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- - —— Introduction 3. Adsorption Energies —
Transition metal (TM) clusters in the sub-nanometric regime (typically 2 to 6 atoms) exhibit catalytic properties that
differ significantly from their bulk counterparts at the cost of thermodynamic instability. Encapsulation of TM  Ecuamrr — (EMFI.vac‘ + Ec'iu.vac']
clusters within zeolites as 5ingle Cluster Catalysts (SCC) has emerged as a particularly effective approach to Eadsm = n
overcome this expense. This thorough study abords the stability of a series of clusters formed by 9 different TM (Fe,
Co, Ni, Ru, Rh, Pd, Os, Ir, Pt) inside the MFI zeolite. This work aims to deliver an energetic, structural and magnetic Straight Channe Sinusoidal Channal
threshold for future SCCs cluster encapsulations inside zeolites. ¢ o o o o . 4 o e o
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* Notable channel differences
* Tetrahedral 4-atom SCC = most stable structure
* Steric effects for sinusoidal channel
* Good candidates as SCC begin to appear (0s,1, Rug Rhg, Pts, ...)
4. Interaction and Deformation Energies —
Eqds = Edﬂf + Eint
_ Ecruamrr — [EEIHSP + EMFI.S}?] E _ EMFISP — Epmer vac E _ Ef—"iu-‘-’"i? — Eciu,vac
Eintm = def.zeo/n — def,clu/n —
n n n
—— Eintm —— Edef, zeain —— Eget, cium E adsin
a) Size effect - Sinusoidal Channel b) TM nature effect - Sinusoidal Channel
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c} Size effect - Straight channel d) TM nature effect - Straight Channel . Edef = En ergy cost of distnrting the
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5. Magnetic Properties —
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- Plane waves basis set - PBE functional - D3 dispersion correction - T" point only : T Cueter sy 7 : : T it ems 7 ‘ ’ T Cetereps 7 :
. Spin correlated optimisations - Optimised zeolite parameters: a=20314A, b=19.86A,c=13.374A
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E 4 ,--*'1 * Magnetic moment properties mostly preserved from free-cluster structures
= 1 ] o N * Exceptions = Charge transfer with zeolitic O
% s I E ;oo | A * Magnetic moment trends in the bulk and free-cluster spectra are preserved for encapsulated SCCs
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g .. e, o Take-Home Message and Future Work
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2 ; R * MPFI zeolite provides support to the SCCs
- “x ’ : & bulk experimental * Trendsin the bulk and free-clusters are mostly conserved for encapsulated SCCs @ MFI
My ; i :‘r:"::::l';‘:::““" » Steric effects start to appear for structures as small as 6 atoms
-8 ‘ straight channel * (Good candidates as SCCbegin to emerge (Os,.,, Rug, Rhe, Ptg, ...
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. . . over the support activity
* MFI structure provides support to the SCCs, but far from their bulk cohesion level
* Ej s, trendsin the bulk and free-cluster spectra are preserved for encapsulated 5CCs
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