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Fig. S1 TEM image of the BDMONs-15-1.5. 

 

As shown in TEM image (Fig.S1), by further increasing the molar ratio of BTEB to TEOS to 1.5, 

the final product shows a non-porous structure with irregular morphology. This observation 

is consistent with previous reports in which the mesoporosity was substantially lost at high 

organosilanes to TEOS ratios.1 
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Fig. S2 TEM images of (a) BDMONs-5-0.5 and (b) BDMONs-30-0.5. 

 

The time gap is a key parameter to obtain dispersed particle with the well-defined dendritic structure. 

As displayed by TEM images, under shorter and longer time gaps of 5 (Fig. S2a) and 30 (Fig.S2b) min, 

respectively, the obtained samples possess aggregated nanoparticles with ill-defined structure. 
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Fig. S3 TEM images of the samples obtained at the reaction time of 15 min (a1, a2), 30 min 

(b1, b2), 60 min (c1, c2), 3 h (d1, d2), 6 h (e1, e2), and 18 h (f1, f2) under the conditions for 

synthesis of BDMONs-0-0.5 (a1-f1) and BDMONs-15-0.5 (a2-f2). Scale bar is 200 nm. 
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Fig. S4 FTIR spectra of Aldehyde-BDMONs-15-1, pure lipase, and Lipase-Aldehyde-BDMONs-

15-1. 
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Fig. S5 Selected absorbance at 410 nm as a function of time for free lipase and BDMONs-15-

1. 
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Fig. S6 (a) TEM image, (b) N2 sorption isotherm and (c) pore size distribution curve of DMSNs. 

 

As displayed by TEM image, DMSNs hold central-radial mesopore channels, similar to 

BDMONs-15-1 with a small reduction in particle size to 165 nm, attributing to silica framework 

shrinkage during high temperature calcination process (Fig. S6a and Table 1). The calcined 

sample also possesses type IV nitrogen sorption isotherm (Fig. S6b) with slightly enlarged pore 

diameter (16.5 nm, Fig. S6c) compared to BDMONs-15-1 (Table 1), indicating the success of 

organic groups removal. 
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Fig. S7 (a) TEM image, (b) N2 sorption isotherm and (c) pore size distribution curve of BONs-

SP. 

 

TEM image reveals that BON-SP possess a spherical morphology, small mesopore structure 

(2-3 nm) and a uniform diameter of 76 nm (Fig. S7a), smaller than BDMONs-15-1. BONs-SP 

exhibits type IV nitrogen sorption isotherm (Fig. S7b) and the corresponding pore size 

distribution curve (Fig. S7c) displays two peaks centred at 3.6 nm and 88 nm, contributed by 

the inner mesopores and voids generated by small particle aggregation, respectively. The 

surface area and pore volume of BONs-SP is 478 m2 g-1 and 1.092 cm3 g-1, respectively. 
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Fig. S8 (a) TEM image, (b) N2 sorption isotherm and (c) pore size distribution curve of 

EDMONs-15-1. 

 

As demonstrated by TEM image (Fig. S8a), EDMONs-15-1 show spherical morphology with a 

dendritic structure and an average particle size of 201 nm. EDMONs-15-1 displays type IV 

nitrogen sorption isotherms (Fig. S8b) with the pore diameter, surface area, and pore volume 

of 16.4 nm (Fig. S8c), 249 m2 g-1, and 0.436 cm3 g-1, respectively.  
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Table S1. Detailed synthesis parameters for nanoparticles.  

Samples 
Organosilic

a precursor 

Time gap 

(min) 

(Organosilica precursor/TEOS) 

molar ratio 

NaSal 

(mg) 

BDMONs-15-0.5 BTEB 15 0.5 42 

BDMONs-15-0.67 BTEB 15 0.67 42 

BDMONs-15-1 BTEB 15 1 42 

BDMONs-15-1.5 BTEB 15 1.5 42 

BDMONs-5-1 BTEB 5 1 42 

BDMONs-30-1 BTEB 30 1 42 

BDMONs-0-0.5 BTEB 0 0.5 42 

BONs-SP BTEB 15 1 0 

EDMONs-15-1 BTEE 15 1 84 
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Table S2. Comparison of the catalytic performance of lipase immobilized on various carriers. 

Carrier Relative activity Activity retention Ref. 

Meso-Structured Onion-Like Silica 0.35 NA 
2 

Magnetite nanoparticles 0.96 
90% activity retained 

after five cycles 

3 

Magnetic silica particles 0.87 
80% activity retained 

after five cycles 

4 

Olive pomace 0.90 
91.7% activity retained 

after five cycles 

5 

Mesoporous silica particles 2.81 
84% activity retained 

after five cycles 

6 

Nanoflowers 4.6 
92% activity retained 

after eight cycles 

7 

Graphene oxide 1.3 NA 
8 

Graphene oxide 1.9 
70% activity retained 

after eight cycles 

9 

Carbon dots 3.7 NA 
10 

Silica foam 1.23 NA 
11 

Mesoporous silica nanoparticles 5.23 
93% activity retained 

after five cycles 

12 

PMO 2.02 NA 
13 

PMO 5.0 
85% activity retained 

after four cycles 

14 

Magnetic nanoparticles <1 NA 
15 

Gold/silica nanocomposite 0.67 NA 
16 

Magnetic silica particles 0.22 
40% activity retained 

after thirty cycles 

17 

Magnetic carbon particles 0.93 
68% activity retained 

after ten cycles 

18 

Macroporous silica <1 NA 
19 

Graphene oxide 0.98 NA 
20 

Magnetic silica particles 0.89 
89% activity retained 

after five cycles 

21 

Dopamine-functionalized meso-

Structured Onion-Like Silica 
0.52 

71% activity retained 

after six cycles 

22 

BDMONs nanoparticles 6.5 
99% activity retained 

after five cycles 

This 

work 
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