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Scheme S1. Schematic representation of the stepwise synthesis pathways for the preparation

of ZrFe:04 and ZrFe:04@UiO-66-NH: nanoparticles.
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Scheme S2. Schematic illustration of enzyme immobilization on the ZrFe,O,and
ZrFe,04@Ui0-66-NH; nanoparticles via (A) precipitation-crosslinking and (B) covalent

binding methods.
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Fig. S1 FTIR spectra of (a) ZrFe,0,4 and (b) ZrFe,O4@UiO-66-NH,.
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Fig. S2 Size distribution of (a) ZrFe:O4 and (b) ZrFe:04+@Ui0-66-NH: nanoparticles as

studied by DLS.



Supplementary information

Table 1. BET textural parameters of prepared magnetic nanoparticles.

Sample BET surface Pore volume Mean pore Isotherm type (IUPAC)
area (m*-g™") (cm3-g™) diameter (nm)
ZrFe>04 15.2 0.052 13.8 Type II
(nonporous/macroporous)
ZrFe:04@Ui0-66- 65.5 0.176 10.7 Type I (microporous)
NH2
45

—-@-ADS -@-DES

¥alcm3(STP) g-2

0.5
p/p0

Fig. S3 Adsorption-desorption isotherm of ZrFe,O4 MNPs.
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Fig. S4 Adsorption-desorption isotherm of ZrFe,04@Ui0-66-NH; nanocomposite.
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Fig. S6 Energy dispersive X-ray spectrum of immobilized lipase on activated ZrFe,O4

nanoparticles.
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Fig. S7 SEM image of immobilized lipase on ZrFe,O4,@Ui10-66-NH,.
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Fig. S8 Energy dispersive X-ray spectrum of immobilized lipase on ZrFe,04@UiO-66-NH,.
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Fig. S9 FTIR spectra of the (a) immobilized lipase on the ZrFe,O,@UiO-66-NH, support in

50 mM phosphate buffer and (b) ZrFe,0,@UiO-66-NH, in phosphate buffer without enzyme.
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Fig S10 X-ray diffraction pattern of ZrFe,O4@UiO-66-NH,; after immersion in phosphate

buffer.

11



Supplementary information

250 0.18
——— —0 0.16 %
Szoo 014 éﬁ
= 0.12 %
> =
£ 150 g
; 0.1 8
Q
0.08 .
. 100 2
0.06 2
[l
50 0.04
0.02
0 0
0 0.5 1 1.5 2 25 3 3.5 4 45
Axis Title

—@-— Protein loading (mg/g) —@— Activity (U)

Fig. S11 Effect of cross-linking time on the specific activity of immobilized lipase on
ZrFe,04@Ui0O-66-NH, support.
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Table 2. Immobilization yield, enzyme loading, and the immobilization efficiency of the

biocatalysts. The data are expressed as mean +=SD (n =3).

Parameter Immobilization yield (%) mg lipase/g support Immobilization efficiency

a (IE, %) ®
\% Precipitation- Covalent  Precipitation- Covalent  Precipitation- Covalent
Support crosslinking  binding crosslinking  binding crosslinking  binding
Z1Fe,04 62+0.82 73+0.5 26043 305+1.6 40+1 65+3
ZrFe,0,@UiO0-  54+40.5 60+0.47 226+2.4 254+2.9 60+2 80+1.6
66-NH,

2 Immobilization yield is calculated as the percentage of enzyme molecules that are attached to
the carrier.

b Immobilization efficiency is defined as the ratio of the specific activity of the immobilized enzyme
to the specific activity of the soluble one.
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