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Abstract: Here, for the first time, a 2D and leaf-like zeolitic imidazolate framework (ZIF-L) is re-
ported for the synthesis of ultrahigh molecular weight (UHMW) poly(methyl methacrylate)
(PMMA) with Mn up to 1390 kg mol!. This synthesis method is a one-step process without any co-
catalyst in a solvent-free medium. SEM, PXRD, FT-IR, TGA, and nitrogen sorption measurements
confirmed the 2D and leaf-like structure of ZIF-L. The results of PXRD, SEM, TGA demonstrate that
the catalyst ZIF-L is remarkably stable even after a long-time polymerization reaction. Zwitterionic
Lewis pair polymerization (LPP) has been proposed for the catalytic performance of ZIF-L on me-
thyl methacrylate (MMA) polymerization. This MMA polymerization is consistent with a living
system, where ZIF-L could reinitiate the polymerization and propagates the process by gradually
growing the polymer chains.

Keywords: Ultrahigh molecular weight polymer; Poly methyl methacrylate; heterogeneous cata-
lyst; Zeolitic imidozolate framework.

Catalysts 2022, 12, 521. https://doi.org/10.3390/catal12050521

www.mdpi.com/journal/catalysts



Catalysts 2022, 12, 521 2 of 10

3
—
] W
=
(7]
c
Q
= Simulated ZIF-L
T T T T T T T T T T T L) ¥
5 10 15 20 25 30 35 40

20 (degree)

Figure S1. PXRD patterns of the synthesized and simulated ZIF-L (Zn).[1,2].
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Figure S2. TGA curve of ZIF-L under N2 flow (20 mL/min) ranging from 30 °C to 800 °C.[3,4].
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Figure S3. The isotherms of nitrogen adsorption (filled symbols) and desorption (empty symbols)
for the ZIF-L measured at-196 °C.

Table S1. Bulk polymerization of MMA initiated with various Zn-salts, 2-mIm (ligand used for ZIF-
L synthesis) and ZIF-L

b c
entry catalyst C(()(I,Z;' (kg]\;[r:lol) pe

1 no catalyst - - -

2 Zn(NOs)2:6H20 71 130 1.97
3 2-mIm 31 367 1.82
4 ZnO 85 380 1.49
5 Zn(OAc). 2H0 88 429 1.42
6 ZIF-L 83 1390 112

2 Reaction conditions: [MMA]/[catalyst] =50; temperature=140 C; time=24h, b determined by 1H
NMR spectroscopy in CDCI3, c determined by GPC analysis in THF at room temperature referenced
to polystyrene standards.

Table S2. Amount of acid and basic sites of the catalyst (ZIF-L).

Sample NH:-TPD CO2-TPD
Weak acid Strong acid Weak base Strong base
ZIF-L 2.80 mmol/g 4.29 mmol/g 0.02 mmol/g 0.91 mmol/g

240 - 470 °C 480 - 690 °C 220 -295 °C 295 - 765 °C
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Figure S4. Dependence of molecular weight (Mn), monomer conversion (%) and molecular disper-
sity (D) on polymerization time (h) for MMA polymerization using ZIF-L(Zn).
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Figure S5. Dependence of molecular weight (Mn) and molecular dispersity (D) on monomer con-
version (%) for MMA polymerization using ZIF-L.

Table S3. Chain-extension experiments of the polymerization of MMA at 140 °C.

time conv.? Mhn?
- b
entry [MMAV/[ZIE-L] ) ) (kg/mol) D
run 1 200/1 55 >90 1514 1.11
run 2 run 1 + 200 equivalent MMA 55+ 60 >90 2843 1.24

aconv. = % of MMA conversion calculated by "H NMR integration of the methoxy resonance relative
intensities of the residual MMA and PMMA in CDCl;, "Determined by gel permeation chromatog-
raphy (GPC) analysis in THF at RT referenced to polystyrene standards.
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Figure S6. GPC traces of PMMA obtained from chain extension experiments.
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Figure S7. MMA conversion with polymerization time initiated by ZIF-L at 140 °C and [MMA]/[ZIF-
L]=50.
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Figure S8. 'H-NMR spectra of (a) ZIF-L, (b) 2-mIm, (c) Zn(OAc)2 and (d) ZnO mediated PMMA in
CDCIs (Table 1;entry 3) showing the intensity of CHz peaks of lactone at 1.64 ppm region.[5].
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Figure S9. "H NMR spectra in both CDCls of PMMA before (a) and after (b) adding acid anhy-
dride.[6].
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Figure S10. FT-IR spectra of monomer MMA and polymer PMMA obtained using ZIF-L as catalyst
at 140 °C and [MMA]/[ZIF-L] = 50.
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Figure S11. DSC thermogram of PMMA (Table 1, entry 3) determined under N: flow.
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Figure S12. PXRD patterns of ZIF-L before and after the polymerization reaction. The compared
results confirm the stability of the ZIF-L during polymerization.
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Figure S13. SEM micrographs of ZIF-L before (a) and after the polymerization reaction (b) (3 cycle).
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Figure S14. The nitrogen adsorption-desorption isotherms of the recovered ZIF-L after the polymer-
ization (3t cycle) measured at 77K.

Table S4. Elemental analysis (Zn metal) of the examined catalyst before and after the polymeriza-
tion, mixture of solution, and synthesized PMMA using ICP method.

ICP analysis Results

Pristine ZIF-L 29.33%

Recovered ZIF-L (after 3™ cycle) 28.85%
Filtrate after 1 cycle 120 pg L
Filtrate after 3 cycle 95 ug L!
PMMA = 0.0005%

aReaction conditions: [MMA]/[ZIF-L] = 50; temperature = 140 °C; time =24 h.

Table S5. Recycling studies of the examined catalyst (ZIF-L).

. conv.b Mnc . yieldd

Run (%) (kg/mol) b (ng)
1 83 1390 1.12 193
2 80 1111 1.54 185
3 78 1095 1.62 179

aReaction conditions: [MMA]/[ZIF-L] = [2.35 mM]/[0.047 mM] = 50; temperature = 140 °C; time = 24
h. *Calculated by 'H-NMR in CDCls. <Determined by GPC analysis in THF at room temperature
referenced to polystyrene standards, ¢Yield of PMMA observed experimentally.
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