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Synthesis procedures and characterization of organic materials. PL spectra of L in different
states. Formation of pure Ag NCs. Morphologies of the mixture physically mixes L
nanofibres and Ag NCs. EDX spectrum of Ag NCs and L-Ag hybrid. XPS measurement of
the hybrid. Time-resolved FL result of the hybrid. Effect of reaction time and concentration

of AgNOj; on the formation of the hybrid.

1. Preparation of N-hexylcarbazole: NaH (4.08 g, 0.17 mol) and DMF (5 mL) were added
to a three—necked flask equipped with a magnetic stirrer and a reflux condenser, then
carbazole (16.70 g, 0.1 mol), DMF (10 mL) were added dropwisely (about 30 min), refluxed
for another 20 min. Then C4H;3Br (17 mL) was dropped into the mixture and refluxed for 2 h
with TLC detection, during which the reaction solution turned into dark—green gradually. The
pH of the solution was adjusted to acidic with hydrochloric acid then extracted the solution
with 500 mL of ethyl acetate, washed three times with distilled water, and dried with
anhydrous magnesium sulfate. It was then filtered and concentrated. The residual solid was

recrystallized from ethanol to give white needle crystals (17.60 g, 70 % in yield). 'H NMR
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(400 MHz, CDCl3) ¢ (ppm) : 8.09 (d, J=7.6 Hz, 2H), 7.46~7.39 (q, /=7.2 Hz, 4H), 7.21 (d, J
=10.8 Hz, 2H), 4.30 (t, /= 7.2 Hz, 2H), 1.87 (q , J = 7.6 Hz, 2H), 1.48~1.29 (q, /= 3.2 Hz,
6H), 0.86 (t, J = 6.8 Hz, 3H). °C NMR (100 MHz, CDCl;) 6 = 14.01, 22.55, 26.99, 28.94,
31.60, 43.10, 108.65, 118.68, 120.33, 122.83, 125.56, 140.44. FT-IR (KBr, cm™): v = 3050
(m), 2955 (s), 2924 (s), 2855 (s), 1594 (s), 1453 (s), 1324 (s), 752 (s), 724 (s).

2. Preparation of N-hexylcarbazole-3-aldehyde: N-hexylcarbazole (12.55 g, 0.05 mol) and
DMF (39 mL) were added to a three-necked flask in an ice bath equipped with a magnetic
stirrer and a reflux condenser, then POCl; (92 mL) was added dropwisely (about 30 min), the
mixture was heated in an oil bath at 80 °C and refluxed for 1 h. Then the mixture was poured
into ice to get light yellow solid. The pH of the mixture was adjusted to be neutral with NaOH
and extracted three times with 150 mL of ethyl acetate. The organic layer was washed with
distilled water and then saturated brine. The organic extracts were dried with anhydrous
magnesium sulfate. The solvent was removed in vacuo. The residue was purified by column
chromatography on silica gel with petroleum ether as eluent to get 8.90 g
N-hexylcarbazole-3-aldehyde as a white solid in 64 % yield. '"H NMR (400 MHz, CDCls) §
(ppm): 10.12 (s, 1H), 8.64 (d, J = 1.2 Hz, 1H), 8.20 (d, J = 7.6 Hz, 1H), 8.03 (q, /= 1.6 Hz,
1H), 7.56 (d, J=7.6 Hz, 1H), 7.49 (t, /= 7.2 Hz, 2H), 7.35 (t, J= 7.2 Hz, 1H), 4.36 (t,J = 6.8
Hz, 2H), 1.95 (q, J = 8.2 Hz, 2H); 1.42~1.32 (q, J = 7.8 Hz, 6H), 0.87 (t, J = 7.2 Hz, 3H). °C
NMR (100 MHz, CDCl;) 6 = 13.96, 22.50, 26.91, 28.89, 31.50, 43.49, 108.94, 109.38, 120.28,
120.74, 123.01, 123.08, 123.99, 126.69, 127.16, 128.52, 141.18, 144.09, 191.76. FT-IR (KBr,

em™): v=2951 (m), 2925 (m), 2856 (m), 1689 (s), 1594 (m), 1131 (m), 748 (m), 729 (m).



Supplementary Material (ESI) for Journal of Materials Chemistry
This journal is (¢) The Royal Society of Chemistry 2010

Nomalized PL

' I ' 1 ' I ' I ' I ' 1
450 500 850 G600 GBSO 70O 7SO
Wavelength (nm)

Figure S1. PL spectra of L samples: (a) in benzene solution (1.0x10 ° M); (b—e) nanocrystals

prepared from different solvents: (b) benzene, (c) THF, (d) EtOH, (e) EG; (f) in solid state.

3. Formation of Ag NCs

Ag NCs are obtained by MW heating an EG solution of AgNO; with PVP as an
additive. The XRD pattern of the NCs shows face—centered cubic structure (JCPDS card
No. 04-0783) (Fig. 2a). The FESEM image reveals that the Ag NCs display polygon
morphologies (Fig. 3a) with an average diameter of about 65 nm. The corresponding EDX
analysis (Fig. S2a) verifies the presence of the Ag component. Note that the silicon and
gold signals originate from silicon wafer as substrate and sputtered gold on the measured
samples to improve conductivity.

In the experiments, according to reaction 1, heating of EG in air may generate GA, which
is a dominant reductant for polyol synthesis of Ag nanostructures. At last, GA is oxidized into
glyoxal according to reaction 2'.

2HOCH,CH,0H + O,— 2HOCH,CHO + 2H,0 H

Ag"+ HOCH,CHO — OHCCHO +Ag + H" (2)

The UV-vis absorption spectra showed that Ag NCs display a wide absorption band
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from 340 nm to 550 nm and centeres at about 430 nm (Fig. Sb), which was assigned to the

surface plasma resonance (SPR) band®.

Figure S2. EDX spectra of (a) Ag NCs, (b) L-Ag nanohybrid.
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Figure S3. X-ray photoelectron spectra of the Ag 3d transition of L-Ag nanohybrid.
The XPS analysis of the hybrid showed two peaks centered at binding energy of 367.9

and 373.9 eV, which could be attributed to Ag 3ds, and Ag 3ds,, respectively3 A
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Figure S4. SEM micrograph of the mixture physically mixed L nanofibres and Ag NCs

Table S1. Time-resolved FL results for the nanofibres and nanohybrid.

7 (ns) X
L nanofibres 0.20 1.052
L-Ag nanohybrid 10.84 1.179

4. Effect of reaction time on the formation of the nanohybrid

The effect of the reaction time on the size and amount of Ag NCs attaching onto L
nanoribbons is investigated. The average size of Ag NCs remains nearly unchanged as the
time varied from 1.0 min to 6.5 min (Fig. S5), which indicates that the formation of Ag NCs
is a fast process under microwave heating’. In the absence of L, Ag NCs tend to grow from 65
nm (Fig. 3a) to larger than 200 nm (Fig. S6) when the reaction time varied from 1 min to 5
min. This clearly demonstrates that L playes a crucial role in the growth of Ag NCs. Fig. S5
also reveales that the amount of Ag NCs on L ribbons increases with the increase of the
reaction time from 1.0 to 5.0 min, but decreases at the time longer than 6.5 min. Further
results are obtained through thermogravimetric analysis (Fig. S7). The results of the

experiments clearly showed that the optimum time for the coupling between L and Ag NCs is
5
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5 min.

Figure S5. SEM micrograph of the L-Ag nanohybrids prepared from MW heating EG (10

mL) solution containing AgNO; (0.5 mmol), L (0.5 mmol) and PVP (0.04 g ) for (a) 1 min, (b)

2 min, (c) 3 min, (d) 4 min, (¢) 5 min and (f) 6.5 min.

Figure S6. TEM micrograph of Ag NCs prepared by MW heating for 5 min
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5. Thermogravimetric analysis of the hybrids prepared with different time

After the TG measurement, it was found that almost nothing is left for L nanofibres (the
residual mass is 0.72 % at 700 °C, Fig. S7a), and black residues are left for L-Ag nanohybrids.
The amount of the residue at 700 °C varied along the reaction time for the nanohybrid
formation: they were 7.5 % (Fig. S7b), 13 % (Fig. S7¢), 34 % (Fig. S7d), and 22.5 % (Fig.
S7e) at the time of 2 min, 4 min, 5 min and 6.5 min, respectively.

The thermal stability of the hybrid is tunable by varying the content of Ag NCs. The
thermal stability of the hybrid with low Ag contents (Fig. S7b and ¢) is lower than that of L
(Fig. S7a). However, it increases with the increase of Ag contents (Fig. S7d and e). It was
reported that the presence of small amount of Ag could reduce the dipole—dipole interactions
of L molecules and result in the poor thermal stability®. As the Ag content increases, the
metal-metal interactions would become dominant and increase as expected, which could

improve the thermal stability of the nanohybrid’.
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Figure S7. TG curves of samples: (a) L, (b)—(e) L-Ag nanohybrid prepared with different

time: (b) 2 min, (¢) 4 min, (d) 5 min, and (¢) 6.5 min.
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6. Effect of concentration of AgNO; on the formation of the nanohybrid

It is found that the number of Ag NCs attaching on the nanoribbons is also depended on
the concentration of AgNO; used in the preparation process. When the usage increases from
0.01 mmol to 0.10 mmol (the concentration of AgNO; varies from 1x10~ mol/L to
1x10”mol/L), the number of Ag NCs clinging to the ribbons increases along with it (Fig. S8),
and Ag NCs tend to aggregate more and more. It can also be seen that the size of Ag NCs

depositing on the surface of the organic component remains unchanged (that is about 55 nm).

Figure S8. SEM images of the as-prepared products at various concentration of AgNOs:
(@) 1x107, (b) 2x107, (c) 6x107, (d) 8x107, (e) 1x10 mol/L
The results indicate that L is a preferable site for the nucleation and subsequent growth
of Ag NCs due to their strong interactions. The organic component used here is a very
important factor of the Ag NCs size coupling with it. Clearly, an optimum particle size shoule
exsit balancing the appropriate bandgap with a high surface area needed for adsorption of

molecules®.



Supplementary Material (ESI) for Journal of Materials Chemistry
This journal is (¢) The Royal Society of Chemistry 2010

References

1 S. E. Skrabalak, B. J. Wiley, M. Kim, E. V. Formo and Y. N. Xia, Nano letters, 2008, 8,
2077.

2 a) X. C. Jiang and A. B.Yu, Langmuir 2008, 24, 4300; b) J. R. Lackowicz, I. Gryczynski, G.
Piszczek and C. J. Murphy, J. Phys.Chem. B 2002, 106, 5365.

3 W. Song, Y. X. Wang and B, Zhao, J. Phys. Chem. C 2007, 111, 12786.

4 H. Wei, J. Li, Y. L. Wang and E. K. Wang, Nanotechnology 2007, 18, 175610.

5 H. W. Daniell, E. J. F. Klotz, B. Odell, T. D. W. Claridge and H. L. Anderson, Angew.
Chem. Int. Ed. 2007, 46, 6845.

6 J.F.Zhu, Y. J. Zhu, M. G. Ma, L. X. Yang and L. Gao, J. Phys. Chem. C, 2007, 111,
3920.

7 H.Y.Xu, S. W. Kuo, J. S. Lee and F. C. Chang, Macromolecules, 2002, 35, 8788.

8 G. Heimel, E. Zojer, L. Romaner, J. L. Brédas and F. Stellacci, Nano Lett., 2009, 9, 2559.




<<
  /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


