architecture and (b) surface,R@centration

3s interacting silica supports, while thecorresponding selectivity
profiles are almost identical to that of 0.1 wt% Pt/S{Elg. SL2)
implicating a common reaction mechanism and active site.

The preceding hypothesis was tested by comparing the

turnover frequencies (TOFs) for cinnamyl alcohol selox pEoiPt

w0 Pt site. In the absence of mass-transport limitations,
identification of the true active species should yield a constant
TOF independent of silica support or Pt loading. Fig. 4 shows
that normalisation to surface Pt metal resulta decreasing TOF
with metal loading. In contrast, normalisation to surface,PtO

as reveals a constant TQPprecisely as expected for an oxide active
site. Surprisingly, the resultant TOF of 6,008 ik in excellent
agreement with that derived for Pd/silicas of 5,80F¥] This
finding contrasts with earlier studies, which erroneously
compared similar loading Pt and Pd catalysts possessing different

so dispersions, and hence unfairly concluded that palladiunfavas
superior to platinum

Pt metal (®)/ mmol (x10-%)

012 3 456 7 89
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Fig. 4 TOF normalised to surface Pt or R&dncentration

Selectivity towards the desired cinnamaldehyde oxidation

ss product is critical to the commercial application of selox

catalysts. A representative selectivity profile shown in Fig. 5

highlights the high initial selectivity to cinnamaldehyde (~65 %),
which however falls to only 25 % during reaction, due to

4 | Journal Name, [year], [vol], 00—00
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70 - evidence for the link was provided by in-situ pre-reduction of the
EC'””ama'dehyde 0.05 W% PUSIQ catalyst, which lowered the initial
ngyf:r? lor . id 25 cinnamaldehyde selectivity by 12 % (Fig. S13). A further
phenylpropanoic act demonstration that PtO2 is essential for cinnamyl alcohol selox
was provided by increasing the oxygen pressure. Fig. 7 shows
that increasing the g from 1 to 15 bar enhanced cinnamyl
alcohol conversion by 45 %, and the ratio of
30 oxidation:hydrogenation products from 0.65 to 1.1. XPS of fresh
and spent catalysts shown in Fig. 8 confirms that this enhanced
selox performance reflects stabilisation of surface,Rifder
higher Q pressures. In-situ Pt@eduction induced by cinnamyl
alcohol lowers the surface oxide content from 20.5 % during the
35 early stages of reaction, to only 5 % after 24 h under DhaBy
comparison, 13 % PtQemains after 24 h reaction under 10 bar

60

Selectivity / %

0 : : : 0,. The requirement for elevated oxygen pressures to achieve
0 2 4 6 8 comparable cinnamaldehyde yields over Pt/silicas as obtained for
Reactiontime/h Pd/silicas may originate in part from the lower oxygen sticking
Fig. 5 Selectivity profile for a 0.05 wt% Pt/Sj@atalyst 40 probability over platinu

undesired 3-phenylpropanoic acid and styrene production. Th 1.2
carboxylic acid likely forms via hydrogenation ofetliC=C 85 | §_<3
s function and over-oxidation of the alcohol function, whereas o L 44 g,
styrene must form via hydrogenolysis of the C-C bond. = o
Comparison with Pd/silica analo reveals significantly 2 75 1 :37
higher levels of C=C hydrogenation over platinum, consisten’ g L1 B
with the latter's performance in liquid phase alkene g g
10 hydrogenatiom Styrene formation during cinnamyl alcohol © g5 | o
selox over Pdisilicas is indicative of the presence of palladiun 2 r 09 &
metaEland by analogy, may reflect in-situ reduction of surface 3 S
PtO2 under our reaction conditions. In order to test whethe ; 55 1 L 08 g
hydrogenation side-reactions were indeed favoured by metalli g T e
1s platinum, the ratio of cinnamaldehyde:3-phenylpropanoic acic £ %
was determined as a function of surfac® d@incentration across O 45 A . L 0.7 %
all three Pt/silica families. Fig. 6 confirms this postulate, with OConversion Q
selectivity towards hydrogenation versus oxidation products OOxidation:hydrogenation é

increasing with the degree of platinum surface reduction. Further 35 T T T 0.6

0 5 10 15 20
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>
E Fig. 7 Influence of @ reaction pressure on cinnamyl alcohol conversion
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Fig. 6 Detrimental impact of surface®on selectivity to oxidation ~ 45 _ o
(cinnamaldehyde) versus hydrogenation (3-phenylpropaamiit Fig. 8 Influence of cinnamyl alcohol selox reaction time @gressure
on surface Pt@concentration for a 0.05 wt% Pt/Si€atalyst
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Scheme 1 Reaction network for cinnamyl alcohol selox over@0nt% Pt/SBA-15 catalyst at 90 °C, 8.4 mmol substasd 1 bar @ Starting substrate
colour key: black = cinnamyl alcohakd = cinnamaldehydegreen= cinnamic acidblue = 3-phenylpropan-1-ol; anadrange3-phenylpropionaldehyde.

s Further insight into the product selectivities was obtained bymolecular functionality. This contrasts with palladium based
studying the reactivity of various potential intermediates undercatalysts, wherein higher selectivity to cinnamaldehyde is
standard selox conditions over a 0.05 wt% Pt/SEBAcatalyst. obtained, which we attribute to the higher stability of palladium
The results are summarised in Scheme 1 after 7 h of reaction;sttexide versus metal. In order to evaluate the wider applicability of
values reported represent the percentage of each reactant thair Pt/silica catalysts in the aerobic selox of unsaturated

w0 follows a particular pathway. Considering cinnamyl alcohol, the oxyenates, 0.05 wt% Pt/SBA-15 was screened against a range of
first step is always oxidation to cinnamaldehyde, with no directalcohols aldehydes, and ketones (Table 1). The results
C=C hydrogenation of the alcohol. However, the cinnamaldehydalemonstrate promising activity for the oxidation of unsaturated
product is unstable with respect to decarbonylation (to styreneprimary aldehydes and alcohols, such as crotonaldehyde
and hydrogenation (to 3-phenylpropionaldehyde), leaving adly 2 hydrocinnamaldehydebenzyl alcohol, 1-phenyl ethanol and

15% of reactively formed cinnamaldehyde intact. The 3- trans-2-methyl-3-phenyl-2-propenél- while secondary alcohols
phenylpropionaldehyde intermediate is itself extremely unstableand ketones proved less reactive under our mild reaction
with respect to subsequent oxidation to the corresponding 3eonditions. This highliglstthe importance of proximity between
phenylpropanoic acid. Interestingly, reactively-formeeb aromatic/allyl functions and the terminal OH/HCO group as
cinnamaldehyde does not undergo over-oxidation to cinnamigreviously observed for a Pt/graphite cat@l\/e are currently

20 acid under our conditions, presumably because surface hydrogeteveloping bimetallic M-Pt catalysts to fine tune the rates of
co-liberated during its formation from cinnamyl alcohol promotes oxidation versus hydrogenation, to maximise activity and
competing hydrogenolysis/hydrogenation pathways. In contrastselectivity to allylic aldehydes and acids.
when cinnamaldehyde is selected as the starting material, over-
oxidation to cinnamic acid is the dominant pathway, reflecting4. Conclusions

25 the absence of surface hydrogen. Cinnamic acid is stable with ) ) o
respect to decarboxylation to styrene, and hydrogenation to 3§|I|ca-_supported '_Dt nanqparpcles are ag‘uve for the liquid phase
phenylpropanoic acid, as expected for such a highly conjungatea_‘alecuve aerobic  oxidation ~of ~ cinnamyl a_lcohol to
molecule under mild oxidation conditions. The high stability of cinnamaldehyde at low temperature and ambient oxygen

C-H bonds adjacent to the hydroxyl function in 3-phenyl prepan pressure. Catalyst activity is a strong function of platinum
+ 1-ol renders this saturated alcohol inert under our conﬂ)ns eo dispersion, which in turn controls the concentration of surface

The preceding experiments enable us to map out the reactioﬁ'_[oﬁ the active site respo'r|1.3|ble for: the de|S|r§d se:jo_x che_mlstry.d
pathways for cinnamyl alcohol. Thedeighlight that while High area, mesoporous silicas enhance platinum dispersion an

platinum is an effective oxidation catalyst, facilitating both thus PtQ content, conferring superior activity t9 low area 5‘”0"?"

oxidative dehydrogenation and oxygen insertion reactionso fo Selectivity r.eflects a dellcate. balance of oxidation and. competl_ng
ss cinnamaldehyde and cinnamic acid, it also promotes hydrogﬁétj{nydrogenatlon/hydrog_enoly5|s pathyvays, the Iatte.r driven b,y in-

transfer reactions with high efficiency and the attendant loss ofitu hydrogen production and associated nanoparticle reduction
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Table 1. Selox performance of 0.05 wt% Pt/SBA-15 towards unsitira

and saturated oxygenates at 90 °C

Substrate Primary product ce s
yp 1% 1%
Crotonaldehyde Crotonic Acid
o
27 66
/\/\
o /\)LOH
Trans-hexen-bi Trans-hex-3-enal
11 72
Ho/\/\/\ o/\/\/\
Cinnamyl alcohol Hydrocinnamig acid
@\/v 38 42
/ OH
Cinnamaldehyde Cinnamic Acid
@W N, 31 80
AN
Hydrocinnamaldehyde Hydrocinnamoic acid
@W N 58 95
/O
Hydrocinnamyl alcohol
Q\/\/ n/a 0 o0
Benzyl alcohol Benzaldehyde
@\/ @\/ % %
on o
1-Phenyl ethanol Acetophenone
©_< ©_< 25 100
Trans-2-methyl-3-phenyl- (E)-2-methyl-3-
2-propen-1lel phenylacrylaldehyde
13 68
@\)\/OH @\/k/o
Geraniol (E)-3,7-dimethylocta-
/\)\A)\ Affil/k i 2
N 7 N 7
3-Penten-2l (E)-Pent-3en2-one
OH o
7 72
7 )k/\
3-Methyl-3-buten-lel
n/a 0 0
HO'
Linalool
HO
Isomers 3 100
AN 7
(E)-4-Phenylbut-2n2-
n/a 0 0

one
O~

a0.05 g catalyst and 8.4 mmol substrate (substrate:sata5,500); 1

-1
s bar flowing O2 at 3 ml.min ; "Conversion an@Selectivity after 7 h.
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