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Synthesis of p(PDI-EO)
The synthesis of the polymer was adapted from known methods.1 The modified procedure 
consisted of 3,4,9,10-perylenetetracarboxylic dianhydride (PTCDA; 800 mg, 2 mmol), 
Jeffamine® ED-600 (1.23 g, 2 mmol), imidazole (5.0 g, 74.5 mmol) and zinc acetate (385 mg, 2 
mmol) that were combined and heated with stirring at 140 °C for 5 h. The temperature was then 
lowered to 70 °C and hydrochloric acid (1 N, 50 mL) was added to the hot mixture. The mixture 
was stirred and the temperature was allowed to gradually cool to ambient temperature. The 
resulting precipitate was collected via vacuum filtration and it was washed with a boiling solution 
of saturated potassium carbonate followed by boiling distilled water until the pH of the filtrate was 
neutral. The black solid that was obtained was dried in air at 100 °C before removing the undesired 
oligomers by washing several times with DMSO. Mn = 17 240 g/mol calculated from 

; Ð=1.30. Conversion 97% according to the 
Σ[(𝑚𝑎𝑠𝑠 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑏𝑦 𝑑𝑀 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙) ∗  𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑤𝑒𝑖𝑔ℎ𝑡]

Σ[𝑚𝑎𝑠𝑠 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑏𝑦 𝑑𝑀 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙]

Carothers’ equation calculated from the GPC Mn data.

13C-NMR spectroscopy of p(PDI-EO)S1,S2

The 13C-NMR (100 MHz) spectrum of p(PDI-EO) was acquired in CDCl3 (40 mg/mL; Table S1). 
The spectrum was benchmarked against the corresponding constitutional components: PDI (CDCl3 
25 mg/L) and Jeffamine® ED-600 (D2O). The peaks corresponding to the perylene diimide 
repeating unit were located after 100 ppm. The polymerization was confirmed by the absence of 
the characteristic peaks of the anhydride monomer in the 200 ppm region. The Jeffamine® ED-
600 repeating unit was assigned to the region below 100 ppm as per Table S1. 13C-NMR (CDCl3, 
100 MHz) = 163.36, 133.49, 130.70, 123.18, 122.62, 121.54, 75.02, 72.24, 70.50, 48.66, 17.34, 
15.26 ppm.

Table S1. 13C-NMR peak assignment. 
Chemical shift 

(ppm) Assignment

163.36 N-Cζ=O

133.49, 130.70, 
123.18, 122.62, 
121.54

Perylene core

75.02, 72.24, 70.50 Cδ-O

48.66 Cγ-N

17.34 H3Cβ-C-O

15.26 H3Cα-C-N
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Figure S1. Structure and numbering of p(PDI-EO) corresponding to Table S1 (m+p=6).

1H-NMR of p(PDI-EO) 
The 1H-NMR (400 MHz) spectrum of p(PDI-EO) was measured in CDCl3 (10 mg/mL; Table S2). 
= 8.36, 5.52, 4.27, 3.98, 3.90, 3.67, 2.60, 1.66, 1.28, 1.12 ppm. The unmarked peak remains from 
the hidden CDCl3 peak (7.28 ppm).

Table S2. 1H-NMR peak assignment.  
Chemical shift (ppm) Assignment

8.36 Hκ-Ar

5.52 H2ιC-O

4.27 H2θC-O

3.98 HηC-O

3.90 H2ζC-O

3.67 H2εC-O

2.60 H2δC-N

1.66 H3γC-CO

1.28 H3βC-CN

1.12 H3αC-CN
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Figure S2. Structure and numbering of p(PDI-EO) corresponding to Table S2 (m+p=6).

FT-IR spectroscopy of p(PDI-EO)S2,S3,S4,S5,S6

FT-IR spectra of the as-synthesized polymer was measured with an ATR accessory. The vibrations 
of the copolymer were assigned as per Table S3. No characteristic vibrations in the 1750-1800 
cm-1 region, corresponding to the carbonyl of the anhydride, were observed and no free amine was 
found in the 3200-3350 cm-1 range. The absence of these characteristic vibrations proves the 
complete conversion of both the PTCDA and Jeffamine®, respectively, to the title polymer.S2,S6

Table S3. FT-IR frequency assignment of p(PDI-EO).
Frequency 

(cm-1) Assignment

2913, 2842 H-C-H asym. And sym. 
Stretching

1697, 1650 C=O stretching (imide)

1591, 1501 C=C stretching (aromatic)

1464 H-C-H bending

1402 C-C stretching

1340 C-N stretching

1300, 1256 C-C stretching

1089 C-O-C stretching (ether)

977, 933, 
853, 809 =C-H bending
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Figure S3. GPC elugram of the mass fraction p(PDI-EO), w(log M), in chlorobenzene relative to 
polystyrene standards in a dM interval. 

Figure S4. Thermal gravimetric analysis of p(PDI-EO) (red line) and Jeffamine® ED-600 (blue 
line).
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Figure S5. Scattering (435-485 nm) and emission (485-850 nm) spectra of the p(PDI-EO) in 
dichloromethane (A) and as a thin film drop cast on PET-ITO (B) measured with an integrating 
sphere relative to a blank substrate (black line). A neutral density filter was used for the solid-state 
scattering measurements.

Figure S6. Solid-state excitation (blue) and emission (black) spectra of p(PDI-EO) (solid line) and 
PDI (dashed line). The optical energy gap (E0,0) is calculated from the Planck-Einstein equation 
from the intersection (0,0) of the normalized absorption and emission spectra at 589 nm (red line).
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Figure S7. Absorbance (A) and emission (B) spectra of p(PDI-EO) (solid line) and PDI (dashed 
line) in dichloromethane.

Figure S8. Cyclic voltammogram of p(PDI-EO) measured in EC:DMC (1:1) with LiPF6 (1 M) at 
0.1 mV/s scan speed in the 2-4 V windows relative to Li+/Li reference. The black arrow delimits 
the window for the electrochemical testing. Red dashes correspond to the Ered

1/2=2.47 V vs Li+/Li.
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Figure S9. Ultraviolet photoemission spectrum of p(PDI-EO) for determining its valence band 
(VBM) and work function (WF).

Figure S10. SEM micrograph cross-section of p(PDI-EO) photoelectrode at 4k magnification.
Table S4. Composition of the electrodes presented in Figure 4.

Polymer Binder Electrode composition 
(cLFP:C65:Binder)

cLFP Loading (mg/cm²)

p(PDI-EO) (82:2:16) 0.38

PEO 1 000 kg/mol (82:9:9) 4.79

PEO 1 000 kg/mol (82:2:16) 3.26

PEO 35 kg/mol (82:9:9) 2.39

PEO 35 kg/mol (82:2:16) 3.91
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Figure S11. Fluorescence micrographs of the p(PDI-EO) photoelectrode prepared with a 
polymer:carbon filler:LFP composition of 82:2:16 wt%: top-view magnified 50k (left) and cross-
section magnified 20k (right).

Table S5. Assignment of FT-IR frequencies of pristine p(PDI-EO)/LFP electrode.a,S7,S8,S9,S10,S11,S12

Frequency (cm-1) Assignment

461, 494, 546, 573 PO4
3- bending

936, 1036, 1136 PO4
3- streching

631, 646 FeO6

742, 807 =C-H bending

1254, 1403 C-C stretching

1343 C-N stretching

1576, 1591 C=C stretching

1652, 1696 imide C=O 
stretching

a Red=p(PDI-EO) and green=cLFP.
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Table S6. Assignment of FT-IR frequencies of p(PDI-EO)/LFP electrode after 100 hours of 
OCV in the dark.a,b

Frequency (cm-1) Assignment

770 S-N and C-S 
streching, S-N 
streching, CF3 
bending

797 S-N and C-S 
streching CF3 
streching

1193 C-F3 stretching 

1345 SO2 streching

1639 =C-O-Li+ (lithium 
enolate) 

a LiTFSI electrolyte in water (3.5 mL, 1 m), FePO4 counter electrode, and Ag/AgCl reference 
electrode. b Only the peaks shifted from Table S5 are assigned. Red=p(PDI-EO); 
purple=LiTFSI.

Table S7. Assignment of FT-IR frequencies of p(PDI-EO)/LFP electrode after a D/20 discharge 
followed by 35 hours OCV in the dark.a,b 

Frequency (cm-1) Assignment

952 PO4
3- stretching

a LiTFSI electrolyte in water (3.5 mL, 1 m), FePO4 counter electrode, and Ag/AgCl reference 
electrode. b Only the peaks shifted from Table S6 are assigned. Green=cLFP.
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Table S8. Assignment of FT-IR frequencies of p(PDI-EO)/LFP electrode after a D/20 discharge 
followed by OCV during illumination (Figure 4).a,b

Frequency (cm-1) Assignment

461-506

548-570

615 

987-1045

PO4
3- stretching

1581, 1594 C=C stretching

1634 =C-O-Li+ (lithium 
enolate) 

1696 imide C=O 
stretching

a LiTFSI electrolyte in water (3.5 mL, 1 m), FePO4 counter electrode, and Ag/AgCl reference 
electrode. b Only the peaks shifted from Table S7 are assigned. Red=p(PDI-EO); green=cLFP.

Figure S12. Schematic representation of the expected light induced imide lithiation by cLFP.
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