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General 
 

All chemicals were purchased from commercial suppliers and used without further purification. All syntheses were 

carried out under a N2 atmosphere using standard Schlenk techniques unless stated otherwise. THF was distilled 

over sodium wire/benzophenone under N2 prior to use. CH2Cl2 was distilled from sodium. Fluorine doped tin-oxide 

(FTO) glass slides were purchased from Sigma-Aldrich (7 Ω/sq, TEC 7, transmittance: 80-82%). MWCNTs were 

purchased from Sigma-Aldrich, produced by chemical vapor deposition followed by HCl demineralization. 

Average outside diameter: 12 nm, average length: 10 µm, average wall thickness: 7-13 graphene layers, specific 

surface area: ~220 m2/g. NMR spectra were recorded on a Bruker AMX 400 (400.1 MHz, 100.6 MHz for 1H and 

13C respectively). Electrochemical measurements were performed using an Autolab 302 N potentiostat. UV-Vis 

using a Pt-coil as the counter electrode and a Ag/AgCl (3 M KCl) electrode as a reference with (E0 (V vs Ag/AgCl) 

+ 0.21 V vs NHE). Spectra were recorded on a Shimadzu UV-2700 spectrophotometer using 2 mm quartz 

cuvettes. Multiwalled carbon nanotube modified screen printed (DS) electrodes were obtained from DropSens 

(Figure S1). Rates of oxygen evolution were recorded using a Hansatech Instruments Oxygraph. Crystallographic 

data was obtained using a Bruker Kappa Apex II diffractometer equipped with a Triumph monochromator (λ = 

0.71073 Å). 

 
 

Figure S1 Multiwalled carbon nanotube modified screen printed DropSens electrode with an electro active surface area of 0.1 

cm2. 

Syntheses and characterization of compounds 1-4 
 

Synthesis of Pyr+ Br-  1 – 1.0 g 1-(bromoacetyl) pyrene (3.1 mmol, 1.0 eq.) was dissolved in 50 mL dry THF in a 

250 mL three-necked round bottom flask equipped with a magnetic stirring bar, a gas inlet connected to a 

pressurized trimethyl amine gas cylinder and two consecutive gas traps filled with a concentrated HCl solution to 

neutralize escaping trimethyl amine gas. An excess of trimethylamine gas was bubbled through the THF solution 

at a slight overpressure after which a yellow suspension was formed immediately. After 1 hour the yellow 

precipitate was filtered off, washed with volumes of THF and Et2O and dried under vacuum to yield Pyr+ Br- 1 in 

quantitative yield. 

1H-NMR (400 MHz, d6-DMSO): δ = 8.92 (d, 1H, Pyr), 8.65 (d, 1H, Pyr), 8.49-8.42 (5x d, 5H, Pyr), 8.33 (d, 1H, 

Pyr), 8.21 (t, 1H, Pyr), 5.55 (s, 2H, COCH2), 3.46 (s, 9H, N(CH3)3). 
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Synthesis of Pyr+ Br-  2 – In a 25 mL Schlenk equipped with a magnetic stirring bar 100 mg 1-

(bromoacetyl)pyrene (0.31 mmol, 1.0 eq.) was dissolved in 10 mL dry THF. 366 µL 3-dimethylamino-1-propanol 

(3.1 mmol, 10 eq.) was added to the reaction mixture. In time, a yellow precipitation was formed which was 

filtered off, washed with volumes of THF and Et2O and dried under vacuum to yield Pyr+ Br- 2 in quantitative yield. 

 

1H-NMR (500 MHz, d6-DMSO): δ = 8.88 (d, 1H, Pyr), 8.72 (d, 1H, Pyr), 8.48-8.38 (5x d, 5H, Pyr), 8.30 (d, 1H, 

Pyr), 8.19 (t, 1H, Pyr), 5.60 (s, 2H, COCH2), 4.88 (br, 1H, OH), 8.85 (t, 2H, CH2CH2CH2-NHC), 3.55 (t, 2H, 

CH2CH2CH2-NHC), 3.46 (s, 6H, N(CH3)2, 1.99 (m, 2H,  CH2CH2CH2-NHC); 13C-NMR APT (101 MHz, d6-DMSO): 

195.0 (COCH2), 134.3 (C, Pyr), 130.5 (C, Pyr), 130.4 (CH, Pyr), 130.3 (CH, Pyr), 129.8 (C, Pyr), 129.2 (C, Pyr), 

128.5 (C, Pyr), 127.2 (CH, Pyr), 127.1 (CH, Pyr), 127.1 (CH, Pyr), 127.05 (CH, Pyr), 126.7 (CH, Pyr), 124.3 (CH, 

Pyr), 124.0 (C, Pyr), 124.0 (CH, Pyr), 123.2 (C, Pyr), 66.7 (COCH2), 63.0 (CH2CH2CH2-NHC), 57.7 (CH2CH2CH2-

NHC), 51.4 (NCH3), 25.7 (CH2CH2CH2-NHC). 

 

Anion exchange to Pyr+ PF6
- was achieved by dissolving Pyr+ Br- 2 in DMSO followed by stirring and slow addition 

of a saturated KPF6 solution in H2O after which the resulting yellow precipitate was filtered off. 

 

Compound 2 crystallized as yellow plate shaped crystals. The crystals appeared to be non-merohedrally twinned 

with a twofold rotation about uvw = [1,0,0] as twin operation. Consequently, two orientation matrices were used for 

the integration with Eval15.1 Multiscan absorption correction and scaling was performed with TWINABS2 

(correction range 0.59-0.75). 36400 reflections were measured and 9703 reflections were unique (R int = 0.043), of 

which 7772 were observed [I>2(I)]. The structure was solved with Patterson superposition methods using 

SHELXT.3 Least-squares refinement was performed with SHELXL-974 against F2 of all reflections. Non-hydrogen 

atoms were refined freely with anisotropic displacement parameters. All hydrogen atoms were located in 

difference Fourier maps. The O-H hydrogen atoms were refined freely with isotropic displacement parameters. All 

other hydrogen atoms were refined with a riding model. 608 parameters were refined with no restraints. R1/wR2 

[I>2(I)]: 0.0511/0.1172. R1/wR2 [all reflections]: 0.0700/0.1246. S = 1.034. Twin fraction BASF = 0.3835(10). 

Residual electron density between -0.49 and 0.70 e/Å3. Geometry calculations and checking for higher symmetry 

was performed with the PLATON program.5 
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Formula C23 H24 N O2, F6 P 

Formula Weight 491.40  

Crystal System Monoclinic 

Space group P21/c (No.  14) 

a, b, c (Å) 7.9384(5); 15.5384(11); 35.034(3) 

alpha, beta, gamma (deg) 90, 95.245(3), 90 

V (Å3) 4303.4(5) 

Z 8 

D(calc) (g/cm3) 1.517 

Mu(MoKa) [/mm ] 0.201 

Figure S2 Crystallographic data of 2. ORTEP structure at 50% probability level obtained at 150 K. 

 

Synthesis of Pyr+ Br-  3 – (step i) In a 250 mL three-necked round bottom flask equipped with a magnetic stirring 

bar, 2.50 mL 3-dimethylamino-1-propanol (21 mmol, 1.0 eq.) was added to 80 mL CH2Cl2 which was placed in an 

ice bath to cool down the solution to 0 oC. 1.70 mL SOCl2 (23 mmol, 1.1 eq.) dissolved in 20 mL CH2Cl2 was 

added dropwise to the reaction mixture at 0 oC over a time period of 30 minutes. The ice bath was removed and 

the solution was left to warm up to room temperature and stirred for another 3 hours. Evaporation of the solvent 

via vacuum evaporation yielded (3-chloropropyl)-N,N-dimethyl ammonium chloride as a white solid in quantitative 

yield. 

 

1H-NMR (400 MHz, d6-DMSO): δ = 10.86 (br, 1H, NH(CH3)2), 3.74 (t, 2H, CH2CH2CH2-Cl), 3.12 (t, 2H, 

CH2CH2CH2-Cl), 2.73 (s, 6H, NH(CH3)2), 2.15 (m, 2H, CH2CH2CH2-Cl). 

 



5 

 

Synthesis of Pyr+ Br-  3 – (step ii and iii) In a 100 mL round bottom flask equipped with a magnetic stirring bar, 3.3 

g (3-chloropropyl)-N,N-dimethyl ammonium chloride (21 mmol, 1.0 eq.) was dissolved in 50 mL demineralized 

H2O. 3.2 g K2CO3 (23 mmol, 1.1 eq.) was added to the solution and the mixture was left to stir for 1 hour. The 

organic product was extracted from the aqueous layer using Et2O (4x) and the organic layer was dried with 

MgSO4. Evaporation of the organic layer yielded the free dimethyl amine as a yellowish oil. In a second step 500 

mg of the free dimethyl amine (4.1 mmol) was added to 8.2 mL N-methyl imidazole (102 mmol, 25 eq. with 

respect to the free dimethyl amine) in a 25 mL Schlenk and the mixture was heated solvent free at 80 oC for 24 

hours under dry and inert conditions. After cooling down the mixture to room temperature 20 mL Et2O was added 

under vigorous stirring which resulted in dissolution of excess N-methyl imidazole and precipitation of a viscous 

ionic liquid. The Et2O supernatant was removed and the process was repeated at least five times to fully ensure 

removal of excess N-methyl imidazole increasing the viscosity of the clear white ionic liquid. After final 

decantation of the Et2O supernatant the viscous oil was subjected to a high vacuum overnight to remove 

additional Et2O yielding ionic liquid iii in 75% yield. 

 

1H-NMR (400 MHz, d6-DMSO): δ = 9.59 (s, 1H, NHC), 7.91 (t, 1H, NHC), 7.85 (t, 1H, NHC), 4.20 (t, 2H, 

CH2CH2CH2-NHC), 3.88 (s, 3H, NHC-CH3), 2.16 (t, 2H, CH2CH2CH2-NHC), 2.08 (s, 6H, N(CH3)2), 1.91 (m, 2H, 

CH2CH2CH2-NHC); 13C-NMR (101 MHz, d6-DMSO): 136.9 (CH, NHC), 123.5 (CH, NHC), 122.4 (CH, NHC), 55.2 

(CH2CH2CH2-NHC), 46.9 (NHC-CH3), 45.0 (N(CH3)2), 35.7 (CH2CH2CH2-NHC), 27.3 (CH2CH2CH2-NHC). 

 

Synthesis of Pyr+ Br  3 – (step iv and v) In a 10 mL Schlenk equipped with a magnetic stirring bar 111 mg of the 

ionic liquid (prepared in step iii) (0.54 mmol, 2.0 eq.) was dissolved in 10 mL CH2Cl2. 75 mg Ag2O (0.32 mmol, 1.2 

eq.) was added to the mixture which was left to stir for 17 hour. 217 mg {IrCp*Cl2}2 (0.27 mmol, 1.0 eq.) was 

added to the reaction mixture which immediately changed to a bright yellow colour and was left to stir for 30 

minutes. The mixture was filtered over Celite 500 and the yellow/golden filtrate was concentrated to a volume of 

~5 mL which was transferred directly to a 25 mL Schlenk. Isolation of the compound is impeded due to the 

hygroscopic nature of the product under ambient conditions hence the product was used directly in the next 

synthetic step by substituting the leftover CH2Cl2 solvent by 10 mL dry THF keeping the environment dry and 

oxygen free. 105 mg of 1-(bromoacetyl)pyrene (0.32 mmol, 1.2 eq.) was added to the solution while stirring and in 

time a yellow precipitation was formed which could be isolated by filtration to give Pyr+ Br- 3 as a yellow solid in 

78% yield. 

 

1H-NMR (500 MHz, d6-DMSO): δ = 8.92 (d, 1H, Pyr), 8.71 (d, 1H, Pyr), 8.50-8.40 (5x d, 5H, Pyr), 8.32 (d, 1H, 

Pyr), 8.21 (t, 1H, Pyr), 7.91 (d, 1H, NHC), 7.67 (d, 1H, NHC), 5.62 (m, 2H, COCH2, J = 15.0/25.0 Hz), 4.29 (m, 

1H, CH2CH2CH2-NHC), 4.05 (m, 1H, CH2CH2CH2-NHC), 3.88 (s, 3H, NHC-CH3), 3.88 (m, 1H, CH2CH2CH2-NHC), 
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3.67 (m, 1H, CH2CH2CH2-NHC), 3.48 (m, 6H, N(CH3)2), 2.54 (m, 1H, CH2CH2CH2-NHC), 2.27 (m, 1H, 

CH2CH2CH2-NHC), 1.65 (s, 15H, Cp*H); 13C-NMR APT (125 MHz, d6-DMSO): 194.8 (COCH2), 145.1 (C-Ir), 134.4 

(C, Pyr), 130.6 (C, Pyr), 130.5 (CH, Pyr), 130.3 (CH, Pyr), 129.8 (C, Pyr), 129.2 (C, Pyr), 128.4 (C, Pyr), 127.2 

(CH, Pyr), 127.1 (CH, Pyr), 127.1 (CH, Pyr), 127.1 (CH, Pyr), 126.7 (CH, Pyr), 125.9 (CH, NHC), 124.7 (CH, 

NHC), 124.2 (CH, Pyr), 124.0 (CH, Pyr), 124.0 (C, Pyr), 123.2 (C, Pyr), 96.6 (C, Cp*), 96.2 (C, Cp*), 66.9 

(COCH2), 61.1 (CH2CH2CH2-NHC), 51.7 (N(CH3)2), 51.5 (N(CH3)2), 46.8 (CH2CH2CH2-NHC), 38.0 (NHC-CH3), 

25.4 (CH2CH2CH2-NHC), 8.5 (CH3, Cp*), 8.3 (CH3, Cp*). 

 

Anion exchange to Pyr+ PF6
- was achieved by dissolving Pyr+ Br- 3 in DMSO followed by stirring and slow addition 

of a saturated KPF6 solution in H2O after which he resulting yellow precipitate was filtered off. 

 

Compound 3 crystallized as yellow needles. The diffraction intensities were integrated with the Eval15 software.1 

Multiscan absorption correction and scaling was performed with SADABS.2 (correction range 0.28-0.43). 10977 

reflections were unique (Rint = 0.024), of which 9439 were observed [I>2(I)]. The structure was solved with 

automated Patterson methods using DIRDIF-08.6 Least-squares refinement was performed with SHELXL-974 

against F2 of all reflections. Non-hydrogen atoms were refined freely with anisotropic displacement parameters. 

Hydrogen atoms were introduced in calculated positions and refined with a riding model. The PF6
- anions were 

refined with disorder models. The site of the coordinated halogen atom was substitutionally disordered (49% 

bromine, 51% chlorine). The crystal structure contains large voids (543.4 Å3 / unit cell) filled with disordered 

acetone solvent molecules. Their contribution to the structure factors was taken into account using the Squeeze 

algorithm,7 resulting in 134 electrons/unit cell. 680 parameters were refined with 1550 restraints (distances, 

angles and displacement parameters of the disordered groups). R1/wR2 [I >2(I)]: 0.0313/0.0849. R1/wR2 [all 

reflections]: 0.0389 / 0.0886. S = 1.083. Residual electron density between -1.21 and 1.71 e/Å3. Geometry 

calculations and checking for higher symmetry was performed with the PLATON program.5 
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Formula C39 H49 Cl Ir N3 S O2, F6 P 

Formula Weight 1163.36  

Crystal System Monoclinic 

Space group P21/c (No.  14) 

a, b, c (Å) 14.7513(4); 14.7291(4); 22.0382(7). 

alpha, beta, gamma (deg) 90, 92.916, 90 

V (Å3) 4782.1(2) 

Z 4 

D(calc) (g/cm3) 1.616a 

Mu(MoKa) [/mm ] 3.424 

Figure S3 Crystallographic data of 3. ORTEP structure at 50% probability level obtained at 150 K. (a) Derived values do not 

contain the contribution for the disordered solvent. 

 

Synthesis of Pyr+ Br-  4 – 200 mg 1-(bromoacetyl)pyrene (0.62 mmol, 1.0 eq.) was dissolved in 10 mL dry THF in 

a 25 mL Schlenk equipped with a magnetic stirring bar. 245 µL (dimethylaminomethyl)ferrocene (1.23 mmol, 2 

eq.) was added and a gold/yellow precipitate was formed immediately which after 1 hour was filtered off, washed 

with volumes of THF and Et2O and dried under vacuum to yield Pyr+ Br- 4 in quantitative yield. 

 

1H-NMR (400 MHz, d6-DMSO): δ = 8.97 (d, 1H, Pyr), 8.58 (d, 1H, Pyr), 8.50-8.40 (5x d, 5H, Pyr), 8.32 (d, 1H, 

Pyr), 8.21 (t, 1H, Pyr), 5.27 (s, 2H, COCH2), 4.81 (s, 2H, CH2Fer), 4.56 (t, 2H, Fer), 4.40 (t, 2H, Fer), 4.30 (s, 5H, 

Fer), 3.33 (s, 6H, N(CH3)2. 

 

Comparison of 1H-NMR analysis of 2 and 3 in DMSO reveal a splitting of the proton signals of the alkyl linker in 

compound 3 separating the IrCp*Cl2 moiety from the pyrene anchor. The effect extends to both the α protons 

(COCH2) and quaternary ammonium moiety (N(CH3)2) of the pyrene scaffold (Figure S4). The α protons of 
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compound 2 show a sharp singlet at 5.60 ppm as expected. For 3, this signal is split up into multiple peaks 

(Figure S4, left). HMQC analysis of 3, however, shows a clean correlation between the observed multiplicity of the 

proton chemical shifts with respect to the carbon chemical shifts suggesting that the rather complex 1H-NMR 

spectrum is not due to the presence of impurities, but could originate from the folding of the molecular structure 

where the bulky Cp* ligand interacts with the COCH2 and N(CH3)2 moieties, thus preventing free rotation. 

Compound 4 dissolved in DMSO does not show multiplicity in the 1H-NMR signal for the COCH2 moiety, but 

instead a clean and simple spectrum is obtained. This means that the Cp ligand imposes less steric bulk in 

compound 4 then the Cp* ligand in compound 3. 

 

  

COCH2 (5.62 ; 66.9) 

CH2CH2CH2-NHC (4.29-4.05 ; 46.8) 

CH2CH2CH2-NHC (2.54-2.27 ; 25.4) 

CH2CH2CH2-NHC (3.88-3.67 ; 61.1) 

N(CH3)2 (3.48 ; 51.7) 

Figure S4 (left) COCH2 
1H-NMR signal of 2 compared to 3. (right) 1H/13C-APT HMQC spectrum of 3 in DMSO. (bottom) selected 

ppm values for 3 (1H ; 13C). 

 

Electrochemical measurements of Pyr+ Br- 2-4. 

 

The cyclic voltammograms of compounds 2, 3 and 4 show semi-reversible redox waves with onset potentials of 

0.25 V, 0.57 V and 1.04 V vs Fe+/Fe measured in acetonitrile (MeCN) with 0.1 M TBAPF6 present as the 

electrolyte (figure S5, left). 
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Figure S5 (left) 1.7 mM 2-4 in 0.1 M TBAPF6 in MeCN with and without the presence of ferrocene using a glassy carbon (GC) 

working electrode at 0.1 V s-1; (top right) Expansion of the 4-ferrocene redox wave at E1/2 = 0.25 V vs ferrocene; (bottom right) 

Sequential scanning of 1.7 mM 2, before and after a reductive sweep of the GC working electrode. 

 

The wave at 0.57 V is ascribed to the oxidation of the Br- anion (~1.0 V vs NHE) and the large semi-reversible 

oxidation wave at 1.04 V is ascribed to the oxidation of the pyrene anchor (~1.4 V vs NHE). Bare pyrene is known 

to be a good one electron donor and has an E1/2 redox potential of 1.16 V vs SCE8,9 which translates to 

approximately 1.0 V vs ferrocene.‡ Compound 4 shows the exact same features, however, the first redox wave 

with an E1/2 of 0.25 V vs ferrocene (~0.65 V vs NHE) is more reversible and ascribed to the reversible oxidation of 

the ferrocene moiety covalently attached to 4 (figure S5, top right). It has been observed that sequential scanning 

at higher potentials beyond the oxidation onset of pyrene, results in a gradual disappearance of the wave at 1.04 

V vs ferrocene, shown in the bottom right panel of figure S5 for compound 2. This could point to deposition of the 

compound on the electrode surface after oxidation of the pyrene moiety. After a reductive potential sweep, the 

electrode surface is presumably cleansed and the electrochemical features of 2 are reestablished. 

 

                                                                 
‡ Calculated using the E1/2 redox potential for ferrocene of 0.400 V vs NHE according to the handbook of chemistry and physics, 

85th edition 2004-2005. 
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Molecular decomposition of the Pyr+ framework at high anodic potentials. 

 

Pyr+ Br- 4 was used as an electrode surface probe to detect the decomposition of the molecular structure at 

potentials beyond the oxidation onset of pyrene for DS/4 and FTO/MWCNT/4 prepared anodes. A solution of 30 

µM 0.2 mM 4 in MeCN was drop casted onto a DS anode and the DS/4 anode was scanned repeatedly at 

potentials below the oxidation onset of pyrene in a 0.1 M phosphate buffer solution compared to an 

unfunctionalized DS anode (Figure S6a). An increasing reversible redox potential at E1/2 = 0.82 V vs NHE is 

observed and assigned to the Fe3+/Fe2+ redox couple of the covalently bound ferrocene unit in compound 4. The 

potential of the observed redox couple is slightly higher than the previously measured 0.65 V vs NHE for 4 in 

solution as reported in Figure S5, however, the assignment is validated by the absence of the redox wave in DS/2 

prepared and measured at the exact same conditions (Figure S6b). 

 

  

Figure S6 (left) 30 µL 0.2 mM 4 in MeCN and (right) 30 µL 0.2 mM 2 in MeCN dropcasted onto DS electrode measured in an 

0.1 M phosphate buffer solution at pH 2.0 at scan speed 0.1 V s-1. 

 

The intensity of the peak grows and stabilizes after successive scanning at potentials below 1.0 V vs NHE. If the 

potential is swept once to 1.8 V vs NHE, the wave assigned to the Fe3+/Fe2+ redox couple disappears in a 

subsequent scan and a new redox wave with an E1/2 potential of 0.54 V vs NHE is observed (Figure S7). This is 

the same redox wave that has been observed for DS anodes prepared using compounds 2 and 3 after increasing 

the potential to 1.8 V vs NHE (as described in the masuscript) and is ascribed to molecular degradation of the 

pyrene framework. Both Figure S6 and Figure S7 indicate that the molecular integrity of the Pyr+ moiety is 

retained on the electroactive surface if anodic potentials do not exceed the oxidation onset potential of pyrene. 

 

a) b) 



11 

 

 

Figure S7 Cyclic voltammogram of a DS/4 anode prepared by dropcasting 30 µL 0.2 mM 4 in MeCN before and after 

sweeping the potential to 1.8 V vs NHE in an 0.1 M phosphate buffer solution at pH 2.0 at scan speed 0.1 V s-1. 

 

In an alternative preparation strategy, instead of dropcasting a solution of 4 in MeCN onto the DS anode, a blank 

DS anode was submerged overnight in an 0.2 mM aqueous solution of 4. After the adsorption time, the cyclic 

voltammogram of the DS anode showed the presence of the Fe3+/Fe2+ redox couple in analogy to the DS/4 anode 

prepared via dropcasting (Figure S6). In addition, the redox wave with an E1/2 potential of 0.55 V vs NHE, appears 

after sweeping the potential once to 1.8 V vs NHE (Figure S8b) 

 

  
Figure S8 (left) Cyclic voltammogram of DS/4 after submerging a blank DS in 0.2 mM 4 overnight. (right) After anodic sweep to 

1.8 V vs NHE. 

 
An FTO/MWCNT/4 anode was prepared according to the procedure described in the manuscript. The anode was 

used as a working electrode in a blank MeCN electrolyte solution containing 0.1 M TBAPF6. Cycling the potential 

back and forth for over 50 times resulted in a constant observation of the Fe3+/Fe2+ redox couple of the ferrocene 

moiety covalently attached to the pyrene anchor in compound 4. Similar to what is observed in the experiments 

with the DS anodes, depicted in Figure S6 and Figure S8, the redox feature is lost after the anodic potential 

exceeds 1.5 V vs Ag. This indicates once more that decomposition or disassembly of the molecular framework 

from the MWCNT surface occurs beyond the oxidation potential of pyrene (Figure S9). 

b) a) 
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Figure S9 FTO/MWCNT/4 in 0.1 M TBAPF6 at a scanspeed of 0.1 V s-1. 

Adsorption behaviour of Pyr+ Br- 1-3 to MWCNTs. 

 

 

  

  
 

Figure S10 Absorbtion spectra of samples taken after addition of 5 mg MWCNTs from a) 5 mL 0.2 mM 1 at t = 0 h, 24 h and 

after substitution of the supernatant at t = 24 h with 5 mL MeOH, H2O, 0.1 M Na2SO4 or b) 0.2 mM 1; c) Absorbtion spectra of 

samples taken after addition of 5 mg MWCNTs from 5 mL 0.2 mM 2 at t = 0 h, 24 h and after substitution of the supernatant at 

t = 24 h with d) 5 mL 0.2 mM 2. 

 

a) b) 

c) d) 
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Figure S10a shows a straight forward adsorption experiment where a vial was loaded with 5 mL of a bright yellow 

0.2 mM solution of 1 in demineralized H2O (UV-VIS absorption spectrum of the starting solution indicated by ), 

after which 5 mg of commercially available MWCNTs were added to the solution under continuous stirring. After 

24 hours the vial was centrifuged and another UV-VIS absorption spectrum of the supernatant was recorded 

(indicated by ). This difference in absorption shows that 1 was nearly quantitatively removed from solution. In 

follow up experiments, after the adsorption period of 24 hours, the supernatant was substituted by either 5 mL 

demineralized H2O, MeOH, 0.1 M Na2SO4 (Figure S10a) or 0.2 mM 1 (Figure S10b) after which stirring was 

continued. After 24 hours another UV-VIS absorption spectrum was recorded of the respective supernatants to 

detect if shifting in the equilibrium had occurred upon changing the chemical environment. It was observed that 

only minor desorption of 1 had occurred back into the H2O solution indicating that in aqueous environments the 

equilibrium lies far to the right and the interaction between the Pyr+ moiety and the MWCNT surface is strong. No 

desorption had occurred after the same time period in the case for 0.1 M Na2SO4. This indicates that increase in 

the ionic strength of the supernatant solution does not shift the equilibrium. When MeOH was added, a major shift 

in the equilibrium was observed indicated by a rapid yellow coloration of the supernatant. The UV-VIS spectra 

shows that a desorption of almost 75% of Pyr+ Br- 1 back in solution had occurred after 1 hour (Figure S10a). 

Substitution with an 0.2 mM solution of 1 resulted in additional adsorption of 1 from solution to the MWCNT 

surface (Figure S10b). The decrease in UV-VIS intensity of the supernatant is not quantitatively indicating that 

probably a maximum loading of Pyr+ Br- 1 on the MWCNT surface has been reached. In the case for the propyl 

alcohol modified pyrene Pyr+ Br- 2 (Figure S10c and S10d) and the WOC modified pyrene Pyr+ Br- 3 (Figure S12) 

similar adsorption properties were observed. When either a phosphate buffer solution (pH 2.1) or an acetate 

buffer solution (pH 4.7) is used, to resemble the chemical environment under electrocatalytic conditions, no 

significant changes are observed in the equilibrium/maximum loading capacity (Figure S11). 

 
Figure S11. Absorbance spectra of sample taken from 5 mL 0.4 mM 1 demineralized H2O before () and after addition of 5 mg 

MWCNTs (). Similar results are obtained in the case for 5 mL 0.4 mM 1 dissolved in 0.1 M phosphate buffer at pH 2.1 () 

and 0.1 M acetate buffer solution at pH 4.7 (). 
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Based on these observations, a standard condition of 5 mg MWCNTs in the presence of 5 mL 0.2 mM Pyr+ was 

strategically selected in the preparation of MWCNT/Pyr+ assemblies which were allowed to adsorb until maximum 

adsorption had been reached. After carefull substitution of the supernatant with 5 mL fresh H2O at typical 

adsorption periods of 24 hours, stable black turbid dispersions of MWCNT/Pyr+ assemblies were obtained for Pyr+ 

Br- 2-4, respectively, upon ultrasonically stirring the vials for 15 minutes. The method differs from the reported 

approach for the preparation of dispersions with MWCNT/1, where relatively high concentrations of 1 are 

employed resulting in high concentrations of 1 remaining in solution after the formation of MWCNT/1 

assemblies.10 In addition, the approach described here shows that stable MWCNT dispersions in H2O are also 

formed at lower Pyr+ concentrations and when different functional groups are attached to the Pyr+ moiety. 

 
 

  
Figure S12 Absorbance spectra of samples taken after addition of 5 mg MWCNTs to a) 0.2 mM 2 at t = 0, t = 3.5 

h (right) 0.2 mM 3 at t = 0, t = 3.5 with and without addition of KPF6. 
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