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S1. Supplementary Experimental 22 

S1.1. Supplementary Materials 23 

Metal content and functionalities present in commercial MWCNT were further 24 

characterized by Total X Ray Fluorescence TXRF (Fe 0.159 %, Co 0.611 % y Ni 0.014 25 

%.) and FT-IR (ATR-Ge)  = 1691, 1557, 1413 cm-1). Aminopyrene (97 % purity) was 26 

supplied by Alfa Aesar (Karlsruhe, DE). Chemical reagents and anhydrous N,N-27 

dimethylformamide (DMF), were purchased from Sigma-Aldrich (Tres Cantos, Madrid, 28 

ES) and used without further purification. Low melting point agarose (37 ºC), was 29 

provided by Sigma-Aldrich (St. Louis, Mo, US). Water is Milli-Q Grade (Millipore, 30 

Madrid, ES). 31 

S1.2. Supplementary Methods 32 

Total reflection X-ray fluorescence analyses (TXRF), were carried out in a TXRF 33 

EXTRA-II instrument, (Rich & Seifert, Ahrensburg, DE) with a Ga internal standard. 34 

Fourier Transformed Infrared (FT-IR) spectroscopy was performed in a FT-IR 35 

Bruker Vector 22 (Bruker Daltonics, Rheinstetten, DE) spectrometer with an Attenuated 36 

Total Reflection (ATR) analyzer (Ge Miracle TM Selecta). Thermogravimetric Analyses 37 

(TGA) were performed using TGA Q500 (TA instruments, Barcelona, ES). Under Ar 38 

atmosphere, measurements begun with an isotherm (20 ºC, 30 min) to stabilize 39 

temperature, followed by a ramp of 10 ºC min-1 until 1000 ºC (flow rate of 90 mL·min-1 40 

). Under synthetic air, the TGA analyses were performed with a heating ramp of 50 ºC 41 

min-1 from 20 to 900 ºC (flow rate of 90 mL·min-1). 42 

Transmission electron microscopy (TEM) was performed using microscopes JEOL 43 

JEM2100 (200 kV) (JEOL, Tokyo, JP) or GRANDARM300cFEG with corrective aberration 44 

in the objective lens. Samples were dispersed in DMF by sonication and deposited on 45 

carbon copper grid (300 mesh, Ted Pella, Redding, CA, US). X-ray photoelectron 46 
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spectroscopy (XPS) were recorded with an Escaprobe Omicron spectrometer 47 

(Taunusstein, DE) equipped with an EA-125 hemispherical electron multichannel 48 

analyzer and an unmonochromatized Mg K X-ray source having radiation energy of 49 

1253.6 eV at 150 W and a pass energy of 50 eV. The samples were slightly pressed into 50 

a small pellet and then mounted on the sample holder. Every sample was introduced into 51 

the chamber where they were degassed for 6–8 h in order to achieve a dynamic vacuum 52 

below 10−8 Pa prior to analysis. Spectra were analyzed with CasaXPS software and 53 

Relative Sensitive Factor (RSF) database by fitting after Shirley background correction. 54 

For these measurements, the binding energy (BE) values were referred to the C1s peak at 55 

284.6 eV.  56 

Light Dispersion: suspensions of MWCNT (DMF, 3mg/mL) were analyzed in a 57 

QuantaMaster fluorometer (PTI, Birmingham, NJ, US) allowing for the measurements of 58 

light dispersion and optical anisotropy in the samples. 59 

Magnetic alignment of the preparations was detected in a home-made device placed 60 

inside the optical cavity of the spectrofluorometer. The device consisted of an 61 

electromagnet with its poles applied to the top and bottom of the fluorescence cuvette, 62 

leaving free the optical path. The field intensity of this magnet was 50 Gauss (5·10-3 T).  63 

Optical Anisotropy measurements were performed in the same spectrofluorometer using 64 

two polarizers accommodated at the exit of the Xe excitation lamp and in the input of the 65 

detector, respectively. The orientations of the polarizers were set automatically, 66 

calculating the anisotropy by illuminating the sample with vertically and horizontally 67 

polarized light, measuring the intensity of the light received in the detector (Eq. 1) 68 

𝐴 =
𝐼𝑉𝑉−𝐺·𝐼𝑉𝐻

𝐼𝑉𝑉+2·𝐺·𝐼𝑉𝐻
  Eq. 1 69 
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where IVV is the intensity of the light when both polarizers are in vertical position, IVH is 70 

the intensity when the lamp and detector polarizers are respectively in vertical and 71 

horizontal position and G (G-factor) is a correction for the polarization given by Eq. 2 72 

𝐺 =
𝐼𝐻𝑉

𝐼𝐻𝐻
 Eq. 2 73 

where IH and IV maintain the meaning of Eq. 1. 74 

Light Absorption: the orientation of the nanotubes was further investigated by 75 

analyzing the changes in absorbance with sample orientation in the nanotube suspension 76 

.To this end, we used a double beam Lambda 1050 Perkin Elmer spectrophotometer 77 

operating in transmission mode. Two types of MWCNT were used, either MWCNT in 78 

solution (DMF, 3 mg/mL) or MWCNT magnetically oriented and fixed in a solid block 79 

of agarose (0.5 %). The same home-made magnet described in the light dispersion studies 80 

was used for the solution studies. For the study in the solid block of agarose, MWCNT 81 

were dissolved at high temperature (60 ºC) in liquid agarose and accommodated overnight 82 

inside a 7T Bruker Pharmascan magnet (16 cm bore, Bruker Biospin, Ettlingen, DE) to 83 

orient the nanotubes while liquid and keep them oriented along the magnetic field 84 

direction while gelling. 85 

Superconducting Quantum Interference Device measurements: the magnetic-field-86 

dependent magnetization was measured using a superconducting quantum interference 87 

device (SQUID) magnetometer (Quantum Design, Inc. CA, USA), equipped with a 7 T 88 

coil. Magnetization hysteresis loops were recorded at 5 K between ±5 T, after cooling 89 

from 300 K to 5 K in 0.5 T applied field to pre-align the nanotubes. Two configurations 90 

have been measured, firstly with the alignment field applied perpendicular, and secondly 91 

parallel, to the measuring field. 92 

Add FC and ZFC instrumentation 93 
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Molecular modelling: calculations were performed using Density Functional Theory 94 

(DFT) employing the Spartan program (SPARTAN ’10, version 10; Wavefunction: 1992) 95 

with B97xD functional and the 6-31G** basis set. This functional was chosen to take 96 

into account dispersion corrections for DFT, which are necessary to describe Van der 97 

Waals complexes in an accurate way. All systems were treated with the spin-restricted 98 

formalism[1]. In order to investigate the interaction of the aromatic molecules with the 99 

CNT, the binding energies were calculated using the relation 100 

𝐸 = 𝐸𝐶𝑁𝑇_𝑀𝑂𝐿 − (𝐸𝐶𝑁𝑇 + 𝐸𝑀𝑂𝐿) Eq. 3 101 

where ECNT_MOL is the total energy for the CNT-aromatic molecule complex, ECNT is the 102 

total energy of the pristine nanotube and E MOL is the total energy of the isolated aromatic 103 

molecule. To account for the Basis Set Superposition Error (BSSE), Spartan uses the 104 

"dual-basis" approximation that consists in doing a single point energy calculation with a 105 

large basis set. This is more accurate than the usual small basis-set counter poise method, 106 

includes a correction to finite basis set size, and is much quicker than the larger basis set 107 

calculation. 108 

S2. Supplementary Results 109 

S2.1 Single Quantum Interference Device (SQUID) 110 

As a control to SQUID measurements of AP-MWCNT suspensions in DMF, we 111 

measured the magnetic loops of the DMF solvent under the same conditions used for the 112 

pre-aligned AP-MWCNT suspensions (Figure 9). First, we obtained magnetic loops from 113 

DMF samples pre-oriented (0.5 T) perpendicularly to the SQUID measuring field (Figure 114 

S1, black dots). We then increased the SQUID temperature to 300 K to pre-orient the 115 

solvent in the direction of the SQUID field, and cooled it down again to 5 K to trap the 116 

“pre-oriented” solvent, in the direction of the SQUID field. A second hysteresis loop was 117 

then acquired in which the DMF was in the parallel configuration (Figure S1, red dots). 118 
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Only the diamagnetic contribution of DMF is observed, with no measurable difference in 119 

the magnetic properties of the solvent depending on the orientation of the pre-aligning 120 

field. Thus the magnetic anisotropy detected in AP-MWCNT suspensions in DMF 121 

(Figure 9), is not due to the solvent. 122 

 123 

Figure S1. Hysteresis cycles for the DMF solvent, pre-aligned perpendicular (black), or 124 

parallel (red) to the magnetic field, at 5 K. 125 

We pursued then to detect the Curie temperature in raw MWCNT and MWCNT-COOH 126 

preparations using Field Cooling and Zero Field Cooling experiments in the range 4K-127 

300K.  128 

 129 

 130 

 131 

Figure S2. Field Cooled (red) and Zero Field Cooled (black) magnetization vs. 132 

temperature profiles in preparations of raw MWCNT (A) and oxidized MWCNT-COOH 133 

(B) measured at 500 Oe. 134 

 135 
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Please describe briefly method used in FC and ZFC measurements and results obtained 136 

with MWCNTs and MWCNT-COOH. We found similar results to those obtained with 137 

MWCNT-AP adducts (Figure 11) with large irreversibility between FC and ZFC 138 

temperature magnetizations with no drop in the magnetizations measured, indicating that 139 

the Curie temperature must be higher than 300K. 140 

S2.2. TGA/DSC Measurements 141 

To explore the presence of magnetization in the MWCNT preparations above the 142 

desorption/thermal degradation of the aminopyrene molecule, we used Termogravimetry 143 

(TGA)/Differential Scanning Calorimetry (DSC) in the range 50-900 oC. 144 

 145 

Figure S3. TGA/DSC profiles (50-900 oC) in raw MWCNT, MWCNT-COOH, AP-146 

MWCNT and Amino-pyrene preparations. 147 

 148 

Figure S3 shows the TGA weight loss curves (green), their first derivative (blue) and the 149 

DSC scans (red) as obtained in preparations of amino-pyrene AP, raw MWCNT used as 150 

starting material, oxidized MWCNT-COOH and the adduct AP-MWCNT. Amino-pyrene 151 

was desorbed and thermally decomposed at 300 oC. The first derivative of TGA in 152 

MWCNT-COOH preparations showed a transition at 200-250 oC, corresponding most 153 

probably to the evolution of CO2 from its carboxyls, since this transition is much smaller, 154 

or not even detected, in the raw MWCNT used as starting material. The first derivative 155 
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of TGA in AP-MWCNT preparations showed two transitions, the first one around 200 oC 156 

reflecting CO2 evolution from carboxyls and the second one around 300 0C, reflecting the 157 

desorption or thermal decomposition of amino-pyrene. We could not clearly detect a clear 158 

weight change/heat transfer in the TGA/DSC profiles in this range, revealing the Curie 159 

temperature may be higher than 900 0C. Interestingly, Curie temperatures higher than 900 160 

degrees have been described for helical carbon nanotubes (ref). Taken together, 161 

TGA/DSC profiles indicate that the MWCNT structure and its associated magnetic 162 

properties remain at higher temperatures than those needed for AP desorption/thermal 163 

degradation. 164 

 165 

S2.3. Molecular modelling of  stacking adducts (AP-MWCNT) 166 

In order to understand the interaction between the aminopyrene molecule and the carbon 167 

nanotube, we implemented a theoretical molecular modelling approach. We performed 168 

Ab initio Density Functional Theory (DFT) calculations to investigate the structural and 169 

electronic properties of a (6. 6) armchair carbon nanotube (diameter/length Å = 8.1/12.3) 170 

over which we placed the aromatic molecule. Since the CNT in this study are finite-sized, 171 

we used hydrogen atoms to cap the carbon atoms located at the two, open edges, of the 172 

nanotube.  173 

 174 

Figure S4. Representative parallel (A), parallel displaced (B) and perpendicular (C) AP-175 

CNT configurations.  176 

We considered the parallel, parallel displaced, or perpendicular configurations of the 177 

aromatic rings of AP relative to the CNT surface (Figure S4), to find the most stable 178 

configuration (with larger binding energy).  179 
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We found that the parallel displaced configurations were more stable (binding energies 180 

19.83-23.87 kcal/mol) than the parallel (binding energies 18.03-21.56 kcal/mol) and 181 

perpendicular (binding energies 2.51-6.42 kcal/mol) configurations. These results are 182 

similar to those reported by others,[2-4] suggesting that  stacking is the most 183 

important contribution to the adsorption of AP over the CNT surface. 184 

To gain further insight into the AP-CNT interaction, we investigated the charge 185 

distribution of the parallel displaced configuration (Figure S5). A homogeneous charge 186 

distribution was observed indicating that covalent bonds are not present, confirming that 187 

only  interactions account for the binding energy values of these configurations. 188 

 189 

Figure S5. Electronic density surface of parallel displaced configuration. 190 

 191 

ABBREVIATIONS 192 

AP-MWCNT, aminopyrene functionalizated multiwalled carbon nanotubes; CNT, 193 

carbon nanotubes; DMF, N,N-dimethylformamide; DSC, Differential Scanning 194 

Calorimetry; FC, Field Cooling, MWCNT, multiwalled carbon nanotubes; MWCNT-195 

COOH, multiwalled carbon nanotubes oxidated; SQUID, Superconducting quantum 196 

interference device; TGA, thermogravimetric analyses; XPS, X-ray photoelectron 197 

spectra; ZFC, Zero Field Cooling. 198 

 199 
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