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In 1855, Adolf Fick proposed the renowned Fick’s laws, which describe the
relationship between diffusive flux and concentration gradient, thus laying the
mathematical foundation for quantitative studies of mass diffusion in catalytic
reactions”). Throughout the twentieth century, the diffusion behavior in
heterogeneous catalysis was the focus of extensive study and application, leading to
the systematic development of theories and disciplines centered mainly on internal
and external diffusion, such as bulk diffusion, Knudsen diffusion, and surface
diffusion in porous catalysts®’!, alongside key evaluation parameters like effective
diffusion coefficients and Thiele modulus'**. In the domain of zeolite catalysis,
rational design theories for efficient diffusion structures (e.g., Murray-Su’s laws) and
the resultant diffusion-optimized materials (e.g., Murray-Su’s Materials) have been
developed'®”. A suite of characterization tools, including in-situ electron microscopy,
adsorption-desorption techniques, and nuclear magnetic resonance (NMR), have
evolved to facilitate the resolution of diffusion behaviors across multiple scales!**. It
is evident that advancements in this field have led to a substantial enhancement in
the comprehension of diffusion, thereby unveiling its progressively pivotal function
in catalytic processes. Recent studies have demonstrated that diffusion behavior can
directly influence product selectivity, sometimes even playing a decisive role>'*. This
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insight imposes stricter requirements on the process of diffusion: faster diffusion might not be universally
better; instead, diffusion must be precisely matched to the demands of the reaction. It is imperative to
transcend the boundaries of mere diffusion comprehension and step into a new era of diffusion design, with
the overarching objective being the precise regulation of diffusion.

The hierarchical structures shorten the intracrystalline diffusion pathways which accelerate the
intercrystalline diffusion by approximately two orders of magnitude leading to enhanced mass transport.
According to Fick’s first law

J=-D dx
Where the diffusive flux (J) is directly proportional to the effective diffusion coefficient (D), while it is
inversely related to the diffusion length, therefore both the reduction of the path length and the increasing of
the diffusion promote the efficient transport through the zeolite network. Simultaneously, the platinum on
the external surface enhances the diffusion of the reaction intermediates by modifying their paths by
decreasing the surface permeability through partially blocking pore entrances. This spatial architecture
harmonizes the diffusion fluxes and thereby maximises the catalytic selectivity.

In a recent research article published in Angewandte Chemie International Edition, Dr. Yu, Prof. Chen and
Prof. Su introduced a new chemical concept of diffusion-selective catalysis and showcased a precisely
modulated diffusion system for the demonstration of diffusion selectivity effect based on reaction
intermediates""). Prof Su’s work has played a major role in the development of hierarchical porous materials
throughout the years. Since the late 1990, he has focused his research on the limitations of the conventional
zeolites especially on the difficulty of the diffusion of the voluminous molecules'>”. He then, with the help
of his team, developed different synthesis strategies to introduce hierarchical pores while maintaining the
catalytic activity on the active sites. This led to the “Hierarchical or Su type materials” concept that ensures
and optimises the accessibility, the transport and the catalytic efficiency simultaneously"*. His contributions
have major impact on the materials chemistry and the catalytic industry especially on the biomass
conversion and the refining processes'*”.

In this work, the authors designed a tandem diffusion system tailored to the distinct diffusion requirements
of two reaction intermediates in an isomerization reaction. The employment of hierarchical porous zeolite
nanorods resulted in a substantial reduction in intracrystalline diffusion pathways, thereby facilitating rapid
diffusion of branched olefin intermediates and concomitant diminution of their residence time within the
zeolite crystals [Figure 1A]. Subsequently, by employing a novel bulky Pt precursor, selective anchoring of Pt
sites was achieved on the external surface of the zeolite, thereby creating a long diffusion pathway between Pt
sites and zeolitic Bronsted acid sites, which enabled the homogeneous distribution of linear olefin
intermediates in zeolite crystals [Figure 1B]. The elaborately designed structure [Figure 1C] can enable the
intermediates diffusion behavior to align with the main reaction pathway, thereby dramatically enhancing
isomerization selectivity.

The authors innovatively employed confocal fluorescence microscopy to track and analyze diffusion
dynamics. Surface permeability and intracrystalline diffusion coefficients were utilized to quantify the two
distinct diffusion regimes [Figure 1D and E]. The sample with Pt sites located on the external surface
exhibited a surface permeability of 3.48 x 10 m/s, which is 20% lower than those with Pt sites located inside.
The sample based on hierarchically porous zeolite achieved an intracrystalline diffusion coefficient of 5.76 x
10'* m*/s, which is nearly two orders of magnitude higher than that based on a conventional zeolite. It is
noteworthy that the authors achieved two contrasting diffusion behaviors within a single catalyst particle:
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Figure 1. (A and B) lllustration of diffusion demands in hydroisomerization and corresponding strategies; (C) Transmission electron
microscopy image of a MOR nanorod assembly (inset: external Pt nanoparticles); (D) Overall evolution of the normalized fluorescence
intensity (g,/goo) as a function of the square root of time; (E) Comparison of diffusion coefficients (D) and surface permeability (@) among

samples; (F) n-Hexane conversion as a function of reaction temperature. The purple ball represents the platine (Pt) nanoparticules; (G) Cé6
isomer selectivity as a function of n-hexane conversion; (H) C6 isomer yield as a function of n-hexane conversion. The figure is reproduced
from Ref.l™, Copyright 2026 Wiley-VCH GmbH. MOR: Mordenite Zeolite.

namely, slow surface diffusion and fast internal diffusion. This represents a significant advancement in the
field of fine regulation of diffusion behaviors.

The as-prepared catalyst exhibited exceptional activity and selectivity in the catalytic isomerization process.
On a condition of n-hexane conversion of 72%, the isomer selectivity can reach 87% over this optimized
catalyst, giving an isomer yield of 62%, outperforming reference catalysts and those catalysts previously
reported in the literature [Figure 1F-H]. Through the strategic alignment of diffusion behaviors with the
reaction pathway by means of rational design, a substantial enhancement in catalytic efficiency was achieved.

This study presents a reaction intermediate diffusion-selective prototype guided by diffusion selectivity. This
prototype represents a significant advancement in the field of diffusion study, moving from the stage of
diffusion understanding to that of diffusion design. Diffusion selectivity is poised to provide precise guidance
for the optimization of industrial catalysts, particularly in terms of the spatial distribution of active sites and
the structural design of catalysts, which ultimately enables catalyst engineering on demand.
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