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General

Steady-state absorption spectroscopy. The electronic absorption spectra were recorded on a Perkin
Elmer (Lambda 19) UV-Vis-NIR spectrophotometer.

Attenuated-total-reflectance infrared spectroscopy. Mid-infrared spectra in the region 550-4000 cm™
were obtained on a Fourier Transform IR spectrometer (Equinox 55 from Bruker Optics) equipped with
a single reflection diamond ATR accessory (DuraSamplIR II by SensIR Technologies). A drop of the
solution was placed on the diamond surface, followed by evaporation of the solvent, in a stream of

nitrogen, before recording the spectrum. Typically, 100 scans were acquired at 4 cm™ resolution.

Raman spectroscopy. Micro-Raman scattering measurements were performed at room temperature in
the backscattering geometry using a RENISHAW inVia Raman microscope equipped with a CCD
camera and a Leica microscope. A 2400 lines mm™ grating was used for all measurements, providing a
spectral resolution of + 1 cm™. As an excitation source the Ar' laser (514 nm with less than 0.5 mW
laser power) was used. Measurements were taken with 60 seconds of exposure times at varying numbers
of accumulations. The laser spot was focused on the sample surface using a long working distance 50x
objective. Raman spectra were collected on numerous spots on the sample and recorded with Peltier
cooled CCD camera. The intensity ratio Ip/Ig was obtained by taking the peak intensities following any

baseline corrections. The data were collected and analyzed with Renishaw Wire and Origin software.

Photoluminescence spectroscopy. PL measurements were performed by using Shimadzu NIR-PL
system with an IR-enhanced InGaAs detector (Princeton instruments OMA-V2.2) and tunable Ti-
Sapphire Laser (Spectra physics 3900S). The slit width for emission was 10 nm and scan steps were 5
nm and 2 nm for excitation and emission, respectively. Raw data, 1000-2200 nm for emission and 700-
1060 nm for excitation, were corrected for wavelength—dependent instrumental factors and excitation
laser intensities. Samples were dispersed in D,O with 1 wt% sodium dodecylbenzene sulfonate (SDBS)
by using tip—type sonicator (SONICS VCX500, operated at 200 W for 10 minute), and then centrifuged

at 127600 g for 2.5 hour. After centrifugation, supernatant was collected for measurement.

Thermogravimetric analysis. The thermogravimetric analysis was performed using a TGA Q500
V20.2 Build 27 instrument by TA in an inert atmosphere of nitrogen. In a typical experiment 1 mg of
the material was placed in the sample pan and the temperature was equilibrated at 40 °C. Subsequently,
the temperature was increased to 900 °C with a rate of 10 °C min" and the weight changes were

recorded as a function of temperature.

Specimen preparation. The Cq@SWCNT peapod specimen was dispersed in n-hexane and then fixed
on a copper TEM grid coated with holey carbon film. Several drops of the aryl-functionalized
Coo@SWCNTs solution were placed on a copper TEM grid coated with holey carbon film.
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TEM analysis. TEM observations were carried out using a JEM-2010F (JEOL) equipped with a CEOS

post specimen spherical aberration corrector (C; corrector) operating at 120 k'V.

Electrochemistry analysis. Electrochemistry studies were performed using a standard three-electrode
cell. Platinum guaze (52mesh, 99.9%) was used as a counter electrode and Pt disk (1.6 mm diameter) as
a working electrode (BASi). Silver/silver nitrate (Ag/AgNOs 0.1 M in acetonitrile) was used as a
reference electrode. Tetrabutylammonium hexafluorophosphate (TBAPF¢; 98%) was used as electrolyte
and was recrystallized three times from acetone and was dried in a vacuum at 100 °C. Before each
experiment the cell was purged with high purity N, for 5 minutes. Before the start of the measurement
the inert gas was turned to “blanket mode”. Measurements were recorded using an EG&G Princeton
Applied Research potensiostat/galvanostat Model 2273 connected to a personal computer running
PowerSuite software. The working electrode was cleaned before each experiment through polishing
using a cloth and 6, 3 and 1pum diamond pastes. The Ag/AgNO; electrode was calibrated before each
experiment by running cyclic voltammetry on ferrocene. The potential values obtained versus
Ag/AgNO; were converted versus saturated calomel electrode (SCE) using ferrocene. All DPV
reduction runs were carried out using pulse height 0.05 V, pulse width 100 ms, step height 2 mV and
step time 200 ms. DPV oxidation run was carried out using pulse height 0.025 V, pulse width 100 ms,
step height 2 mV and step time 110 ms. Electrochemistry of fullerene was carried out in TBAPF¢ 0.1M
in (0-DCB):acetonitrile (5:1), Blank experiment of a mixture of aryl functionalized SWCNTSs and Cg
was run in TBAPF¢ 0.1M in a mixture of 0o-DCB:acetonitrile (5:1) and DMF. All peapod experiments
were carried out in TBAPF¢ 0.1M in DMF.

Microwave-assisted reactions. For the microwave synthesis, a CEM Discover microwave reactor
(frequency = 2.45 GHz, Pyax = 300 W) with internal infra-red pyrometer and pressure control system
was used. The microwave reactions were carried out in a 10 mL capacity glass vessel with self-sealing
septa, specially designed for operation in the microwave apparatus. Magnetic stirring was provided to

assure complete mixing of the reactants, which irradiated under appropriate power and time.

Synthesis of Coo@SWCNT peapods. The arc-SWCNTs (Meijo Arc APJ-type, Meijo Nano Carbon Co.
Ltd) were heated at 350 °C for 30 minutes in air to remove the most of amorphous carbon and other
carbon materials which coats catalyst metal particles. The as-obtained SWCNTs were treated in
methanol solution of sodium hydroxide for 30 minute and washed by propanol-2 for several times. The
remaining metal particles were washed by hydrochloric acid and heated at 600°C for 2 hours in vacuum.
To open the cap of SWCNTs, purified arc-SWCNTs were heated at 500°C for 30 minutes in air. The
treated SWCNTs and fullerenes were sealed under vacuum (~1 x 10 Pa) in a quartz tube and heated at
600 °C for 24 hours. The obtained nanopeapods were washed extensively with toluene to remove the

fullerenes adsorbed on the outside of the walls.
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Microwave-assisted synthesis of aryl-functionalized Cg@SWCNT peapods. In a typical
experiment, 5 mg Ce@SWCNTs and 150 mg (0.41 mmol) of tert-butyl 2-(2-(2-(4-aminobenzamido)
ethoxy)ethoxy)ethylcarbamate were added in the microwave glass vessel and flushed with nitrogen.
Then, 70 pL (61,0 mg, 0,52 mmol) of isoamyl nitrite were added and the vessel was tapped with the
sealing septa and placed in the microwave reactor. The initial power was 10 W, the preselected
temperature was set at 160 °C and the reaction time at 30 min. Under these conditions, the temperature
raised up to 137 °C and the pressure in the tubes up to 88 psi. After completion of the reaction time, the
crude material was suspended in DMF, filtered through PTFE membrane filter (0.2 um), washed with
DMF (100 mL), methanol (100 mL) and dichloromethane (100 mL) and dried in a vacuum oven at 60
°C overnight.
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Fig. S1. 2D PL contour maps of (a) SWCNTs and (b) Ceo@SWCNT peapods. The PL maxima on the
map are seen in the second interbands (£;) excitation region (4, = 850 — 1050 nm) and the first
interbands (£1;) emission region (4;; = 1400 — 1900 nm) of SWCNTs with 1.3 — 1.5 nm in diameter.
The observed peaks can be assigned to specific (n, m) SWCNTSs. The filling ratio was estimated from
the relative intensity of the PL peaks of (13, 5) peapods and the original SWCNTs (Fig. S1(b)).
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Table S1. Conditions for microwave-assisted aryl functionalization of SWNTs.”

Power Run Time Weight loss Carbons per 1
Method . .
(Watts) (Minutes) (%) functional group
A 50 15 19.1 122
B 5 25 17.3 138
C 10 15 27.1 77

Conventional Heating — 1080 24.4 89

Evaluation of Raman spectroscopy results and TGA data (Supporting Information, Fig. S2-S3),

let us conclude on Method D — that is, microwave irradiation with continuous power of 10W for 30
min. — as optimum.

“ The ratio SWNTs / aniline / isoamyl nitrite is 5 mg / 150 mg / 61 mg and kept the same in all

experiments.
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Fig. S2. a) UV-Vis spectra of pristine SWNTs (black) and microwave-assisted aryl-functionalized
SWNTs, b) ATR-IR spectra of microwave-assisted aryl-functionalized SWNTs, c¢) High frequencies and
d) low frequencies Raman spectra of pristine SWNTs (black) and microwave-assisted aryl-
functionalized SWNTs via method A (red), B (green) and D (purple). Raman spectra of material
obtained from blank experiment via method D using only SWNTs (blue).
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Fig. S3. Thermogravimetric analysis of pristine SWNTs (black) and microwave-assisted aryl-SWNTs
produced via method A (red), B (green) and D (purple).
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Fig. S4. Representative HRTEM image of intact Cso@SWCNT peapods indicating the absence of any

soft material on the outer surface.
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Fig. SS. Attenuated-total-reflectance infra-red (ATR-IR) spectrum of aryl-functionalized Coo@SWCNT
peapods.
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Fig. S6. Raman spectra of pristine Cqo@SWCNT (black) and aryl-functionalized Cso@SWCNT peapods
(red), obtained with Aex. = 514 nm. Inset: Radial breathing mode (RBM) region.
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Fig. S7. Thermographs of pristine Cso@SWCNT peapods (black), and aryl-functionalized
Coo@SWCNT peapods (red), obtained under inert atmosphere.

12




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


