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Section 1, Catalyst dispersion

The method for the estimation of metal dispersimmf TEM
data is described in the following. The calculatwes based on
the average nanoparticle size obtained from théysiseof the
size distribution, as assessed from TEM microphrafalgs. The
following hypotheses were assumed:

the Pd nanoparticles are spheres, and in each sahgy have
the same diameterg), equal to the average nanopatrticle size;
the atomic radius of Pdyg is 137 pm;

the metal in the nanoparticles has the fcc strectur

the surface atom are contained in a monoatomicrig@herown
and their number is calculated as the differendsvésen the
total number of the atoms in a nanoparticleyfNand the
number of the atoms contained in the sphericalé’t@N) just
beneath the monoatomic spherical crown;

the diameter of the spherical “core’cjdvas calculated as (g-
rreV3); the facton'3 was used instead of 2 to allow for the fact
that in the compact structures the atoms of a Ilsigem holes of
the layer immediately underneath;

Nnp Was calculated as the ratio between the volumehef
spherical nanoparticle and of the atomic volume;

Nc was calculated as the ratio between the volumehef
spherical “core” and of the atomic volume

per cent dispersion was eventually calculated 8s(16N-/Nyp)

The overall equation for the dispersion is thusftilewing:

Dpg =100 [1 - (1 - 225)] .

dnp

Section 2, H;, conversion analysis

The analysis of K consumption helps to clarify the role of
each reaction during the experiments. Moreovdrelips to spot
the occurrence of mass transfer limitations. Acogdo the
stoichiometry of the reactions involved, the moles H,
consumedn,’?,2 (t), correspond to the sum of the moles gOH
and HO produced. Therefore, the actua} Ebnsumption at
timet, i.e. Xy, (t) was calculated according as:

R
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XHZ (t) - 0 - 0
n n
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where H,O,]; and H,Ql; represent the concentrations of(d
and HO at timet, respectivelyV" is the volume of the liquid

phase and}’,zare the moles of Hintroduced in the reactor and
nﬁzthose that already converted, equal to the molegatér and
peroxide produced. Since the value nﬁzwas independently
measured by pressure differehce after its addition to the
autoclave, equation (2) also verifies theHass balance, being
Xy from H,O and HO, measurements equal to 1 whea H
disappears. The estimated error was within 5%,icaoinfg the
consistency of the experimental procedures andsisal
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Supplementary Figure 1. Relationship between the nanoparticle size (d)the
Pd load (b) and the metal dispersion in the fresthlgsts X-Pd/K2621. Lines are

theoretical predictions based on eq. (1)

The time profiles of K consumption calculated according to
Equation (2) are reported in Supplementary Figure A2
comparison of KO, and HO concentration profiles (Figure 5
and Figure 6 in the manuscript) with the ldonsumption
(Supplementary Figure 2) is extremely interestigo stages
are clearly identified in each experiment, remarkgdhe time
of complete H consumptionX, = 1). In the first stage, i.e. for
Xuz2 < 1, all the reactions of Scheme 1 in the manpsatcur,
with the synthesis reactions prevailing over hyeéragion and
disproportionation; both the peroxide and the water
concentrations rapidly increased, though with oéfifé rates.
H,O, concentration reached a maximum at fujl dbnversion.
In the second stage, after, Homplete conversion, only the
disproportionation reaction may occur, lacking H that is the
case, a slow decrease of theOs concentration (and a slow
increase of the HMD concentration) is observed.
Disproportionation appears very slow compared kahal other
reactions (Figure 5 and Figure 6 in the manuscrgst)l its
disproportionation constant can be estimated.
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Supplementary Figure 2. H, conversion as a function of time with different
amounts of 1.0-Pd/K2621 (a; * 0.075€0.110 g; ¢ 0.150 g;m 0.300 g; A 0.500

g) and the same amount (0.150 g) of different gstsl(b; * 0.3-Pd/K2621»
0.5-Pd/K2621# 1.0-Pd/K2621m 2.5-Pd/K2621,A 5.0-Pd/K2621).

A quantitative comparison of the,Honsumption rates is
interesting: in case of external mass transfertéitiin, the H
consumption rate should be observed to increaggoptionally
less and less with increasing amount of the aatnetal. B
consumption rate can be estimated as slope of ffo@iersion
time profiles (Supplementary Figure 2). In a batehctor, the
profiles of H, conversion will never be linear in time (unless th
reaction rate is independent of reactants condenira.e. all
partial reaction orders=0), so that a unique dafini of the
slope is arbitrary. However, Supplementary Figush@ws that
H, consumption was quite linear up to values evehdiighan
60% (this is likely not true, but still an accegtb
approximation, for the two experiments with the 7&0and
0.110 g of 1.0-Pd/K2621; Supplementary Figure 2ande).

Hence, X, = 0.6 was chosen as the reference value to estimat
the H consumption rate Note that this convention is more

general than taking the slope at a fixed reactiore,t whose
value can change dramatically for different comdis (of

temperature, catalyst concentration, ei), = 0.6 is indeed
achieved at very different times. Estimated valaes reported
in Supplementary Figure 3, as a function of Pdhe liquid
phase. A direct correlation with Pd amount is ewntdelearly
proving that all the experiments were carried outhiw the
kinetic regime.
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Supplementary Figure 3. H, consumption rates at 60%, Honversion:o,
alternating catalyst amount (1 wt.% Pd/K2621); tealating Pd content (catalyst
amount 0.150 g).

For the first set of experiments this profile ipegted, since the
same catalyst was used. For the second set ofimqugs, i.e.
varying the Pd loading of the catalyst, this is mivious,
because both the metal amount and its dispersioe @fenged
from one experiment to another. However, the tptladium
amount was changed from 4 to 71 pmol (almost aofD-f
increase), but the metal dispersion, i.e. the $pecictive
surface area, underwent a less than two-fold chdndact, the
total amount of the surface palladium, i.e. thealtcdctive
surface area, depends almost exclusively on tHedd(0.150 g
of catalyst were used in this set of experiment$. a
consequence, the total Pd amount was directly ptiopal also
to the surface Pd amount employed (Supplementguyr&i4).

Section 3, Disproportionation reaction

After H, complete conversion (second stage of the expetshen
the disproportionation of J@, into water and @was the only
reaction occurring, if any, and causes the slowadse of HO,
concentration. Interestingly, it was slower thare teactions
taking place in the first stage of the processyfedp and Figure
6 in the manuscript). With the 0.3-Pd/K2621 andPRdBK2621
catalysts (Figure 6 in the manuscript) the decreekehe
peroxide concentration was negligible. The dispripoation
apparent kinetic constank) was estimated from the analysis
of the experimental data collected after démplete conversion
using the integrated form of the first order kind#iw:
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Supplementary Figure 4. Relationship between the Pd load of the catalgsts
the surfaceq) and total ¢) Pd amount.
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Supplementary Figure 5. Fitting of the dispropargiion data (collected after,H
complete conversion) according to Equation 3 framéxperiments with different
amounts of the 1.0- Pd/K2621 (a; 0.11@,g 0.150 ge¢, 0.300 gm, 0.500 gA)
and fixed amount (0.150 g) of X-Pd/K2621 (X=@.51.04, 2.5m and 5.04).

[H,0,]; _ ,
ln([H20210> = ko)t 3

A linear decrease of In[}®,] with time was observed in both
sets of experiments, as shown in Supplementaryr&iguThis
confirmed that the disproportionation was first erdin
hydrogen peroxidek; values were evaluated as the slopes of
the lines fitting the experimental data.

Interestingly, whenk; values from both sets of experiments
were represented together as a function of catetystentration
(molar amount of active metal over the volume & thyuid
phase) a linear plot was obtained (SupplementagurEi6) if
the same amount of catalyst with different loadiagused.
Varying the total catalyst amount somehow deviatesn
linearity. This shows that the disproportionatiomnstant was
directly proportional to metal concentration, theivaty of Pd
being the same also when different catalysts weee uln other
words the disproportionation reaction was first esrdin
palladium, with an intrinsic kinetic constant o8&In® mmok*
h?, extrapolated from the linear fitting /df. This value is
comparable with values reported in our previousegapfor a
different catalyst.

0.00 0.05 0.10 0.15 0.20
Pd (mmol dm?3)

Supplementary Figure 6. Apparent disproportionation constant as a functién
Pd concentration in the liquid phase:different amounts of the 1.0- Pd/K2621; *,
fixed amount of X-Pd/K2621.
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