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Table S1 Summary of the external-catalyst-free methods of the (N-)CNT synthesis. 

CNT 
product CNT proper>es 

Procedure/ 
condi>ons 
/substrates 

Temperature 
(oC) 

Time 
(min) 

Carrier 
gas/dopant 

Carbon 
source Ref. 

N-doped 
SWCNTs 

(3.6 at.%) 
d=1.29-1.65 nm CVD 900 1-20 

Ar/H2/NH3 
1000/100/50 

sccm 

CH4, 100 
sccm 1 

MWCNTs d=50-100 nm 
l=0.6-1.6 µm 

Microwave-
induced pyrolysis 500 30 N2 100 sccm Gumwood 2 

MWCNTs d=50.3-66.1 nm CVD, KOH-assisted 480 40 N2 150 sccm 
C2H2:CO2 

(1:1) 
80 sccm 

3 

SWCNTs d=1-2 nm CVD, nanosized 
diamond 850 30 Ar, H2 50 sccm Ethanol 4 

MWCNTs - CVD, Ge NPs 750 20 Ar C2H2 5 

SWCNTs d=0.6-2.5 nm CVD, Ge 
nanocrystals 850-1000 20 H2 300 sccm CH4 1000 

sccm 6 

MWCNTs d=15-50 nm Plasma enhanced 
CVD 850 3-5 N2 CH4 7 

MWCNTs d=20-80 nm CVD on carbon 
black 800 30 Ar 120 sccm C2H4 40 

sccm 8 

MWCNTs d=20-90 nm CVD on graphite 850 30 He 36 sccm C2H4 4 
sccm 9 

SWCNTs d=1.2-1.6 nm CVD on carbon-
implanted SiGe 850 10 Ar, H2 300 sccm CH4 1000 

sccm 10 

SWCNTs d=1.7nm CVD, ZnO NPs 900 20 H2 300 sccm Ethanol 11 

SWCNTs d<2 nm CVD, SiO2 or TiO2 
NPs 900 10 H2 800 or 200 

sccm, Ar 200 sccm 

CH4 200 
sccm or 
ethanol 

12 

SWCNTs d<2 nm CVD, Te NPs 900 10 H2 200 sccm, Ar 
800 sccm Ethanol 13 

SWCNTs - CVD, SiO2 900 20 H2 500 sccm, Ar 
100 sccm 

CH4 500 
sccm 14 

MWCNTs - CVD, CaSiO3-
coated graphite 1200-1400 60 Ar 50 sccm Ethanol 15 

MWCNTs d<20 nm CVD, bamboo 
charcoal 1200-1500 60 Ar 50 sccm Ethanol 16 

MWCNTs d=20 nm 
l=0.4-9 µm 

Microwave 
plasma enhanced 
CVD, amorphous 

carbon coated 
corning glass 

600 5-30 H2 80 sccm CH4 10 
sccm 17 

SWCNTs d<2 nm CVD, C60 950 15 Ar 1000 sccm ethanol 18 

MWCNTs d=40-80 nm CVD, carbon black 750-1000 30 Ar 90 sscm 

C2H2, C2H4, 
cyclohexan
e, ethanol 
10 sccm 

19 

MWCNTs d=13-16 nm CVD, Si NPs 850 30 H2 2000 sccm ethanol 20 

SWCNTs - CVD, Si/SiO2 
wafers 900 20 H2 500 sccm CH4 500 

sccm 21 

SWCNTs d=0.8-1.8 nm CVD, Al2O3 
ceramic NPs 800-850 30 Ar/H2 300 sccm Ethanol 

50 sccm 22 

MWCNTs d=100 nm 
l=10 µm 

Plasma assisted 
CVD 1727-5727 30 Ar 5000 sccm 

H2 2000 sccm 
Graphite 

rod 23 

SWCNTs d=1.0-1.8 nm CVD, SiO2 850 30 Ar/H2 70 sccm Ethanol 24 

SWCNTs d=1.0-3.0 nm 
CVD, diamond 

NPs and 
fullerenes 

- - Ar CH4 25 

SWCNTs d=0.9 nm 
l=17-52 µm 

CVD, (7,6) and 
(6,5) SWCNTs 900 15 H2 300 sccm 

Ar 160 sccm 

Ethanol or 
CH4 2000 

sccm 
26 

SWCNTs d=0.7-1.5 nm CVD, (F-)fullerene 900 20 H2, Ar Ethanol 27, 28 

SWCNTs d=0.85 nm CVD, fullerene 
caps 900 20 Ar, H2 50 sccm Ethanol 29 

MWCNTs d=50-100 nm 
l=0.6-1.8 µm 

Microwave 
pyrolysis 600-1400 30 N2 400 sccm Cellulose 30 

d – diameter, l – length, NPs – nanoparticles  
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Synthesis of amino-acid-CDs 

Citric acid (1.5 mmol) and amino-acid (aspar8c acid Asp, cysteine Cys, glycine Gly, his8dine His, lysine 
Lys, and phenylalanine Phe) (1.5 mmol) were dissolved in dis8lled water (10 mL). The solu8on was 
heated in a Teflon®-coated autoclave at 180 °C for 24 h in a laboratory dryer. The autoclave was allowed 
to cool down to room temperature, and the post-reac8on mixture was centrifuged at 5,500 rpm for 15 
min. The resul8ng supernatant was filtered through a 0.22 μm-syringe filter (Minisart NY hydrophilic 
polyamide, 25 mm), and the filtrate was lyophilized (lyophilizer Mar8n Christ Alpha 2-4 LSCplus) to yield 
from yellow to dark-yellow solids. 

 

Fig. S1 The effect of: CD size (left), and the C/N ratio (right) on yield of the CD-N-CNT synthesis.  
 

a) 

    

b) 
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c) 

    

   

   

   

   

Fig. S2 A selection of bright- and dark-field TEM images of the as-synthesized: (a) His-, (b) Asp-, 
and (c) Phe-CD-N-CNTs. 
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Fig. S3 DLS data of the CD volume–size distribution in the aqueous suspension under neutral pH 
for Cys- (a), Lys- (b), His- (c), Gly- (d), Phe- (e), and Asp-CDs (f). 

 
 
 
 
 

 

a) b) c) 

d) e) f) 
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Fig. S4 As-synthesized amino-acid-CD-N-CNTs: TGA profiles under nitrogen (a) versus air 
atmosphere (b), and EDX analysis (at. %) (c). 
 
Table S2 Raman peak intensity ratio ID/IG, main peak positions, and therefrom calculated La-values 
for amino acid-CD-N-CNTs. 

 
Cys-CD- 
N-CNTs 

Lys-CD- 
N-CNTs 

His-CD- 
N-CNTs 

Gly-CD- 
N-CNTs 

Phe-CD- 
N-CNTs 

Asp-CD- 
N-CNTs 

ID/IG ratio 1.14 1.12 0.99 1.03 1.07 1.10 
D-band position (cm-1) 1346 1347 1363 1362 1346 1351 
G-band position (cm-1) 1574 1577 1566 1588 1582 1585 

La (nm) 34 34 39 37 36 35 

 
 

a) b) 

c) 
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Fig. S5 XPS in the C 1s BE region for Cys- (a), Lys- (b), His- (c), Gly- (d), and Asp-CD-N-CNTs (e). 

 

Fig. S6 XPS in the N 1s BE region for Cys- (a), Lys- (b), His- (c), Gly- (d), and Asp-CD-N-CNTs (e). 

 

Fig. S7 XPS in the O 1s BE region for Cys- (a), Lys- (b), His- (c), Gly- (d), and Asp-CD-N-CNTs (e). 

a) b) c) 

d) e) 

a) b) c) 

d) e) 

a) b) c) 

d) e) 
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Table S3 Inorganic contaminants in the Phe-CD-N-CNTs sample determined using inductively 
coupled plasma atomic emission spectrometry (ICP-AES). 

Sample Al mg/l Ca mg/l Fe mg/l K mg/l Mg 
mg/l 

Mn 
mg/l Na mg/l Pb mg/l Zn 

mg/l 
Co 

mg/l 
Cu 

mg/l 
Ni 

mg/l 
Blank 1.06 4.25 1.14 0.66 0,60 <0.1 3.29 4.09 <0.1 <0.1 <0.1 <0.1 
Phe-

CD-N-
CNTs 

1.20 1.00 2.11 0.10 <0.1 <0.1 1.78 10.35 <0.1 <0.1 <0.1 <0.1 

 
Al 

mg/mg 
N-CNTs 

Ca 
mg/mg 
N-CNTs 

Fe 
mg/mg 
N-CNTs 

K mg/mg 
N-CNTs 

Mg 
mg/mg 

N-
CNTs 

Mn 
mg/mg 

N-
CNTs 

Na 
mg/mg 
N-CNTs 

Pb 
mg/mg 
N-CNTs 

Zn 
mg/mg 

N-
CNTs 

Co 
mg/mg 

N-
CNTs 

Cu 
mg/mg 

N-
CNTs 

Ni 
mg/mg 

N-
CNTs 

Phe-
CD-N-
CNTs 

0.001197 0.001004 0.002111 9.54E-05 0.0001 0.0001 0.001785 0.01035 0.0001 0.0001 0.0001 0.0001 

 

Prepara>on of the electroconduc>ve CNT paints 

Three types of CNTs: Nanocyl NC7000™, in-house synthesized ultralong MWCNTs, and Phe-CD-N-CNTs 
were dispersed in water in the presence of SDS surfactant using ultrasonica8on (Bandelin Sonorex RK 
106, 35 kHz, 480 W) for 15 min. Next, SX-150 (screen prin8ng base) was added. The paints were mixed 
for 15 min (PARKSIDE® PFBS 160 B2, 10000 rpm) and were further applied on coxon tex8les at different 
layer thickness (50, 100, 150, 200 and 250 μm) – controlled by paint applicator Erichsen (type BIRD, 
model 284) – on the length of conduc8ve path equal to 7 cm and 1.5 cm in width. Composi8on of the 
paints are listed below (Table S3). Surface electric resistances (Ω/sq) of the paths were measured using 
the voltage method in a custom-designed voltage measurement system.31 

 

Table S4 Electroconductive CNT-based paints composition. 

CNT type 
CNT 

amount 
(g) 

Water 
content 

(g) 

SX-150 
content 

(g) 
SDS (g) 

CNT 
content 

(%) 

Textile 
weight 

(g) 

Textile 
weight 
after 

coating 
(g) 

Nanocyl NC7000 ™ 
MWCNTs 0.1022 1.013 0.9134 0.0010 10 0.5042 0.6247 

In-house MWCNTs 0.1000 10.066 9.150 0.0010 1 0.5334 0.6048 
Phe-CD-N-CNTs 0.1002 10.327 9.180 0.0011 1 0.4849 0.5946 

 
 

 
Fig. S8 Effect of coating thickness on surface electrical resistivity of Phe-CD-N-CNTs (navy blue), 
in-house MWCNTs (purple) and Nanocyl NC7000™ (turquoise) coatings on cotton. 
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