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Simulated equations for kinetic sorption process
The kinetic sorption process of MB on P-aro-CDPs was simulated by pseudo-first-order rate equation (1), pseudo-second-order rate equation (2), and Elovich kinetic equation (3) as follow: 

     (1)

     (2)

[bookmark: OLE_LINK8]        (3)
[bookmark: OLE_LINK7]where t is adsorption time; qt and qe is the adsorbed amount of MB per unit mass of adsorbent at t moment and equilibrium (mg g-1) respectively; k1 (min-1) and k2 (g mg-1 min-1) are the adsorption rate constants of pseudo-first-order equation and pseudo-second-order equation, respectively; A (mg g-1 min-1) is the initial adsorption rate and B (g mg-1) is related to the extent of surface coverage and activation energy for chemisorption; The value of (1/B) is indicative of the available number of sites for adsorption while (1/B)ln(AB) is the adsorption quantity when ln t =0.
In addition, the intraparticle diffusion kinetic model based on the theory proposed by Weber and Morris was tested by using the following equation (4):

[bookmark: OLE_LINK383]    (4)
where kp (mg g-1 min0.5) and C are the diffusion rate constant and the thickness of the boundary layer, respectively.
To distinguish between the pore and film diffusion step involved in the adsorption process, the kinetic data were further analyzed using the Boyd model (5):
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[bookmark: _Toc26633][bookmark: OLE_LINK9]Adsorption isotherm models
Langmuir model equation

    (6)
where Ce is the concentration of MB at equilibrium (mg L-1), qe is the adsorbed amount of MB per unit mass of adsorbent at equilibrium (mg g-1), KL represents the Langmuir equilibrium constant (L g-1), and qm is the saturated adsorption capacity (mg g-1).
Freundlich model equation

    (7)
where qe is the adsorbed amount of MB per unit mass of adsorbent at equilibrium (mg g-1), KF represents the Freundlich equilibrium constant [(mg g-1) (L mg-1)1/n], 1/n is the adsorption intensity (mg g-1), and Ce is the concentration of MB at equilibrium (mg L-1).
Temkin model equation

    (8)
where qe is the adsorbed amount of MB per unit mass of adsorbent at equilibrium (mg g-1), B is Temkin constant, A is the Temkin adsorption equilibrium constant (L g-1), and Ce is the concentration of MB at equilibrium (mg L-1).

Thermodynamic parameter equations
[bookmark: OLE_LINK10][bookmark: OLE_LINK64]The thermodynamic parameters of enthalpy change (ΔH), Gibbs free energy change (ΔG), and entropy change (ΔS) were computed following the equations:

     (9)

    (10)

    (11)
where R (8.314 J mol-1 K-1) is the universal gas constant, T (K) is the absolute solution temperature, KL (L mg-1) is the Langmuir isotherm constant at various temperatures and A is the Arrhenius constant.
[bookmark: _Toc31903][bookmark: OLE_LINK13]Table S1 The chemical structure and some properties of investigated dyes
	[bookmark: OLE_LINK3]Compound name
	Chemical structure
	Molar mass
(g mol-1)
	CAS#
	λ max
(nm)
	Charge

	Methylene blue (MB)
	[image: 7220-79-3]
	373.9
	7220-79-3
	664
	Cationic

	[bookmark: OLE_LINK19][bookmark: OLE_LINK4]Rhodamine B (RB)
	[image: 81-88-9]
	479.01
	81-88-9
	526
	[bookmark: OLE_LINK89][bookmark: OLE_LINK88]Cationic

	[bookmark: OLE_LINK6][bookmark: OLE_LINK20]Brilliant cresyl blue (BCB)
	[image: 81029-05-2]
	801.95
	81029-05-2
	637
	Cationic

	[bookmark: OLE_LINK21]Astrazon orange R (AOR)
	[image: 4657-00-5]
	426.98
	4657-00-5
	485
	Cationic

	[bookmark: OLE_LINK22]Basic red 9 (BR9)
	[image: 569-61-9]
	323.82
	569-61-9
	538
	Cationic

	[bookmark: OLE_LINK23]Auramine O (AO)
	[image: 2465-27-2]
	303.84
	2465-27-2
	431
	[bookmark: OLE_LINK5]Cationic

	[bookmark: OLE_LINK24][bookmark: _Hlk24359808][bookmark: OLE_LINK95][bookmark: OLE_LINK94]Basic orange 21 (BO22)
	[image: 3056-93-7]
	350.88
	3056-93-7
	485
	Cationic

	[bookmark: OLE_LINK25]Tartrazine (T23)
	[image: 1934-21-0]
	534.36
	1934-21-0
	428
	Anionic

	[bookmark: OLE_LINK26]Acid red 73 (AR73)
	[image: 5413-75-2]
	556.48
	5413-75-2
	509
	Anionic

	[bookmark: OLE_LINK27][bookmark: OLE_LINK108][bookmark: _Hlk24361615][bookmark: OLE_LINK107][bookmark: OLE_LINK106][bookmark: OLE_LINK105]Eosin (ES)
	[image: 17372-87-1]
	691.86
	17372-87-1
	515
	Anionic

	[bookmark: OLE_LINK28]Alizarin red S(ARS) 
	[image: 130-22-3]
	342.26
	130-22-3
	422
	Anionic

	[bookmark: OLE_LINK29]Alizarin green (AG)
	[image: 4857-81-2]
	725.25
	4857-81-2
	642
	Anionic

	[bookmark: OLE_LINK30]Methyl orange (MO)
	[image: 547-58-0]
	327.33
	547-58-0
	464
	Anionic

	[bookmark: OLE_LINK31]Congo red (CR)
	[image: 573-58-0]
	696.66
	573-58-0
	501
	Anionic

	[bookmark: OLE_LINK33]Sunset yellow FCF (SY)
	[image: 2783-94-0]
	452.37
	2783-94-0
	481
	Anionic



[bookmark: _Toc18100]Table S2 Elemental analysis results of P-aro-CDPs
	Material
	[bookmark: OLE_LINK645]Results of combustion method (%)
	[bookmark: OLE_LINK646]Results of EDX method (%)

	
	C
	H
	N
	C
	N
	O

	P-aro-CDPs
	68.8
	4.988
	6.4
	78.38
	5.52
	16.11



[bookmark: _Toc16418]Table S3 Adsorption kinetic parameters of MB on P-aro-CDPs
	Kinetics models
	Parameters
	C0 (mg/L)

	
	
	100
	200
	300

	Pseudo-first-order
	k1 (min-1)
	0.0251
	0.0094
	0.0103

	
	q1,cal(mg/g)
	15.17
	59.35
	112.01

	
	R2
	0.8708
	0.8981
	0.8105

	Pseudo-second-order
	K2(g mg-1 min-1)
	0.0045
	0.0008
	0.0004

	
	q2,cal(mg/g)
	95.33
	143.68
	229.89

	
	R2
	0.9999
	0.9966
	0.9975

	Elovich kinetic
	A
	1348873.13
	11181.7
	744.23

	
	B
	0.1877
	0.0936
	0.0412

	
	R2
	0.9539
	0.9589
	0.9919




[bookmark: _Toc19266]Table S4 Adsorption isotherm parameters of MB on P-aro-CDPs
	Langmuir
	Freundlich
	Temkin

	qm
(mg g-1)
	KL
(L mg-1)
	R2
	KF
(mg g-1)(L mg-1)1/n
	1/n
	R2
	A(L/g)
	B
	R2

	194.17
	0.10
	0.9994
	71.19
	0.19
	0.8101
	7.09
	95.93
	0.8837



[bookmark: _Toc2136]Figure S1 Solid-state 13C-NMR spectrum of P-aro-CDPs
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Figure S2 The XPS spectrum of N1s from P-aro-CDPs
[image: Graph2]
[bookmark: OLE_LINK374]Figure S3 Pseudo-first-order adsorption plots of MB on P-aro-CDPs
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[bookmark: _Toc10154][bookmark: OLE_LINK424]Figure S4 Elovich adsorption kinetic plots of MB on P-aro-CDPs
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[bookmark: _Toc12325]Figure S5 Weber-Morris adsorption plots of MB on P-aro-CDPs
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[bookmark: _Toc25808][bookmark: OLE_LINK11]Figure S6 Boyd adsorption plots of MB on P-aro-CDPs
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[bookmark: _Toc6188][bookmark: OLE_LINK14]Figure S7 Freundlich adsorption isotherm of MB on P-aro-CDPs
[image: Freundlich-MB]
[bookmark: _Toc5868][bookmark: OLE_LINK12]Figure S8 Temkin adsorption isotherm of MB on P-aro-CDPs
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