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INTRODUCTION SOIL-GEL SYNTHHESIS

Efficient  Lewis-acid-catalyzed direct conversion of aldehydes to 1,2-diketones In the liquid

phase was enabled by using newly designed and developed ceriazzirconia-based high-entropy oxides PINACOL-TYPE OXIDATIVE COUPLING
(HEOs) as the actual catalysts The synergistic effect of various cations incorporated In the same

oxide structure (framework) was partially responsible for the efficiency of multicationic materials REACTION OF THE ALDEHYDES
compared to the corresponding single-cation oxide forms. Furthermore, a clear, linear relationship

between the Lewis acidity and the catalytic activity of the HEOs was observed Due to the developed

strategy, exclusively  diketone-selective, recyclable, versatile heterogeneous  catalytic transformation

of aldehydescan be realized under mild reaction conditions. Studied HEOsexhibit bandgapsin the range from 1.91 eVto 3.0 5 mol% catalyst

eV and appropriate valence and conduction bands for water splitting. They reveal high photocatalytic activity that is mostly RCHO cotonitrile >

attributed to the accessibility of more photocatalytic active sites which provided radicals responsible for the AZO dye rof Mistomperatitc

degradation. The materials successfullyproduce hydrogen by photocatalytic water splitting, suggestingthe potential of HEOs 24 b

as new photocatalysts The photocatalytic performances of all studied HEOs outperform the single fluorite oxides or 75 molla Bentaie acid 1.2-diketone
equivalent mixed oxides. The Cg, ,Zr,,La,,Pr,,Y,,0, (CZLPY)engender hydrogen in 9.2 pmolmg! per hour that is much

higher content than for pristine CeQ material which amountsto 0.8 umolmgz! per hour.

CHARACTERIZATIONAAND. CATAILNM TICCATIIVITROROR ORGANICI SN RN ESIS DAZO) DY EADEG RADAT IONYAND Y DROGENIEVOIEACIONNREACTION

. Pore volume Sset Average crystallite size Acidity
compound ChemicTTNg 2 (cm?/g) (m?/g) (nm) IXRD (a.u/g) UVAVis absorption specira of
CZLEY Ce, ,Zr, .La, Eu, Y, O 0.14 48 6 31 umneggi/'e:sarb'iﬁﬁmir(]';ﬂtfgn dé‘)e
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SABVE C& 22705 2Y0 260 20, e i £ 2 of HEOsmonitored at regular
CZLPG Ce 21, La, Pr,,Gd, ,0, 0.33 60 6 44

Interval of time. Inset showing
colour degradation of MB dye
to colourless solution after
treatment with CZLPY and
solar irradiation for 20 min; (g)
The rate of photocatalytic
degradation (G/C,) of MB by
HEOs under solar irradiation ;
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urvey XPSspectrum of CZLPY(a) and high resolution deconvoluted spectra of: (b) (h) Plot of In (GJC, vs
R cerium, (c) zirconium, (d) lanthanum, (e) praseodymium, (f) yttrium, (g) oxygen irradiation  time; () Re
o e and (h) carbon. cyclability test of CZLPY

towards MB dye degradation
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eSSt [T 2 VU SR N L SN Qualittive EDX maps reveal the uniform distribution of the Saturated photocurrent density and HER activity trendv.r.t. structural properties of the catalysts.
Rietveld plot of the investigated compounds (A) CZLEY (B) CZLPY involved elementsinside the powder sample Surface Surface
(C) CZEYG (D) CZLPG Along with Bragg reflections, the observed Surface HER [Pr3+)/ [Ce3*/ D., R, Syer Saturated
(red), calculated(black), and ditference (blue) plots are shown for the 100 | de podoct —m— Acdity (au.E)| 85 Catalyst [0 +0. ]/  activity in 2 [Pr3v+  [Ce¥™+Ce*]  (nm)  (x10%) (m2ge) Photocurrent
fit of the PXRDpattern. In the insets of eachfigure, the fluorite -type ] - 1 2-diketone e 040 / o y Density ()
crystal structure of the corresponding HEOis visualized. %0 i ] OOl hrs "l (%) )
S50 = @) G iT1HC %) (WACM)
- = 70- | 63 CLPEY  24.8 5 76.3 11.9 6 5750  23.4 17
Aldehydes Products Alqlehyde 0 Producltoyleld = .
conversion (mol%)  (mol%) = 5 CZLGY  26.2 8.5 0 14.9 6 38.60 614 21
Acetaldehyde Diacetyl 80 70 g 50+ 55
Propionaldehyde 3,4-Hexanedione 76 68 2 40 | =0 CLPEG 26.6 9.2 77.3 20.4 8 51.73 30.8 22
Butyraldehyde 4,5-octanedione 71 61 = 40 43 CLPGY 291 14 76.3 222 7 58.40  23.4 25
Benzaldehyde Benazil 90 81 = |40
Furfural Furil 73 66 320+ .
Vanilin 1,2—B|S—Benzo(1,3)c_l||oxol-5- 67 60 0- h
yl-ethane-1,2-dione . -
: L . . . CFZLEY CZEYG CILEG CZLEY
Pinacortype oxidative coupling reactions of the different aldehydespromoted by the Used catalysts Photoelectrochemical(PEC)performance of CLPEYCZLPYCZLGYCLPEGand CLPGYshowing LSVplots under choppeddark and solar-light condition. (a) Potential vs. Ag/AgClI (V) and (b) Potential vs.
CZLPYcatalyst. 1 mmol aldehyde,2 cm? acetonitrile, 0.25 mmol benzoicacid,5 mol% RHE(V); (c) Photo switching transient behaviour of CZLPYelectrode at 0.8,0.9, 1.15,1.23 and 1.6 V vs. RHE(0.3 V vs. Ag/AgCl=1.26 V vs. RHE), (d) LSVplots of CZLPYelectrode with varied coating
catalyst, reflux temperature, 24 h. Comparative study of the catalytic ability of the thickness (1,2,3) under chopped light and dark conditions (Potential vs. RHE) (e) Applied bias photon-to-current efficiency (ABPE, ®6) vs potential in RHE scale plot for CZLPYelectrode; (f)
different HEOsto promote the oxidative pinacol- Electrochemicalimpedancespectroscopydata obtained for CZLPYelectrode under dark and light condition; (g) Time-dependenthydrogen (H,) evolution by pure CeQ, CLPEYCZLPYCZLGYCLPEGand
type coupling reaction of the benzaldehyde CLPGYunder solar irradiation and their (h) corresponding hydrogen production rate after 2 hours of constant irradiation ; (i) Stability test showing catalytic activity of CZLPYcatalyst over four

sequentialcycles

CONCILYSIONS

Ceriazzirconia-based high-entropy catalysts were successfullysynthesized The applied synthetic route, the modified sol-gel citrate route, resulted in phasepure compounds with a cubic structure, with lattice parameters that differ from pure CeQ. This is related to the lattice
expansion/contraction due to the incorporation of five cations into a single-cation lattice. The investigation of the physicochemicalproperties of the newly developedand synthesized catalysts shows that the crystallite size,lattice parameters, surface areas,and pore volumes are
similar, while the Lewis acidity differs significantly. The pinacol-type oxidative coupling reaction of the aldehydeswas presented,using HEOsasthe actual catalysts,which demonstrated the catalytic abilities and chemoseletivity of the catalysts Upon using the HEOsasthe catalysts,
the desired diketone product was produced with almostthe sameselectivity, unlike the activity, which followed the trend of increasingacidity. CZLPYoxide proved to be aversatile, reusable,and heterogeneouscatalyst.

Amongstudied HEOs Ceg, ,Zr,,La,,Pr,,Y,,0, (CZLPY)hasshown the highest photocatalytic activity in AZOdyes degradation and photocatalytic water splitting in hydrogen generation than any other synthesizedHEOsdue to the presenceof optimum level of Pr3*, Ce* and the highest
content of oxygenvacanciesas verified by XPS Thus, the phase stabilization of high-entropy oxide in parent CeQ lattice induced more lattice distortion, more Cée*concentration, more oxygen vacanciesand additional energy levels (due to more oxidation states of Ceand Pr) as
comparedto pure CeQ.
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