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Solution 'H, 3'P and '3C NMR spectra were recorded on a Bruker 400 ultrashield VS spectrometer
(Larmor frequencies, 400.13 MHz for 'H, 161.976 MHz for 3'P, 100.613 MHz for 13C) using deuterated

chloroform as the solvent and internal standard.
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Fig. S1. Structural formula of Di-2-EthylHexylCarbamoyleEthylButyl Phosphonate (DEHCEBP).



Analyses were performed on a Bruker Micro Q tof Mass spectrometer

High Resolution Mass Result

Analysis Info Acquisition Date 1/25/2024 6:09:00 PM
Sample Name
P ARR-102 a _ SIK Instrument / Ser# micrOTOF-Q 228888.10300
Acquisition Parameter
Source Type  ESI lon Polarity  Positive Scan Begin 50 mfz Scan End 3000 m/z
Intens, +MS, 0,6-0.6min #3538
x104
8
1+
4343392
3
4
2 14+
4563208
p 4252125 4 N 4783018
420 o 4do 450 4fo 470 4fo miz
Meas.m/z # lon Formula Score miz err[mDa] err[ppm] mSigma rdb e~ Conf N-Rule Adduct
434.3392 1 C24H45NSP 3863 4343407 15 3.4 6.2 55 even ok MsH
2 C23H49NO4P 10000 434.3394 0.2 0.4 96 0.5 even ok M«H
4563208 1 C23H4BNNaO4P 10000 456.3213 05 11 43 05 even ok MiNa
478.3018 1 C23H47NNa204P 100.00 478.3033 15 3.2 272 05 even ok  MseNa2-H
867.6728 1 CA4GHITN208P2 10000 867.6715 13 1.5 705 05 even ok 2M+H
889,6546 1 Cd46HOGN2N20BP2 10000 889,6534 11 13 198 05 even ok 2M:Na

Fig. S2. + mode mass spectrum calculated for Cy3HyoNOy

*=434.3394; found= 434,3392.

High Resolution Mass Result

Analysis Info Acquisition Date 1/26/2024 11:34:34 AM
Sample Name
ARR-102 a — SIK Instrument / Ser# micrOTOF-Q 228888.10300
Acquisition Parameter
Source Type  ESI lon Polarity  Negative Scan Begin 50 miz Scan End 3000 m/z
Intens. "MS, 0,4min #22]
x1
4
i
432.3246
3
2
1
0 T T T T T T
420 430 440 450 460 470 480 mz
Meas.m/z # lon Formula Score m/z err[mDa] err[ppm] mSigma rdb e” Conf N-Rule Adduct
432.3246 1 C24H43NsP 4233 432.3262 1.6 a7 36.4 65 even ok M-H
2 C23H47NO4P 10000 432.3248 03 0.6 428 15 even ok M-H
8656562 1 C46HISN208P2  100.00 865.6569 0.7 08 21 1.5 even ok 2M-H

Fig. S3. - mode mass spectrum calculated for C,3H,,NO4P-

= 432.3248; found= 432,3246.
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Fig. S4.3'P NMR spectrum (CDCl;, 162 MHz) of Di-2-EthylHexylCarbamoyleEthylButyl
Phosphonate (DEHCEBP). & (ppm), 26.7.
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Fig. S5. '"H NMR spectrum (CDCls, 400 MHz, 25°C) of Di-2-EthylHexylCarbamoyleEthylButyl
Phosphonate (DEHCEBP). & (ppm): 9.04 (broad s, 1H, POH); 4.06-3.97 (m, 2H, P-O-CH,-CH,-); 3.62
—3.30 (m, 2H, CH-CH,-N); 3.29-3.20 (m, 1H, CO-CH(CHj;)-P), 3.09-2.86 (m, 2H, CH-CH,-N); 1.64



-1.55 (m, 2H, CH-CH,-N), 1.44 — 1.16 (m, 21H, CH2,& CO-CH(CH;)-P) ; 0.91 — 0.78 (m, 15H, CH,-
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Fig. S6. *C NMR spectrum (CDCI3, 100 MHz, 25°C) of Di-2-EthylHexylCarbamoyleEthylButyl
Phosphonate (DEHCEBP). § (ppm): 170.8 (C=0), 65.5 (P-O-CH,), 52.3; 51.78, 50.2, 49.4 (CH-CH,-
N), 38.8 (CH-CH,-N), 36.9 (P-C-CHs), 35.1 (d, Jop=135Hz, P-C-CH,); 32.4 (CH,), 30.3 (CH.), 28.6

(CH,), 23.8 (CH,), 22.9 (CH,) 18.6 (CH,), 13.9 (CHj), 13.5 (CHs), 12.7 (CHs), 10.7 (CHj), 10.3
(CH,).
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Fig. S7. Differential thermogravimetric curve the DEHCEBP ligand.
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Fig. S8. Phosphorous concentration in solution releasde by impregnated GNPs-based materials with
DEHCEBP concentrations of 0.5—-1.2 mmol-g™!. Accurate values could not be determined for the
material with DEHCEBP concentration of 0.3 mmol-g~! because the low phosphorus concentration

values were smaller than the associated measurement errors.
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Fig. S9 Thermogravimetric curve for DEHCEPB + GNP ligands.



