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Supplementary Figure 1. FTIR spectrum of MPRs, MPR-CAs and QMPRs. (a), (b) and (c) represent spectrum variations for three resin species -1, -2 and -3, respectively. The high adsorption peaks observed at 2925 cm-1 and 709 cm-1 of MPRs show characteristic vibration of polystyrene skeletons. After Step I, the intensity of characteristic peak at 709 cm-1 reduced, while a new stretching vibration at 1685 cm-1 appears. This new peak could correspond to the change of functional groups from styryl to acyl. For QMPRs, intensity of C−N stretching at 1380 cm−1 increases and vibration at 1022 cm−1 widen. This indicates that quaternary ammonium functional groups were successfully grafted onto MPRs (Step II and III).
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Supplementary Figure 2. SEM images of adsorbent particles. (a), (b) and (c) represent MPR-1, -2 and -3. From left to right represent MPR particles at scale bar of 500 μm, its inner pore morphology at scale bar of 2 μm, and  QMPR inner pore morphology at scale bar of 2 μm. MPRs demonstrate that the particle sizes are similar (500-600 μm). 
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Supplementary Figure 3. Linear fitting of CO2 adsorption isotherm models. (a) Langmuir model. (b) Freundlich model. (c) Temkin model. r is fitting standard deviation. Each one contains comparison between QMPRs.
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Supplementary Figure 4. CO2 adsorption equilibrium of MPR. Giving the pretesting adsorption performance of MPR-2, CO2 concentrations could stable at increasing levels by injecting more CO2, it confirmed that no physical adsorption contributed to the adsorption process.
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Supplementary Figure 5. Experimental set-up for CO2 adsorption measurements. The system mainly contains a reaction chamber (8.0 L, with a thermostat to control temperature), an infrared gas analyzer (LI-840A, LI-COR, dynamic monitoring CO2 and vapor concentration), and an inner environment humidity controller.

	Resin samples
	Adsorption amount

 (mmol g-1)
	Adsorption amount

 (mmol mol-1 FG)

	MPR-1
	6.87
	-

	QMPR-1
	13.14
	27.19

	MPR-2
	7.15
	-

	QMPR-2
	14.22
	21.44

	MPR-3
	7.13
	-

	QMPR-3
	13.97
	28.22

	I2001
	ca.27
	20.95


Supplementary Table 1. Water Adsorption Properties of MPRs and QMPRs. FG indicates grafted functional group ([2N(CH3)4+]·CO32-) of QMPR.
	Resin samples
	k1
	k2
	f2
	r2

	QMPR-1
	0.611
	4.225
	2.437
	0.996

	QMPR-2
	0.013
	1.157
	0.974
	0.998

	QMPR-3
	0.281
	1.818
	2.103
	0.981


Supplementary Table 2. Fitting Results of the Kinetic Parameters. k1 and k2 are rate constants for PFO and PSO models. f2 is the percentage of PSO equation in MOE rate model.
	Adsorbent
	Temperature (°C)
	Adsorption capacity
(mmol g-1)
	Adsorption half-time (min)
	Reference

	QMPR-2
	20
	0.191
	2.9
	

	Q-Cellulose
	25
	0.181
	9.8
	2

	QCS/PVC
	20
	0.1811
	10.7
	3

	IER/PES
	20
	0.931
	52.1
	4

	P-100-25C
	RT
	1.581
	31.8
	5

	I-200
	24
	1.701
	106
	5

	CB-g-xPCMS-OH-
	RT
	0.142
	1.13
	6

	polyHIPE
	RT
	0.492
	3.93
	7


Supplementary Table 3. Comparison of Adsorption Half-Time for Different Quaternary Ammonium-Based Sorbents. 1The maximal CO2 adsorption capacity at 400 ppm of CO2. 2The moisture-swing size of the sorbents. 3The adsorption half-time was obtained with the Engauge Digitizer 4.1 program.
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