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Highlights 
• Design and synthesis of the noble 3D polymetallic acidic catalyst.  
• Acidity Control synthesis materials by use of capping agent. 
• Use of as-synthesis materials for selective dehydration and etherification of carbohydrate to 

ethyl levulinate  
1. Introduction 
The directed and intense interaction of higher transition metal oxide with inorganic non-metals can be 
promising for generating high acidic three-dimensional materials by design. A comprehensive controlled the 
acidity of heteropoly acid-like molecules and interpretation of the microstructure and mechanism of the 
formation of a versatile heterogeneous solid acid catalyst HPWMoOx has been attempted to heterogenized. 
Biomass-Derived cystine as organic linkers to control the acidity as-synthesized materials, which have 
greater acidity and complexity in separation from the reaction mixture. The new and unique results obtained 
in catalysis done in biphasic reaction. Cystine binds with the surface of HPWMoOx, and the topotactic 
transition occurred, change the morphology and lattice parameter. We described here a sustainable 
transformation of highly acidic heteropoly acid (HPWMoOx) to cystine anchored on the active surface of the 
heteropoly acid and controlled the acidity and heterogenized the materials. As-synthesized materials have 
been showing high catalytic activity for the direct formation of alkyl levulinate and furanics intermediate 
from carbohydrates. The analytical analysis of as-synthesis materials done by NH3-TPD, BET, XRD, 
FESEM, TEM, HRTEM, FTIR, ATR, TGA, DTA to stabilized the morphology and acidity controlled 
mechanism.  

2. Methods 
Two types of poly acidic materials prepared (i), HPW4Mo10Ox and (ii) HPW4Mo10Ox–Cys H5PW2Mo10O40 
was prepared in a two-step. In first step 1 equivalent dehydrated K2HPO4 (before used, vacuum dry at 120 °C 
for 4 h) dissolved in 50 mL hot water, labeled solution (A). In 2nd 100 mL beaker, 4 equivalent of 
Na2WO4.2H2O dissolved in 50 mL hot water and labeled solution (B). Solution (B), drop added in solution 
(A) and stirred for 5 min at the hot condition, then cool the reaction mixture in an ice bath, then 2.5 mL 
concentrated H2SO4 added as precipitating agent. After addition of H2SO4, white precipitate form. In 
second step 10 equivalent of Na2MoO42H2O dissolved in 60 mL distil water, stirred at room temperature 5 
min, then added drop-wise in the first step solution, after addition of ~5 mL, white colour diapered, then 
continuous addition, colourless solution obtained, the final solution composition is 1:4:10 (K2HPO4 : 
Na2WO4.2H2O: Na2MoO42H2O). In colorless solution, one drop chilled H2SO4 added green precipitate 
formed, after shaking green precipitate dissolved, then continuous dropwise added till the green-yellowish 
precipitate persist.  

3. Results and discussion 

To reveal the nature of active sites that favor the formation of selective dehydration-rehydration and 
etherified products, we resorted to multiple characterization techniques to investigate the functionality and 
structure of the multifunctional catalyst. Catalysts optimization is achieved through the tone of various 
parameters, including selectivity of the desired product, the stability of catalyst, and recyclability of the 
catalyst. Similarly, after using the capping agent cystine, change the number of active acidic sites of as-
synthesized materials, which enhanced the selectivity of the desired product. In a microwave irradiation 



 

reaction, the catalyst amount, the temperature is optimized to control the better selectivity of the desired 
intermediate and thus the enhanced the final product selectivity. Our approach to heterogenized and 
controlling the acidity of HPA, affords various advantages: (i) the catalyst system can show greater reactivity 
and selectivity like a homogeneous catalyst. Which is conventional heterogeneous catalysts could not show; 
(ii) unlike most homogeneous catalysts with comparable performance, the heterogenized HPWMoOx-cys 
can be recycled;(iii) drastically enhanced the selectivity of the desired product and stopped the rehydration of 
furanics. Here, we provided future direction for the heterogenization of HPA and used the effective solid 
acid catalyst. 

The topotactic control of two different heteropoly acid materials is one of the components in the catalysis 
that most used for the selective synthesis of organics. As the heteropoly acid, have high catalytic strength, 
very tedious to control the selectivity of the desired product, after capping the active acidic sites by cysteine,  
drastically controlled the acidity and enhanced the desired product selectivity. Cysteine has active amine 
functional group to be bound to the acidic sites and control the acidity and also heterogenization the 
materials. The deposition and anchoring of cystine on the active sites of HPMoOx resulted from the ionic 
interaction between the amine groups of cysteine with a metal center. This interaction prevented the leaching 
of metal in the reaction mixture even under hot-liquid phase reaction condition under microwave irradiation. 
The supported material displayed no detectable leaching of metals under hot-plate filtration test and is this 
regards functioned as true heterogeneous catalysts..   

 
Figure 1.  Representative SEM and TEM images of monodispersed hollow core-shell particles of as-synthesized HPW4Mo10Ox   

4. Conclusions 
Highly stable, 3D hexagonal hollow core-shell structure of HPA has been synthesized. The use of capping 
agent, changes in the morphology is obtained. Structural characterization and acidity measurement show 
excellent control of acidity and morphology achieved by using cystine as a capping agent. The dehydration 
and etherification reactions show different selectivity of the product by using HPW4Mo10Ox and 
HPW4Mo10Ox-Cys catalyst. The NMR and GC results studies suggest that the HPW4Mo10Ox-Cys 
materials is only capable for selective dehydration mono-sugars to HMF and HPW4Mo10Ox materials show 
high degree of Brønsted and Lewis acidity and formed HMF and LA combine.. 
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