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ABSTRACT 

Synthesis and characterization of supported polyoxometalate  H4[PVMo11O40].nH2O with SiO2 through sol-gel method have been 
done. The compound H4[PVMo11O40]/SiO2 was characterized through FT-IR spectrophotometer, XRD, and SEM-EDX. The 
results showed that FT-IR spectrum of H4[PVMo11O40]/SiO2 has the primary vibration on wavenumber at 1064.7 cm-1 (P-O); 964.4 
cm-1 (Mo=O); 864.1  cm-1 (Mo-Oe-Mo); 779.2 cm-1 (Mo-Oc-Mo); 462.9 cm-1 (Si-O); and 1087.9 cm-1 (Si-O-Si). The XRD diffraction 
pattern showed that H4[PVMo11O40].nH2O has the highest crystallinity. However, after it’s supported with SiO2, the properties of 
crystallinity has decreased due to the excess water during the support process. The result of SEM-EDX showed that 
H4[PVMo11O40]/SiO2 material has homogeneous distribution with particle size distribution of 1330 nm (1,33 μm). The acidity test 
by qualitative and quantitative methods show that H4[PVMo11O40]/SiO2 more acidic than H4[PVMo11O40].H2O. The effect 
temperature on the crystallinity showed that increasing calcination temperature made the crystallinity properties of  
H4[PVMo11O40]/SiO2 increased. 
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INTRODUCTION 
Polyoxometalates are metal-oxygen cluster compounds 

which has variation of structures, high Bronsted acidity, and 
high solubility depending on counter ions. Several structures of 
polyoxometalates are identified such as Keggin type, Dawson 
type, Andrson type, Lacunary type, and others. Among these 
structures, Keggin type has been applied into various 
applications especially in catalytic transformation of functional 
organic groups. The research about polyoxometalates is 
emphasized especially for catalytic reaction both in 
homogeneous and heterogeneous systems. In heterogeneous 
system, polyoxometalate as catalyst can be used several times in 
catalytic process. 

The development of polyoxometalates as catalyst recently is 
still developed in order to increase the acidity of these 
compunds. Various methods have been used for thease aim such 
as modification structures and supported using other 
compounds. Supported polyoxometalate with various 
compounds can be conducted using complex and coordination 
compunds, metal ions, and metal oxides. Metal oxides are 
frequently used as polyoxometalate support such as titanium 
oxide, silica oxide, zirconia oxide, zinc oxide, and alumina oxide. 
Polyoxometalate supported silica oxide was applied as catalyst 
for hydration of propene. 

High temperature stability of polyoxometalates is also one of 
the interesting aspects to develop the properties of 
polyoxometalate and polyoxometalate supported metal oxides. 
Many chemical reactions are carried out at high temperature to 
obtain high conversion and selectivity. Polyoxometalate 
H3[PW12O40] for example has been applied for dehydrogenation 
of ethylene to obtain 74% conversion at 510 oC. Thus in this  
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research, thermal stability of polyoxometalate supported metal 
ion was reported. 

Polyoxometalate H4[PVMo11O40].nH2O has been 
synthesized and supported with silica oxide hydrolysis of tetra 
ethyl orto silicate (TEOS). Hydrolysis of TEOS in liquid phase 
can create facile diffusion to polyoxometalate compound. 
Another research using metal oxide of silica resulted 
polyoxometalate supported silica with higher morphology size. 
By using TEOS as a source of metal oxide, the morphology size 
of polyoxometalate supported metal oxide can be smaller than 
the use of metal oxide directly. The polyoxometalate 
H4[PVMo11O40].nH2O supported silica oxide from TEOS was 
characterized using FTIR spectrophotometer, X-Ray analysis, 
and SEM for morphology analysis. Furthermore, 
polyoxometalate supported silica oxide was tested at various 
temperatures in order to know the thermal stability of this 
compound.  
 

EXPERIMENTAL SECTION 
Chemical was used in this research is directly used after 

purchased from Merck and Sigma-Aldrich such as disodium 
hydrogen phosphate, sodium metavanadate, sodium molybdate, 
sodium bis(2-ethylhexyl succosucinate), ammonia, cyclohexane, 
diethyl ether, n-buthyl amine, and acetonitrile.  
Characterization was conducted using Shimadzu FTIR Pestige-
21 spectrophotometer using KBR disc, X-Ray Shimadzu Lab X 
type-6000 with scanning 1 deg.min-1, and titration analysis for 
acidity. Acidity was tested both quantitative using titration and 
qualitative using ex-situ analysis and ammonia as probe 
molecule.  
 

Synthesis of H4[PVMo11O40].nH2O 
Sodium hydrogen phosphate (7.1 g) was dissolve with 100 

mL water. The solution was mixed with solution of sodium 
metavanadate (6.1 g in 100 mL hot water). The solution was 
stirred and kept at room temperature. The solution was added 
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slowly with 5 mL of sulfuric acid to form red solution. Into the 
red solution, 133 g of sodium molybdate (in 200 mL water) was 
added with slow stirring. Furthermore, 85 Ml of sulfuric acid was 
added and the color of solution to be red light. The red light 
solution was extracted with diethyl ether and polyoxometalate 
fraction was collected by vacuum to obtain orange crystal, which 
was purified with water several times. Characterization was 
conducted using FTIR, X-Ray and SEM analyses.  
 

Synthesis of H4[PVMo11O40].nH2O/SiO2  
Compound H4[PVMo11O40].nH2O/SiO2 was synthesized as 

follow: 1.5 g sodium bis(2-ethylhexyl succosucinate) was 
dissolved with 1 mL cyclohexane (solution A). Polyoxometalate 
H4[PVMo11O40].nH2O (0.76 g) was dissolved with water 
(solution B). Solution B was added into solution A with slow 
stirring for 30 minutes and 11.2 mL TEOS was added step by 
step during stirring process. The stirring process was continued 
for 2 hours at 60 oC to form yellow solid bulky material. The 
solid material was dried overnight under vacuum and 
characterized using FTIR, X-ray analysis, SEM analysis, and 
acidity.  
 

RESULTS AND DISCUSSION 
Figure 1 shows vibrational peaks of polyoxometalate at 

wavenumber range 300-4000 cm-1. The main vibration 

H4[PVMo11O40].nH2O was appeared at 1067.7 cm-1 (P-O), 

964.4 cm-1 (Mo=O), 864.1 cm-1 (Mo-Oe-Mo) and 779.2 cm-1 

(Mo-Oc-Mo). These vibrations are well known for 
polyoxometalate H4[PVMo11O40].nH2O. In that spectrum, 
another vibration is found due to water vibration. Vibration of 
O-H is appeared at wavenumber 3410 cm-1. Although FTIR 
spectrum of H4[PVMo11O40].nH2O is appropriate with standard 
literature but other characterizations were attempted to clearly 
identified of polyoxometalate H4[PVMo11O40].nH2O using X-
Ray analysis and morphology analysis by SEM. X-Ray powder 
analysis of H4[PVMo11O40].nH2O is shown in Figure 2. 
 
FTIR spectrum of H4[PVMo11O40].nH2O is shown in Figure 1. 

 
Fig.1. FTIR spectra of H4[PVMo11O40].nH2O . 

 

 
Figure 2. X-Ray powder patern of H4[PVMo11O40].nH2O. 

 

Diffraction of H4[PVMo11O40].nH2O was appeared mainly at 2 
value 8-10 deg, 21-29 deg, and 33-37 deg. These diffraction 
pattern is characteristic for crystalline Keggin type 
polyoxometalate. Compound H4[PVMo11O40].nH2O is Keggin 
type polyoxometalate thus the X-ray pattern  is appropriate with 
standard. Form X-ray powder pattern in Fig 2, diffractions at 15 
deg, 33.8 deg, and 47 deg have highest diffraction shows high 
crystallinity of H4[PVMo11O40].nH2O. Surface morphology 
analysis is shown in Figure 3. 
 

 
Fig.3 SEM image of H4[PVMo11O40].nH2O. 

 

Morphology analysis using SEM in Figure 3 showed that 
H4[PVMo11O40].nH2O has large size with ununiformed shape. 
The calculation of particle size showed that H4[PVMo11 

O40].nH2O has average diameter size 66 m. These particle size 
is large and particle size should be reduced by modification using 
support. The SEM analysis is continued by EDX to identified 
metal content in the H4[PVMo11O40].nH2O, as shown Figure 4.  
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Figure 4. EDX of H4[PVMo11O40].nH2O. 

 

The main elements in  H4[PVMo11O40].nH2O was 
molybdenum, vanadium, and phosphor. Thus polyoxometalate 
H4[PVMo11O40].nH2O was successfully synthesized. Polyoxo-
metalate H4[PVMo11O40].nH2O supported SiO2 was also 
characterized using FTIR, X-Ray, and SEM analyses. FTIR 
spectrum of H4[PVMo11O40].nH2O and H4[PVMo11O40]/SiO2 
is presented in Figure 5.  

A largely different was found in the FTIR spectrum before 
and after supporting with SiO2 in the wavenumber 1000-1300 
cm-1, which was attributed from silica. Vibration at wavenumber 
1087.9 cm-1 is assigned as asymmetric stretching of Si-O-Si. This 
results indicated that polyoxometalate supported silica was 
probably completed but to know the full information then X-
Ray and SEM analyses was conducted. XRD powder pattern of 
H4[PVMo11O40]/SiO2 is shown in Figure 6.  

 

 
 

Figure 5. FTIR spectrum of H4[PVMo11O40].nH2O (A) and 
H4[PVMo11O40]/SiO2 (B). 

 

 
 

Figure 6. XRD powder pattern of H4[PVMo11O40]/SiO2. 

 

The XRD powder analysis in Figure 6 showed that 
polyoxometalate supported silica has low crystallinity to be 
amorphous. Polyoxometalate supported silica probably has high 
water content resulted materials with slightly amorphous. This 
pattern is almost different with XRD pattern of H4[PVMo11O40]. 
nH2O. SEM analysis data of  H4[PVMo11O40]/SiO2 also has 
different from H4[PVMo11O40].nH2O. Particle size of H4 

[PVMo11O40]/SiO2 is almost reduced to be 1.33 m with uni-
form shape as shown in Figure 7. 

The acidity of H4[PVMo11O40].nH2O and H4[PVMo11O40]/ 
SiO2 was conducted using potentiometric titration and the 
results is shown in Figure 8. Compound H4[PVMo11O40].nH2O 
has potential 351.6 mV and polyoxometalate supported silica 
H4[PVMo11O40]/SiO2 has potential 380 mV. Thus 
polyoxometalate supported silica has higher acidity than 
H4[PVMo11O40].nH2O. In order to investigated the properties 
of H4[PVMo11O40]/SiO2, thus compound H4[PVMo11O40]/ 
SiO2 was tested at various high temperature and characterized 
using X-Ray analysis as shown in Figure 9. 

The XRD pattern in Figure 9 showed that compound 
H4[PVMo11O40]/SiO2 has high crystallinity at high temperature. 
By increasing temperature, crystallinity of material slowly 
increase to be crystalline. Thus water content is vital factor in 
the polyoxometalate supported metal oxide material.  
 

 
Figure 7. SEM image of H4[PVMo11O40]/SiO2. 

 

 

 

Figure 8. Potentiometric titration of H4[PVMo11O40].nH2O (A)  
and H4[PVMo11O40]/SiO2 (B). 
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Figure 9. Diffraction patterns of H4[PVMo11O40]/SiO2 at 
various temperatures 300 oC (A), 400 oC (B), 500 oC (C), 600 
oC (D). 

 

CONCLUSION 
Compound H4[PVMo11O40]/SiO2 can be easily synthesized 

by inorganic synthesis method. This compound has small 
morphology size and high acidity than starting material.  The 
thermal stability of H4[PVMo11O40]/SiO2 showed the stability 
material by increasing temperature due to decreasing water 
content.  

REFERENCES 
Albonetti, L. Cavani, F. Trifiro and M. Koutyrev. 1995. Metal 

Oxygen Cluster: The Surface and Catalytic Properties of 
Heteropoly Oxometalates. Catal. Lett. 30 : 253. 

Fatmawati. 2009. Peningkatan Aktivitas Katalitik TiO2 dan ZrO2 
Melalui Pengembangan pada Matriks Al2O3-Montmorillonit. 
Laporan Akhir Kegiatan Hibah Penelitian Untuk Mahasiswa 
Program Doktor. Yogyakarta : UGM.   

Istinia, Yulia. 2003. Pilarisasi dan Karakterisasi Montmorillonit. 
Jurnal Sains Materi Indonesia, 4 (3): 1-7. 

Kim, H. J., Shu, Y. G., and Han, H. 2006. Synthesis of 
Heteropolyacid (H3PW12O40)/SiO2 Nanoparticles and Their 
Catalytic Properties, Applied Catalysis A: General, 299: 46-51. 

Kozhevnikov, I., Robert, M R., Derouane, E. 2002. Catalyst for 
Chemical Synthesis, Vol. 2: Catalysis by Polyoxometalates. John 
Willey & Sons: Liverpool. 

Merci, G., E. Garcia-Lope., M. Bellardita., F. Parisi., C. Colbeau-
Justin., and S. Sorgues. 2013. Keggin Heteropolyacid 
H3PW12O40 Supported on Different Oxides for Catalytic 

and Catalytic Photo-assited Propena Hydration. Royal Society 
Chemistry. 15 (5) : 13329.  

Misono, M., Mizuno, N., and Okuhara, N. 2001. Catalytic 
Chemistry of Heteropoly Compounds, Advances in Catalysis,  
41: 129-131. 

Oscar, Randi Saragih. 2014. Preparasi dan Karakterisasi 
Nanomaterial Berbasis Polioksometalat Tipe Keggin 
H4[αSiW12O40].nH2O dengan Pengemban SiO2, TiO2, 
ZrOCl2 dan TaCl. Skripsi. Palembang : FMIPA Universitas 
Sriwijaya. 

Ostan, Eiffel. 2015. Sintesis dan Karakterisasi Material Berbasis 
Polioksometalat Tipe Keggin Rb2K2[γ-
H2SiV2W10O40].nH2O dengan Pengemban SiO2, TiO2, 
ZrOCl2, dan TaCl5. Skripsi. Palembang : FMIPA Universitas 
Sriwijaya. 

Purnawan, C., Patiha,  Ayuningtyas, A.K. 2013. Jurnal Penelitian. 
Reduksi Logam Berat Chromiu(VI) dengan Fotokatalis Komposit 
TiO2-SiO2. Jurusan Kimia, Fakultas Matematika Dan Ilmu 
Pengetahuan Alam, Universitas Sebelas Maret, Surakarta 

Rafiee. E, and F. Shahbazi. 2006. One-pot Synthesis of 
Dihydropyrimodones Using Silica-Supported Heteropoly 
Acid as An Efficient and Reuseable Catalyst: Improved 
Protocol Conditions For The Biginelli Reaction; J. Mol. Catal. 
A: Chemical; 57-61. 

Reddy, K. Mohan., N. Lingaiah., P. S. Sai Prasad., and I. 
Suryanarayana. 2006. Acidity Constants of Supported Salts 
of Heteropoly Acids Using a Methodology Related to the 
Potentiometric Mass Titration Technique. Journal of Solution 
Chemistry. 35 : 3. 

Sari M A, Y., & Situngkir, M. (2017). Synthesis, Characterization, 
and Thermal Stability of K8[SiW11O39]nH2O/SiO2. 
Science & Technology Indonesia, 1(1).8-16 

Souheyla, Boudjema. 2015. Synthese de Polyoxometalates a base 
de Vanadium et/ou de Ruthenium. Theses. Sountenue : 
Universite de Tlemcen. 

Uchida, Sayaka., Aldes, L., Yoshiyuki, O., and Noritaka, M. 
2012. Ionic Crystals [M3O(OOCC6H5)6(H2O)3]4[α-
SiW12O40] (M = Cr, Fe) as Heterogeneous Catalysts for 
Pinacol Rearrangement. Inorganic Chemistry.51(2) : 775-7. 

Xue, L., Yang, X., Guo. Y., Maynurkader. 2008. Preparation of 
Mesoporous Polyoxometalate-talantum Pentoxide 
Composite Catalyst For Efficient Esterification of Fatty 
Acid, Catalysis Communications, 9: 1607-1611.

 


