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Experimental Section

Chemicals

1, 4: 3, 6-dianhydro-D-mannitol denoted as isomannide (1), 1, 4: 3, 6-dianhydro-D-glucitol denoted as
isosorbide (2), 1, 4: 3, 6-dianhydro-D-iditol denoted as isoidide (3), (3aS, 6S, 6aR) -6-
hydroxytetrahydrofuro [3, 2-b] furan-3 (2H) -one denoted as endo-OH monoketone (4), (3aS, 6R, 6aR) -
6-hydroxytetrahydrofuro [3, 2-b] furan-3 (2H) -one denoted as exo-OH monoketone (5), 1, 4; 3, 6-
dianhydro-D-threo-2,  5-hexodiulose  denoted as isohexide  diketone (6), (R)-(-)-3-
Hydroxytetrahydrofuran denoted as endo-OH THF (7), (S)-(+)-3-Hydroxytetrahydrofuran denoted as exo-
OH THF (8), Dihydrofuran-3(2H)-one denoted as THF ketone (9).
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Isoidide (98 %) was purchased from FluoroChem. Isosorbide (98 %), isomannide (95 %), endo-OH THF
(98 %), exo-OH THF (99 %), THF ketone (97 %), deuterium oxide (99.9 %), DMSO (99.9 %) and the
solvents: methanol (99.8 %), ethanol (99.8 %), 1-butanol (99.4 %), 1-pentanol (99 %), isopropanol (99.9
%), t-amyl alcohol (99 %) were procured from Sigma-Aldrich. Unless stated otherwise, all chemicals were
used without any further purification. Activated carbon supported ruthenium (Ru/C, 5 wt%, reduced)
catalyst was purchased from Sigma-Aldrich. Activated carbon supported platinum (5 wt%) and bismuth
(Pt-Bi/C, 1.5 wt%) catalyst was purchased from Johnson&Matthey.

General procedure for the synthesis of isohexide ketone intermediates

The oxidation of isohexides was performed in a 50 mL double-neck flask. Typically, 1g substrate, 15 mL
H,0 and 0.2 g Pt-Bi/C were added to the flask. Air flow (80 mL/min) was introduced to the suspension
and the reaction temperature was set to 60 °C. The exo-OH monoketone 5 and diketone 6 could be
obtained after 72 h starting from isosorbide and isomannide at full conversion, respectively.

General procedure for epimerization reactions

The isomerisation reactions were carried out in a Parr reactor (75 mL) equipped with a thermocouple
and a digital manometer. Typically, 1 g substrate, 15 mL H,0 and 0.05 g Ru/C were added to the reactor.
The reactor was then sealed, flushed 3 times with H, and sealed at the target H, pressure and
temperature. After the reaction, the reactor was cooled down to room temperature using an ice-water
mixture and the internal pressure was released. The crude product was filtered (0.2 um) to remove the
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catalyst and diluted in methanol. The mixture was analysed by gas chromatography using a Bruker Scion
436 GC equipped with an Agilent HP-5MS column (30 m x 0.25 mm x 0.25Em) and a flame ionization
detector (FID). In a typical analysis, the sample was subjected to 100 °C for 1 min and heated to 250 °C
at 10 °C.minL. At these conditions, the retention time (min) of the different reagents was: (1) 7.8; (2) 8.6;
(3) 9.5; (4) 8.0; (5) 8.6; (6) 7.3; (7) 3.6; (8) 3.6 and (9) 3.0 min. In the isomerisation of 3-OH-THF, a MCP-
100 Anton Paar polarimeter (cell length 100 mm, 25 °C) was used to determine the ratio between
compound 7 and 8. Additional analyses were carried out by *H NMR on a 400 MHz Bruker spectrometer
using D,0 as solvent (residual signal at 4.7 ppm).

General procedure for the measurement of H, solubility in D,O by NMR

A pressurized NMR tube (524-PV-7, maximum pressure 300 p.s.i.) was purchased from Wilmad-Labglass.
The gas pressure was monitored by a digital monometer when charged gas. The topshim of the NMR
tube was conducted without rotation before the NMR measurement was recorded on a 400 MHz Bruker
spectrometer (Relaxation time D=5 s and scan number=64 in order to keep a good spectrum quality).

The H,/DMSO was calculated using the division of H, (signal/noise) by DMSO (signal/noise).

Computational Details

Periodic Density Functional Theory (DFT) as implemented in the Vienna Ab initio Simulation Package
(VASP) was used to investigate the reaction pathways for the isomerisation of endo-OH and exo-OH
functional groups in isosorbide.! Electronic energies were approximated at the GGA level using the
Perdew-Burke-Ernzerhof (PBE)? exchange-correlation functional with dDSc dispersion correction.? lon-
electron interactions were treated using Projector Augmented Wave (PAW)*> formalism with 850 eV
cutoff for the augmentation charges and all plan-waves with energy lower than or equal to 500 eV were
included in the basis set. The Ru catalyst was modeled by a 4 layered thick p(4 x 4) slab of Ru(0001)
surface. Full optimization of the Ru bulk was performed resulting in bulk parameters of a = 2.702 A and
c/a =1.578 in good agreement with the experimental values.® The bottom 2 layers were kept frozen to
their bulk positions; all other degrees of freedom were allowed to relax until all force components were
less than 0.01 eV/A. The cutoff for the electronic self-consistency cycle was set to 1x107 eV. All
calculations used a Gamma-centered 5 x 5 x 1 k-point mesh to sample the Brillouin zone and second
order Methfessel-Paxton smearing scheme was employed with a smearing width of 0.2 eV. To minimize
the interactions between different periodic copies of the system in the direction normal to the slab, a
minimum vacuum gap of 25 A augmented by a dipole correction to both energy and forces in that
direction was employed.

Thermal and entropic contributions to the total energy were estimated under the harmonic
approximation by calculating the normal modes for the adsorbate part of all reaction species using the
central finite differences with step size of 0.01 A. All normal modes (those below 50 cm* were rescaled
to 50 cm?) were used to calculate the zero-point energy (ZPE) and other thermal and entropic
contributions under ideal gas approximation.

The molecular species were optimized at Gamma point in a 20 x 20 x 20 cubic box. Due to polarity of the
molecules, dipole correction was used in all directions. A reduced smearing width of 0.02 eV was
employed for molecular species. The vibrational, rotational and translational contributions to the
enthalpy and entropy were calculated under harmonic ideal gas approximation taking into account
proper symmetry of the molecules.
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Fig S1. (Top) Carbon balance, (middle) yield and (bottom) ratio of isomers upon isomerisation of: (a) IS,
(b) IM and (c) Il. Reaction conditions: 1 g substrate, 15 mL H,0, 0.05 g Ru/C (5wt %), 31 bar H,, 200 °C.
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Fig S2. Product distribution and mass loss using different amounts of NaOH solution. Reaction
conditions: 1 g IS, 15 mL H,0, 0.5 mol/L NaOH, 0.05 g Ru/C (5wt %), 31 bar H,, 200 °C, 1 h.
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Fig S3. Product distribution and mass loss at different temperatures. Reaction conditions: 1 g IS, 15 mL
H,0, 0.05 g Ru/C (5wt %), 31 bar H,, 1 h.
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Fig S4. (a) Hydrogenation of exo-OH monoketone and IS mixture.
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Reaction conditions: 1 g mixture, 15

mL H,0, 0.05 g Ru/C (5wt %), 10 bar H,, 100 °C, 1 h. (b) Hydrogenation of isohexide diketone. Reaction
conditions: 1 g diketone, 15 mL H,0, 0.05 g Ru/C (5wt %), 50 mL/min H, flow, 25 °C, 10 min.
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Fig S5. Vertical adsorption configuration of IS through its endo-OH group. The O atom of OH group is
chemisorbed on Ru with bond-length of 2.22 A and has free energy of adsorption equal to 6.46 kl.mol.
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Fig S8. Comparison of dehydrogenation/rehydrogenation pathways of IS (Endo2Exo) and 3-OH-THF. The
ketone intermediates of 3-OH-THF lie higher than those of IS by almost 40 kJ.mol. The desorption
values represent the full desorption of ketone and hydrogen molecule leaving behind clean catalyst

surface. The pathway for 3-OH-THF is mirror symmetric around the desorption point i.e. TS1(OH) and
TS2(OH) are same for 3-OH-THF.
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Fig S7. (a) Most stable distribution of H on Ru(0001) surface up to 1 ML. H preferentially binds to three-
fold fcc hollow sites. The shown distributions were found after checking all possible combinations of
given number of H atoms over p(4x4) supercell i.e. 16 fcc sites. (b) Trend of Gibbs free energy of
adsorption per H atom on Ru(0001) up to 1 ML. Normal modes for the adsorbed H atoms were used to
calculate ZPVE and other enthalpic and entropic contributions under harmonic approximation at 160 °C
and 1 atm pressure.
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Fig S8. Predominance diagram of O, H, OH, H,0 on Ru(0001) in function of the pressure of H, and the
temperature, using the saturation vapor pressure of water as a reference of the chemical potential of O.
It includes the following structures: (i) monolayer of H (see Fig. S7) (ii) monolayer of OH (iii) monolayer
of O (iv) monolayer of water (v) monolayer of mixed OH/H,0 as proposed by Feibelmann.”
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Fig S9. Free energy profiles for the Exo2Endo pathway at different coverage of co-adsorbed H. The
enthalpic and entropic contributions to the free energy were calculated using ideal gas harmonic

approximation at 160 °C and 1 atm pressure.
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Deformation-Interaction Analysis

Scheme S1 gives the overall protocol adopted for the deformation-interaction analysis. The species on
the top-left side of the horizontal arrow represent the most stable, fully optimized adsorption
geometries of H, at 0.5 ML or 0. 75 ML coverage, and the molecular species on separate slabs with zero
co-adsorption. The species on the top-right signify the fully optimized co-adsorbed geometry of reaction
intermediates and transition states along with the corresponding number of H atoms and the pristine,
fully relaxed Ru(0001) slab. The corresponding energies for these species are known from our pathway
investigation and are given in Fig 6 (main text) and Fig S9. The species at the bottom, however,
represent the deformed geometries relative to the fully optimized geometries at the top-left and are
obtained after removing the molecule or the co-adsorbed H atoms from the fully optimized co-adsorbed
geometry shown on top-right.

AAEg4s

Edef H Edef mol

Eint

—I
—I
—I
—I
Q
T
o)

Ru + Ru

Scheme S1. Schematic of the deformation-interaction analysis performed for all reaction species under
0.50 ML and 0.75 ML co-adsorbed H.

The change in adsorption energy upon co-adsorption, denoted by AAE 45 i Schem S1, can be written as
follows:

AAE 445 = Egefimot T Edefin T Eine (51)
where Eine represents the interaction energy and Egefiimor Edefiin are the deformation energies

corresponding to the deformation experienced by the molecular species and the H atoms co-adsorbed
on the surface, respectively. The latter two quantities were calculated by running Single Point energy

calculations at the same level of theory as described before.

AAE

The calculated contributions to the ads for four different possible scenarios are plotted in Fig S10.
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Fig S10. The plots of deformation and interaction energies for all the reaction intermediates and
transitions states at 0.5 ML and 0.75 ML coverage of H.
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H, solubility measured by NMR

Temperature effect:
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Fig S11. NMR spectra of dissolved H, in D,0 as a function of temperature using DMSO as internal

standard.

It can be seen from the results that the peaks attributed to H, and DMSO shifted to higher value with

the increase of temperature, which is consistent with the literature.® Due to the static dissolution of H,

in D,0, it is difficult to make sure the equilibrium is reached when increasing temperature. The influence

of temperature on the signal cannot be measured accurately under current conditions. Therefore, the

H, solubility at different temperatures was not compared. When the temperature is increased to 70 and

80 °C, a poor spectra quality was obtained even the parameters had been optimized. 20 and 50 °C were

used in the following measurements.
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Effect of stirring
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Fig S12. (a) NMR spectra of dissolved H, in D,0 at 20 °C as a function of agitation time. (b) H, solubility at

20 °C as a function of agitation time.

After the NMR tube is filled with 5 bar H,, it was shaken under constant pressure to check the agitation
effect. As shown in Fig S12b, the agitation plays a key role in the dissolution of H, in D,0 most probably
due to the low cross section area to depth ratio of the NMR tube. The gas diffusion in solvent is greatly
improved by vigorous shaking (up-side down). In each measurement below, 20 min stirring is used to

eliminate the influence of diffusion.
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N, promoting effect at 20 °C
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Fig $13. (a) H, solubility in D,O under 2.02 bar H, in the absence of N,. (b) H, solubility in D,O under 2.18
bar H, in the presence of 17.11 bar N..

To compare H, only with H,+N,, the solvent remained unchanged in order to keep constant the DMSO
concentration. The measurements were repeated for 3 or 5 times to reduce the error of the solubility
measurements. The promoting effect of N, is determined to be 9.6% after the normalization with the H,
pressure.
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N, promoting effect at 50 °C
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Fig S14. (a) H, solubility in D,0 under 5.13 bar H, in the absence of N, recorded as a function of time. (b)
H, solubility in D,O under 5.13 bar H, in the presence of 10.19 bar N, recorded as a function of time.

Scan number=32.

Both measurements are recorded at an interval of 7 min. It can be seen that the kinetic effect on H,

dissolution under such conditions is not obvious. After the measurement with H,, N, was directly
introduced into the tube without removing H,, and the tube was shaken for 20 min. The promoting

effect of N, was determined to be 5.2 %.
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Fig S15. *H-NMR spectrum of isomannide in D,0.
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Fig $16. *H-NMR spectrum of isosorbide in D,0.
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Fig S18. IR spectra of reaction mixtures after isomerisation in H,O/IPA. Reaction conditions are in

agreement with those in Table S1.

The band around 1698 cm™ is attributed to the C=0 double bond of acetone.
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Table S1. Isomerisation of isohexides and 3-OH-THF under H,

Sub y(ketone) y(isomers) CB (%)
HO H o) H O H HO H Hq H HO K
HO ~20 e =0 =0 e =3
0 = 0= 07z 0 2 (olery (o0 4 66
0 = H H oH H OH H OH H H
H O
trace 0.0% 0.0% 3% 25% 38 %
o)
01\/> OQ>-=o |\/>--|OH O|:><OH
«10H 98
trace 52 % 46 %

Reaction conditions: 1 g substrate, 15 mL H,0, 0.05 g Ru/C, 30 bar H,, 200 °C, 2h.

The ratio between endo/exo-OH-THF was determined by polarimeter.
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Table S2. Isomerization of isohexides and 3-OH-THF under N,

Sub y(ketone) y(isomers) CB (%)
100.3
trace 0.0% 0.0% 0.0% 99.9 % 0.4%
91.8
2.3% 89.5 % 0.0%

Reaction conditions: 1 g substrate, 15 mL H,0, 0.05 g Ru/C, 1 bar N,, 200 °C, 2h.

The ratio between endo/exo-OH-THF was determined by polarimeter.
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Table S3. Isomerisation in water/IPA mixture

Solvent (vol%)

Pressure (bar)

Entry Sub Start at After 1PA Ratio c8

H,0 IPA  (°C) (h) loss (%)  IS:I1:IM (%)
(N,) targetT reaction

1 IS 60% 40% 200 2 32 10 13 73:22:5 109

2 IS 60% 40% 160 2 14 5.3 5 97:3:0 98
3 IS 60% 40% 160 12 2 14 4.7 15 83:14:4 114
4 IS 60% 40% 120 2 2 6 31 1 98:2:0 104
5 IS 60% 40% 120 12 2 6 2.9 4 90:8:2 107

6 - 60% 40% 120 2 2 6 31 5 - -

Reaction conditions: 1 g IS, 15 mL solvent, 0.05 g Ru/C

As shown in Table S3, several temperatures (200, 160, 120 °C) and reaction times (2 or 12 h) were
applied to check if the dehydrogenation could be avoided in the isomerisation reaction. However, the
pressure increase and the generated acetone are always observed and isomerisation kinetics is greatly
slowed down due to the low temperature. By extending the reaction from 2 h to 12 h at 160 °C (Entries
2&3), the pressure increase (H,) stayed unchanged while more IPA loss is observed, which indicates

there might be a direct hydrogen transfer from IPA to isohexides.
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Modelling time-evolution of H, concentration: effect of N, concentration

Multicomponent diffusion within a stagnant layer

Diffusion in multicomponent systems of n species may be described by the Maxwell-Stefan (MS)

equations®1°

(x,JJ J)  =Len (s2)

where D;; is the Maxwell-Stefan diffusivity between species i and j and has the physical significance of an
inverse drag coefficient, c is the total concentration, and J; and x; refer to the molecular flux and molar
fraction of species i, respectively. In eq S2, d;, which can be considered as the driving force, can be
expressed as follows

(S3)

X,
d=-LV Vg =

RT VH,

RT

The subscripts T,P are used to emphasize that the gradient in eq S3, V = (0/0x, 0/dy, 0/0z), is to be
calculated under constant temperature and pressure conditions.

The driving force, d;, reduces to Vx; for ideal systems. Also, the sum of the n driving forces vanishes
according to the Gibbs-Duhem relationship. The mathematical proofs are provided below

X 3 B o X (S4)
d= o V= RT [M.o +RTIn(x, ﬂ— X, V[In(xiﬂ— X, . VX,
znd =30 XL vy =30 v =0 (55)
i= i= RT i=
The driving force can be related to the composition of the different species as follows!!
d = ij‘ 111“IJ VX; (S6)
where the thermodynamic factors, Iy, are defined by
=8 +x 9 (57)
[} [} | axi p
where y; is the activity coefficient of species i in the mixture, and §; is the delta Dirac function.
Introducing eq S6 into eq S2, the MS equations take the form
-x.J i,j=1,..n S8
E“FVX—Z”( J') J ( )
Ct&]
Assuming that I'y > 1 and I'; — 0O, eq S8 transforms then into eq S9
o (X -xd)  ij=ten (s9)

CB

From eq S9, the Fick diffusivities can be estimated from the MS diffusivities using the following
expression
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D,=B,T,~B, i,j=1,..n (510)

i ij i ij

Application of Maxwell-Stefan equations to a stagnant layer for a ternary system (H,, N,, water)

The MS equations can be used to model the gas diffusion of two gases (e.g., H, and N,) within a stagnant
layer of solvent (e.g., water). The ternary system H, (1) - N, (2) - water (3) can be modelled as follows:

v - (%1d, =%, 9, )+ (%id5 —x3d;) (s11)
CtB12 CtB‘K’:
Vx. = (Xz Ji=x Jz) (Xz J3 =X, Jz) (512)
X, = +
CtB12 CtBZS
VX, =-VX,- VX, (according to eq S5) (S13)

Taking into account the following equalities
X, + X, + Xy =1 (S14)
J,+d,+J,=0 (absence of convection) (S15)

Eqgs S11 and S12 transform into the following expressions:

N Jz)ﬂ’“ Jo+ (1=x, ), (516)
1 CtB12 c31913

on - (X1J2—X2 J; )sz J1+(1—x1)J2J (517)
i ctB12 C1923

Since we expect to work at much higher concentration of the inert gas, x, >> x;, we can reasonably
assume that x, J; >> x1J,. Eqs S16 and S17 can be then simplified as follows:

9 (518)
-c, VX, zl‘QZ_,_ ( B)(2)|J1
12 13
(S19)
-, VX, = —x2{1—1}1 ——c,Vinx, {1—1}1
12 23 B12 B23

Eq S18 shows that the gradient of H, (1) can be expressed as a function of the molar fraction of N, (2). If
the molar fraction of N, increases, then the gradient of H, is expected to decrease, meaning that the H,
concentration approaches that of the bulk solution. Note that, for isosorbide isomerisation, J; should
not equal the reaction rate, since H, is not a reactant.

Besides, the MS diffusivity, D13, is expected to be a function of the composition of the system. A Vignes-
type relation can be proposed for multicomponent systems using MS diffusivities at infinite dilution??13

. S20
B, =112 (B1S,Xkﬁ1) k=1..3 | |

1/2 S21
By, = Hk; (B1S,X1~>WB13,X2~>1) ( )
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Reactor modelling

Using the analysis above, we provide below a modelling of the reactor used in this study (Taiatsu), which
was used in the isosorbide isomerisation tests. A scheme of the reactor is provided in Fig S19. The
reaction was conducted in water (15 mL) using 1 g of IS, 100 mg of catalyst (5%Ru/C) and 0.1 mol NaOH
at 200 °C. The reaction was conducted in the presence of 20 bar H, either including N, (30 bar) or not.
Our purpose is to model the mass transfer of H, in the reactor and predict the effect of N, on the H,
concentration.

GIL interface
Gas film l Liquid film Liquid film

Fig S19. Left, scheme of the reactor used in this study; right, stagnant layer in the reactor, defining zones
(a), (b) and (c).

In the analysis below, the reactor has been divided in three zones: (a) G-L contact, (b) bulk reactor, and
(c) catalyst surface. We assume that the physical processes in zones (a) and (c) proceed by pure
diffusion, whereas the reactor in zone (b) is perfectly stirred (i.e. the concentration is equal in all the
points).

Modelling H, diffusion within the stagnant layer at the G-L interface [zone (a)]
Mass transfer of H, within zone (a) can be described using eq S18
-c,B,, Vx{® =[1 - x(;)JJﬁa) (522)

with z=0 — x;@ =x,° (saturation at T= 200 °C, py, = 20 bar)

Assuming that I'y; is independent of x,@ and that x, (N,) is almost constant and approaching the
saturation value (x,%), eq S22 can be integrated as follows (steady-state regime)

o =g, P [ye xo] (523)
(1 - xg)[ .
Modelling H, diffusion within the stagnant layer on the catalyst surface [zone (c)]
Mass transfer of H, within zone (c) can also be described using eq S19
—C,By, V() = (1_ Xg)ch) (524)

withz=0 — x,(9 = x,® (saturation at T= 200 °C, py, = 20 bar)
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A non-steady state mass balance can be established with the catalyst surface accounting for H,
adsorption (linear regime)

dx(©) (525)
dt

Jg SBET =KW

witht=0 — x,{? =0 (degassed catalyst).

In eq S25, Sger is the specific surface area of the catalyst (10 m?/g) and W is the saturation loading of H,
(0.5 mmol/g according to the Ru loading on the catalyst and assuming 50% metal dispersion).

By combining eq S24 and eq S25, the following expression can be established

dx () (S26)

[ (b) _ (c)]SBET:KW -

(- XS)“

Assuming that x,@ (N,) is almost constant and approaching the saturation value (x,%), eq 526 can be
integrated as follows

B3 Seer t= Pt =] {—ng) _ XSC)} or [Xﬁb) - ch)}z x{P) exp(—d)t) (527)
(1-x3)Kwe, x{P)
with B, Seer (528)
(1 xs)sz
Time-evolution of the H, concentration in the reactor
The H, concentration in the reactor can be modelled using a macroscopic mass balance
. . dn{ S29
JAS,  —Jos,_ m_ =M (S29)

1 BET " ‘cat dt
witht=0 — x,? = 0 (degassed catalyst).

In eq S29, Gg.. accounts for the gas-liquid interfacial area and m, is the amount of catalyst in the
reactor. Introducing eq S23 and eq S27 into eq S29, the following expression can be obtained
considering that x;@ = x,® (perfect mixing)

B, dx{ (S30)

W[X? ! ]ae LV (1 XS)C x{?) exp (—G)t)SBET M, = Vd_1

where ag. is the specific surface area [m2.m=3], which dependent on the reactor hydrodynamics (i.e.
mixing level).
Eq S30 can be simplified as follows

S31

a

Eq S31 was solved numerically using finite differences. Fig S19 plots the time-evolution of the H,
concentration in the reactor at 20 bar H, as a function of the H, MS diffusivity estimated using eq S22
both in the absence and presence of 30 bar N,, and the value of the specific surface area. The Dj,1
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diffusivities at infinite dilution were approached to Fick diffusivities and obtained from the literature.4%
The calculations are provided below:

Absence of Ny: B, = ({313')(1_”)X1 (19131)(3_”)X3 o (D1s,x1—>1)X1 (D13v><a—>1)x3 -

= (.0x1 0—5)°'0°°5 (217x1 0—9)0'9995 ~2.18x10-9m2 /s

Presence of N,: - ! 2 \3 _ \ ! \ 2 3 _
B13~ B-13,x1a1) (913,x2a1) (913,x3ﬁ1) _(D13,X1~>1) (D13,x2»1) (D13,x3»1) -

0.0

= (4.0xt 0—5)°'°°°5 (27x1 0—9)°‘9935 (2.5x10-) ® 23110 m2 /s

1/2

By, [ Brar, s XBro, )] = (2.17x10)(1.5x105)]"* =1.80x10s mz /s

The trends plotted in Fig $19 suggest that G-L mass transfer condition the H, solubility, especially for bad
contactors (i.e. I, > 2.5 mm). The introduction of N, is expected to enhance the H, solubility by a factor
up to 10% by increasing the H, diffusivity. If the H, adsorption on the catalyst surface is very sensitive to
the H, concentration, then this change, even if small, could condition the H, coverage on Ru. Besides,
these calculations point out that, during the reaction time for isosorbide isomerisation (about 1 h), the
H, concentration in the reactor can be about 10% the saturation value.

0.40
1 —20barH,
0.35
| ——20 bar H2 + 30 bar N2
0.30
=~ 0.25
Z 020
E .
><‘_ 015 -
0.10
0.05
OOO T T T T T T T T T T T T T T T T T
00 05 10 15 20 25 30 35 40 45
Time (h)

Fig S20. Time-evolution of the H, concentration in the reactor expressed as ratio between the molar
fraction and saturation molar fraction of H,, computed both in the absence (blue curve) and presence of
N, (red curve) by including the effect of N, on the H, MS diffusivity. Data for calculations: V = 15 mL, ag.,
=33 m2m3, [, = 100 um, K = 102 m3/mol, W = 5x10* mol Ru /g, Meat = 100 mg, Sger = 10 m?/g, . =1
um, X, = 6x10°3,

In a second set of calculations, we considered that, in addition of the H, MS diffusivity, the specific
surface area can be increased in the presence of N,. Indeed, the presence of a second gas at high

S30



pressure can decrease the gas-liquid interfacial tension, generating bubbles of smaller size.'®7 In this
view, if we consider that the specific surface area of our reactor increases by a factor of 2, then the H,
solubility could be remarkably increased as depicted in Fig $20. Overall, we conclude that a second gas
at high pressure can promote the H, solubility by increasing the H, diffusivity and the G-L surface area.

0.40
0.35
0.30

—
1

~ 0.25+

X 0.20

—

vx_ 0'15i
0.10
4 — 20 bar H2

0.05 —— 20 bar H2+30 bar N2

0.00 T T T T
0 1 2 3 4

Time (h)

Fig S21. Time-evolution of the H, concentration in the reactor expressed as ratio between the molar
fraction and saturation molar fraction of H,, computed both in the absence (blue curve) and presence of
N, (red curve) by including the effect of N, on the H, MS diffusivity and on the specific surface area due
to the formation of bubbles. Data for calculations: V = 15 mL, ag, = 66 m2.m=3, [, = 100 um, K = 102
m3/mol, W = 5x10* mol Ru /gcat, Mcar = 100 Mg, Sger = 10 m2/g, I, = 1 um, x,° = 6x1073.
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