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1 Yield calculation for FACEs

The corresponding yields of the synthesized FACE were determined according to Eqn. S1 and S2:

.

. _ Mrepunit

Yield = (mcellulose) (Sl)
Magu

Miepunit = Magy + (Mg — 1,01 gmol™') x DS; (S2)

mce: mass of cellulose ester

Mecellulose: Mass of cellulose educt

Mirepunit: average molar mass of CE repeating unit

Magu: molecular weight of anhydroglucose unit (162.14 g mol?)

Ms: molecular weight of the substituent (without the linking oxygen atom between the substituent
and the cellulose backbone; 167.27 g mol™)

2 Structural characterization FACE

2.1 ATR-IR spectra of FACE
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Figure S1. (A) ATR-IR spectra of FACE-1 (green line), FACE-2 (black line), and FACE-3 (blue line).
(B) Expanded view of the C=0 and C=C stretching vibration bands for FACE-1 (green line),
FACE-2 (black line) and FACE-3 (blue line).
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2.2 H NMR spectra of FACE
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Figure S2. 'H NMR (400 MHz) of FACE-1 in DMSO-ds (*) at ambient temperature.
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Figure S3. 'H NMR (400 MHz) of FACE-2 in DMSO-ds (*) at ambient temperature.
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Figure S4.H NMR (400 MHz) of FACE-3 in DMSO-ds (*) at ambient temperature.

2.3 3P NMR for DS determination

The DS of the synthesized FACEs were calculated as previously published by Kilpelanien et al.!
according to Equation S3 and S4:

1 1
DS = DSpax X OHS—1OHC (S3)
MS+O_HS_1
Cis xVigxI
OHS — LisXVisXRr (54)

1000000 X mg

DSmax: highest achievable DS value (3 for unsubstituted cellulose)

Ms : molecular weight of the substituent (without the linking oxygen atom between the substituent
and the cellulose backbone; 167.27 g mol?)

cis: concentration of the internal standard (mmol L-1)

Vis: volume of the employed internal standard (pL)

Ir: integration ratio of remaining functionalized cellulose hydroxyl groups against internal standard
ms : sample mass (mg)

OHs: free hydroxyl groups per weight unit of substrate (mol g)

OHc: free hydroxyl groups per weight unit of cellulose (OH¢ = DSmaw’Macu = 3 /162.14 g mol™)
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Figure S5.3'P NMR of phosphorylated FACE-1 in CDCl; at ambient temperature.
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Figure S6. 3P NMR of phosphorylated FACE-2 in CDCls at ambient temperature.
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Figure S7.3'P NMR of phosphorylated FACE-3 in CDCl; at ambient temperature.

3 Material properties of FACEs

3.1 TGA traces of FACEs
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Figure S8. Thermogravimetric analysis (TGA) of FACE-1 (green line), FACE-2 (black line), and
FACE-3 (blue line) from 25 to 500 °C with a heating rate of 10 K min™ under a nitrogen flow.
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3.2 DSC traces of FACEs
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Figure S9. DSC studies (second heating run) of FACE-1 (green line), FACE-2 (black line), and
FACE-3 (blue line) from —40 to 220 °C with a heating rate of 20 °C min~*under a nitrogen flow.

3.3 SEC traces of FACEs
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Figure 10. SEC traces of FACE-2 (black line) and FACE-3 (blue line) in in HFIP+ 0.1%w/v KTFA.
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4 DSC traces of FACE-XS (X=1, 2 or 3)

—— FACE-1S
—— FACE-2S
—— FACE-3S

heat flow / Exo —=

Nau

T — 1 1
-40 -20 0 20 40 60 80 100 120 140
temperature / °C

Figure S11. DSC studies (second heating run) of FACE-1S (green line), FACE-2S (black line), and
FACE-3S (blue line) from -40 to 220 °C with a heating rate of 20 °C min~! under a nitrogen
flow.

5 DSC traces of FACE-XS-washed (X =1, 2 or 3)
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Figure S12. DSC studies (second heating run) of FACE-1S-washed (green line), FACE-2S-
washed (black line), and FACE-3S-washed (blue line) from -40 to 220 °C with a heating rate of
20 °C min~tunder a nitrogen flow.
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6 EDX spectra of FACE-XS-washed (X=1, 2 or 3)
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Figure S13. EDX spectra of FACE-1 (red line) and FACE-1S-washed (black line).
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Figure S14. EDX spectra of FACE-2 (red line) and FACE-2S-washed (black line).
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7 SEM images of FACE-XS-washed (X=1, 2 or 3)

Figure S15. Additional SEM images of FACE-1S-washed (A), FACE-2S-washed (B), and FACE-
3S-washed (C).

8 Mercury sorption studies

Material Ci(nglL?) Ci(pgL?)?
FACE-1S 1000 41.8
FACE-2S 1000 211
FACE-3S 1000 291

2after stirring for 24 h at ambient temperature.
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9 Backscattering electron (BSE) images

Figure S16. BSE-SEM images of FACE-2S (A) and FACE-3S (B).
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