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Figure S1. AFM images and thickness analysis of (a) f-Nb and (b) s-Nb.



Figure S2. N2 adsorption-desorption isotherms (left) and pore size distribution (right) of (a) b-
Nb, (b) f-Nb, and (c) s-Nb samples.

According to IUPAC classification[1], Type II isotherm observed for b-Nb and f-Nb here 
implies that both samples are nonporous powders or with pore diameters larger than 
micropores. While a hysteresis loop and a pore size at around 2 nm can be seen on s-Nb 
suggests a serious re-staking between s-Nb samples.



Figure S3. Plots of kinetic study over HNb3O8 samples at elevated temperatures: (a) 25 °C, (b) 
50 °C, and (c) 75°C. See Table S2 for the obtained k constants.

Figure S4. (a) Arrhenius plots for HNb3O8 samples and (b) the comparison of their activation 
energies (EA(acetamide)) with blank.



Figure S5. Acetamide hydrolysis at 50 °C over 8 times amounts of b-Nb as a function of time.

Figure S6. The comparison of TMP-31P NMR spectra of f-Nb-Na+ with that of f-Nb.



Figure S7. The concentration effect of (a) acetamide and (b) urea for s-Nb sample at 50 °C.

Figure S8. TMP-31P NMR of CeO2 with different morphologies[2].



Figure S9. TEM and high-resolution TEM of (a) octahedron-, (b) rod-, and (c) cube-shaped 
CeO2 samples.

Figure S10. XRD spectra of CeO2 samples.



Figure S11. (a, b) Plots of kinetic study over HNb3O8 samples at elevated temperatures for 
urea (See Table S4 for the obtained k constants) and (c) their Arrhenius plots.

Figure S12. Urea hydrolysis at elevated temperatures over octahedral CeO2 sample.



Figure S13. Infrared spectral comparison of (a) s-Nb, (b) b-Nb, and (c) CeO2 octa. samples 
before and after urea adsorption.

Figure S14. The scanning electron microscopy (i) image and elemental (ii) O, (iii) N, (iv) Nb/Ce 
mapping of urea and urea-adsorbed s-Nb, b-Nb, and CeO2 octa. samples.



Figure S15. (a) The recyclability test for s-Nb in urea hydrolysis at 50 °C for five consecutive 
rounds. The activity was analyzed after 75 mins of reaction and the activity of the first round 
was set as 100% for comparison.



Table S1. The time-dependent yield (%) of NH3 from acetamide hydrolysis over HNb3O8 
samples at elevated temperatures.

Table S2. The k constants obtained for HNb3O8 samples at elevated temperatures in 
acetamide hydrolysis.



Table S3. The comparison of activity of homo-/hetero-catalysts reported in acetamide and 
urea hydrolysis.

Table S3 compares the activity of homo-/hetero-catalysts in acetamide (entries 1 and 2) 
and urea (entries 3-7) hydrolysis. Since urea can undergo the elimination pathway and thermal 
decomposition at temperature > 75 °C, we only considered catalysts used at low temperature 
(< 50 °C) for comparison. Based on the calculated rate (mM s-1), s-Nb outperforms not only 
the reported solid catalysts Nb2O5 (entry 1) and CeO2-x nanorods (entry 4) in acetamide and 
urea hydrolysis, respectively, but also the molecular catalyst, [Co(tren)Cl2]Cl (entry 6), in the 
latter reaction. While this mimetic is still about 10 times less active than urease at 25 °C (entry 
3) as discussed in the maintext. It is interesting to note that the other molecular catalyst, 
Ni2L2

2(OAc)2(H2O) (entry 7), exhibits a calculated rate (686.5 mM s-1) much higher than that of 
urease (2.2 x 10-2 mM s-1). However, the authors found that this catalyst does not follow the 
hydrolysis pathway as urease rather they tend to decompose urea into ammonia and cyanate 
(i.e., the elimination pathway) at 25 °C.



Table S4. The time-dependent yield (%) of NH3 from urea hydrolysis over HNb3O8 samples at 
elevated temperatures.

Table S5. The k constants obtained for HNb3O8 samples at temperatures < 75°C in urea 
hydrolysis.
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