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Space-time-yield (STY) for batch process

STY = mproduct/treaction timeVbiocatalyst (gh-1L-1)
STY = 0.0884g / 0.75h  0.000368L = 320.7 (gh-1L-1)

Specific productivity (SP) for batch process

SP = mproduct/treaction timemprotein (gh-1mg-1)
SP = 0.0884g / 0.75h  6.36mg = 0.019 (gh-1mg-1)

Fig. S1. FT-IR analysis of MgO·SiO2-C8, MgO·SiO2-C16, MgO·SiO2-C8(calc.), SiO2-C8.

Step -3,3737 %
-0,5365 mg

Residue 1,1020 %
0,1752 mg

Left Limit 210,61 °C
Right Limit 799,70 °C

Step -16,0103 %
-2,5459 mg

Left Limit 171,59 °C
Right Limit 210,61 °C

Step -79,5095 %
-12,6435 mg

Left Limit 36,91 °C
Right Limit 171,59 °C

TGA  lipaza natywna
TGA  lipaza natywna,  15,9019 mg
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Fig. S2. TG/DTG analysis of LAO.

DTG

Step -84,8770e-03 %
-8,6107e-03 mg

Residue 96,1804 %
9,7574 mg

Left Limit 671,24 °C
Right Limit 799,64 °C

Step -1,3826 %
-0,1403 mg

Left Limit 187,29 °C
Right Limit 671,24 °C
Inflect. Pt. 362,72 °C
Midpoint 417,61 °C

Step -0,1852 %
-18,7895e-03 mg

Left Limit 136,89 °C
Right Limit 187,29 °C

Step -2,1609 %
-0,2192 mg

Left Limit 36,96 °C
Right Limit 136,89 °C

TGA SiO2 po IM, czysty
TGA SiO2 po IM, czysty,  10,1449 mg%
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Fig. S3. TG/DTG analysis of SiO2.

Step -0,1698 %
-17,1025e-03 mg

Residue 90,3078 %
9,0984 mg

Left Limit 621,25 °C
Right Limit 800,66 °C

Step -3,6050 %
-0,3632 mg

Left Limit 281,45 °C
Right Limit 621,25 °C

Step -4,8650 %
-0,4901 mg

Left Limit 133,70 °C
Right Limit 280,97 °C

Step -1,0463 %
-0,1054 mg

Left Limit 36,82 °C
Right Limit 133,20 °C
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Fig. S4. TG/DTG analysis of SiO2-C8.

DTG

Step -0,8588 %
-86,7943e-03 mg

Residue 72,0564 %
7,2819 mg

Left Limit 608,71 °C
Right Limit 800,99 °C

Step -8,8164 %
-0,8910 mg

Residue 72,9153 %
7,3687 mg

Left Limit 260,26 °C
Right Limit 608,71 °C

Step -18,3002 %
-1,8494 mg

Left Limit 49,55 °C
Right Limit 260,26 °C
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Fig. S5. TG/DTG analysis of MgO‧SiO2.

Step -0,8031 %
-75,0248e-03 mg

Residue 73,5473 %
6,8707 mg

Left Limit 647,25 °C
Right Limit 814,35 °C

Step -14,3552 %
-1,3410 mg

Residue 74,3504 %
6,9457 mg

Left Limit 280,83 °C
Right Limit 647,25 °C

Step -4,9123 %
-0,4589 mg

Left Limit 158,02 °C
Right Limit 280,34 °C

Step -6,3374 %
-0,5920 mg

Left Limit 37,81 °C
Right Limit 157,49 °C

!]1[TGA DAWI MCh-10
TGA DAWI MCh-10,  9,3419 mg%
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Fig. S6. TG/DTG analysis of MgO‧SiO2-C8.

Step -0,9418 %
-96,2096e-03 mg

Residue 66,2239 %
6,7654 mg

Left Limit 612,92 °C
Right Limit 800,23 °C

Step -21,0763 %
-2,1531 mg

Left Limit 264,39 °C
Right Limit 612,92 °C

Step -11,7578 %
-1,2012 mg

Left Limit 36,73 °C
Right Limit 264,39 °C
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Fig. S7. TG/DTG analysis of MgO‧SiO2-C16.

Step -0,3110 %
-32,5500e-03 mg

Left Limit 37,88 °C
Right Limit 158,74 °C

Step -0,4733 %
-49,5490e-03 mg

Residue 99,2112 %
10,3853 mg

Left Limit 158,74 °C
Right Limit 801,13 °C
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Fig. S8. TG/DTG analysis of MgO‧SiO2(calc.).

Step -42,7170e-03 %
-4,1469e-03 mg

Residue 98,0066 %
9,5144 mg

Left Limit 621,93 °C
Right Limit 800,58 °C

Step -66,9250e-03 %
-6,4970e-03 mg

Left Limit 37,11 °C
Right Limit 95,70 °C

Step -0,6641 %
-64,4694e-03 mg

Left Limit 399,70 °C
Right Limit 621,93 °C

Step -0,2113 %
-20,5087e-03 mg

Left Limit 242,86 °C
Right Limit 399,21 °C

Step -0,9994 %
-97,0167e-03 mg

Left Limit 96,69 °C
Right Limit 242,86 °C
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Fig. S9. TG/DTG analysis of MgO‧SiO2(calc.)-C8.

Fig. S10. SEM-EDS analysis SiO2.



Fig. S11. SEM-EDS analysis SiO2-C8.

Fig. S12. SEM-EDS analysis MgO·SiO2.

Fig. S13. SEM-EDS analysis MgO·SiO2-C8.



Fig. S14. SEM-EDS analysis MgO·SiO2-C16.

Fig. S15. SEM-EDS analysis MgO·SiO2(calc.).

Fig. S16. SEM-EDS analysis MgO·SiO2(calc.)-C8.

Step -0,8051 %
-83,1537e-03 mg

Residue 71,8389 %
7,4194 mg

Left Limit 643,30 °C
Right Limit 814,07 °C

Step -17,5178 %
-1,8092 mg

Residue 72,6440 %
7,5026 mg

Left Limit 275,08 °C
Right Limit 643,30 °C

Step -9,8428 %
-1,0166 mg

Left Limit 36,58 °C
Right Limit 275,08 °C
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Fig. S17. TG/DTG analysis of MgO‧SiO2-C8-LAO.



Step -0,8831 %
-92,4968e-03 mg

Residue 66,5151 %
6,9667 mg

Left Limit 619,20 °C
Right Limit 814,29 °C

Step -21,2043 %
-2,2209 mg

Left Limit 274,84 °C
Right Limit 618,69 °C

Step -11,3823 %
-1,1922 mg

Left Limit 37,79 °C
Right Limit 274,84 °C
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Fig. S18. TG/DTG analysis of MgO‧SiO2-C16-LAO.

Step -0,2030 %
-20,2448e-03 mg

Residue 95,8548 %
9,5614 mg

Left Limit 624,37 °C
Right Limit 799,79 °C

Step -1,2246 %
-0,1222 mg

Left Limit 445,71 °C
Right Limit 623,90 °C

Step -1,8998 %
-0,1895 mg

Left Limit 277,37 °C
Right Limit 445,71 °C

Step -0,2718 %
-27,1069e-03 mg

Left Limit 204,70 °C
Right Limit 276,88 °C

Step -0,1072 %
-10,6969e-03 mg

Left Limit 153,53 °C
Right Limit 204,21 °C

Step -0,4308 %
-42,9727e-03 mg

Left Limit 37,89 °C
Right Limit 153,01 °C

TGA MgO SiO2-C8 AOL (kalcynowany)
TGA MgO SiO2-C8 AOL (kalcynowany), 9,9749 mg%
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Fig. S19. TG/DTG analysis of MgO‧SiO2(calc.)-C8-LAO.

Step -0,5770 %
-61,6909e-03 mg

Residue 84,9040 %
9,0778 mg

Left Limit 635,45 °C
Right Limit 800,71 °C

Step -4,2832 %
-0,4580 mg

Left Limit 448,53 °C
Right Limit 635,45 °C

Step -6,0562 %
-0,6475 mg

Left Limit 276,44 °C
Right Limit 448,53 °C

Step -1,4324 %
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Step -2,7347 %
-0,2924 mg
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Fig. S20. TG/DTG analysis of SiO2-C8-LAO.



Step -0,7271 %
-77,0011e-03 mg

Residue 67,0874 %
7,1045 mg

Left Limit 635,87 °C
Right Limit 799,64 °C

Step -9,7812 %
-1,0358 mg

Left Limit 263,78 °C
Right Limit 635,37 °C

Step -22,3821 %
-2,3702 mg

Left Limit 36,73 °C
Right Limit 263,30 °C

TGA  MgO SiO2-AOL
TGA  MgO SiO2-AOL,  10,5899 mg%
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Fig. S21. TG/DTG analysis of MgO‧SiO2-LAO.

Fig. S22. SEM-EDS analysis of SiO2-LAO.

Fig. S23. SEM-EDS analysis of MgO·SiO2-C8-LAO.



Fig. S24. SEM-EDS analysis of MgO·SiO2-C16-LAO.

Fig. S25. SEM-EDS analysis of MgO·SiO2(calc.)-C8-LAO.

Fig. S26. SEM-EDS analysis of MgO·SiO2-LAO.
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Fig. S27. Adsorption-desorption isotherms of MgO·SiO2, MgO·SiO2-C8, MgO·SiO2-C8-LAO.

Fig. S28. Pore size distributions of MgO·SiO2, MgO·SiO2-C8, MgO·SiO2-C8-LAO.
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Fig. S29. Chromatogram GC analysis of esterification of furfuryl alcohol and caprylic acid.

Fig. S30. The influence of siliceous support modification on biocatalyst performance on 

furfuryl alcohol esterification.

Reaction conditions: furfuryl alcohol 1.0 mmol, caprylic acid 3.0 mmol, cyclohexane 0.5 mL, biocatalyst 

containing 6.36 mg of LAO, (146 µL of LAO solution (43.7 mgmL-1); 530 µL of CALB solution (12 mgmL-1); 300 mg 

of MgO·SiO2-LAO; 69 mg of SiO2-C8-LAO; 150 mg of MgO·SiO2-C8-LAO; 294 mg of MgO·SiO2(calc)-C8-LAO; 413 mg 

of MgO·SiO2-C16-LAO; ), 25℃, 250 rpm; determined using GC).



Fig. S31. The influence of siliceous support modification on biocatalyst performance on 

furfuryl alcohol esterification.

Reaction conditions: furfuryl alcohol 1.0 mmol, caprylic acid 3.0 mmol, cyclohexane 0.5 mL, biocatalyst 

containing 6.36 mg of LAO, (146 µL of LAO solution (43.7 mgmL-1); 530 µL of CALB solution (12 mgmL-1); 300 mg 

of MgO·SiO2-LAO; 69 mg of SiO2-C8-LAO; 150 mg of MgO·SiO2-C8-LAO; 294 mg of MgO·SiO2(calc)-C8-LAO; 413 mg 

of MgO·SiO2-C16-LAO; ), 25℃, 250 rpm; determined using GC).

Fig. S32. TG/DTG analysis of MgO‧SiO2-C8-LAO after recycling.



Fig. S33. Fast biocatalyst filtration from reaction mixture. “Reaction stop” experiment.

Reaction conditions: furfuryl alcohol 1.0 mmol, caprylic acid 3.0 mmol, cyclohexane 0.5 mL, biocatalyst (6.36 mg 

of lipase, e.g. 150 mg of MgO·SiO2-C8-LAO), 25℃, 250 rpm.
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Fig. S34. 1H NMR spectra of furfuryl caprylate (c).

c

Fig. S35. 13C NMR spectra of furfuryl caprylate (c).
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Fig. S36. 1H NMR spectra of furfuryl nonanoate (e).

e

Fig. S37. 13C NMR spectra of furfuryl nonanoate (e).
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Fig. S38. 1H NMR spectra of furfuryl decanoate (g).

g

Fig. S39. 13C NMR spectra of furfuryl decanoate (g).
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Fig. S40. 1H NMR spectra of furfuryl laurate (i).

i

Fig. S41. 13C NMR spectra of furfuryl laurate (i).
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Fig. S42. 1H NMR spectra of furfuryl oleate (k).

k

Fig. S43. 13C NMR spectra of furfuryl oleate (k).


