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1. Instruments, materials and methods 

Single-walled carbon nanotubes (SWCNTs) were purchased from Carbon Nanotechnologies Incorporated 

(HiPCO lot CNI #004) and were used as received. 

2-Ethylhexanal 1a, benzaldehyde 1b, and thiophene-2-carbaldehyde 1c were purchased from Sigma Aldrich 

and were used as received. Ethyl 1-benzylaziridine-2-carboxylate 2b was synthesized according to a 

literature procedure
[1]

 which was adapted for the synthesis of ethyl 1-(2-ethylhexyl)aziridine-2-carboxylate 2a 

and of ethyl 1-(thiophen-2-ylmethyl)aziridine-2-carboxylate 2c. Ethyl 2-(benzylideneamino)acetate 3b was 

synthesized according to a literature procedure
[2]

 which was adapted for the synthesis of ethyl 2-(2-

ethylhexylideneamino)acetate 3a and of ethyl 2-(thiophen-2-ylmethyleneamino)acetate 3c. Chromatographic 

separation were performed through gravity column technique, using 70-230 mesh silica gel. Raw product 

solutions, pre-adsorbed on silica, were loaded on top of the column. 

All solvents were purchased from Sigma Aldrich and used as received. Dispersions of CNTs were achieved 

using the Sonicator 3000 (Misonix) with the following pulse parameters: time on = 3 sec, time off = 3 sec, 

power level = 2 (4-6 watt). The sonicated solutions were centrifuged with an IEC CL10 centrifuge (Thermo 

electron corporation) at 3500 rpm for 3 minutes. Absorption spectra of nanotube samples, dispersed in air-

equilibrated solvent, were registered with a Varian Cary 5000 spectrophotometer, at room temperature, 

between 280 and 1200 nm, data interval = 0.5 nm, scan rate = 300 nm/min, SBW = 2 nm. DLS 

measurements of nanotube samples dispersed in air-equilibrated NMP were performed with a Zetasizer 

Nano S (Malvern Instruments) at 20 °C setting 20 runs of 10 seconds for each measurement. Raman 

spectra of carbon nanotubes, drop-casted on pre-cleaned glass micro slides (Corning) and annealed at 

110°C, were recorded with an Invia Renishaw Raman microspectrometer (50× objective) using the 633 nm 

laser line of an He–Ne laser at room temperature with a low laser power. Thermogravimetric analyses (TGA) 

of CNT samples, precipitated by adding methanol and dried at 80 °C at 0.2 mbar overnight, were carried out 

with a Q5000IR TGA (TA Instruments) under air by an isotherm at 100 °C for 10 minutes followed by a 10 

°C/min rate to 1000 °C. 

All the flow reactions were carried out in a PTFE (polytetrafluoroethylene) tubing (O.D. = 1.58 mm, I.D. = 0.8 

mm, total volume = 2 mL, Supelco, Item no. 58696-U) coiled and immersed into an oil bath for 400 cm of 

effective length (Figure S1 e S2). A plastic syringe (V = 10 mL) was used to inject a stock dispersion of CNTs 

and reagents to a sample loop (I.D. = 2.0 mm, volume = 10 mL, length = 80 cm). The main flow was set to 4 

mL/h by an HPLC pump (Model KP-12-01S by Flom, Japan). The reactor outlet was connected to a 

mechanical back-pressure regulator (S series Metering Valve, Swagelok) set to 25 psi. The reagents, before 

loading, were kept under vigorous magnetic stirring. The 2.0 mL total volume of the reactor coil corresponds 

to a residence time of 30 min with a flow rate of 4.0 mL/h. 
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Fig. S1 Photographs of the setup used for the continuous-flow synthesis of functionalised CNTs. 
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Fig. S2 Photographs of the setup used for the continuous-flow synthesis of functionalised CNTs 

 

 

 

Functionalization of SWCNTs in flow through nucleophilic addition (CNT-4). 

Reaction conditions for the nucleophilic addition were modeled, on the basis of those generally used in 

batch (see Scheme 2), to approach as much as possible those used for the azomethine ylide cycloaddition in 

flow, in order to compare productivity and quality of the functionalized materials. Briefly, BuLi (1.6M in 

hexane, 1.8 mL, 1.1 mmol) was added to a solution of 2-bromothiophene (450 mg, 2.8 mmol) in anhydrous 

THF (3.2 mL) in a flask cooled at -78 °C under nitrogen atmosphere. The reaction was allowed to reach 

room temperature and was loaded in a 5 mL gas tight syringe. Apart, SWNTs (9.3 mg, 0.77 mmol) were 

sonicated in 5 mL of anhydrous THF for 1 hour and were loaded in a second 5 mL gas tight syringe. Both 

syringes were fitted in a syringe pump and connected to Teflon tubes converging, through a T-junction, to 

the reactor coil which was submerged in an oil bath heated at 80 °C. The flow rate was then adjusted to 

obtain a residence time of 30 minutes. The material collected after functionalization was quenched with an 

excess of methyl iodide (0.20 mL, 3.2 mmol) in anhydrous THF (5 mL) obtaining a residual carbon material 

which was dried under vacuum (0.2 mbar) at 80 °C for 4 h and weighted. Aliquots of soluble CNT-4 material 

were extracted from the crude sample by means of sonication/centrifugation cycles (maximum solubility: 

32 µg/mL, DF = 4%).  
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2. Syntheses and NMR characterization of compounds 2a, 2c, 3a and 3c 

Synthesis of 1-(2-ethylhexyl)aziridine-2-carboxylate (2a) 

A solution of ethyl 2,3-dibromopropionate (1.3 g, 10 mmol) in methanol (25 mL) was added dropwise to a 

solution of 2-ethylhexan-1-amine (4.5, 35 mmol) in methanol (50 mL) and left under stirring for 12 h. The 

solvent was then removed under reduced pressure and the residue was diluted with diethyl ether (200 mL) 

and washed with water (4 x 75 mL). The organic phase was dried over sodium sulfate. The dried solvent was 

removed at reduced pressure and filtered through silica (150 g) with diethyl ether as eluent to yield the 

desired product as a pale yellow oil (1.7 g, 7.0 mmol). 75% yield. 
1
H NMR (200 MHz, CDCl3, 25°C): δ = 4.04 

(q, J = 7.2 Hz, 2 H, -OCH2), 2.72 (m, 2 H, -NCH2), 2.28-2.20 (m, 1 H, -CHH), 2.07-1.96 (m, 1 H, -CH), 1.66-

1.48 (m, 1 H, -CHH), 1.36-1.25 (m, 4H, -CH(CH2)(CH2)), 1.11-1.02 (m, 7H, -CH3, -CH2-), 0.68-0.59 (m, 7H, -

CH3, -CH2-). 
13

C NMR (200 MHz, CDCl3, 25°C): δ = 167.4 (CO), 68.7 (-CH2N), 62.5 (-OCH2CH3), 42.9 (-CH-

COOEt), 42.4 (-CH2N-CH), 37.2 (-CH2-), 30.0 (-CH2-), 28.3 (-CH2-), 23.5 (-CH2-), 22.8 (-CH2-), 22.2 (-CH3), 

14.0 (-CH3), 10.4 (-CH3). Anal. Calcd for C13H25NO2: C, 68.68; H, 11.08; N, 6.16. Found: C, 68.58; H, 11.49; 

N, 5.84. 

 

Synthesis of ethyl 1-(thiophen-2-ylmethyl)aziridine-2-carboxylate (2c) 

A solution of triethylamine (5.5 mL, 38 mmol) was added dropwise to a solution of ethyl 2,3-

dibromopropionate (5.2 g, 20 mmol) in toluene (25 mL). After 2 hours a solution of thiophen-2-

ylmethanamine (2.3 g), after 2 hours, a solution of thiophen-2-ylmethanamine in toluene (25 mL) was added 

to the reaction mixture which was stirred for 3 days at room temperature. The resulting suspension was then 

washed with water (4 x 75 mL) and the organic phase was dried over sodium sulfate. The solvent was 

removed under reduced pressure and the residue was filtered through deactivated aluminum oxide (150 g) 

to yield the desired product as a pale yellow oil (1.27 g, 6.0 mmol). 30% yield. 
1
H NMR (300 MHz, CDCl3, 

25°C): δ = 7.54 (dd, J = 3.7, 2.7 Hz, 1H, -S(CH)CH-), 7.29-7.26 (m, 2H, -S(CH)C(CH)-), 4.56-4.43 (m, 2H, -

NCH2), 4.03 (q, J = 6.9 Hz, 2 H, -OCH2), 2.60-2.52 (m, 2H, -CHH, -CH), 2.10 (dd, J = 6.2, 1.2 Hz, 1H, -CHH), 

1.58 (t, J = 7.1, 3H, -OCH2CH3). 
13

C NMR (300 MHz, CDCl3, 25°C): δ = 169.4 (CO), 127.1 (-CH2(CH)S-), 

126.9 (-S(CH)CH-), 125.8 (-S(CH)CH-), 125.7 (-S(CH)-), 62.3 (-OCH2CH3), 58.7 (NCH2), 42.7 (-CH-COO-), 

41.8 (-CH2N-CH), 14.1 (-CH3). Anal. Calcd for C10H13NO2S●H2O: C, 52.38; H, 6.59; N, 6.11. Found: C, 

52.48; H, 6.98; N, 5.90. 

 

Synthesis of ethyl 2-(2-ethylhexylideneamino)acetate (3a) 

A solution of 2-ethylexanal (1.0 g, 7.8 mmol) in dry THF (5 mL) was added dropwise to a suspension of ethyl 

2-aminoacetate hydrochloride (2,7g, 20 mmol) and magnesium sulfate (3.0 g, 35 mmol) in dry THF (35 mL). 

After 5 minutes of stirring triethylamine (5.4 mL, 39 mmol) was added dropwise. The reaction was allowed to 

stir overnight and then it was quenched in water saturated with NaCl (150 mL). The organic phase was 

extracted with dichloromethane (2 x 75 mL), dried over sodium sulfate and evaporated. The residue was 

filtered through aluminum oxide (170 g) with diethyl ether as eluent to obtain the desired product as pale 

yellow oil (1.5 g, 7.2 mmol). 93% yield. 
1
H NMR (300 MHz, CDCl3, 25°C): δ = 7.34 (d, J = 2.3 Hz, 1H, NH), 

4.11-4.02 (m, 2H, -OCH2, -NCH2), 2.16-2.04 (m, 1H, -NCH(CH)), 1.45-1.30 (m, 4H, -CH2-), 1.20-1.10 (m, 7H, 

-CH2-, -CH3), 0.83-0.73 (m, 6H, -CH3). 
13

C NMR (200 MHz, CDCl3, 25°C): δ = 174.2 (CO), 170.2 (C=N), 62.2 



S6 

(-CH2N), 61.0 (-OCH2CH3), 47.0 (-CH(C=N)), 31.9 (-CH2-), 24.9 (-CH2-), 25.4 (-CH2-), 23.0 (-CH2-), 14.3 (-

CH3), 14.1 (-CH3), 11.7 (-CH3). Anal. Calcd for C12H23NO2: C, 67.57; H, 10.87; N, 6.57. Found: C, 67.50; H, 

10.81; N, 6.46. 

 

Synthesis of ethyl 2-(thiophen-2-ylmethyleneamino)acetate (3c) 

A solution of thiophene-2-carbaldehyde (1.0 g, 8.9 mmol) in dry THF (5 mL) was added dropwise to a 

dispersion of ethyl 2-aminoacetate hydrochloride (3.1g, 22 mmol) and magnesium sulfate (2.0 g, 17 mmol) in 

dry THF (30 mL). After 10 minutes of stirring triethylamine (3.1 mL, 22 mmol ) was added dropwise. The 

reaction was allowed to stir overnight and then it was quenched in water saturated with NaCl (150 mL). The 

organic phase was extracted with dichloromethane (3 x 50 mL), dried over sodium sulfate and evaporated. 

The residue was filtered through aluminum oxide (200 g) with diethyl ether as eluent to obtain the desired 

product as pale yellow oil (1.7 g, 8.5 mmol). 95% yield. 
1
H NMR (300 MHz, CD2Cl2, 25°C): δ = 8.19 (br, 1H, 

NH), 7.25 (dd, J = 5.0, 1.0 Hz, 1H, -S(CH)), 7.18 (dd, J = 3.6, 0.9 Hz, 1H, -S(CH)CH-), 6.89 (dd, J = 4.9, 3.7 

Hz, 1H, S(CH)CH-), 4.16 (s, 2H, -NCH2-), 4.03 (q, J = 7.1 Hz, 2H, -OCH2), 4.03 (q, J = 7.1 Hz, 3H, -

OCH2CH3). 
13

C NMR (300 MHz, CD2Cl2, 25°C): δ = 170.8 (CO), 161.0 (C=N), 132.0 (-CH2(CH)S-), 122.2 (-

S(CH)CH-), 115.8 (-S(CH)CH-, -S(CH)-), 61.9 (-OCH2CH3), 57.0 (NCH2), 17.3 (-CH3). Anal. Calcd for 

C9H11NO2S●1/5 H2O: C, 53.82; H, 5.72; N, 6.97. Found: C, 53.84; H, 5.42; N, 6.75. 
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Fig. S2. 
1
H-NMR spectrum of 2a, CDCl3 
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Fig. S2. 
13
C-NMR spectrum of 2a, CDCl3 
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Fig. S3. 
1
H-NMR spectrum of 2c, CDCl3 



S10 

 

Fig. S4. 
13
C-NMR spectrum of 2c, CDCl3 
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Fig. S5. 
1
H-NMR spectrum of 3a, CDCl3 
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Fig. S6. 
13
C-NMR spectrum of 3a, CDCl3 
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Fig. S7. 
1
H-NMR spectrum of 3c, CDCl3 
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Fig. S8. 
13
C-NMR spectrum of 3c, CDCl3 
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3. Calculation of the extinction coefficient of SWCNTs
[3]
 

The calculation of the extinction coefficient of the HiPCO SWCNTs (lot #CNI004) allows to determine the 

unknown concentration of a solution of CNTs in accordance with the Lamber-Beer law: 

��� � � � � � � 

where ABS is the solution absorbance, ε is the extinction coefficient (in mL mg
-1

 cm
-1

), c is the concentration 

of CNT (in mg mL
-1

), and l is the optical length (i.e., 1 cm). 

 

Fig. S9. Absorption spectra (black line) of the SWCNT sample with concentration 0.02 mg ml
−1

. The dashed 

line depicts the contribution of the π-plasmon and the red line is the absorption curve after subtraction of the 

plasmonic contribution. 

 

For this calculation, we prepared five solutions of pristine CNTs in CHP with concentrations between 0.01 

and 0.02 mg/mL by sonicating with the following pulse parameters: time on = 3 sec, time off = 3 sec, power 

level = 5 (18-22 watt) for 5 minutes. The use of CHP assured the complete dissolution of the SWCNTs. Each 

solution was subjected to UV-Vis-NIR absorption spectroscopy using 1 cm glass cuvettes (see black line in 

Fig. S9). The plasmonic contributions were subtracted and the absorbance values at 745 nm in 

correspondence of the maxima are reported in Figure S9. The extinction coefficient of CNTs in CHP 

calculated from the linear fit of the absorbance vs. concentration plot is 7.5 ± 1.0 mL mg
-1

 cm
-1

 (see Figure 

S10). This value was then used to determine the concentration of the solutions of functionalized CNTs 

assuming that the extinction coefficients in CHP and DMF are the same. 
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Fig. S10. Absorbance at 745 nm as a function of SWCNT concentration. The slope of the fit line (in red) is 

the extinction coefficient ε after π-plasmon subtraction. The fitting parameters are reported in the embedded 

table. 
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4. Dynamic light scattering (DLS) measurements 
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Fig. S11. DLS number distributions for functionalized SWCNT derivatives present in the first (red line), in the 

third (black line), and in the fifth DMF extracts from the synthesis carried out in flow using 1a (a), 1b (b), 1c 

(c), 2a (d), 2b (e), 2c (f), 3a (g), 3b (h), and 3c (i) as azomethinylide precursor. 
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5. Raman spectra of functionalised SWCNTs 
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Fig. S12. Raman spectra of pristine (gray) and functionalised SWCNTs in the first (black continuous), in the 

third (dotted), and in the fifth (dashed) DMF extracts from the synthesis carried out in batch using carried out 

in flow using 1a (a), 1b (b), 1c (c), 2a (d), 2b (e), 2c (f), 3a (g), 3b (h), and 3c (i) as azomethinylide 

precursor.. The insets highlight the behavior of the D band (right) and of the RBM region (left). 
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6. Evaluation of the degree of functionalization of SWCNTs 

In Tables S1 we expressed the degree of SWCNTs functionalization as the fraction of functionalized CNT 

atoms. We assume that the weight loss (TGA) below 400 °C is entirely due to the thermal decomposition of 

pyrrolidine moieties (MWFG). The moles of CNT carbon atoms (molC) are: 

 

molC = PSWCNT,400 / MWC 

 

where PSWCNT,400 is the residual weight at 400°C (TGA) and MWC is molecular weight of C. The moles of 

functional groups (molFG) are given by the difference between the residual weight at 100 °C and the residual 

weight at 400°C divided by the molar weight of the pyrrolidine moiety. 

 

molFG = (PSWCNT,100 - PSWCNT,400)/MWFG 

 

The degree of functionalization is calculated by dividing molFG by the number of available reactive sites (C=C 

bonds = half the moles of CNT carbon atoms): 

% �

���


��� 2⁄
 

Since TGA was performed on the first extracted fractions for each synthetic procedure (hence the most 

soluble ones) the reported values correspond to the maximum degree of functionalization. 
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7. Control experiments 

We considered the extraction procedure described in the main text to qualitatively evaluate the effects of the 

functionalization in flow on control samples of SWCNTs. The first three experiments reported in Fig. S13a-c 

show that neither the initial sonication in CHP nor passing the SWCNTs dispersed in CHP without reagents 

through the reactor heated at 160 °C affect significantly the solubility of the SWCNTs. Though, when we 

added the iminoester 3c to SWCNTs, their solubility increases considerably for all the extracted fraction after 

a run with a residence time of 15 minutes at 160 °C (Fig. S13d). The experiments from e to g justify the 

addition of fresh azomethinylide precursor after each run (see Table S2). In particular, experiment f shows 

that even by doubling the initial quantity of azomethinylide precursor, the functionalized SWCNTs are less 

soluble for all the extracted fractions than the SWCNTs treated with the same amount of reagents, but 

administered half for each run. This behavior could be explained as consequence of the thermal degradation 

of the azomethinylide.  

 

Fig. S13. Concentrations of SWCNT derivatives extracted with DMF (5 fractions, 5 ml each) at different 

stages of the functionalization: (a) pristine SWCNTs, (b) after sonication in CHP (see text for details), (c) 

after passing through the reactor without reagents, (d) after the first run, and (e) after the second run; without 

the addition of fresh reagents at the end of the first run (f), with the addition of fresh reagents at the end of 

the first run (f). 
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Table S1. Control experiments 

Experiment Treatment 
CNTs/mg 

(mmol of C) 

Ylide precursor/ mg 
(mmol) 

Maximum 
solubility 

/ µg/mL 

a Pristine 9.4 (0.78 mmol) 
/ 

/ 
< 5 

b Sonication 8.9 mg (0.74 mmol) 
/ 

/ 
< 5 

c 1 run 9.2 mg (0.77 mmol) 
/ 

/ 
< 5 

d 1 run 10.0 mg (0.83 mmol) 
50 mg (0.25 mmol) 

/ 
42 

e 2 run 8.9 mg (0.74 mmol) 
50 mg (0.25 mmol) 

/ 
63 

f 2 run 9.3 mg (0.77 mmol) 
102 mg (0.52 mmol) 

/ 
72 

g 2 run 9.5 mg (0.79 mmol) 
48 mg (0.24 mmol) 

54 mg (0.27 mmol) 
102 
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