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Figure S1. FTIR spectra of as-prepared and annealed GO-CS-P.
S2 Sorption capacity
The sorption isotherms of U(VI) on GO, GO-CS and GO-CS-P were respectivily simulated using the

Langmuir and Freundlich models as described below:S!

K C

Langmuir model: ¢, = D1 (1)
1+K,C,

Freundlich model: ¢, =K,C (2)

Herein, ¢g. (mg/g) is the equilibrium U(VI) adsorption amount on per weight unit of the adsorbent, C.
(mg/L) is the residual U(VI) concentration after adsorption equilibrium, K; is the Langmuir
coefficient, K is the Freundlich coefficient, ¢, (mg/g) is the maximum amount for U(VI) adsorbed
onto the GO, GO-CS or GO-CS-P, which for Langmuir adsorption would correspond to a monolayer,
and #n is the Freundlich exponent. The parameters derived from the model fitting are listed in Table
S1. Based on the correlation coefficient (R?) values, the sorption isotherm data are better fitted by the
Langmuir equation for all the three adsorbents. This phenomenon implies that the captured of U(VI)
by GO, GO-CS or GO-CS-P are chemisorption processes. 5254 Note that the sorption isotherm
experiments were conducted at a constant solid dosage of 0.05 g/L.. A finite amount of surface sites
would be provided for binding U(VI), resulting in the appearance of a saturated sorption amount at
higher U(VI) concentration. In this case, the sorption isotherm would not be well simulated by the
Freundlich model, which assumes an exponential rising of U(VI) sorption amount with the increase

of its initial concentration in solution. The n values of the Freundlich model are calculated to be



smaller than 1, indicating the occurrence of a nonlinear sequestration process of U(VI) on GO, GO-

CS and GO-CS-P.

Table S1 Parameters for Langmuir and Freundlich model fits at 293 K.

Parameters GO GO-CS GO-CS-P
Gmax (ME/L) 573.91 346.16 779.44
Langmuir K1 (L/mg) 0.240 0.149 0.100
R? 0.991 0.981 0.991
Ky (mg!'™ Lg) 167.68 94.40 200.68
Freundlich n 0.267 0.264 0.273
R? 0.958 0.972 0.973

Blank test: The blank experiment was conducted in the absence of adsorbents by ranging the initial
U(VI) concentration from 5.0x107 to 7.5%10% mol/L. Specifically, the NaNOjs electrolyte solution
and U(VI) stock solution were added into a series of polyethylene centrifuge tubes to achieve the
desired concentrations. The pH values were adjusted to 5.0 by adding a negligible volume of HNO;
and/or NaOH solutions. Then, the centrifuge tubes were gently oscillated for 24 h, which was the
same as that in the batch uptake experiments. Afterwards, the solution was filtrated with 0.22 um
filter membrane and the concentration of U(VI) in the filtrate was measured by using inductively
coupled plasma-atomic emission spectrometry (ICP-AES). According to the measurement, the final
concentration of U(VI) was almost equal to its initial concentration. This result eliminated the

potential precipitation of U-containing solid phases due to hydrolysis.



Table S2 Comparison of U(VI) sorption capacity of GO-CS-P with other adsorbents.

Materials

MWCNTs
Oxime-CMK-5
GO-CNTs
Ui0-66
Ui0O-66-NH,
AMGO
COF-HBI
Ui0-68-P(0)(OEt),
CTPP
MOF-76
ZrTi,P,04
NiCo0,0,@rGO
FISM-SnS
GO-CS
MIL-101-DETA
AGH
APSS
Ca-Mg-Al-LDOsy
GO nanosheets

GO-CS-P

S3 Selectivity

Table S3 Selectivity coefficients of U(VI) with regard to each competing cation for binding on GO, GO-CS and

GO-CS-P.
Adsorbents  pH
Cs(D)
GO 5.0 4.94
GO-CS 5.0 4.32
GO-CS-P 5.0 0

Experimental conditions

pH=5.0, 7=298 K
pH=4.5, T=298 K
pH=5.0, T=298 K
pH=5.5, T=287 K
pH=5.5, T=287 K
pH=5.9, T=298 K
pH=4.5, T=298 K
pH=2.5, T=298 K
pH=5.0, T=298 K
pH=3.0, T=298 K
pH=5.0, T=303 K
pH=5.0, 7=298 K
pH=4.1, T=298 K
pH=5.0, =293 K
pH=5.5, T=298K
pH=6.0, T=298 K
pH=5.3, T=298 K
pH=5.0, 7=298 K
pH=5.0, 7=293 K
pH=5.0, 7=293 K

KSAZ
Sfl)  Co(ll)  Cd(Il)
2.75 3.48 3.23
1.77 2.35 1.88
8.69 10.54 7.16

Gmax (ME/g)

24.9
65.18
100
109.9
114.9
141.2
211
217
236.9
298
309.8
3333
338.43
346.16
350
398.4
409
486.8
57391
779.44

La(III)
2.53
1.49

6.47
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Eu(1II)
2.26
1.44

5.60

Yb(III)
2.65
1.56

5.79



S4 Desorption experiments

The desorption experiments were conducted by soaking two parallel U(VI)-bound GO-CS-P samples
in 200 mL of the CH;COONH,; (5.0x10° mol/L, 100 times higher than the initial U(VI)
concentration of 5.0x10 mol/L) and HNOj; solution (0.01 mol/L), respectively. After 2 days, the
suspensions were centrifuged and filtered through 0.22 pm filter membranes. The amounts of

released U(VI) were measured by ICP-AES.
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Figure S2. XANES spectra of U-containing reference and uptake samples.



Table S4 Structural parameters derived from EXAFS analysis for U-containing samples.

Sample Shell R (A) CN o2 (A?)

U-0,, 1.7812) 2.0 0.0025(3)
UO,(NOs)x(aq)

U-0 2.348(4) 3.9(2) 0.0038(2)
U-O,« 1.784(1) 2.0% 0.0034(4)
GO/U U-0 2.355(4) 3.8(3) 0.0046(3)
U-C 2.913(4) 1.8(4) 0.0055(5)
U-0,, 1.77903) 2.0% 0.0028(4)
- U-O4 2.348(5) 3.7(2) 0.0041(2)
UN 2.396(3) 0.9(4) 0.0044(5)
U-C 2.907(4) 13(5) 0.0067(6)
U-0,, 1.778(2) 2.0% 0.0035(2)
U-O 2.350(3) 3.9(1) 0.0046(4)
GO-CS-P/U U-C 2.898(4) 1.03) 0.0055(5)
U-PI 3.124(3) 2.102) 0.0074(4)
U-P2 3.610(4) 132) 0.0102(5)
U-0,, 1.778Q2) 2.0% 0.0036(3)
—— U-Oq 2352(3) 3.8(3) 0.0041(4)
U-P 3.595(4) 41(1) 0.0058(2)
U-u 5.233(2) 3.9(2) 0.0138(6)

R--Bond distance, CN--Coordination number, o?--Debye-Waller factor, *--Fixed or constrained

during spectral fitting. The estimated standard deviations are listed in parentheses, representing

the error in the last digit.

S6 XPS analysis

Table S5 Binding energies of P 2p, O 1s and U 4f before and after U(VI) uptake by GO-CS-P.

Samples

Before U(VI) uptake

After U(VI) uptake

P 2p (eV)

P2ps»,  P2pip

133.57  134.57

133.42  134.32

531.33

531.35

Valence states

O Is(eV)
P-O C-0-C
53236  533.21
532.03 532.92

533.95

533.40

U 4f (eV)
U 4ty U 4fs),
uav) UVI  Uav) UVl
380.27 382.07 391.10 392.88
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