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1. Synthesis of MOFs

ZrCly, HfCly, 4-Ethylmorpholine were purchased from Sigma. Nanoparticulate Zr(OH)4 (40 nm, 99.9%)
was acquired US Research Nanomaterials Inc. All chemicals were used as received.

Monocrystalline samples of UiO-67-NH, and UiO-67 containing discrete crystallites were synthesized
based on previously reported procedures' by reacting 2-amino-1,1’-biphenyl-4,4'-dicarboxylic acid and
1,1'-biphenyl-4,4'-dicarboxylic acid with zirconium precursors under solvothermal conditions,
respectively.

4,4'-Biphenyldicarboxylic acid (98%) was purchased from Acros Organics.

Synthesis of 2-amino-1,1’-biphenyl-4.4’-dicarboxylic acid

2-Amino-1,1’-biphenyl-4,4’-dicarboxylic acid was synthesized according to literature conditions.?

SVchCSiS Of UiO-67(Zr) Zré(OH)&Q&(Q&H&O&)&(OH)@(Hzo)%

A stock solution of 1,1’-biphenyl-4,4’-dicarboxylic acid (H,-BPDC) (0.04 M) in DMF was first prepared
by dissolving BPDC (106.6 mg, 0.44 mmol) in DMF (11 mL) in a loosely capped 20 mL vial. To
facilitate the dissolution of H,-BPDC, the vial was heated on a ceramic stir plate at ~150°C until clear
solution was formed. The solution was cooled to room temperature. To a flame-dried 250 mL round-
bottom flask was added ZrCl, (93.2 mg, 0.4 mmol), DMF (43 mL) and acetic acid (7 mL). The reaction
mixture was sonicated for 1 min before the flask was capped by a septum and heated in oil bath at 120°C
for 10 min. 0.04 M BPDC stock solution (10 mL, 0.4 mmol) was then added to the reaction mixture. The
mixture was heated in oil bath at 120°C for 5 hours to yield cloudy suspension. After cooling to room
temperature, the reaction mixture was centrifuged at 3000 rpm for 15 min to yield white precipitate. The
precipitate was washed with fresh DMF (120 mL, 3x). Calc: C,45.88; H, 2.51; N, 0.00; Found: C, 45.72;
H, 2.04; N, 0.00.

SVchCSiS Of UiO-67-NHz ZrﬁOA(OH)Q(QMNHQQQ)E(OH)(HZO)

0.4 M solution of Zr(O"Pr)4 in CH3;COOH was prepared by mixing Zr(O"Pr)4 70 wt. % in 1-propanol
(187.2 mg, 0.04 mmol) with CH;COOH (1 mL). To a 40 mL Pyrex vial were added acetic acid (1.2 mL)
To a 40 mL Pyrex vial were added in sequence CH;COOH (1.2 mL), 0.4 M Zr(n-OPr)4solution (0.3 mL,
0.12 mmol), DMF (24 mL) and 2-amino-1,1’-biphenyl-4,4’-dicarboxylic acid (H,-NH,-BPDC) (30.9
mg, 0.12 mmol). After sonication for 1 min, the tightly capped vial was heated at 65°C in an isothermal
oven for 16 h to yield a turbid yellow suspension. The mixture was centrifuged at 3000 rpm for 15 min
to obtain yellow precipitate. The precipitate was washed with fresh DMF (120 mL, 3x). Calc: C,43.66;
H, 2.69; N, 3.64; Found: C,43.24; H, 2.32; N, 3.52.
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SVI’IthCSiS Of UiO-67(Hf) Hfﬁ(OH)&Q&(QHH§OQ)ﬂ(OH)%(Hzo)%

Monocrystalline samples of UiO-67(Hf) containing discrete crystallites were synthesized based on
previously reported procedures by reacting 1,1’-biphenyl-4,4’-dicarboxylic acid with hafnium precursors
under solvothermal conditions.?

2. Characterization of MOF's
All characterization data of UiO-67(Zr) and UiO-67-NH, (Zr) can be obtained from previous literature.!
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Figure SI1. Simulated PXRD pattern of UiO-67(Zr) (black) and experimental
PXRD pattern of as synthesized UiO-67(Hf) (red).

3. Procedure for DMNP hydrolysis
Typically, 3 mg of catalyst is added to a 1 mL solution of 0.45 M N-ethyl morpholine (buffer pH = 10)
and stirred for 30 min. at ambient temperature. Then 4 pL (21 pmol) of DMNP is added to the solution.
UV-vis spectra were acquired on a JASCO V630 spectrophotometer (acquisition: 4000 nm/min;
interval: 2 nm) at regular intervals of time by diluting 20 puL of the reaction mixture in 10 mL of the
buffer solution.
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4. Full UV-Vis spectra of DMNP hydrolysis using UiO-67(Zr), ZrCly, Zr(OH)4, UiO-
67(Hf), HfCl,
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Figure SI2. UV-vis profile showing the progress of DMNP
hydrolysis with time, catalyzed by UiO-67(Zr) monitored by the
formation of 4-nitrophenolate, using UV-vis spectroscopy.
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Figure SI3. UV-vis profile showing the progress of DMNP
hydrolysis with time, catalyzed by ZrCly; monitored by the
formation of 4-nitrophenolate, using UV-vis spectroscopy.
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Figure SI4. UV-vis profile showing the progress of DMNP
hydrolysis with time, catalyzed by Zr(OH), monitored by the
formation of 4-nitrophenolate, using UV-vis spectroscopy. The
shape of the non-zero background suggests scattering by particles
of dimension on the order of the wavelength of the light.
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Figure SI5. UV-vis profile showing the progress of DMNP
hydrolysis with time, catalyzed by HfCls; monitored by the
formation of 4-nitrophenolate, using UV-vis spectroscopy.
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Figure SI6. UV-vis profile showing the progress of DMNP hydrolysis with
time, catalyzed by UiO-67(Hf) monitored by the formation of 4-
nitrophenolate, using UV-vis spectroscopy.
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5. Comparison of ZrCly, HfCl; and Zr(OH)4 in DMNP hydrolysis
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Figure SI7. UV-vis profile showing the progress of DMNP
hydrolysis with time, catalyzed by HfCl; monitored by the
formation of 4-nitrophenolate, using UV-vis spectroscopy.

6. Spectra correction procedure:

As initial UV-vis spectra of some materials displayed a non-zero background due to scattering,
spectra were corrected by subtracting the absorbance at 400 nm (4-nitrophenolate formation)

from the absorbance value at 500 nm.
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Table SI1. Kinetics of DMNP Hydrolysis using UiO-67 MOFs and their

precursors

Catalyst

Ui0-67(Zr)

Ui0-67-NH,(Zr)

UiO-67(Hf)
ZrCly
HfCly
Zr(OH)4
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t1/2 (min)

10
10

>90
50

>90
>90

% Conversion of DMNP
after 60 min

>90
~85

35
65
20

25

Blocks. Journal of the American Chemical Society 2019, 141 (5), 2161-2168.

S11



