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Table S1. Optical micrographs for ALPEI, CI-ALPEI, POH-ALPEI (and average bead

size).
Sample Optical micrograph Average size
ALPEI 2.7 +0.02 mm
CI-ALPEI 2.195 +0.07 mm
POH-ALPEI 2.07 £+0.07 mm




Table S2. SEM micrographs of ALPEI, CI-ALPEI, P*-ALPEI and POH-ALPEIL

Sample - SEM - Crosscut

ALPEI

CI-ALPEI

P*-ALPEI

POH-ALPEI




Table S3. Semi-quantitative EDX analysis of surface and crosscut section of ALPEI, Cl-
ALPE], P*-ALPEI and POH-ALPEL

Crosscut
Element Atomic Weight . 2 Element Atomic Weight
Symbol Conc. Conc. Symbol Conc. Conc.
(o] 45.42 46.66 C 47.75 45.77
o 42.25 42.89 g4 O 39.65 42.97

N 8.72 5.08 N 10.82 5.2
Ca 3.43 4.99 Ca 1.58 5.61
S 0.12 0.28 S 0.2 0.45
Na 0.06 0.1
ALPEI/Crosscut section
ALPEI/Surface

7 8 9 10 ) 1 2 L 8 9 10
54.944 counts in 91 seconds

Element Atomic  Weight Element Atomic Weight
Symbol Conc. Conc. Symbol Conc. Conc.
o 4391  47.93 o 47.79  51.84
C 41.48  38.96 (o] 40.32  36.71
N 8.16 4.97 s N 6.63 4.25
Cl 4.17 4.73 Cl1 3.45 4.09
Ca 2.08 2.97 N Ca 1.56 2.55

S 0.2 0.44 Pe. A Y B 0.25 0.56

Cl-AL PEI/Surface CI-ALPEI/Crosscut section

o 1 &
0 1 & 3 4 5 6 74 8 9 10 45,296 counts in 121 seconds

120,861 counts in 117 seconds
~ ' Element Atomic Weight .
~ Symbol Conc. Conc.

Element Atomic Weight
Symbol Conc. Conc.

44.67  48.88 ® O 4414 46.64
23 3634 C 4126 3957
g 1 N 738 573

3.49 7.25 P 6.59 6.9
3:33 1131;2 Ca 026 0.68
0402 c o021 015

e s 0.16  0.33

P*-ALPEI/Surface

P*-ALPEI/Crosscut section

7 8 o 1 2
47,886 counts in 96 seconds

1 2
177,926 counts in 119 seconds

Q 27 Element Atomic Weight ‘ Element Atomic Weight
\:\«-bol Coac, Comc, Symbol Conc. Conc.
! C 646 VX C 45.86 45.03
o W 3409 o 4022 43.19
N 6.64 ian
P 663 PR N 7.34 5.13
| Br 0.89 0as P 5.21 5.72
Br 0.97 0.13
Cl 0.21 0.31

S 0.19 0.49

X oty Ay 048 0.4
e s 011 023 L
POH-APEUSurface

POH-ALPEI/Crosscut section

) 3

® i ] [ 1 2
146,007 o i 31T sevonse 170,330 counts in 119 seconds




Table S4. Elemental analysis of ALPEI beads, intermediary products
(epichlorohydrine-activated ALPEI, CI-ALPEL and phosphorylated ALPEI beads,
P*-ALPEI), and sorbent (de-esterified phosphorylated beads, POH-ALPEI)

Material C (%) N (%) N@ H (%) O (%) o® S (%) P (%) P@
ALPEI 38.1 49 3.48 5.89 34.9 21.80 0.2 0.0 0.00
CI-ALPEI 40.4 4.1 2.96 6.03 37.6 23.52 0.2 0.0 0.00
P*-ALPEI 41.4 3.9 2.79 6.41 40.5 25.34 0.1 6.5 2.10
POH-ALPEI 39.1 3.9 2.78 6.13 43.2 27.03 0.1 6.8 2.20

(a): molar units for element content (i.e., mmol Element g-).



Table S5. FTIR assignments and wavenumbers (cm™) of ALPEI, intermediary products (epichlorohydrine-activated ALPEI, Cl-ALPEL and

phosphorylated ALPEI beads, P*-ALPEI), and sorbent (de-esterified phosphorylated beads, POH-ALPEI).

Vibration Ref. Wh. in ref. ALPEI Cl- ALPEI P*-ALPEI POH- ALPEI

O-H overlapped with N-H stretch [1, 2] 3500 -3000 3402 3383 3477 3371

Aliphatic C-H (stretch) [2] 2970-2750 2937/2775 2937/2767 2935/2767 2939/2767

C=0 ester (stretch) [2] 1750-1725 1753 1753 1751 1753

C=0 amide (stretch)/ 1° and 2° amine bend (over- [1,3, 4] 1690-1630 1620 1622 1631 1622

lapped)

C-H/ 1°/2° hydroxyl groups bend and -COO- salt [1, 5-7] 1485-1260 1382 1381/1213 1381 1382
(broad) (broad)

Asymmetric P=O [8-11] 1350-1250

Phosphate ion P(O) (stretch) [12,13] 1100-990 1033

C-C, C-Oand C-N (stretch) [2, 14-17] 1350-1000 1055/949 1076 1055

OH (bend) out-of-plane [1, 2] 750-590 833

CH»-Cl [18] 700-800 808

P-O-C band (stretch) [8-12] 570/1100-990 802/526 810/570




Table S6. Assignments and interpretation of major XPS signals for ALPEI, intermediary products (i.e., CI-ALPEI and P*-ALPEI) and POH-

ALPEL
) ALPEI CI-ALPEI P*-ALPEI POH-ALPEI .
Signal BE(eV)  AF (%) BE (eV) AF (%) BE(eV)  AF(%)  BE(eV)  AF (%) Assignment
284.6 31.25 284.6 37.59 284.8 63.56 284.7 42.33 Advé(_jéC—C,
C-N, C-OH,
Cls 286.1 42.48 286.1 41.96 286.5 23.77 286.1 41.51 C-0-C, C-Cl
287.6 20.85 287.4 15.39 287.6 6.46 287.3 12.20 C=0 (amide)
288.9 5.41 288.8 5.06 288.9 6.21 288.9 3.96 Carboxylic
Carboxylate,
531.0 30.08 530.9 28.85 531.3 29.21 C=O (amide)
O1s 532.5 58.31 532.3 56.72 531.6 38.19 C-OH
533.8 11.61 533.5 14.43 O-H (H20)
532.9 61.81 532.6 70.79 O-P (phosphonic)
399.2 75.81 399.6 72.09 399.3 46.75 N (amine)
N 1s 400.9 24.19 400.6 19.66 N (amide)
400.1 58.15 N (amine or amide)
401.77 2791 402.1 41.85 402.0 33.59 Alkylammonium
P2y 133.8 66.67 132.8 66.67 P 2ps» (phosphonic)
134.6 33.33 133.7 33.33 P 2p12 (phosphonic)
167.7 66.67 168.0 48.47 168.1 66.67 168.1 (€) S 2p32 (sulfonic)
S2p 168.9 33.33 169.2 2424 169.3 33.33 169.3 (¢) S 2p1.2 (sulfonic)
163.5 18.2 (¢) S 2psp2 (S-S)
164.7 9.10 (¢) S 2p12(S-S)
Ca 2psp 347.1 347.2 347.5 347.2 (e) Ca?
197.3 11.86 () Cl 2p32 (Cl)
Cl2p 198.9 5.93 (¢) Cl 2p12 (Cl)
199.9 54.81 (e) 199.9 66.67 Cl 2p312 (CI-C covalent bond)
201.5 27.40 (e) 201.5 33.33 Cl 2p12 (CI-C covalent bond)

(e): weak signal.



Table S7. FTIR assignments and wavenumbers (cm™) of ALPEI before and after La(III) and Tb(III) (and after 5 cycles of sorption/desorption).

La(III) Tb(I1I)
Vibration Ref. Whn. in ref. ALPEI
loaded 5cycles loaded 5 cycles
O-H overlapped with N-H stretch (2] 3500 -3000 3402 3392 3404 3397 3405
2937

Aliphatic C-H (stretch) [2] 2970-2850 22;__) 2926 2933 weak weak
C=0 ester (stretch) [2] 1750-1725 1753 1751 1753
C=0 amide (stretch)/ 1° and 2° amine bend (overlapped) [1, 4] 1690-1630 1620 1618 1618 1622 1622
C-H/ 1°/2° hydroxyl groups bend and -COO- salt [1, 5-7] 1485-1260 1382 1431 1429 1381 1382
C-C, C-Oand C-N (stretch) [2, 14-17] 1350-1000 1033 1033 1033 weak weak
OH (bend) out-of-plane [1, 2] 750-590 833 815 817 835 833




Table S8. FTIR assignments and wavenumbers (cm) of POH-ALPEI before and after La(IlI) and Tb(III) (and after 5 cycles of sorption desorp-

tion).
La(III) Tb(III)

Vibration Ref. Whn. in ref. POH-ALPEI

loaded  5cycles loaded 5 cycles
O-H overlapped with N-H stretch [2] 3500 -3000 3371 3415 3404 3410 3404

2

Aliphatic C-H (stretch) (2] 2970-2850 2222 2954 2954 2974 2953
ester C=O (stretch) [2] 1750-1725 1753 1701 1699 1703 1703
C=0 of amide (stretch)/ 1° and 2° amine bend (overlapped) [1, 4] 1690-1630 1622 1618 1620 1624 1622
C-H/ 1°/2° hydroxyl groups bend and -COO- salt [1, 5-7] 1485-1260 1382 (broad) 1381 1383 1384 1383
Asymmetric P=O [8-11] 1350-1250
Phosphate ion P(O) (stretch) [12, 13] 1000-1100
C-C, C-Oand C-N (stretch) [2, 14-17] 1350-1000 1055 1057 1057 1055 1057
OH (bend) out-of-plane [1, 2] 750-590
P-O-C band (stretch) [11, 18] 570/1100-990 810/570 808/561  810/567  808/563  808/563

Sulfate ion [1,19] 680-610 617 617




Ed

polymers

Table S9. Assignments and interpretation of major XPS signals for POH-ALPEI before and after
La(IlI) and Tb(III) sorption.

Signal POH-ALPEI Sorbent + La(III) Sorbent + Tb(III) Assignment
BE (eV) AF (%) BE (eV) AF (%) BE (eV) AF (%)
284.7 42.33 284.5 33.09 284.7 37.90 Adv. C, C-C, -C=C-
C1s 286.1 41.51 286.0 44.71 286.1 40.87 C-N, C-OH, C-O0-C
287.3 12.20 287.3 14.75 287.4 14.34 C=0 (amide)
288.9 3.96 288.6 7.45 288.7 6.89 Carboxylic
531.3 2921 530.6 15.54 530.9 11.76 Carboxylate,
O1s C=0 (amide)
532.6 70.79 532.2 69.21 532.4 63.00 O-P (phosphonic)
533.8 15.25 533.7 25.25 O-H (H20)
399.3 46.75 399.6 57.76 398.4 59.23 N (amine)
N 1s 400.6 19.66 401.3 31.54 400.3 26.65 N (amide)
402.0 33.59 402.4 10.71 401.3 14.13 Alkylammonium
P 2p 132.8 66.67 134.4 66.67 133.3 66.67 P 2ps2 (phosphonic)
133.7 33.33 135.2 33.33 134.1 33.33 P 2p12 (phosphonic)
S2p 168.1 (¢) 167.9 66.67 167.9 66.67 S 2ps2 (sulfonic, sulfate)
169.3 (&) 169.1 33.33 169.1 33.33 S 2p1p2 (sulfonic, sulfate)
Ca2p 347.2 (¢) Ca 2psp
Cl2p 199.9 66.67 ClI 2ps2 (C1-C covalent bond)
201.5 33.33 Cl 2p12 (CI-C covalent bond)
~ 835@ La 3ds2 (La(IIl))
La3d ~ 851 La 3ds2 (La(lIl))
b 4d 152-151 Tb 4ds: (Tb(IV))
~ 149 (¢) Tb 4ds (Tb(IIT))

@Multiplets with ABEs ~ 3.2-3.4 eV
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Table S10. SEM micrographs and semi-quantitative EDX analysis of surface of POH-ALPEI after
La(III) and Tb(III) sorption at pHo 5.
Sorbed metal ion A SEM EDX analysis

B 7. Element Atomic Weight

. "t Symbol Conc.  Conc.

W C 40.59 41.48

.. 0 39.24 4227
N 8.73 5.37
P 831 6.12
" La 206 2.64
4S 0.77 1.77
el 017 0.4
La(III) Na 013 021

POH-ALPEI+La
Element Atomic Weight

Symbol Conc. Conc.

(o] 41.97 41.97

C 39.2 38.76
N 7.29 6.49
=P 7.71 7.49
“. Tb 2.47 3.09
§aS 0.89 1.95
Tb(III) Na 028  0.09

e 0.19 0.16

POH-ALPEI+Tb

0 1 2
62218 counts in 118 seconds
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Figure S1. Thermal degradation of ALPEI beads, intermediary products (epichlorohydrine-
activated ALPEI, CI-ALPEI, and phosphorylated ALPEI beads, P*-ALPEI), and sorbent (de-esterified
phosphorylated beads, POH-ALPEI): (a) TGA, and (b) DrTG.

) Transition Extrema Weight Total weight
Material
Range (°C) DrTG (°C) loss (%) Loss (%)
27.81-197.81 13.74
197.81-481.01 319.09 46.90
ALPEI 82.87
481.01-638.81 500.21 15.38
638.81-909.41 696.61 6.85
36.01-195.01 58.01 9.40
195.01-497.81 301.01-406.41 40.63
CI-ALPEI 76.65
530.41-549.01-674.77-
497.81-909.61 26.62
836.02
27.63-227.63 13.78
P*-ALPEI 227.63-445.43 253.83-406.8 18.83 78.94
445.43-909.23 449.02-792.63 46.33
24.86-194.86 11.35
POH-ALPEI 194.86-549.26 290.06-455.26-480.2 72.16 96.24
549.26-909.26 671.06-768.5 12.72
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Figure S2. Determination of the pHrzc of ALPEI and POH-ALPEI sorbents using the pH drift
method (Sorbent dosage, SD: 2 g L!; time: 48 h; background salt: 0.1 M NaCl).
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Figure S3. Focused FTIR spectra of ALPEI, POH-ALPEI and intermediary products.
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time: 48 h; T: 21 +1 °C).
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