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Abstract: Based on the synergetic effects among hydrogen bond donors, halide anions and suitable amines for
the CO, cycloaddition reaction, the multi-functionalized graphene oxide (containing silanol group, quaternary
ammonium salt and tertiary amine) were synthesized by a “in-situ approach”. Hexamethylenetetramine that is non-
toxic, cheap and rich in tertiary amine was used as precursor for quaternary ammonium salt. Then, further
quaternization was conducted by adding halohydrocarbon for the formation of multi-cationic quaternary ammonium
salt functionalized graphene oxide (F-GO) heterogeneous catalysts. As characterized by X-ray photoelectron
spectroscopy and elemental analysis, the loading of quaternary ammonium salt and tertiary amine was up to 2.23
and 2.49 mmol-g™', respectively. The “multi-cationic approach” is proved to be beneficial to improve the amount of
ionic liquids and catalytic activity. The F-GO was used as metal-free heterogeneous catalyst for the synthesis of
cyclic carbonates through the cycloaddition of CO, towards propylene epoxide under mild conditions without
solvent and co-catalyst. The yield of propylene carbonate was up to 99.2% (100 °C, 2 MPa, 4 h). The synergetic
effects was investigated by comparing the catalytic activity of F-GO functionalized with different groups. A
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plausible mechanism was proposed for the CO, cycloaddition reaction over F-GO. In addition, F-GO is a water-

tolerant and stable catalyst for the cycloaddition reaction, and there was no significant loss of catalytic activity after

SIX runs.

Keywords: catalysis; cycloaddition; graphene oxide; functional; carbon dioxide; synergistic
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®1 GOMIPENL GOWI XPS I TRSMER
Table 1 XPS and elemental analysis results of GO and functionalized GO

Content of tertiary Content of quaternary Content of Load of tertiary Load of quaternary
Sample ndng nt"
amine / % (n/n)* nitrogen / % (n/n)* N/ %(who)*  amine / (mmol-g™)  ammonium salt / (mmol-g™")
GO 2.1 0 0 0 0 0 0
GO-H 33 75.2 24.8 0.99 777 4.18 1.38
GO-H-Bu* 34 52.7 473 1.89 7.19 2.49 2.23

*Content was calculated according to the relative magnitude of N1s XPS peak area; "n represented the amount of quaternization in

one Hatm molecule, n=content of quaternary nitrogenx4; ‘Based on the elemental analysis
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Table 2 Catalytic performance of different catalysts for cycloaddition of CO,and PO

Entry Weo / Mg KXy | Y0 Xt | Y0 Yield / % Selectivity / %
1 80 — 1.25 1.7 67.7
2 80 5 — 0.7 99.8
3 — 5 1.25 0.4 99.8
4 80 1.25 1.25 14.5 98.9
5 80 2.5 1.25 36.6 98.9
6 80 5 1.25 55.0 99.1

Reaction conditions: 28.6 mmol PO, 100 °C, 2 MPa, 4 h
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Table 3 Comparison of different carbon catalysts for
cycloaddition of CO, to PO

Entry Catalyst Yield / % Selectivity / %
1 GO 0.3 99.9
2" GO-H 724 99.8
3 GO-H 82.9 99.7
4 GO-TEA 54.7 98.9
5 GO-T 724 98.4
6 GO-D 75.0 99.6

Reaction condition: 28.6 mmol PO, 0.2 g catalyst, 100 °C,
2 MPa initial CO, pressure, 4 h; *0.12 g GO; " Sample was not

washed by water

x4 AEREKL GO HIELENE

Table 4 Catalytic performance of functionalized GO

Entry Catalyst Yield / % Selectivity / %
1 GO-T 724 98.4
2 GO-T-B' 74.5 99.6
3 GO-D 75.0 99.6
4 GO-D-B' 80.1 99.6
5 GO-H 82.9 99.7
6 GO-H-B' 84.6 99.8
7 GO-H-B* 88.4 99.8
8 GO-H-B* 99.2 99.8

Reaction condition: 28.6 mmol PO, 0.2 g catalyst, 100 °C,
2 MPa initial CO, pressure, 4 h
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