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Results and discussion
Layer spacing calculation (XRD)

Using Bragg equation formula 2dsin 6=\ (where d is the crystal plane spacing, 0 is



the grazing angle, A= 0.15418 nm), it can be calculated that the spacing of EGO and
HGO layers are 0.83 and 0.78 nm respectively, which is significantly larger than that
of graphite (0.34 nm).
Study on adsorption isotherms and Kinetics
The fitted standard curve has a high regression coefficient value (R>=0.9993), and
the absorbance value increases linearly with the increase of MB concentration. This
allows us to use the standard curve of MB to accurately determine the concentration of
MB during adsorption.
We use formulas (1), (2) and (3) to calculate the adsorption capacity at time t (q;),

the adsorption capacity at equilibrium (q.) and the removal rate (R) of GO for MB.
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where:
q: - the adsorption capacity at time t / (mg g™);
qe - the adsorption capacity at equilibrium/ (mg g);
R- removal rate/ (%);
po- initial mass concentration of MB aqueous solution before adsorption / (mg L™);
p- mass concentration of MB aqueous solution at time t / (mg L™);
pe- mass concentration of MB aqueous solution at adsorption equilibrium / (mg L™);

V- volume of MB aqueous solution /L;

m- mass of adsorbent GO /mg.



Among the isotherm equations described in the adsorption of solid-liquid system,
Langmuir and Freundlich adsorption isotherms are the most commonly used, which can
accurately evaluate the relationship and principle of solid-liquid adsorption
thermodynamics. The Langmuir isotherm model assumes that the adsorption active
center energy on the solid surface is similar and uniformly distributed, and the surface
adsorption is a monolayer adsorption; the Freundlich isotherm model considers the
relationship between the adsorption free energy and the adsorption fraction, and is used
to describe the surface inhomogeneous adsorption or surface adsorption. After
adsorption of adsorbates, there is an interaction of adsorption behaviors with each other.
The Langmuir and Freundlich model equations are (4) and (5), respectively:

Lng,=Lnk; +-LnC,  (5)
where, Ce is the equilibrium concentration of MB, mg L!; qm is the saturated adsorption
capacity of the monolayer, mg/g; ki is the Langmuir adsorption equilibrium constant;
kr and n are the adsorption coefficients of Freundlich.

Fig. S8 a-b are the linear regression curves of Langmuir and Freundlich equations
obtained by plotting Ce/qe - Ce and Ln qe - Ln Ce, respectively. The linear fitting results
are shown in Table S3. The R? of the Langmuir fit equation is equal to 1, which is much
better than the R? value of the Freundlich adsorption model (0.6942). Therefore, it is
more accurate to describe the adsorption of MB by EGO with the Langmuir adsorption

isotherm model, indicating that the adsorption of MB by EGO is a monolayer

adsorption.



In order to further illustrate the adsorption mechanism of MB on EGO, the pseudo-
first-order kinetic equation (6) and pseudo-second-order kinetic equation (7) were used

to study the kinetics of the adsorption of MB on EGO.
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where: ki and k> are the rate constants of the pseudo-first-order kinetic equation and
pseudo-second-order kinetic equation, respectively; q¢ and ge are the adsorption amount
(mg g') of MB on EGO at the adsorption time t and when the adsorption reaches
equilibrium, respectively.

The experimental data of MB with a concentration of 10 mg L™ were selected and
substituted into the kinetic formula for linear fitting (Fig. S9 a-b), and g, R%, ki and k>
were calculated respectively (Table S4). It can be seen that the correlation of the
pseudo-first-order kinetic fitting curve is low, while the pseudo-second-order kinetic
fitting curve shows a good linear relationship. The R? in the pseudo-first-order
adsorption kinetic model is 0.8044, while the R? in the pseudo-second-order adsorption
kinetic model is 0.9990. The theoretical adsorption capacity (366 mg g™') calculated by
the pseudo-second-order adsorption kinetic model is better than and close to the actual
value of 358 mg g"'. So, the adsorption of MB by EGO is more in line with the pseudo-

second-order adsorption kinetic model.



Supplementary Figures

Fig. S1 Process for preparing EGO: a, intercalation of CGF in (NH4)2S205-H2SO4
solution; b, exfoliation of the GICs in 50 wt.% H>SO4 at +4.5 V; ¢, sonication of the

EGO in water.
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Fig. S2 XRD patterns of the first step (intercalation) at different reaction times.



5 months later

Fig. S3 Comparison of color change of EGO aqueous solution (0.05mg mL™) before

and after the storage for five months.
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Fig. S4 Raman spectra of the EGO and CGF.
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Fig. S5 XRD patterns of the EGO and CGF.
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Fig. S6 XPS survey spectra of: a) CGF (oxygen content of 2.7 at.%); b) EGO (oxygen

content of 33.7 at.%); ¢) HGO (oxygen content of 17.4 at.%).
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Fig. S7 Calibration curve for concentration of MB dye solution.
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Fig. S8 Langmuir(a) and Freundlich(b) isotherms for MB dye onto EGO.
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Fig. S9 Pseudo-first (a) and Pseudo-second (b) order kinetic plots for the adsorption of

MB dye onto EGO.



Supplementary Tables

Table S1 Comparison of reaction parameters and properties of GO prepared by

different methods

Thickness
Exfoliation Solvents/ Oxygen
Duration Yield Lateral size /Number Ref.
method Electrolyte content
of layers
Chemical
o (NH4)2820s/ 1-2 layers This
oxidation + ~0.5h 92% 33.7 at.% >5um (71%)
) H2S04 (88%) work
electrochemical
Electrochemical NH4BF4 >16h - 36.2 at.% lum Inm 1
Electrochemical H2S04 ~1.5h - ~20 at.% - 3-5nm 2
) (NH4)2NOs/
Electrochemical 24-25h - 24.6 at.% 0.5-2.5um 2-4 layers 3
H2SO4
. 1-3 layers
Electrochemical H2S04 0.5-1h 96% 29.2 at.% <lum (~80%) 4
(86%)
) 0.5-2.5um 1-4 layers
Electrochemical (NH4)2S04 ~2.4h >80% 28.3 at.% 5
(85%) (80%)
Brodie’s fNA/KCIO3 3-4d - 31.6 at.% - - 6
Brodie’s fNA/NaCl 3-5d - 27.8 at.% - - 7
) INA/H2SO4/
Staudenmaier’s 1-10d - 25.7 at.% - - 8
NaClOs
KMnO4/NaNOs 25.6-32.3
Hummers’ 2h 40% - - 9
/H2SO4 at.%
KMnOa4//H3PO4 200-
Hummers’ 1-2d - - 1.5-2.0um 10
/H2SO04 300nm
KMnOa4//H3PO4
Improved
/H2S04 Sh - >10 at.% - - 10
Hummers’
/Ba(OH)2
Improved KMnO4/K2FeO4
Sh 84.0% 32.1at.% <2.5um <2nm 11
Hummers’ /H2S04
Improved KMnO4/H202
>2h - 24.3 at.% 2um - 12
Hummers’ /H2S04

Note: fNA (fuming nitric acid).



Table S2 Comparison of the adsorption capacities of MB with various reported

adsorbents
Absorbent Material Adsorption capacity (mg g!) Ref.
GO 358.3 This
work
GO 240.7 13
GO 1.9 14
GO 350.0 15
activated carbon 3.3 15
CMC/kC/AMMT composite beads 10.8 16
GO regenerated cellulose 78.5 17
CMC/Chitosan/GO nanocomposite 122.1 18
Carboxymethyl sago pulp
immobilized sago waste hydrogel 158.0 19
beads
CMCl/acrylic acid/acrylamide/GO 1333 20
hydrogels
GO/humic acid 59.0 21
Carboxymethyl
cellulose/carboxylated GO 1803 22
poly(glycerol sebacate)/chitosan/GO 178.0 23

Note: CMC (carboxymethyl cellulose), kC (k-carrageenan), AMMT (activated

montmorillonite).



Table S3 Parameters of Adsorption Isotherms from Langmuir and Freundlich Models

of MB dye onto EGO

Langmuir model Freundlich model
T/IK
gm (Mg g™b) KL R? n Kr R?
298 361.0 15.3894 1 349.7 358.9 0.6942

Table S4 Kinetic parameters obtained from pseudo-first order and pseudo-second order

model for adsorption of MB dye onto EGO

Pseudo-first order Pseudo-second order
T/IK
ge (Mg g™ ki R>  g:.(mg/g) ko R?
298 348.4 2.9895 0.8044 366.3 0.0004 0.9990
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