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NMR measures the interactions of the nuclei with 
their environment  
NMR spectrum – information about structure, 
dynamics and interactions within the investigated 
samples at atomic (molecular) level 
Nuclear interactions depend on state of matter 
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• Static magnetic field В0  
• RF field В1 

• NMR phenomenon 

Ĥext – with NMR spectrometer Ĥint – within the sample 

• Depend on state of matter 
• Sample structure and dynamics 
• NMR spectrum 
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4 mm => 15 kHz 
3.2 mm => 25 kHz 
2.5 mm => 35 kHz 
1.2 mm => 75 kHz 
0.7 mm => 110 kHz 
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 = 54.74° B0 
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P. Shestakova, C. Martineau, V. Mavrodinova, M. Popova, RSC Adv., 2015, 5, 81957 
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+ 

Involvement of the silanol groups originating either from the opening of the SiOHAl 
bridges or from the silanol groups in the vicinity of the framework defect Al sites  
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T. Todorova, P. Shestakova, T. Petrova, M. Popova, H. Lazarova, Y. Kalvachev, J. Mater.Sci. (2020), accepted. 
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P. Shestakova, M. Popova, H. Lazarova, T. Parac-Vogt, T. K. N. Luong, I. Trendafilova, J. Mihály, Á. Szegedi, Appl.Catal. A-Gen, 
submitted. 
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POM, CH3CN 
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ZrPM(DS-C) 

pure ZrK2:2/550°C for 5h 

ZrPM(DS) 

ZrPM(DS-E) 

pure ZrK2:2 

(≡ZrO)PO(OH)2, (≡ZrO)2PO(OH), 

(≡ZrO)3PO and Zr(HPO4)2⋅nH2O 

ZrO2/WOx 
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Catalyst 
SBET 

(m2/g) 
Pore volume 

(cm3/g) 
Pore diameter 

(nm) 
Acidity 

(mmol/g) 

ZrPM(DS-E) 325 0.24 1.9 0.82 

ZrPM(DS-C) 617 0.40 3.0 0.65 

ZrPM-NH2(PS) 318 0.28 2.9 0.46 

+ EtOH 
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Catalyst 
LA/EtOH in 

first cycle, % 
LA/EtOH in 

third cycle, % 
LA/octanol 

first cycle, % 
LA/octanol in 
third cycle % 

ZrPM(DS-E) 69.2 64.5 76.7 74.9 

ZrPM(DS-C) 64.5 58.9 69.3 62.3 

ZrPM-NH2(PS) 25.8 16.1 10.6 7.8 
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MCM-41 silica matrix is a suitable host for deposition of POMs by both methods: 
direct synthesis and post-synthesis impregnation 

Extraction of the template proceeded with preservation of the intact POM structure, 
while calcination resulted in collapse of the Keggin structure 

Polyphosphoric acids and metal (W, Zr) oxide species formed during calcination 
remained immobilized on silica surface ensuring large number of active acid sites and 
excellent catalytic activity despite POM decomposition 

DS catalysts showed higher catalytic activity, stability against leaching and recyclability 
in esterification of levulinic acid with EtOH 

The newly developed materials could be applied as green, low cost and efficient 
heterogeneous catalysts with both Lewis and Brønsted acidity in esterification 
reactions for preparation of biofuels and biolubricants.  
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