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Highlights
» Design and synthesis of the noble 3D polymetattidia catalyst.
» Acidity Control synthesis materials by use of caygpagent.
» Use of as-synthesis materials for selective deliraand etherification of carbohydrate to
ethyl levulinate
1. Introduction

The directed and intense interaction of higher ditieom metal oxide with inorganic non-metals can be
promising for generating high acidic three-dimenalamaterials by design. A comprehensive contratitex!
acidity of heteropoly acid-like molecules and iptetation of the microstructure and mechanism ef th
formation of a versatile heterogeneous solid aeidlgst HPWMoOx has been attempted to heterogenized
Biomass-Derived cystine as organic linkers to anthe acidity as-synthesized materials, which have
greater acidity and complexity in separation fréma teaction mixture. The new and unique resultainbd

in catalysis done in biphasic reaction. Cystinedbinvith the surface of HPWMoOx, and the topotactic
transition occurred, change the morphology andicaatparameter. We described here a sustainable
transformation of highly acidic heteropoly acid (W®oOx) to cystine anchored on the active surfacthef
heteropoly acid and controlled the acidity and togienized the materials. As-synthesized materiala h
been showing high catalytic activity for the dirdotmation of alkyl levulinate and furanics interdiate
from carbohydrates. The analytical analysis of yagkesis materials done by NH3-TPD, BET, XRD,
FESEM, TEM, HRTEM, FTIR, ATR, TGA, DTA to stabilidethe morphology and acidity controlled
mechanism.

2. Methods

Two types of poly acidic materials prepared (i), W#Mo0100x and (i) HPVWMo0,,0x—Cys HPW,M0;¢04o
was prepared in a two-step. In first step 1 eqeiviatiehydrated PO, (before used, vacuum dry at 12D
for 4 h) dissolved in 50 mL hot water, labeled $olu (A). In 2nd 100 mL beaker, 4 equivalent of
Na,W0,.2H,0 dissolved in 50 mL hot water and labeled solutih Solution (B), drop added in solution
(A) and stirred for 5 min at the hot condition, theool the reaction mixture in an ice bath, them AL
concentrated H2S0O4 added as precipitating agerter Addition of H2SO4, white precipitate form. In
second step 10 equivalent of N@O,2H,0 dissolved in 60 mL distil water, stirred at rooemperature 5
min, then added drop-wise in the first step sohutiafter addition of ~5 mL, white colour diaperdhen
continuous addition, colourless solution obtaingtg final solution composition is 1:4:10 AHPO, :
Na,WO,.2H,0: NaMoO,,H,0). In colorless solution, one drop chilled 30, added green precipitate
formed, after shaking green precipitate dissolbdn continuous dropwise added till the green-yghh
precipitate persist.

3. Results and discussion

To reveal the nature of active sites that favor fitwenation of selective dehydration-rehydration and
etherified products, we resorted to multiple chemdzation techniques to investigate the functiiyaind
structure of the multifunctional catalyst. Catadysiptimization is achieved through the tone of aasi
parameters, including selectivity of the desireddoict, the stability of catalyst, and recyclabildy the
catalyst. Similarly, after using the capping ageydtine, change the number of active acidic sifease
synthesized materials, which enhanced the selgctdfi the desired product. In a microwave irradiati
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reaction, the catalyst amount the temperatureptsmtzed to control the better selectivity of thesied
intermediate and thus the enhanced the final ptodetectivity. Our approach to heterogenized and
controlling the acidity of HPA, affords various ahtages: (i) the catalyst system can show greeaetivity
and selectivity like a homogeneous catalyst. Wlsctonventional heterogeneous catalysts could mmivs

(i) unlike most homogeneous catalysts with complargerformance, the heterogenized HPWMoOx-cys
can be recycled;(iii) drastically enhanced thed@lity of the desired product and stopped the deatjon of
furanics. Here, we provided future direction foe theterogenization of HPA and used the effectili so
acid catalyst.

The topotactic control of two different heteropalgid materials is one of the components in thelysta
that most used for the selective synthesis of acgars the heteropoly acid, have high catalytrersgth,
very tedious to control the selectivity of the dediproduct, after capping the active acidic ditgsysteine,
drastically controlled the acidity and enhanced dlesired product selectivity. Cysteine has actinena
functional group to be bound to the acidic sitesl @ontrol the acidity and also heterogenization the
materials. The deposition and anchoring of cystinghe active sites of HPMoOx resulted from theidon
interaction between the amine groups of cysteirie aimetal center. This interaction prevented ¢agting

of metal in the reaction mixture even under hotiligphase reaction condition under microwave iaadn.
The supported material displayed no detectablehiegaof metals under hot-plate filtration test aadhis
regards functioned as true heterogeneous catalysts.

Figure 1. Representative SEM and TEM images of monodisperskaWhcore-shell particles of as-synthesized HPW4RDXx

4. Conclusions

Highly stable, 3D hexagonal hollow core-shell stuwe of HPA has been synthesized. The use of cgppin
agent, changes in the morphology is obtained. &traiccharacterization and acidity measurement show
excellent control of acidity and morphology achig\®/ using cystine as a capping agent. The dehgdrat
and etherification reactions show different seléwti of the product by using HPW4Mol10Ox and
HPW4Mo0100x-Cys catalyst. The NMR and GC resultsdistl suggest that the HPW4Mo0100x-Cys
materials is only capable for selective dehydratimno-sugars to HMF and HPW4Mo100x materials show
high degree of Brgnsted and Lewis acidity and fartd&F and LA combine..
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