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Experimental
Synthesis of carbon nanoparticles

Carbon nanoparticles were synthesized by hydrothermal treatment of orange juice in ethanol. In
a typical procedure, 40 ml of orange juice (absolutely pulp-free) was mixed with 30 ml ethanol,
and then the mixture was transferred into an 80 ml Teflon-lined stainless-steel autoclave and was
heated at constant temperature of 120 °C for 150 min (1 °C/min). After the reaction is over, the
autoclave was cooled down naturally. The resulted dark brown solution was washed with
dichloromethane to remove the unreacted organic moieties. The aqueous solution was
centrifuged at 3000 rpm for 15 min to separate the less-fluorescent deposit. Excess acetone was
added to the upper brown solution and centrifuged at high speed of 10,000 rpm for 15 min to
obtain highly fluorescent carbon dots (CD, 400 mg) of average size 1.5-4.5 nm. The deposit
coarse nanoparticles (CP, 250 mg) have larger diameters in the range of 30-50 nm and exhibit

weak fluorescence in comparison to CD.
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Plausible mechanism for the formation of carbon dots

The mechanism for synthesis of carbon dots from orange juice involves carbonization of
its constituents. In fact, in the hydrothermal carbonization of sucrose for the formation of final
material structure is complicated and a clear scheme has not yet been reported. The plausible
mechanism for the formation of carbons dots may be illustrated as follows.
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Schematic presentation of formation mechanism of carbon dots

Sucrose when hydrothermally treated undergoes hydrolysis to form glucose and fructose.
Glucose subsequently isomerises to form fructose. The dehydration and decomposition of
fructose/glucose gives rise to different soluble products such as furfural compounds (for ex: 5-
hydroxymethyl furfural, furfural, 5-methyl furfural etc), several organic acids such as acetic,
lactic, propionic, livulinic and formic acids, aldehydes and phenols. It is worth mentioning that
the hydronium ion formed from these acids acts as a catalyst in subsequent decomposition
reaction stages. Here it is important to note that due to presence of weak acids like citric acid and
ascorbic acid in orange juice the dehydration and decomposition reaction proceeds in a
controlled manner. The polymerisation and condensation of of these products gives rise to
soluble polymers. Aromatization and formation of aromatic clustures take place via aldol
condensation, cycloaddition and a hydroxymethyl mediated furan resin condensation. When
concentration of aromatic clusters reaches a critical supersaturation point a burst nucleation takes
place and carbon dots are formed.
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In vitro cytotoxicity and intracellular uptake

In vitro cytotoxicity

L929 cells were harvested and the cell concentration was adjusted to 1x10* cells/ml, cells were
plated in a 96 well flat bottom culture plates (180 ul/well) and incubated with various
concentrations (0.78, 3.185, 12.5, 25.0, 50.0, 100.0, and 200.0 ul/ml) of CD (in 20 ul). All
cultures were incubated for 72 h at 37 °C and 5% CO, in a humidified incubator. Viable cell
concentration was checked by MTT (3-(4,5-Dimethyl-2-2thiazolyl)-2,5-diphenyl-2H-tetrazolium

bromide) assay.

Intracellular uptake

Human osteosarcoma cell line MG63 (maintained in Dulbecco’s Modified Eagle’s Medium or
DMEM supplemented with 10% Fetal Bovine Serum or FBS) was trypsinized and seeded in
tissue culture plates at 3 x 10* cells/well. After overnight incubation inside humidified 5% CO,
incubator for cell attachment, the cells were treated with the CD at a final concentration of 200
pg/ml in 300 pl of media and incubated for 12 h. Prior to the imaging experiment, the cells were
washed three times with fresh media. Live-cell-imaging was done under confocal microscope
with laser excitation of 405 and 488 nm and fluorescence was collected in blue and green region.

Characterization

The morphology and microstructures of CD and CP were analyzed by Scanning electron
microscope (HITACHI COM-S-4200) and High resolution transmission electron microscopy
(JEOL 3010, Japan) operated at 300 kV respectively. Particle size and zeta potential were
measured after suitable dilution of the CD solution at 25.0 + 0.5°C, by dynamic laser light
scattering using a particle size analyzer (Nano ZS 90, Malvern). The crystalline phase was
investigated by an Expert Pro Phillips X-ray diffractometer. The Raman spectrum of as-prepared

samples was recorded at ambient temperature in a Ranishaw inVia relex spectrometer (UK
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make). Fluorescence microscopy images were captured using Axiovert 40 carl zeiss india
fluorescence microscope at excitation wavelength of 405 and 488 nm. The Fourier transform
infrared spectroscopy (FTIR) spectra were measured by a Thermo Nicolet Nexux FTIR model
870 spectrometer with the KBr pellet technique ranging from 400 to 4000 cm ! The presence of
different functional groups on the surface of CD was investigated by X-ray photoelectron
spectroscopy using AlKa excitation source in an ESCA-2000 Multilab apparatus (VG
microtech). Fluorescence spectroscopy was performed with a Horiba Fluoromax 4
spectrophotometer at different excitation wavelength ranging from 320 to 450 nm. UV-vis
absorption spectra were obtained using a Shimadzu 220V (E) UV-vis spectrophotometer. Live-
cell imaging was done under Olympus FV-1000 confocal microscope with laser excitations of

405 ad 488 nm.
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Figure S1
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Figure S1. Variations of (a) hydrodynamic size with time, (b) zeta potential with pH.



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

Figure S2

Figure S2 (a) and (b) TEM images of coarse particles
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Figure S3 (a) Raman spectrum of CP, (b) XPS survey and (¢) Ols spectrum of CD
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Figure S4 FTIR spectra of CD and CP
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Figure SS.
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Figure S5 (a) Effect of time on fluorescence intensity of CD in DI water, (b) Effect of ionic
strengths on the fluorescence intensity of CD (ionic strengths were controlled by various

concentrations of NaCl), (c) Effect of pH on the fluorescence intensity of CD
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Quantum Yield Calculations
The quantum yield (®) of the carbon nanoparticle was calculated using quinine sulfate as

reference. For calculation of quantum yield, five concentrations of each compound were made,
all of which had absorbance less than 0.1 nm at 340 nm. Quinine sulfate (literature ® = 0.54) was
dissolved in 0.1 M H,SOy (refractive index (1) of 1.33) while the carbon sample was dissolved in
water (1 = 1.33). Their fluorescence spectra were recorded at same excitation of 340 nm. Then
by comparing the integrated photoluminescence intensities (excited at 340 nm) and the
absorbency values (at 340 nm) of the carbon sample with the references quinine sulfate quantum
yield of the carbon sample was determined. The data was plotted (Figure S4) and the slopes of
the sample and the standards were determined. The data showed good linearity with intercepts
of approximately zero.
The quantum yield was calculated using the below equation

@, = Osr (my / mst) (M’ /M’st)
Where @ is the quantum yield, m is slope, n is the refractive index of the solvent, ST is the
standard and X is the sample. The quantum yield for CD and CP is found to be 25.6 % and
19.7% respectively

Figure S6.
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Figure S6 Fluorescence and Absorbance of the CD, CP and Quinine Sulfate
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Figure S7

Figure S7. Typical Fluorescence microscopy images (all scale bars are 30 pum) of CD (a) and CP

(b) with excitation wavelength at 488 nm

Figure S8

Figure S8. Photographs of CD in water under daylight (left) and UV lamp (right) with different
concentrations of CD (a: 0.5 mg/ml, b: 0.34 mg/ml, c: 0.25 mg/ml, d: 0.17 mg/ml, e: 0.12 mg/ml,
f: 0.08 mg/ml respectively)
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Figure S9
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Figure S9 More cellular uptake images in MG-63 cells. (a) bright field, (b) at excitation 488 nm
(c) at excitation 405 nm.

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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 (None)
  /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 <>
    /ENG ()
    /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.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


