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a b s t r a c t

Porous single crystal (PSC) materials have a large specific surface area, higher structural stability, and

more active sites by combining porosity and structural coherence, which provide a clear advantage in

the field of catalysis. Platinum-based catalysts are precious metal catalysts commonly used in the de-

hydrogenation of low-carbon alkanes, with excellent dehydrogenation activity and good catalytic activity

for the anaerobic dehydrogenation of ethane. By lattice reconstruction strategy we grow PSC MgO from

the parent MgF2 single crystal and load Pt nanoparticles on its surface for growing PSC Pt/MgO. Oxygen

vacancies are introduced by constructing active sites on a clear surface structure, which improve cat-

alytic activity and durability. The PSC Pt/MgO catalyst for the direct dehydrogenation of ethane achieves

an ethane conversion rate of approximately 28% and ethylene selectivity of over 97%, with good stabil-

ity over 100h. The present work offers significant value for the growth and application of porous single

crystal oxides loaded with metal nanoparticles.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Ethylene is an essential component in the production of petro-

chemicals, and industrial-scale ethylene production is mainly pro-

duced through naphtha steam cracking [1–3]. Using ethane as a

feedstock to produce ethylene through ethane dehydrogenation is

a promising pathway for non-petroleum ethylene production, with

the advantages of saving energy consumption, deducing separa-

tion costs, and increasing ethylene yields [4–6]. At present, ethane

dehydrogenation is mainly divided into three ways: Steam crack-

ing, oxidative dehydrogenation (ODH) and ethane dehydrogenation

(EDH). Steam cracking for the production of ethylene is a com-

plicated process with high energy consumption and is prone to

environmental pollution. The oxidative dehydrogenation of ethane

is challenging to control due to the deep oxidation reaction, and

the selectivity of ethylene is low [7,8]. Direct dehydrogenation

of ethane based on metal-loaded or oxide catalysts has attracted

much attention in order to realize a more environmentally friendly

mode of ethylene production [9–11]. Direct dehydrogenation of

ethane is an endothermic reaction, and the temperature required
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for direct dehydrogenation of ethane is lower than that required

for ethane steam cracking. Direct dehydrogenation of ethane has

the advantage of high selectivity but also faces challenges of low

conversion rates and instability [12]. Therefore, the construction of

suitable catalytic dehydrogenation catalysts to maximize the one-

way conversion of ethane and minimize energy consumption is the

key to ethane dehydrogenation.

MgO is a common alkaline oxide carrier and support material,

and one of the most important metal oxides in catalysis. In the hy-

drogenation of short-chain alkanes, attempts have been made to

improve the catalytic properties of MgO through the promotion of

other metals [13]. Precious metal catalysts have been extensively

studied for their excellent alkane dehydrogenation activity and sta-

bility. Among them, most of the studies on direct dehydrogenation

catalysts for ethane have focused on Pt-based catalytic systems

[14,15]. Pt-based catalysts excel in activating the C–H bond of chain

alkanes while effectively preventing the cleavage of the C–C bond,

thereby avoiding hydrogenolysis reactions. Their excellent hydro-

genation and dehydrogenation activities contribute to superior cat-

alytic performance in the dehydrogenation of low-carbon alkanes

[16–19]. Besides, compared with other noble metal-based catalysts,

Pt-based catalysts present many advantages such as faster reaction
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rate, long working cycle before regeneration, high olefin selectivity

and high reaction stability, and environmental friendliness [12,20].

Active metal-oxide interfaces can be formed by loading metal par-

ticles on metal oxides, which can enhance the activity of catalytic

reactions [21].

Zeolites as porous materials offer promising catalysts for alkane

dehydrogenation processes due to their rigid skeleton and ordered

pore channels [22,23]. Single crystal materials are characterized by

long-range ordering and absence of grain boundaries, which can

effectively suppress charge scattering and energy loss, and exhibit

good thermal stability [24,25]. Porous single crystal materials com-

bine porosity and structural coherence by introducing a pore struc-

ture within the single crystal structure. Compared to conventional

catalytic materials, it has significant advantages in the field of

catalysis due to its large specific surface, stable structure, and more

active centers [26,27]. Not only can the stability of the catalyst and

the utilization of precious metals be increased, but the conversion

rate of the catalytic reaction can also be improved, thereby reduc-

ing the energy loss during the reaction. The formation of oxygen

vacancies on the surface of metal oxides, as one of the most im-

portant defects capable of participating in catalytic reactions, pro-

motes the alkane dehydrogenation reaction [28,29]. Well-defined

surfaces and oxygen vacancies are effective in improving the acti-

vation of C–H bonds and coking resistance in C2H6 [30]. The sur-

face structure of oxygen vacancies with unsaturated coordination

sites facilitates ethane adsorption and activation [31]. The reduc-

tion treatment of PSC Pt/MgO introduces oxygen vacancies and

forms electronic defects. This promotes the adsorption of ethane

molecules by the catalyst and increases the active sites, thereby

enhancing the catalytic activity and selectivity of PSC Pt/MgO with

oxygen vacancies for the non-oxidative dehydrogenation of ethane

to ethylene [32]. The porous single crystal material combines the

advantages of single crystal stability and porous structure, and the

presence of single crystal skeleton stabilizes its constructed oxygen

vacancies, which synergistically allow the PSC Pt/MgO to maintain

high activity during long time testing [33].

In this work, we first grow single crystal magnesium fluoride.

The growth of PSC MgO is achieved by introducing pores through

the lattice reconstruction strategy, which increases the specific sur-

face area inside the single crystal and provides a larger space

for chemical reactions thus further enhancing the catalytic perfor-

mance. PSC Pt/MgO is prepared by loading Pt nanoparticles onto

the surface of PSC MgO by atomic layer deposition (ALD). The in-

troduction of oxygen vacancies not only enhances the activity of

the catalyst but also improves its durability [30]. PSC Pt/MgO en-

hances both conversion rates and selectivity in direct ethane dehy-

drogenation reactions, demonstrating durability for up to 100h.

Growth of single crystal MgF2: The parent single crystal MgF2 is

grown by the Bridgman-Stockbarge method [34]. The new graphite

crucible is fired in vacuo and held at 1450 °C for 24h before crys-

tal growth. Put the raw material of magnesium fluoride in the

graphite crucible, cover the graphite lid and load the furnace. High

vacuum is maintained throughout the process. When the temper-

ature is raised to 300 °C, it is held at a constant temperature for

12h. Heating is continued to raise the temperature to about 40 °C
above the melting point of MgF2, and the temperature begins to

decline after being held at a constant temperature for 10h. The

rate of descent is 0.36mm/h and stop after descending to 10 cm.

The rate of descent is 15 °C/h to room temperature. The MgF2 crys-

tals obtained are 10 cm in length and 2 cm in diameter. Then cut

and polish.

Preparation of PSC MgO and PSC Pt/MgO: PSC MgO is synthe-

sized by placing the MgF2 single crystal precursor in a chemical va-

por deposition (CVD) furnace, flowing a mixture of 5% oxygen and

95% argon at a rate of 100 sccm, maintaining the pressure between

10 and 100Torr, and annealing at a constant temperature of 900–

1000 °C for 50h. Pt nanoparticles are loaded on PSC MgO mono-

liths by ALD method. MeCpPtMe3 is used as a precursor and O3

as an oxidant during the deposition process. The PSC MgO mono-

lith is placed in the center of a stainless steel chamber at 150 °C.
The vaporized MeCpPtMe3 precursor is injected into the chamber

for 60 s, and O3 is injected into the chamber for 30 s and contact

with PSC MgO for 30 s. The above process is repeated in 20, 40 and

60 cycles through the ALD technique, which correspond to a total

time of 3000, 6000 and 9000 s, respectively. The above samples are

placed in a chemical vapor deposition furnace and reduced in H2

atmosphere at 400 °C for 5h. Three different Pt loading ratios of

PSC Pt/MgO are obtained.

Characterization: The phase composition as well as the crystal-

lographic orientation of the samples are analyzed by X-ray diffrac-

tion (XRD, MiniFlex 600). Scanning electron microscopy (SEM, SU-

8010) is used to observe the porous structure on the surface of

magnesium oxide single crystals. The micromorphology as well as

the lattice orientation of the crystals are characterized using trans-

mission electron microscopy (TEM, Talos-F200X). The average pore

size and specific surface area of porous single crystals are deter-

mined by a specific surface and porosity analyser (BET, ASAP2020).

The valence states of elements are determined using X-ray photo-

electron spectroscopy (XPS, ESCALAB 250Xi). In order to obtain the

pattern of the test reaction system with temperature, in-situ in-

frared spectroscopy (in-situ IR, Bruker Vertex-70V) is used. Induc-

tively coupled plasma (ICP, Avio220Max) emission spectroscopy is

used to determine the weight ratio of metallic elements. Electron

paramagnetic resonance (EPR, ELEXSYS E500) is used to detect sig-

nals from oxygen vacancies. The Raman spectra of the samples are

measured by Raman spectrometer (Raman, LabRAM HR Evolution)

at room temperature.

Catalyst performance test: Load 50mg of samples into each

flow-through quartz microreactor which the inner diameter is

5mm. Heat the microreactors to 600 °C at a constant rate of

5 °C/min. A flow-type quartz microreactor is fed with a reaction

gas consisting of ethane and argon at a flow rate of 10 sccm, and

ethane is dehydrogenated to ethylene at atmospheric pressure. The

concentration of ethane in the reaction gas is 10.0×10–2 mol/mol

and argon is the equilibrium gas. The airspeed is 12,000mL g-1 h-1.

The composition of the exhaust gas is analyzed using an online

gas chromatograph (GC-2014, Shimadzu) fitted with a flame ion-

ization detector and a thermal conductivity detector. The tempera-

ture range for the reaction is 600–700 °C.
Ethane conversion (C(C2H6)(%)) and ethylene selectivity

(S(C2H4) (%)) are calculated by the following equations:

C(C2H6)(%) = 1 −
[
2FC2H6

]
out

[2FC2H6
]out + [2FC2H4

]out + [FCH4
]out

× 100% (1)

S(C2H4)(%) =
[
2FC2H4

]
out[

2FC2H4

]
out

+
[
FCH4

]
out

× 100% (2)

Fig. 1a displays the X-ray diffractograms of single crystal MgF2
and PSC MgO, with the diffraction peaks at 68.68° and 43.23° cor-
responding to the (301) plane of MgF2 and the (200) plane of

MgO, respectively. Single crystal MgF2 exhibits a tetragonal struc-

ture with the space group P42/mnm (136), characterized by lattice

parameters a= b=4.615 Å and c=3.043 Å. In contrast, single crys-

tal MgO possesses a cubic structure with the space group Fm-3m

(225), featuring lattice parameters a= b= c=4.2 Å. Their diffraction

peaks are high and sharp and have no extra stray peaks, which in-

dicates that we have grown perfect single crystal MgF2 and PSC

MgO with strong single-crystalline properties. The porosity of PSC

MgO is calculated to be 42.8%. During the growth of PSC MgO,

the fluorine atoms in the parent single crystal MgF2 are volatilized

in the chemical vapor deposition furnace, and the oxygen atoms
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Fig. 1. (a) XRD patterns of single crystal MgF2 and PSC MgO, with insets showing the structures of single crystal MgF2 and PSC MgO. (b) SEM image of PSC MgO. (c) Pore

size distribution of PSC MgO. (d) XPS spectra of PSC MgO. (e) Raman spectra of PSC MgO. (f) Schematic representation of PSC MgO.

in the atmosphere are combined with the remaining magnesium

atoms to form magnesium oxide (Fig. S1 in Supporting informa-

tion). Fig. S2 (Supporting information) shows a scanning electron

microscope image of the parent single crystal MgF2, and we can

see that it is non-porous. The EDS energy spectrum and elemental

mappings of the single crystal MgF2 monolith, as shown in Fig. S3

(Supporting information), reveal that the atomic ratios of magne-

sium to fluorine are consistent with those in the MgF2 molecule.

To obtain the crystal orientation and microstructure of the par-

ent crystal MgF2, we characterize it using field emission trans-

mission electron microscopy (FETEM) and high-resolution trans-

mission electron microscopy (HRTEM) (Fig. S4 in Supporting infor-

mation). The microscopic morphology of the parent crystal MgF2
is demonstrated through Fig. S4a. The crystal orientation is deter-

mined by the facet spacing, as illustrated in Fig. S4b. The crystal

face spacings are 0.20nm and 0.22nm, corresponding to the (210)

and (111) planes of MgF2, respectively. We can see in Fig. S4c that

the Mg element is uniformly distributed with the F element on the

MgF2 surface. Selected area electron diffraction patterns indicate

that the parent crystal MgF2 has good single-crystallinity (Fig. S4d).

Fig. S5 (Supporting information) presents the photoelectron spec-

tra of the parent crystal MgF2, with a binding energy of 1305.2 eV

for Mg, which is related to the Mg-F-Mg bond, and 685.7 eV for F,

which belongs to the F 1s [35]. The Raman spectrum of MgF2 is

detected by a 532nm wavelength laser as shown in Fig. S6 (Sup-

porting information), and the observed vibrational modes of the

two Raman peaks at 291.3 and 404.1 cm-1 correspond to Eg and

A1g, respectively [36]. Fig. 1b demonstrates the scanning electron

microscope image of PSC MgO, and we can clearly observe that

the surface has a disordered pore structure. Fig. S7 (Supporting in-

formation) shows the nitrogen adsorption desorption isotherms of

PSC MgO. Brunauer-Emmett-Teller (BET) analysis reveals that the

specific surface area of the PSC MgO is measured to be 10.31 m2/g.

The pore size of PSC MgO is measured using Nano Measurer for

Fig. 1b, and the pore size distribution of PSC MgO is obtained by

Gaussian fitting (Fig. 1c), with pore sizes ranging from 100nm to

500nm, and the highest frequency of pores in the 100–200nm

range. By XPS we analyzed the valence states of the chemical ele-

ments (Fig. 1d). The peak at 1304.2 eV, corresponding to the Mg 1s

binding energy, indicates that Mg is present in the fully oxidized

state (+2) within MgO. The two peaks of O 1s, located at bind-

ing energies of 531.7 and 529.7 eV, represent oxygen vacancies and

lattice oxygen, respectively [37]. The oxygen vacancy ratio of PSC

MgO calculated from the peak area is 60.65% and the ratio of lat-

tice oxygen is 39.35%. Fig. 1e displays the Raman spectra of PSC

MgO, measured within the wavenumber range of 400–2000 cm-1

using a 532nm laser [38]. Fig. 1f shows a simulation of PSC MgO

and we can see its structure.

Figs. 2a-h show the FETEM images, HRTEM images, SAED pat-

terns, HAADF-STEM images and elemental mappings of PSC MgO

and PSC Pt/MgO, respectively. The loaded weight ratio of Pt in PSC

Pt/MgO is 2.85%. Fig. 2a illustrates the microscopic morphology of

PSC MgO. The crystallographic orientation of the PSC MgO is iden-

tified through high-resolution transmission electron microscopy, as

illustrated in Fig. 2b. The observed lattice spacing of 0.15nm is

consistent with the (220) crystallographic plane of MgO. Fig. 2d

demonstrates a uniform distribution of Mg and O elements across

the PSC MgO surface, as observed through HAADF-STEM and el-

emental mappings. As shown in Fig. 2e, we can clearly see that

Pt nanoparticles are successfully loaded on PSC MgO, and the size

range of Pt nanoparticles is 2–26nm. The particle size distribution

of Pt nanoparticles of 2.85 wt% Pt is shown in Fig. S9e (Supporting

information). Fig. 2f displays high-resolution transmission electron

micrographs of PSC Pt/MgO, showing lattice spacings of 0.23nm

and 0.21nm, which correspond to the (111) crystallographic plane

of Pt and (200) crystallographic planes of MgO, respectively. Fig.

2h shows that the Pt element is distributed on the surface of the

MgO while the magnesium and oxygen elements exhibit a uni-

form distribution. The mapping diagram of Pt nanoparticles can

correspond well with the HAADF diagram. Selected area electron

diffraction patterns demonstrate that PSC MgO and PSC Pt/MgO

have good single-crystallinity (Figs. 2c and g). Three parallel sets of

data are tested for loads with different contents of Pt. Means and

standard deviations are calculated statistically. Fig. S8 (Supporting

information) demonstrates the weight ratio of Pt nanoparticles in

PSC Pt/MgO loaded with different time ALDs of 0.94 wt% Pt, 1.59

wt% Pt, 2.85 wt% Pt.

To ascertain the valence states of various elements, XPS is

tested for PSC Pt/MgO (Fig. 3a). It is observed that Pt 4f has two

splitting peaks, Pt 4f5/2 with a binding energy of 75.2 eV and Pt

4f7/2 with a binding energy of 71.8 eV, suggesting that the platinum

is in the zero valence state [39]. Mg is in the oxidized state. The O

1s peak observed at a binding energy of 531.4 eV originates from

oxygen vacancies, whereas the peak at 529.7 eV is ascribed to lat-

tice oxygen. The oxygen vacancy ratio of PSC Pt/MgO is calculated

to be 72.74% and the ratio of lattice oxygen is 27.26% by peak area.

The oxygen vacancy ratio in PSC Pt/MgO is significantly increased

compared to that in PSC MgO, which suggests that PSC Pt/MgO has
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Fig. 2. (a) FETEM image, (b) HRTEM images, (c) SAED pattern, (d) HAADF-STEM image and elemental mappings of PSC MgO. (e) FETEM image, (f) HRTEM images, (g) SAED

pattern, (h) HAADF-STEM image and elemental mappings of PSC Pt/MgO. The insets provide a magnified view of the HRTEM image.

Fig. 3. (a) XPS spectrum of PSC Pt/MgO. (b) EPR spectra of PSC MgO, 0.94 wt% Pt, 1.59 wt% Pt, and 2.85 wt% Pt. (c-f) In-situ infrared spectroscopy of C–H bond (CH3)

asymmetric stretching vibration, C–H bond (CH3) symmetric stretching vibration, C–H bond (CH2) symmetric stretching vibration, C=C bond symmetric stretching vibration

of PSC Pt/MgO.

a higher oxygen vacancy concentration than PSC MgO. Oxygen va-

cancies are vacancies that form in metal oxides or other oxygen-

containing compounds when oxygen atoms in the lattice detach,

resulting in an oxygen deficiency. The oxygen defect signals of the

samples are detected by EPR (Fig. 3b). The g-value of 2.003 can

be attributed to oxygen vacancies, indicating that the PSC Pt/MgO

surface contains oxygen defects. It is also found that the oxygen

vacancy signal of PSC MgO is not as strong as that of loaded Pt

nanoparticles. The signal intensity of the oxygen vacancies is 2.85

wt% Pt, 1.59 wt% Pt, and 0.94 wt% Pt in descending order, which

corresponds to their oxygen vacancy concentrations. PSC Pt/MgO

contributes to the formation of oxygen defects by providing a well-

defined surface structure to build active sites. The generation and

concentration of oxygen vacancies in the catalyst can greatly in-

crease the catalytic activity of the reaction [30]. Figs. 3c-f are the

in-situ FTIR maps of PSC Pt/MgO loaded with 1.59 wt% Pt used to

demonstrate the activation mechanism of ethane molecules on the

catalyst. The peaks observed at approximately 2968 and 2985 cm-1

are attributed to the asymmetric stretching vibrations (ASV) of the

C–H bonds in methyl groups. As the temperature increased, these

peaks exhibited a blue shift, indicating that the C–H bond in the

ethane molecule is effectively activated to a higher energy state

(Fig. 3c) [32]. The ∼2894 and 2930 cm-1 peaks illustrated in Fig.

3d originate from the symmetrical stretching vibration (SSV) of the

C–H bond within the methyl group [40]. As illustrated in Figs. 3e

and f, the peak intensities of the SSVs of C–H bonds (∼3027 and

3045 cm-1) and C=C bonds (∼1700 cm-1) in ethylene progressively

increase with rising temperature. The telescoping vibrations are

gradually visible at a temperature of 200 °C, which indicates that

the onset of nonoxidative dehydrogenation of ethane to ethylene

occurs at temperatures as low as the surface temperature of about

200 °C [26]. The results of in situ FTIR spectroscopy indicate that

the activity of PSC Pt/MgO is gradually activated, thereby enhanc-

ing the catalytic conversion of ethane to ethylene.

Ethane dehydrogenation efficiency, measured by ethane conver-

sion and ethylene selectivity, is examined for 0.94 wt% Pt, 1.59 wt%

Pt, 2.85 wt% Pt, porous polycrystalline MgO (PpC), PSC MgO and a

blank sample at intervals of 25 °C within the temperature range

of 600–700 °C (Figs. 4a and b). As the temperature increases, the

ethane conversion is gradually improved, and we can see that the

catalytic effect of 1.59 wt% Pt on the ethane dehydrogenation re-

action is significantly better than others, and in addition, the ethy-

lene selectivity of the porous single crystals generally reaches more

than 97%. The ethane conversion of 0.94 wt% Pt, 1.59 wt% Pt, and

2.85 wt% Pt at 700 °C reached about 23%, 28%, and 25%, respec-

tively. The calculated TOF value for 1.59 wt% Pt is 30.67min-1. Figs.
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Fig. 4. (a) Ethane conversion, (b) ethylene selectivity of 0.94 wt% Pt, 1.59 wt% Pt, 2.85 wt% Pt, PSC MgO, porous polycrystalline MgO (PpC), and blank. (c, d) Long-term

stability test of direct dehydrogenation of ethane at 700 °C. (e) XPS spectra of PSC Pt/MgO after long-term testing. (f) Raman spectra of PSC Pt/MgO before and after long-

term tests.

S9a and b (Supporting information) show the FETEM images of

0.94 and 1.59 wt% Pt, respectively. The particle size distributions

of Pt nanoparticles with different Pt loadings (0.94, 1.59, and 2.85

wt%) are presented in Figs. S9c-e (Supporting information). Com-

pared to the 0.94 wt% Pt catalyst, the 1.59 wt% Pt sample exhibits

stronger ethane C–H bond activation due to the higher Pt load-

ing. Meanwhile, the EPR spectra (Fig. 3b) show that the 1.59 wt%

Pt sample has a higher peak oxygen vacancy characteristic signal.

The ethane conversion of 0.94 wt% Pt is lower than that of 1.59

wt% Pt. As the platinum content increases, the average size of the

platinum nanoparticles increases and the Pt surface area per unit

weight of the sample decreases [41]. As shown in Fig. S9b, the

1.59 wt% Pt catalyst exhibits a relatively uniform distribution of Pt

nanoparticles, demonstrating improved dispersion compared to the

2.85 wt% Pt sample in Fig. 2e. While well-dispersed Pt nanoparti-

cles resist sintering, dense Pt nanoparticles readily agglomerate at

high temperatures, resulting in diminished catalytic performance

[12]. It can be seen that the conversion of 1.59 wt% Pt is higher

than that of 2.85 wt% Pt. Long-term stability tests are then carried

out on catalysts with different Pt weight ratios, as shown in Figs.

4c and d, where the ethane conversion remains stable even after

more than 100h of operation. In porous single crystals, the porous

structure combines porosity and structural coherence, while the

single-crystal skeleton minimizes energy loss at grain boundaries.

The specific surface area of PSC Pt/MgO with three Pt loading con-

tents is shown in Fig. S10 (Supporting information). We can see

that 2.85 wt% has a larger specific surface area than 1.59 wt%. Fig.

S11 (Supporting information) shows the CO2-TPD plots of PSC MgO

and three different loadings of PSC Pt/MgO, where peaks are ob-

served at three basicity sites (107, 306, and 495 °C) of PSC MgO,

which confirms that the PSC MgO is a typical solid substrate [21].

The TPD desorption peak area of 1.59 wt% Pt is greater than that

of 2.85 wt% Pt, with a greater number of basic sites. A larger spe-

cific surface area, higher structural stability, and a greater number

of active sites enhance ethane conversion and ethylene selectiv-

ity. The performance comparison of different catalysts in the di-

rect dehydrogenation of ethane is presented in Table S1 (Support-

ing information). XPS characterization of PSC Pt/MgO after a long

run of anaerobic dehydrogenation of ethane is carried out. As il-

lustrated in Fig. 4e, the Pt 4f spectrum exhibits two distinct peaks

with binding energies of 75.0 eV and 71.6 eV, the former attributed

to the Pt 4f5/2 state and the latter to the Pt 4f7/2 state. Mg is still

at the +2 valence. Fig. 4f shows the Raman characterization of PSC

Pt/MgO before and after the ethane dehydrogenation reaction, no

carbon signals are seen in the range of 1200–1600 cm-1, indicat-

ing that there is no serious carbon deposition or sintering on the

catalyst surface [42]. The TEM image of PSC Pt/MgO after ethane

dehydrogenation reaction is shown in Fig. S12 (Supporting infor-

mation). We can clearly see the Pt nanoparticles on the surface of

MgO, indicating the good stability of PSC Pt/MgO.

In conclusion, by lattice reconstruction strategy we grow porous

single crystal MgO and load Pt nanoparticles on its surface for

growing PSC Pt/MgO. PSC Pt/MgO introduces oxygen vacancies

by reduction treatment to form electronic defects that enhance

ethane adsorption and increase active sites. The ethane conversion

achieves by PSC Pt/MgO in the direct dehydrogenation of ethane

is 28%, with an ethylene selectivity exceeding 97%. Importantly,

this process exhibits exceptional stability over a continuous opera-

tional period of 100h. This work provides a preparative method for

preparing platinum-based metal oxide catalysts while presenting a

new idea for improving the conversion and long-term performance

of non-oxidative dehydrogenation of ethane.
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