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Figure S2 Illustration of the CPR (left) and the components inside (A — C). A: An enlarged view of
the heating block which covers the reactor tube and contains a slit-shaped optical access window.

B: The reactor tube filled with the catalyst bed and the sampling capillary in the center. C: The
sampling capillary with the thermocouple located inside. The green line represents the incident laser

or X-ray signal, aligned with the sampling orifice, the thermocouple tip and the opening of the reactor

block.
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Figure S3 Schematic of the sample heating block showing two openings. One on the front (left) and

60 mm

one on the back (right) to allow X-rays passing through the reactor tube.
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Figure S4 Adapter system used to mount and align the reactor at several beamlines. The rail
systems varies depending on the beamline infrastructure and specifications. Except of the Adapter
Plate 1, all parts were purchased from Thorlabs GmbH. The Thorlabs parts comprise three single-axis
translation stages that each provided a travel distance of 50 mm on the respective axis with high
precision. In this way, a more flexible reactor positioning in x-y-z directions was given at different

beamlines.
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Figure S5 A photograph of the catalyst bed after the reaction.

r 0.75
008t a) (08 B 40.030 0:128 b) % B .-Oo
e, ° e .o
,_ . O 0.100 ° gocee®®10.70
T 006 %, [°, 2 10025 == T HZO.., :’ -
< o 2 2 0075f s k4
- 004,CZH5 ... ® ED_ .. 06503
=0 % 10.020 ~ T, o650k ® o
& % Y o o™y 1060 ¢f
0.02r % **®*.0015 ¢2e?
o - 0025 o38*" CO
0.00} secace® b8 10.55
‘ : e lp 010 0.000—— T
10 -5 0 5 10 15 20 25 30 35 -10 -5 0 5 10 15 20 25 30 35
position [mm] position [mm]
c) | 100 d) oip
7 00E-07 | Ar - e
) asttre, = 80+ .. ....
§ .’-..’.. g 02 .. ®a®
2 6.50E-07 | © 60 ... mscosene
— [
= o >
< g 40 [
® .00E07} -, 3
e 20t $°C_H
.'.Q .1 e 2’6
]
5.50E-07 L ' L L L L L L [ L L ' L L L L L
-10 -5 0 5 10 15 20 25 30 35 -0 -5 0 5 10 15 20 25 30 35
position [mm] position [mm]
0.03 540
0.10F o
e) o - o f) afp
0.08} 3880932 2 i
- = H, {0022 O 530 T
~ 006} co g B
2 x v 2 520 M
< . 5 ©
s 0.04 C.H @ Fest) 410.01 z 5 m""‘ ey
173} [ e 7] g g e
0.02,9922 o® e cocenos \f QS‘IOM as
0.00 1 ® o @8 & @ sosseeesst® 10-00 wd“
L 1 L 1 L 1 1 L 500 L 1 1 1 1 1 1 1
-10 -5 0 5 10 15 20 25 30 35 -10-5 0 5 10 15 20 25 30 35
position [mm] position [mm]

Figure S6 Catalyst activity profiles measured operando at beamline P07 using a MS (a —f). Signal
ratios of CoHs, Oz (a), H20, CO (b), C2Ha, Ha, CO2 (c), inert Ar (d); conversion profiles of C,Hs and
0- (e); and the temperature profile measured in the center of the catalyst bed (f). a (black line, 18 mm)
marks the position of full gas phase oxygen conversion with different catalyst performance before and
after. B (gray area, 17.5 — 21.5 mm) marks the catalyst bed range where the catalyst undergoes distinct
phase transformations. Reaction conditions: C>Hs/O2/N.:10/10/80, 515 °C, 1 bar,

OD 6 mm/ID 5.6 mm, 38 mm catalyst bed, 15 ml/min, 30 wt% MoOs/y-Al,O3
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Figure S7 Operando XRD profile simultaneously measured with temperature and gas concentration
profiles at beamline P21.1, PETRA Il (Hamburg, Germany) during ethane ODH. « (black colored
pattern, 18 mm) marks the position of full gas phase oxygen conversion with different catalyst
performance before and after. 3 (grey colored patterns, 17.5 — 21.5 mm) marks the catalyst bed range
where the catalyst undergoes distinct phase transformations. Reaction conditions:
C2He/0O2/N2:10/10/80, 515 °C, 1 bar, OD 6 mm/ID 5.0 mm, 30 mm catalyst bed, 12 ml/min, 30 wt%
MoO3/y-Al,03, beam size 0.5 x 0.5 mm? (h x v), 101.6 keV (A = 0.1220 A.
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Figure S8 XRD patterns measured operando at beamline P21.1, PETRA Il (Hamburg, Germany).
a, ¢) Diffractogram at the beginning of the catalyst bed (yellow, 3 mm, before ) in the presence of
gas phase oxygen; b, g) Diffractogram at the end of the catalyst bed (blue, 27 mm, beyond ) in the
absence of gas phase oxygen. a, b) Each pattern contains signal contributions from fused silica and
alumina. A corresponding pattern is shown in green. d — f): XRD patterns measured at the catalyst bed
position B (17.5 — 21.5 mm). Reaction conditions: C,Hs/O2/N:10/10/80, 515 °C, 1 bar,

OD 6 mm/ID 5.0 mm, 30 mm catalyst bed, 12 ml/min, 30 wt% MoOs/y-Al,Os, beam size 0.5 x

0.5 mm? (h x v), 101.6 keV (A = 0.1220 A).
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Figure S9 Area evaluation of reflections at 1.80° (corresponding to M0,Osn.x), as well as at 4.01°

(corresponding to MoO>) from P21.1 data. The areas were normalized to the maximum area obtained

at the respective reflections. a (black line, 18 mm) marks the position of full gas phase oxygen

conversion with different catalyst performance before and after. 3 (grey area, 17.5 — 21.5 mm) marks

the catalyst bed range where the catalyst undergoes distinct phase transformations. Reaction
conditions: C;Hg/O2/N2:10/10/80, 515 °C, 1 bar, OD 6 mm/ID 5.0 mm, 30 mm catalyst bed,
12 ml/min, 30 wt% MoOQs/y-Al,03, beam size 0.5 x 0.5 mm? (h x v), 101.6 keV (L = 0.1220 A).



