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General experimental information

Materials. Commercially available chemical reactants were purchased from J&K
Chemicals, Bidepharm, and Solarbio, and used without any further purification. All

reagents were analytical grade.

Characterization and measurements.

The shapes and surface morphologies of the samples were observed with a Hitachi-S-
4800 scanning electron microscope. FTIR spectrometer (AVATAR 360 Thermo
Nicolet) was employed using pressed KBr discs. D/MAX-2500 X-ray diffract meter
was performed to determine the crystallinity of the original and modified samples.
Dynamic light scattering (DLS) was used to characterize the stability of the solution
and aggregation of the nanoparticles (0.25 mg/mL, methanol). The zeta potential
analyzer apparatus (Malvern instruments Co., Nano-ZS90) was used to measure for

potentials of the nanoparticles in ultrapure water.
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Figure S1 Dynamic light scattering measurements of MOF samples in water.

Table S1 The surface area and porosity of MOFs.

Sper(m? Vro(cm?
gh gh
MIL-53(Cr)-F (Batch method) 625 0.84
MIL-53(Cr)-F (Flow method) 615 0.82
MIL-53(Cr)-F (Flow method with 285 0.56

high flow rate)

Evaluation of crystallinity by full width half maximum

The crystallinity is the degree of structural order in the product. Crystallinity depends

on several factors, the most relevant commonly considered are the crystallite size and



lattice defects. Both features contribute to the broadening of the peaks in the diffraction
pattern, although with a different dependence on the diffraction angle 6. However, for
a series of isostructural samples, their relative crystallinity can be evaluated by means
of the full width half maximum (FWHM) of a selected peak. The (020) reflection,
located at 9.2° 26, was chosen because it has appreciable intensity and is not affected
by overlapping with other reflections. The use of the same instrument for collecting the
PXRD patterns of all the samples ensures that the instrumental contribution to the
broadening is constant and therefore non influent. In this discussion the indicator (1/
FWHM) is used for comparing relative crystallinity of the samples. Full width at half
maximum (FWHM) of the (020) reflection was estimated with the aid of the PHILIPS

PROFIT software.

Response surface method

Design-Expert software version 6 (Stat-Ease, Inc., USA) and SAS software version 9.1
(SAS Institute) were used for analysis and optimization from Table S5, three levels of
Box-Behnken experimental design (1, 0, -1) were performed with a total of 17
experiments and five replications at the central point to estimate pure error. Flow rate
(A: 0.5, 1.0, 2.5), concentration (B: 0.04, 0.08, 0.12), and reaction temperature (C:130,
150, 180), were the key independent variables, whereas 1/FWHM was the response

variable.



Table S2 Box-Behnken design matrix with experimental responses.

Factorl Factor2 Factor3 Response
Std Run A B: C: 1/FWHM
8 1 1.000 0.000 1.000 4.87
15 2 0.000 0.000 0.000 7.86
2 3 1.000 -1.000 0.000 7.02
17 4 0.000 0.000 0.000 7.8
10 5 0.000 1.000 -1.000 2.98
6 6 1.000 0.000 -1.000 3.68
16 7 0.000 0.000 0.000 7.68
7 8 -1.000 0.000 1.000 6.21
3 9 -1.000 1.000 0.000 7.9
10 -1.000 0.000 -1.000 4.1
13 11 0.000 0.000 0.000 7.78
12 12 0.000 1.000 1.000 4.93
9 13 0.000 -1.000 -1.000 7.4
11 14 0.000 -1.000 1.000 6.19
1 15 -1.000 -1.000 0.000 5.31
14 16 0.000 0.000 0.000 7.85
4 17 1.000 1.000 0.000 6.16
Table S3 Analysis of variance table
Sum of Mean F p-value
Source Squares df Square Value Prob >F
Model 34.95 9 3.88 3.37 <0.0001 significant
A-A 0.40 1 0.40 0.35 0.5743
B-B 1.95 1 1.95 1.69 0.2348
C-C 2.04 1 2.04 1.77 0.2253
AB 2.98 1 2.98 2.58 0.1523
AC 0.21 1 0.21 0.18 0.6814
BC 2.50 1 2.50 2.16 0.1848
A2 3.63 1 3.63 3.14 0.1195
B? 0.30 1 0.30 0.26 0.6241
c? 19.48 1 19.48 16.88 0.0045
Residual 8.08 7 1.15
Lack of Fit 8.06 3 2.69 518.46 <0.0001 significant
Pure Error 0.021 4 5.180E-003

Cor Total 43.03 16




Dual AC Resonance Tracking Piezoresponse Force Microscopy (DART-PFM)
PFM is the most widely used scanning probe microscopy (SPM) method for imaging
piezoelectric materials and ferroelectrics. This technique is based on monitoring surface
displacement of the piezoelectric materials induced by electric bias[1]. A functional
generator is used to apply an AC voltage between the tip and the sample surface. The
voltage induced deflection of probe cantilever is detected by a reflected laser beam on
a four-quadrant photodiode. DART-PFM technique can reduce the crosstalk with
topography due to the shift in the resonant frequency, and using a feedback loop to
adjust the drive frequency of the cantilever to match the resonance frequency. Rather
than using the phase (¢) information as the input to the frequency ¢ feedback, DART-
PFM uses the difference between the two amplitudes as the input feedback. Fig. S2
shows the schematic of the two frequencies, and the resulting amplitudes (4; and 45)
when the resonant frequency changes. For example, if the frequency shifts downward,
A; moves to Az and A, moves to 4,. The change in the A, — A, signal causes the feedback

loop to respond by changing the drive frequency until the A, — A, signal is zero again.
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Figure S2 Principle of DART-PFM method.

Piezoresponse Force Spectroscopy (PFS)

PFS is the technique to acquire the local ferroelectric hysteresis loop from the sample
surface. In this technique, the optimal signal-to-noise ratio is achieved at frequencies
near the contact resonances of the cantilever. The tip approaches the sample surface in
the vertical direction with the deflection set point (trigger force) used as a feedback.
When the set point is reached, a hysteresis loop is acquired by swept the bias.

During the PFS experiment, the tip is fixed at a given location on the sample surface
and an electric wave is applied to the tip. The ac voltage V. is the PFM driving
amplitude. The V4.(t) is comprised of a sequence of pulses with amplitude V; and length
71 (high state/dc-on) separated by intervals of zero bias with the duration of 7, (low
state/dc-off). The envelope for the voltage pulses is specified by a triangular wave
having amplitude Vmax and time periodic T. The waveform of PFS is shown in Fig.

S3.
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Figure S3 The switching and driving waveform of PFS
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Figure S4. Thermogravimetric analyses (TGA) of (a) MIL-53(Cr)-F (Batch method);

(b) MIL-53(Cr)-F (Flow method); and (c) MIL-53(Cr)-F (Ip).

Table S4 Preparation of MIL series MOF by continuous-flow method.

MOF Yield (%) BET (m?/g) STY (kgm™ | Ref

34
MIL-53(Al) | N/A 919 1300 [1]
MIL-53(Al) 65 1376 3618 2]
MIL-100(Fe) | 89.71 1981 771.6 3]
MIL-100 78 1039 19.6* [4]
MIL-53(Cr)-F | 82 625 7188 This work

* gpray drying for UiO-66
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