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Figure S1. The main oxygen containing groups in carbon materials. 

 

Table S1. Reactivity of the oxygen containing groups. 

Functional group Reactivity with amine groups 

(a) Ether (pyrone) No reaction 

(b) Phenol No reaction 

(c) Hydroxyl No reaction 

(d) Epoxide No reactiona 

(e) Lactone No reaction 

(f) Cyclic anhydride 
(6 members) 

 
(g) Cyclic 
anhydride (5 
members)  

(h) Carbonyl 

 

(i) Quinone 

 

(k) Carboxylic acid 
 

aEpoxides usually react with amine groups, but in carbon materials there are restrictions which 

hinder the reaction (see the introduction of the manuscript). 



 

Figure S2. Quantitative 13C-RMN (CDCl3, 100 MHz) spectrum of HBPEI600. 

 

Figure S3. Quantitative 13C-RMN (CDCl3, 100 MHz) spectrum of HBPEI1800. 

 

 

 

 

 

 



Table S2. Chemical composition from elemental analysis. 

E. A. C N O H  

MW/pH9-1800 84,7 2,6 11,8 0,9  

MW/O3G(60)-1800 89,2 3,7 5,8 1,3  

MW/OP(2)-1800 92,3 2,8 3,8 1,2  

MW/OP(30)-1800 90,6 3,9 3,9 1,6  

MW/pH9-Est-1800 92,5 2,7 3,9 1,0  

MW/OP(2)-Est-1800 91,9 2,7 4,4 1,0  

MW/OP(30)-Est-1800 90,2 3,2 5,2 1,3  

MW/pH9-600 93,2 1,6 4,5 0,7  

MW/OP(30)-600 92,9 2,7 3,4 1,0  

MW/pH9-Est-600 92,2 1,7 5,2 0,9  

 C N O S H 

CSX/pH9-1800 94,7 0,6 3,4 0,7 0,6 

CSX/O3G-1800 95,0 0,8 2,8 0,7 0,7 

CSX/OP(2)-1800 94,6 0,7 3,4 0,8 0,7 

CSX/OP(10)-1800 94,0 0,8 3,7 0,8 0,7 

CSX/pH9-Est-1800 94,8 0,6 3,4 0,8 0,5 

CSX/O3G(60)-Est-1800 94,5 0,6 3,6 0,7 0,5 

CSX/OP(2)-Est-1800 94,4 0,6 3,7 0,8 0,5 

CSX/OP(10)-Est-1800 94,1 0,7 3,9 0,8 0,5 

 

 

 

 

 

Figure S4. TG (red line) and DTG (blue line) plots of both polyamines. Experimental 
conditions: nitrogen flow (80 ml · min-1), heating rate 10 °C · min-1. 
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Figure S5. TG (red line) and DTG (blue line) plots of hybrids of MW-series. 
Experimental conditions: nitrogen flow (80 ml · min-1), heating rate 10 °C · min-1. 
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Figure S6. TG (red line) and DTG (blue line) plots of hybrids of CSX-series. Experimental 
conditions: nitrogen flow (80 ml · min-1), heating rate 10 °C · min-1. 
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Figure S7. Nitrogen adsorption isotherms of the original MW and CSX. 
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Figure S8. The XPS survey spectra of samples discussed in figure 7 of the manuscript. 

 

 

 

 

020040060080010001200

a
.u

.

B.E. (eV)

C 1s

O 1s

MW/O3G

020040060080010001200

a
.u

.

B.E. (eV)

C 1s

O 1s
N 1s

MW/O3G-1800

020040060080010001200

a
.u

.

B.E. (eV)

C 1s

O 1s
MW/OP(30)

020040060080010001200

a
.u

.

B.E. (eV)

C 1s

O 1s

N 1s

MW/OP(30)-1800

020040060080010001200

a
.u

.

B.E. (eV)

C 1s

O 1sCSX/OP(10)

020040060080010001200

a
.u

.

B.E. (eV)

C 1s

O 1s

N 1s

CSX/OP(10)-1800



 

Figure S9. The treatment of a plasma oxidized sample with methanol at room 

temperature for 1 hour results in the loss of the labile oxygen containing groups as it 

seen by comparing the XPS spectra of the parent sample, MW/OP-R, and of methanol 

treated sample, MW/OP-R-MeOH. Both spectra and the difference are collected in this 

figure. Thus a significant decrease of the XPS signal in the 286-287 eV range is apparent 

after the treatment with methanol.  

 

Figure S10. Plots to determine the zero point of charge. 
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Figure S11. a) original MW and b) MW/OP(30)-1800, both in water.  

 

 

Figure S12. Species distribution plots resulting from the reaction of the polyamines 

with Ni2+. The numbers refer to the equilibria in Table S2. 

 

Table S3.Equilibrium constants (log K) of HBPEI/Ni(II). 

 
Equilibrium 

log K 

 HBPEI600 HBPEI1800 

1 [H2L]
2+

 + Ni
2+

 ↔ [NiH2L]
4+

 3.19 ± 0.04 2.74 ± 0.04 

2 [H3L2]
3+

 + Ni
2+

 ↔ [NiH3L2]
5+

 6.66 ± 0.05 6.30 ± 0.05 

3 L + Ni
2+

 ↔ [NiL]
2+

 10.48 ± 0.06 10.42 ± 0.06 

4 2L + Ni
2+

 ↔ [NiL2]
2+

 18.40 ± 0.05 18.60 ± 0.05 

5 [L2Ni]
2+

 + H
+
 ↔ [NiHL2]

3+
 8.40 ± 0.02 8.40 ± 0.02 

6 Ni
2+

 + OH
-
 ↔ [Ni(OH)]

+
 -7.00 ± 0.08 -7.00 ± 0.08 

7 [Ni(OH)]
+
 + OH

-
 ↔ [Ni(OH)2] -9.00 ± 0.04 -9.00 ± 0.04 

8 [Ni(OH)2] + OH
-
 ↔ [Ni(OH)3]

-
 -7.00 ± 0.02 -7.00 ± 0.02 

9 [Ni(OH)3]
-
 + OH

-
 ↔ [Ni(OH)4]

2-
 -12.00 ± 0.02 -12.00 ± 0.02 
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Figure S13. Species distribution plots resulting from the reaction of the hybrids with 

Ni2+. The numbers refer to the equilibria in Table 3. 

 

Table S4. Equilibrium constants (log K) of hybrids/Ni(II) 

Equilibrium 
log K 

MWOP30-600 MWOP30-1800 

[H2L]
2+

 + Ni
2+

 ↔ [NiH2L]
4+

 1.84 ± 0.04 4.50 ± 0.02 

[H3L2]
3+

 + Ni
2+

 ↔ [NiH3L2]
5+

 5.97 ± 0.06 7.16 ± 0.08 

L + Ni
2+

 ↔ [NiL]
2+

 11.95 ± 0.03 11.95 ± 0.04 

2L + Ni
2+

 ↔ [NiL2]
2+

 22.28 ± 0.05 22.90 ± 0.05 

[L2Ni]
2+

 + H
+
 ↔ [NiHL2]

3+
 5.25 ± 0.04 4.20 ± 0.04 

Ni
2+

 + OH
-
 ↔ [Ni(OH)]

+
 -5.89 ± 0.01 -5.65 ± 0.01 

[Ni(OH)]
+
 + OH

-
 ↔ [Ni(OH)2] -9.11 ± 0.06 -9.35 ± 0.07 

[Ni(OH)2] + OH
-
 ↔ [Ni(OH)3]

-
 -9.00 ± 0.05 -9.00 ± 0.04 

[Ni(OH)3]
-
 + OH

-
 ↔ [Ni(OH)4]

2-
 -7.31 ± 0.01 -7.30 ± 0.01 

 

The effective complexation constants have been determined by using the equation: 

     
∑[     ]

∑[    ] ∑[ ]
 

 

Where [M], [HiLj] and [MHiLj] are the metal, ligand species and abduct formed by M and HiLj at 

the equilibrium, respectively. 
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Table S5. A summary of the reported amount of Ni(II) captured by carbon based adsorbents. 

Adsorbent Ni(II) (mg/g) Ref. 

Activated carbón 17.8 1 

Oxygen-Functionalized Carbons 72 2 

Carbon-based adsorber resin Lewatit AF 5 5 3 

sunflower plant biomass-based carbons 25.2 4 

Activated Carbon 9.4 5 

expanded graphite modified with phosphoric acid and glucose 10 6 

activated carbon 10 7 

Citrus limettioides Seed and Its Carbon Derivative 36 8 

activated carbons 97.3 9 

activated carbon 158.8 10 

activated carbon with tetraethylenepentamine 128 11 

on 1-(2-pyridylazo)-2-naphthol impregnated activated carbon cloth 43.2 12 

activated carbon 48.5 13 

activated carbon 166.7 14 

activated carbons 40.1 15 

amino functionalized magnetic graphenes 22.1 16 

activated carbons 51 17 

Activated carbon 17.9 18 

coconut charcoal 1.8 19 

Activated carbon 15 20 

Activated carbon 22.2 21 

Carbon black 86.9 22 

Activated carbon 53.2 23 

activated carbon 6.6 24 

Commercial Carbons Modified with Egg Shell Wastes 9.8 25 

Active carbon 31.5 26 

of Coconut Oilcake Carbon 556 27 

activated carbon derived from walnut shell 15.3 28 

an active carbon/functionalized polyamine hybrid material 2.9 29 

Pyrolytic Chars 25 30 

Activated carbon 31.1 31 

Activated carbon 17.4 32 

activated carbon/L-lysine derivative 2.9 33 

carbon nanotubes 47.8 34 

chemically activated carbons 23 35 

activated carbon 4.9 36 

Activated carbon 54.5 37 

activated carbon 62.5 38 
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Figure S14. HRTEM images of: a) CSX/OP(10) and b) CSX/OP(10)-1800. 

a b 


