Solvent-free synthesis and characterization of bimetallic UiO-66(Zr/Sn) heterogeneous catalyst for biodiesel production
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Experimental:
Synthesis of UiO-66(Zr)-solvent and UiO-66(Zr)-green
Synthesis of UiO-66(Zr)-solvent: UiO-66(Zr) was prepared via a solvothermal technique, as follows the metal precursor ZrOCl2.8H2O (1.5 mmol) and the organic linker BDC (1.5 mmol) were dissolved in 50 mL DMF at room temperature in a Teflon-lined stainless-steel autoclave. The uniform mixture was packed and heated for 24 h at 130 °C in a preheated oven. After cooling to room temperature, the gel was washed with ethanol at 70 °C and then stored in CH2Cl2 for two days before being centrifuged and dried in an oven at 100 °C after that activated under vacuum at 150 °C for 24 h. The catalyst was referred to as UiO-66(Zr)-solvent.
Synthesis of UiO-66(Zr)-green: was synthesized by green method; ZrOCl2·8H2O (1.5 mmol) as metal precursor and BDC-linker (1.5 mmol) were pulverized together for about 10 min at room temperature. Then the pulverized materials were moved into an autoclave at 130 ºC for 12 h. After cooling to room temperature, the resulting white solid was washed with 70 ºC ethanol and dried for 12 h at 150 ºC under vacuum.
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Table S1. Textural properties of mixed-metal MOFs (UiO-66(Zr/Sn).
	Sample name
	SnIV content %
	BET surface area (m2 g-1)
	Langmuir surface area (m2 g-1)
	Pore volume (cm3 g-1)

	UiO-66(Zr)-green-24 h
	-
	701
	945
	0.68

	UiO-66(Zr/Sn)-130-24 h
	2.5
	1158
	1482
	0.82

	UiO-66(Zr/Sn)- 130-24 h
	5
	1170
	1561
	0.84

	UiO-66(Zr/Sn)- 130-24 h
	10
	1104
	1420
	0.64

	UiO-66(Zr/Sn)- 130-24 h
	15
	1056
	1394
	0.60

	UiO-66(Zr/Sn)- 130-24 h
	20
	1075
	1388
	0.60

	UiO-66(Zr/Sn)- 130-24 h
	25
	968
	1303
	0.65





Table S2. NH3-TPD results of UiO-66(Zr)-green and UiO-66(Zr/Sn)-5-130-24.
	Samples
	Desorption temperature (below 200 °C)
	Desorption temperature (200~400 °C)

	
	Number of acid sites (mmol)
	Number of acid sites/adsorbent
(mmol/g)
	Number of acid sites (mmol)
	Number of acid sites/adsorbent
(mmol/g)

	UiO-66(Zr)-green
	0.003
	0.053
	0.004
	0.072

	UiO-66(Zr/Sn)-5-130-24
	0.009
	0.173
	0.015
	0.291



