Electronic Supplementary Material (ESI) for Journal of Materials Chemistry B
This journal is © The Royal Society of Chemistry 2013

Photoluminescent Nano Graphitic/Nitrogen-doped Graphitic
Hollow Shells as a Potential Candidate for Biological Applications

Supporting Information

Detailed Sample Preparation Methods

Magnetite (Fe;04) nanoparticles (NPs) (1): Mono-dispersed magnetite NPs were prepared
from an iron oleate precursor. In a typical synthesis, 40 mmol of iron chloride hexahydrate
(FeCls*6H,0, 98 %, Aldrich) and 120 mmol of sodium oleate (95%, TCI) were dissolved in a
solvent mixture of 80 mL ethanol, 60 mL deionized water, and 140 mL hexane. This solution
was heated to 70 °C and held for four hours. Immediately after the thermal treatment, the
upper organic layer, containing the Fe-oleate complex, was removed and washed with water.
For the formation of magnetite NPs, 40 mmol of dried iron oleate complex and 20 mmol of
oleic acid (90 %, Aldrich) were dissolved in 200 g of 1-octadecene (90 %, Aldrich). The
temperature was increased to 320 °C, and held for 30min. The resulting solution was slowly
cooled to room temperature, and suspended black particles were precipitated by excess

acetone and collected by centrifugation.

Magnetite@silica-encapsulated core-shell spheres (Fe;0,@SiO,) (2): The silica-coated
magnetite NPs were prepared by the water-in-oil micro-emulsion technique using tetraethyl
orthosilicate (TEOS). For a typical synthesis, magnetite NPs (1) pre-dissolved in cyclohexane
was injected into 8mL of the surfactant Igepal CO-520 (Aldrich) pre-dissolved in 200 mL of
cyclohexane. In particular, we varied the amount of magnetite NPs dissolved in cyclohexane
from 0.4 mg to 2 mg/mL, aiming for a silica-shell thickness of 7 nm to 12 nm. Next, 1.3 ml

of 30 % NH4OH solution (Aldrich) was added with stirring for several hours, and then 3 mL
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of TEOS were added. The mixture was stirred for 12 hrs at room temperature. The resulting

dark brown silica-coated NPs were washed with ethanol and centrifuged.

Silica@graphitic hollow spheres (S10,@GHS) (3) or magnetite@silica@graphitic hollow
spheres (Fe;04@Si0,@GHS): Fe;04@Si0; (2) pre-dispersed in an aqueous glucose solution
was transferred into a Teflon lined stainless steel autoclave. The temperature was increased to
180 °C and maintained for 4 - 16 h. After the reaction went to completion, the reactor was
rapidly cooled with cold tap water. The resulting solution was centrifuged at 6000 rpm for 30
min and the most upper, bright-yellow solution containing SiO,@GHS NPs was separated.
Deionized water was added to this solution and the mixture was centrifuged at 18000 rpm for
40 min. The dark brown suspension was separated and dried under a vacuum. To prepare a

thermally annealed sample, the dried samples were heated at 450 °C in Ar atmosphere.

Graphitic hollow spheres (GHS) (4) or magnetite encapsulated graphitic hollow spheres
(Fe;04@GHS): The dried Si0,@GHS (3) or Fe;04@Si0,@GHS were transferred to a
polyethylene bath of 7 M HF solution and stored to allow chemical etching to remove
undesired impurities. A yellowish-brown powder floating on the surface of the HF solution
was obtained and washed with water, which included high-speed centrifugation. The
resulting NPs were dried at 100 °C in a convection oven overnight. In addition, to make the
thermal annealed sample, the dried NPs were heated in Ar atmosphere at 450 °C for one

hour.

Nitrogen-doped graphitic hollow spheres (N-GHS) (5): N-GHS solution was achieved using
ammonia and triethylamine (TEA) as reducing agents and nitrogen sources under a
hydrothermal environment [10]. 30 % ammonia was added to 70 mL of the described GHS

(4) solution to adjust the pH value to 10. Then ImL of TEA was added. The solution was
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then transferred into a Teflon-lined autoclave and heated at 80 °C for 3 h. The N-GHS were

collected with centrifugation, followed by washing with deionized water several times.

Detailed Cell Culture and Cytotoxicity Experimental Conditions

The human cervical adenocarcinoma HeLa cells (2 x 10" cells) grown on coverslips were
incubated with 200 pg/mL nanoparticles for 2 h. The cells were washed several times with
ice-cold phosphate-buffered saline (PBS), fixed by incubation with freshly made 3%
formaldehyde (containing 1.5% methanol) in PBS (pH 7.4) for 15 minutes, and neutralized
with 50 mM NH4Cl solution. After washing, the cells were visualized by fluorescence
microscopy using an Axioplan Zeiss microscope and photographed with a digital camera
(CCD). For Laser Scanning Confocal Microscopy (LSCM), the cells were visualized using a
Zeiss LSM 510 confocal microscope (Nikon, Japan) equipped with Argon (488 nm) and

HeNe (543 nm) lasers for fluorescence.

Cytotoxicity was assessed by measuring effects of GHS on cell proliferation and membrane
damage, respectively. Cells (2 X103 cells/100 uL) were seeded onto 96-well plates and
incubated overnight at 37 °C under a 5 % CO2 atmosphere. The medium in the wells was
then replaced with fresh medium containing GHS (1 ~ 1000 pg/ml) and incubation continued
for 72 h. The effect of the GHS on cell proliferation was determined by WST-1 assay
(Roche). Cells (2 x 10* cells/100 ul) were seeded onto 96-well plates and incubated overnight
at 37°C under a 5 % CO, atmosphere. The medium in the wells was then replaced with fresh
medium containing GHS (1-1000 pg/ml) and incubation continued for 72 h. Briefly, 10 uL of
WST-1 solution (Roche) was added to each well and the plates were further incubated. After
4 h, the absorbance was measured with a plate reader at 440 nm. Cells incubated without

GHS were used as a control. The release of lactate dehydrogenase (LDH) was monitored with
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the CytoTox 96 Non-Radioactive Cytotoxicity Assay (Promega). Cells (2 X 104 cells/ml)

grown on 24-well plates were incubated with GHS (0.5 ~ 1000 pg/mL) for 72 h. The plates
were centrifuged, and aliquots (50 pL) of cell culture medium were collected from each well
and placed in new microtiter plates. Finally, 50 puL of substrate solution was added to each
well and the plates were further incubated for 30 min at room temperature. The absorbance at
490 nm was measured with a microplate reader. Cytotoxicity is expressed relative to basal

LDH release by untreated control cells.

Fluorescence quantum yield measurement

For fluorescence quantum yield measurement of the GHS, we employed a comparative
method %% that relies on the use of fluorescence standards-organic fluorophores with
known fluorescence quantum yields. In the same instrument, the unknown quantum yield

may be calculated using the following equation:

Agt Fe n? Graa n?
Y, =0Y.,|—— = QY. [—=
Q X Q st [Fst Ax nzo Q st Gradst nzo

where QY is the quantum yield, 4 is absorbance at the excitation wavelength, F is the
integrated emission area, n and ny are refractive indexes of the solvent containing the
unknown and the standard, x and st stand for a sample with unknown quantum yield and the
standard. Grad x and Grad st are gradients obtained from the plot of the integrated

fluorescence intensity vs. optical density.

Graphite hollow spheres were dispersed in water. The reference compound, L-Tryptophan
(QY 14 %) 71 was dissolved in a phosphate buffer (pH=7.2). The difference in the
refractive indices for water and buffer solution was within 1%. Concentration series were run

on all the samples and the standard so that the absorbance values fell between 0.01 and 0.1
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(for 10 mm path length fluorescence cuvette) at the excitation wavelength (285 nm). PL
measurements of samples and the reference were conducted under identical conditions of
excitation wavelength (285 nm) and slit settings at room temperature. The area under the PL
curve in the range 300-550 nm, its integrated intensity, was calculated for each sample. We
compared this result with results from other carbonaceous material, namely expanded
graphite [®7 which demonstrated a QY of ~0.10% and 0.08% for carbon onions ', and 0.8%
for oxidized carbon NPs from candle soot *l. For water suspensions of isolated carbon
nanotubes encapsulated in micelle-like cases of surfactant, the following QY's were observed:

0.01 % 0.017 % " 0.1 % " and 1.1 % P,
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Figure S1. (a) Time-dependant void formation in Fe;O04@Si0,@GHS during hydrothermal
graphite deposition reaction from glucose on Fe;04@Si0; (2), as monitored by using SAED
and corresponding crystal planes labeled in each image. EDX results of (b) Fe;04@SiO; (2)
and (c¢) GHS (4) by HRTEM. (d) The SQUID magnetic measurement results, M-H loops at 5
K for Fe;04 (1), Fes04@Si0, (2), Fes04@Si0,@GHS 4h, 8h and 16 h samples. The
saturated magnetization (Ms) data at 300 K for Fe;Oy4 (1) (44.0 emu g"), Fe;04@SiO; (2)

(8.1 emu g') and this value decrease by reaction time increased, indicating that Fe;0, core

dissolved by reaction.
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Figure S2. HRTEM image of final resultant, GHS (4).
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Figure S3. Zeta potential of GHS as a function of pH, in aqueous dispersions.
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Figure S4. X-ray diffraction (XRD) patterns for GHS (4) annealed at 450°C in Ar and

calculated XRD patterns of graphite (JCPDF #411487, a =2.470, c = 6.724).
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Figure S5. Fluorescent microscopy images of GHS on glass substrate with an excitation

wavelength of 334 - 346 nm, 340 - 380 nm, 450 - 490 nm, and 510 - 560 nm.
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Figure S6. Excitation spectra of GHS, each spectra normalized to the same maximum

intensity.



Electronic Supplementary Material (ESI) for Journal of Materials Chemistry B
This journal is © The Royal Society of Chemistry 2013

References for Supporting Information

[1] V. Georgakilas, D.M. Guldi, R. Signorini, R. Bozio, M. Prato, Journal of the American

Chemical Society, 2003, 125m, 14268-69.

[2] D. F. Eaton, Pure and Applied Chemistry 1988, 60, 1107-14.

[3] J. Crochet, M. Clemens, T. Hertel, Journal of the American Chemical Society, 2007, 129,

8058-9.

[4] S.-Y. Ju, W. P. Kopcha, F. Papadimitrakopoulos, Science, 2009, 323, 1319-23.
[5] J. R. Albani, Journal of Fluorescence, 2007, 17, 406-17.
[6] Expanded graphite was kindly provided by Prof. V.E. Fedorov, Nikolaev Institute of

Inorganic Chemistry, Novosibirsk, Russia

[7]J. H. Lee, D. W. Shin, V. G. Makotchenko, A. S. Nazarov, V. E. Fedorov, J. H. Yoo, S. M.

Yu, J.-Y. Choi, J. M. Kim, and J.-B. Yoo, Small, 2010, 6, 58-62

[8] H. Liu, T. Ye, C. Mao, Angewandte Chemie International Edition, 2007, 46, 6473-5.

[9] A. Hagen, M. Steiner, M. B. Raschke, C. Lienau, T. Hertel, H. Qian H, A. J. Meixner, A.

Hartschuh, Physical Review Letters 2005, 95, 197401(4).

[10] F. Wang, G. Dukovic, L. E. Brus, T. F. Heinz, Physical Review Letters, 2004, 93,

177401(4).

[11] M. J. O'Connell, S. M. Bachilo, C. B. Huffman, V. C. Moore, M. S. Strano, E. H. Haroz,
K. L. Rialon, P. J. Boul, W. H. Noon, C. Kittrell, J. Ma, R. H. Hauge, R. B. Weisman, R. E.

Smalley, Science, 2002, 297, 593-6.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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

  /CreateJDFFile 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 [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


