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20 Fig. S1 Chromatogram (A = 250 nm) of a solution containing 5 mmol L' benzaldehyde (BA) and 5 mmol L!

21 ethyl trans-a-cyanocinnamate (ECC) in ethanol, recorded in the HPLC dimension under standard conditions.

S2



Absorbance [mAU] Absorbance [mAU]

3000 1 S .
3000- ~
H = &)
2000 1 ©A ‘ o
BA 20001 ECC
01 0
200 300 400 200 300 400
2 Wavelength [nm] Wavelength [nm]

23
24 Fig. S2 UV/VIS absorption spectra of benzaldehyde (BA) and ethyl trans-a-cyanocinnamate (ECC) in 50:50
25 (v/v) water/ethanol.
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28 TFig. S3 Linear calibration graph for ethyl frans-o-cyanocinnamate (ECC) in 50:50 (v/v) water/ethanol for direct

29 determination of ECC concentration in the HPLC dimension.
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Fig. S4 Initial rate of the Knoevenagel condensation reaction between benzaldehyde (BA) and ethyl cyanoacetate
(ECA). The initial concentration of ECA was constant at ¢co(ECA) =5 mmol L-!, while the initial BA concentration

was increased up to co(BA) = 150 mmol L at a temperature of 7= 25 °C and in ethanol as solvent.

Ratio ¢,(BA)/c,(ECA) [-]
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Isothermal microreactor operation

The microreactor was assumed to remain under isothermal conditions, since reactant solutions
with low concentrations were used. To validate this assumption, the amount of released reaction
heat was calculated for different temperatures and flow rates, treating the microreactor as an
ideal adiabatic plug-flow reactor operating in the steady state. In reality, heat exchange between
the microreactor and its environment (thermostatted air) occurs, but this will be very poor due
to the low heat-transfer coefficients of silica and the PEEK cladding of the monolith. However,
even under adiabatic conditions the released reaction heat results in small temperature changes
of the reaction medium as shown below. The temperature change AT between the adjusted and
controlled temperature at the inlet (7,¢) and the outlet (7,q) of the microreactor was calculated

according to:

M(EtOH)
cp(EtOH) p(EtOH) (S1)

AT=T T,.q = AH c(ECC)

start ~ ‘e

Here, AH is the reaction enthalpy, which is given in the literature for very similar Knoevenagel
reactions as AH ~ 30 kJ mol~'.! Combined with ¢c(ECC) as product concentration in the reaction

solution, the heat released on the microreactor can be estimated.

The heat capacity of the fluid was approximated as that for pure ethanol using the molar heat
capacity ¢,(EtOH) ~ 112 J mol! K1, the molar mass M(EtOH) =46.07 g mol !, and the density
p(EtOH) = 0.785 g cm3.2 All values were taken for a temperature of 298.15 K and assumed as
constant over this moderate temperature range, since an estimate of the temperature changes is
sufficient. Selected values of AT are summarized in Table S1. From these data, it becomes clear
that the temperature changes are very small and insignificant, since the thermostatted column
compartment itself shows only a specified temperature accuracy of 0.8 °C (cf. Section 2.4 in

the main text). Consequently, isothermal operation of the microreactor can be assumed.
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Turnover frequency

Turnover frequency (TOF) of the catalytically active centers was calculated in the form of mean

TOFs over the entire reactor as follows:

Q c(ECC)
n

TOF =

cat

Here, Q is the volumetric flow rate, c(ECC) is the product concentration in the reaction solution,
and n, is the amount of catalytically active (and available) groups on the silica surface of the

microreactor (0.343 mmol, ¢f- Sections 2.3 and 3.3 in the main text). The TOFs for selected

temperatures and flow rates are summarized in Table S1.

Table S1. Temperature changes on the microreactor AT assuming adiabatic plug-flow operation in the steady state,

resulting temperatures at the outlet 7,4, and the corresponding turnover frequencies (TOFs) for different adjusted

temperatures 7, and flow rates Q.

T [K]  Q[mLmin"] AT[K]  Tea[K] ~ TOF [h]
283.15 0.5 —0.15  283.30 4.92
283.15 3.0 -0.50  283.65 2.73
293.15 0.5 -0.24  293.39 7.87
293.15 3.0 —0.65  293.80 3.55
298.15 0.5 -0.30  298.45 9.84
298.15 3.0 -0.71  298.86 3.87
303.15 0.5 -0.40  303.55 13.09
303.15 3.0 -0.77  303.92 4.19
313.15 0.5 -0.50  313.65 16.28
313.15 3.0 -0.79  313.94 4.31

(82)
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Calculation of the Thiele modulus

The Thiele modulus accounts for the competition between the Knoevenagel reaction at the APS
surface (represented by k) and the limitation of transport of the reactant ECA by diffusion in

the mesoporous skeleton of the monolith (represented by De):

b= W Vskel W

Skez\/Deff B Aext\/Deff (83)

The characteristic diffusion length L is generally defined as the volume-to-surface ratio of the
spatial domain, in which diffusion-limited transport takes place. In this study, Lge. in Eq. S3
refers to purely diffusive transport in the mesopores of the silica skeleton (c¢f. Fig. 3B in the
main text). For determination of L. we used physical reconstructions of the silica monoliths?
obtained by confocal laser scanning microscopy to extract the total volume and external surface

area of the skeleton (white phase in Fig. 9). On that image-based analysis we receive:

Vskel
Lskel = A_ =0.22 um

ext (S4)

Further, the value of D¢ for ECA (Eq. S3) in the rate-determining step of the reaction (Scheme
2) was estimated by its molecular diffusion coefficient Dy, in bulk solution and from the porosity

and tortuosity of the mesoprous skeleton according to:

gmeso
m

D,.;=D
4l Tineso (SS)

While the intraskeleton porosity &peso = 0.68 and tortuosity 7,,e50 = 1.25 for the employed silica
monoliths have already been summarized in Table 1 (main text),* the value of D,, was estimated
using the Wilke—Chang equation® applied to ECA in pure ethanol. The Wilke—Chang equation
describes the molecular diffusion coefficient D g for the solute ECA (subscript A) in the solvent

ethanol (subscript B) as:

(ppM B)O'S T

_ 1n-8
D,p=7410 5%
bAMB (S6)
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For the solvent, ¢g is the association factor, Mg the molar mass, and ug the dynamic viscosity,

whose temperature-dependence can be approximated as:®

1614 e
15(T) = exp (- 6.21 + —— + 0.00618 T - 1.132-10 "5 T?)
T (S57)

The molar volume at the normal boiling point V}, 5 can be derived using the critical volume V 4,

critical temperature 7, 5, boiling point 7, 5, and acentric factor w, of the solute ECA:’

15.3765

Vya=7.047345 + 0.4V, +(0.01724 + +0.004387 w,|T) 4

Tea (S8)

All required thermophysical data for ECA can be found in the literature and are summarized in

Table S2,3 together with the resulting molar volume at the normal boiling point.

Table S2. Thermophysical properties of ethyl cyanoacetate (ECA).2

Vea [mL mol™'] T, oA [K] Ty a [K] wa [-] Vp,a [mL mol ']

358.00 679.00 482.20 0.426 170.38

Returning to the Wilke-Chang equation, the ECA diffusion coefficient at different temperatures
was estimated using the association factor of g = 1.5 and a molar mass of My = 46.07 g mol™!
for the solvent ethanol. Experimental values for the reaction rate constant k, were determined
in the temperature range of 7= 10—40 °C in steps of 5 °C. All temperature dependent values

including the targeted Thiele moduli are summarized in Table S3.

Table S3. Viscosity of ethanol, molecular and effective diffusion coefficients of ECA, as well as the rate constants
of the rate-determining step in the Knoevenagel condensation, and the resulting Thiele moduli in the temperature

range of 1040 °C.

T'[K] # [cPa] Dap [m?s™'] Dee[m* s ky [s7'] ? [-]

283.15 1.39 572x 1071 3.11x 1071  1.00x 102  0.00125
288.15 1.26 6.44x 10710 350x 10710 121x102  0.00129
293.15 1.14 722x 10710 393x 1071 1.51x102  0.00136
298.15 1.04 8.08x 10710 439x 10710 1.88x102  0.00144
303.15 0.95 9.01 x 10710 490 x 101® 230x 102  0.00151
308.15 0.87 1.00x10°  545x107'°  2.81x102  0.00158
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313.15 0.79 1.11 x 10°° 6.05x 1071% 340 x 102 0.00165
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