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1. Synthesis of zinc oxide crystals

The ZnO crystals are synthesized according to a method described by Wen et al.'First 4.4 g
ofZn(CH3C0OO0),.2H,0 was dissolved in 20 ml distilled water under vigorous stirring. Next,
the pH of the clear zinc acetate solution was adjusted to pH 8 with a 4M aqueous NaOH
solution. The resulting reaction mixture was then transferred to a Teflon-lined stainless steel
autoclave and heated to 428 K where the mixture was kept for 48 h. After cooling down to
room temperature, the solid product was filtered from the reaction liquid. The resulting
crystals were thoroughly washed with distilled water. The obtained ZnO crystals were dried
overnight in an oven at 353 K prior to use.

2. Photocatalytic experiments

Metallic silver nanostructures were directly formed from an aqueous AgNOs3 solution (Janssen
chemical) via a photocatalytic reduction at the surface of the ZnO crystals. For these
experiments 100-150 pg ZnO crystals were deposited on glass cover slides and submerged in
an aqueous silver nitrate solution with a concentration of 1 mM. Illumination of the sample
was performed in a photoreactor (Rayonet, RPR-100) or on a fluorescence microscope setup
(Olympus FluoView 500 and 1000) equipped with a UV light source.

2.1. Bulk synthesis of dendritic silver nanostructures

For the bulkphotocatalytic formation of dendritic silver nanostructures on
ZnOphotocatalysts,fluorescent UV lamps in aphotoreactor(Rayonet, RPR-100) were used.
The samples, covered with 300 ul silver nitrate solution, were illuminated by 16 UV lamps
(Rayonet RPR-3500; 315-400 nm).

2.2.  Microscopic in situ synthesis of silver nanostructures

In the photocatalytic experiments on the microscope (see also section 3 of ESI) the cover
slides were put in a liquid cell and submerged in a500 pl silver nitrate solution. UV
stimulation of the photocatalytic process comes from a mercury-arc lamp equipped with a 400
nm short pass filter (A <400 nm, 7600 uW/cm?).
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3. Scanning Electron Microscopy

Scanning electron micrographs of dendritic silver structures grown in bulk, after 5 and 10
minutes UV stimulation of the ZnO core, thephotocatalystsare visible as hexagonal prisms.
The SEM micrographs were recorded using a Philips XL30 FEG after coating with Au.

Figure S1. SEM images of silver dendritic structures: (A) After 5 minutes of UV illumination; (B)
After 10 minutes of UV illumination. Scale bar = 10 pm.

4. Confocal fluorescence microscopy studies

Confocal fluorescence microscopy (Olympus, FluoView 500/1000) was used to study the
formation of metallic silver nanostructures. The FluoView 500 uses a 543 nm green HeNe
laser while the Fluoview 1000 is equipped with a 532 nm laser diode. For both microscopes
the laser power was adjusted to approximately 50 pW/cm?.

Morphological changes are observed in the transmitted light channel.Simultaneous scanning
with a green laser allows visualizing the luminescence of the sample in a confocal channel
(550-650 nm).To follow the growth mechanism of the silver nanostructures in situ, the
confocal fluorescence microscope (Olympus, FluoView 500) was used since it allows
simultaneous wide-field UV stimulation.
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5. Photocatalytic water oxidation: formation of oxygen gas bubbles at
elevated Ag' concentrations

At elevated silver ion concentrations,e.g. 100 mM, the second photocatalytic half reaction was
observed upon UV illumination: the generation of oxygen gas bubbles. (Figure S2) This
oxygen evolution is a direct result of the completion of the photocatalytic cycle: next to the
reduction of silver ions to silver nanostructures with the photoelectrons, the light-generated
holes are simultaneously oxidizing the solvent (water) to yield molecular oxygen. This
oxygen production can under some circumstances be observed with our optical microscope
via the formation of gas bubbles. This of course only occurs when the rate of oxygen
formation is sufficiently large to generate observable gas bubbles.

Figure S2.Photocatalytic generation of molecular oxygen, simultaneously with the photocatalytic
reduction of silver ([Ag'] = 100 mM).
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6. Bright luminescent nanoparticles present on the dendritic silver
structure

Figure S3.Fluorescence image of a dendritic silver structure under green excitation showing bright
luminescent silver nanoclusters. Scale bar = 2 pm, zoomed areas 0.8x0.8 pm?.

7. Ramanmicrospectroscopy

All Raman experiments were performed on a home-built Raman microscope that was
assembled around a Nikon EclipseTi-U microscope. The 632.8 nm excitation light from a red
HeNe laser (Model 1145P, JDS Uniphase Co.) is focused on the sample using a 100x oil
immersion objective lens (Nikon, 1.3 N.A.). The Raman scattering signal is collected in a
backscattered configuration using anAndor Technology system, consisting of a Shamrock SR-
3031 spectrograph and a Newton EM-CCD(CU970P-BV). Separation of Raman scattered light
from the excitation light was done with a 632 nm dichroic mirror (Chroma). Further removal
of the strong excitation light was done with a 645nm long pass filter (LP HQ 645, Chroma).
The transmission image was recorded with a Hamamatsu CCD camera (C9100-13)and a
white light source was aligned to Koehler illumination. Calibration of the Raman setup
consists of recording the spectrum of pure toluene as reference. The spectral resolution was
about 1 cm™ (pinhole 100 pm).As Raman probe for the SERS measurements4-
methoxythiophenol (4-MOTP) was used.
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7.1.  Individual Raman spectra
During these Raman measurements the samples were submerged in an ethanolic solution of 4-
MOTP with concentrations ranging from 1 nM till 100 uM. Low excitation powers were used
(32 pW at the sample) with an integration time of 120 seconds.

7.2.  Raman Mapping

For the Raman mapping, the samples were submerged in an ethanolic solution of 4-MOTP
with a concentration of 100 uM. The samples were placed on the scanning stage of the
microscope. These experiments were conducted using 370 uW at the laser focus, with an
integration time of 1 second. Figure S4 shows an example of the intensities that were used to
calculate the Raman map, integration of Raman peak in the region 1060-1120 cm™, and the
photoluminescence image i.e. integration of the ‘background’ in the region 500-2500 cm
which corresponds to 650-750 nm.

700 -

Roman
500 4

Intensity (cps)

500 1000 1500 2000 2500
Wavenumber (cm™)

Figure S4.Calculation of the photoluminescence and Raman image based on emission spectra
recorded in every point.

References

1. F.S. Wen, W. L. Li, J. H. Moon, et al., Solid State Communications, 2005, 135, 34-37.

S6




<<
  /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


