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Synthesis Yield of UiO-66
The stoichiometric chemical reaction of ZrCly with 1.4-benzenedicarboxylic acid (CgHgO4) in
the UiO-66 (ZrsO4(OH)4(CgH404)6) synthesis is
6ZrCly + 6CgH404+ 8H,0 7 ZrgO4(OH)4(CsH404)6 + 24HCI
The synthesis yield of the UiO-66 was calculated using following equation.

mexp

x100%

Yied(%) =

Mipeo
where Mexp is the mass of UiO-66 produced (g), and Mtheo is the theoretical mass of UiO-66
based on stoichiometry (g), where Mexp of Ui0-66 is 1.33 g, and Miheo of Ui0-66(S) and

Mesoporous UiO-66(U) respectively are 1.16 g and 1.29 g. Whereas the Yield(%) for UiO-

66(S) and Mesoporous UiO-66(U) respectively are 87% and 97%.



Table S1. The characteristic peaks of XRD diffractogram of UiO-66
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Table S2. Weight Distribution of the Elements Within the Composition

Material Elements percentage (%)
Ui0-66(S) Zr 15.61
O 19.94
C 64.44
Mesoporous UiO- Zr 37.30
66(U) O 19.30

C 43.30




Energy calculation for synthesis

One of the main advantages of using ultrasound as the synthesis route is that it consumes less
energy than conventional solvothermal. By the conventional solvothermal method, UiO-66 was
synthesized by dissolving ZrCly and H,BDC for 15 minutes in 45 mL DMF solution with a
mole ratio of 1:1. The two solutions were mixed and stirred with magnetic stirring at 350 rpm
for 30 minutes. After stirring for 30 minutes, the mixture was heated in an oven for 24 hours at
a temperature of 120 °C. Then the material was washed, centrifuged, and dried at 90 °C for 3

hours. The energy consumption in both synthesis methods was calculated as follows:

Conventional solvothermal method

* Total power consumed during stirring in second = 150 J/s

* For a total of 15 minutes of stirring for metal precursors, total energy consumed = 150 (J/s) %
0.25 (h) x 3600 (s) =135 kJ

* For a total of 15 minutes of stirring for the ligand precursor, the total energy consumed = 150
(J/s) x 0.25 (h) x 3600 (s) = 135 kJ

* For a total of 30 minutes of stirring to mix the metal precursor solution and the ligand, the
total energy consumed = 150 (J/s) x 0.55 (h) x 3600 (s) =270 kJ

* Total amount of material processed = 1.0487 g ZrCl, + 0.748 g H,BDC + 90 mL DMF =
86.757 g

* Total power consumed during oven or solvothermal heating in seconds = 800 J/s

» For a total of 24 hours of stirring for heating by oven or solvothermal, the total energy
consumed = 800 (J/s) x 24 (h) x 3600 (s) = 69120 kJ

* Total energy consumed during synthesis per unit amount of material = (69660/86.757) =

802.93 kl/g



Ultrasonic-solvent heat mixing method

* Total power consumed during stirring in second = 150 J/s
* For a total of 45 minutes of stirring for the precursor = 540 kJ
* Total amount of material processed = 86,757 g
* Total power consumed during ultrasonic irradiation (ultrasonic probe) in seconds = 120 J/s
* For a total of 24 hours during heating and ultrasonic irradiation, the total energy consumed =
(120 (J/s) x 2 (h) x 3600 (s)) + (150 (J/s) x 2 (h) x 3600 (s)) = 1944 kJ
* Total energy consumed during synthesis per unit amount of material = (1944/86,757) = 22.41
kJ/g

Thus, the ultrasonic-solvent heat mixing approach saves 97.21% more energy than the
standard solvothermal method, obtained from (Total energy conventional/Total energy

ultrasonic)/Total energy conventional x 100%.
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Fig. S1. Effect of contact time on adsorption of MO, CR and MB by UiO-66(S) and
Mesoporous UiO-66(U) at 30 °C and initial concentration of (a) 100, (b) 150, (c) 200 mg/L.
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Mesoporous UiO-66(U) at (a) 40 and (b) 50 °C.



The following parameters might represent the applicability of the isotherm model when
applied to experimental data: R?after linear regression, rootmean-square error (RMSE), 2 (chi-
square).> Smaller RMSE and y? (chi-square) values imply a greater level of model fit. The

RMSE and y? (chi-square) equations are represented as Eqs.(1) and (2) as follows.53:

1 n
RMSE = —ZZ(Qexp_Qcal)z
e n

Z exp cal)

— cal (2)

where Q.y, (mg/g) is the experimental adsorption capacity, Q.. (mg/g) is the
adsorption capacity predicted using the isotherm model, respectively, and n is the number of

experimental samples.

Adsorbent Langmuir Freundlich

rben

sorbents R RMSE 2 R2 RMSE ¥
U101;/I6§(S)- 0.9884 0.00075 0.000254 0.7721 0.2717 0.0648
Ulol;/?g(U)_ 0.9527 0.00146 0.000714 0.8048 0.2679 0.0631
Ulo_gf(s)_ 0.9974 0.00034 0.000057 0.8936 0.2905 0.0768
UIO_SS(U)_ 0.9764 0.00097 0.000441 0.8535 0.2028 0.0358
Ulogg(s)_ 0.9353 0.00399 0.003032 0.8707 0.2416 0.0547
Ui0-66(U)-

MB 0.9631 0.00233 0.001211 0.9266 0.1457 0.0246




