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Supporting Information ESI: 
 
For the investigation of the photoinduced excited-state dynamics of 
[(tbbpy)2Ru(tpphz)Ru(tbbpy)2]4+ (Ru) several transient absorption measurements are performed. 
The setup used to collect this data is published elsewhere in detail.[S1] As pump source within the 
pump-probe differential absorption experimental layout a laser pulse centered at 510 nm is used, while 
a white-light continuum serves as probe pulse. Both pulses were arranged in a magic-angle 
polarization geometry in order to selectively monitor the photoinduced population dynamics. The 
energy of the pump pulse was tuned employing a Berek compensator in concert with a linear polarizer. 
The concentrations of the samples where controlled via measuring the optical densities of the samples 
in the cuvette directly used in the differential absorption experiment. To ensure that no sample 
degradation occurs during the pump-probe experiments all samples were checked with UV/Vis-
spectroscopy before and after measurement. As solvent acetonitrile (ACN) of high purity 
(spectroscopic grade) was used. Due to strong coherent artifact signals observed in the probe region, 
the temporal resolution of the experiment is restricted to roughly 350 fs. 
The steady-state absorption spectrum was recorded with a Jasco V-670 spectrophotometer and the 
emission spectrum with a Jasco FP-6200 spectrofluorimeter. The solution was diluted (optical density 
< 0.05) for recording the emission spectra. 
This supporting information presents the set of differential absorption spectra in detail including the 
so-called decay associated spectra (DAS – for details see below). The transient data is presented for 
high and low concentration of Ru as well as for the high and low pump power regime. The high (low) 
concentration of Ru employed in the measurements is 5.06·10-4 mol/l (1.01x10-4 mol/l). 
For analysis of the transient absorption data the complete data set, i.e. differential absorption aplitudes 
as a function of the probe wavelength λpr and the delay time t between pump and probe pulse, is 
treated with a global fit routine, which uses a sum of exponentials as fit function:  
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To simulate long-lived pump-induced absorption changes, which decay on a time-scale longer than the 
range covered by our experiment, the constant offset φ( λpr) is introduced. The DAS correspond to the 
wavelength-dependent preexponential factor Ai( λpr), which contain spectral characteristics from each 
individual kinetic component associated with τi. Beforehand each data-set was numerically chirp 
corrected. The pulse-overlap region was ignored during the fitting procedure in order to avoid 
contributions from coherent artifacts.[S2] In fitting the high-intensity data it is assumed that the spectral 
signatures dominantly stem from doubly excited molecular species. Otherwise the fitting would have 
taken into account the dynamics of both singly and doubly excited species. However, as the dynamics 
in the high-intensity regime is qualitatively different from the data recorded in the low-intensity 
regime (see below and main text of the communication), this assumption is justified.  
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Figure 1: Differential-absorption spectra (left), transient kinetics and DAS of Ru at high concentration and high 
excitation density. 
 

 
Figure 2: Differential-absorption spectra (left), transient kinetics and DAS of Ru at high concentration and low 
excitation density. 
 

 
Figure 3: Differential-absorption spectra (left), transient kinetics and DAS of Ru at low concentration and high 
excitation density. 
 

 
Figure 4: Differential-absorption spectra (left), transient kinetics and DAS of Ru at low concentration and low 
excitation density. 
 
 
 
 
 
 
 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011



This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00–00  |   3

 
Figure 5 Schematic visualization of the excited states of Ru which are involved in the intensity-dependent 
photophysics. The upper panel shows the spectroscopically excited 1MLCT state, which bares contributions from 
all different ligands. The nomenclature 3MLCT(phen) and 3MLCT(phz) refers to the text of the communication. 
 
Information regarding synthesis and structural characterization: 
 
All solvents and reagents were of commercial grade, purchased from Aldrich, Fluka or Merck and 
used without further purification. [(tbbpy)2Ru(tpphz)Ru(tbbpy)2](PF6)4

[S3,S4] and (tbbpy)2RuCl2
[S5] were 

prepared according to literature methods. This compound has been characterized by elemental 
analysis, mass spectrometry, 1D and 2D 1H/13C-NMR spectroscopy and IR spectroscopy.  
1H-NMR and 13C-NMR spectra were recorded at ambient temperature on a Bruker AC 400 
Spektrometer (1H: 400.25 MHz, 13C: 100.64 MHz). All spectra were referenced to TMS or deuterated 
solvent as an internal standard. 
Electrospray-Mass spectra (MS) were recorded on a Finnnigan MAT 95 XL. The positive ES mass 
spectra were achieved 20 with voltages of 3-4kV applied to the electrospray needle. 
Elemental analyses (EA) were performed by the Microanalytical Laboratory of the University Jena. IR 
spectroscopy was performed using a FT-IR spectrometer Perkin-Elmer System 2000 employing KBr 
pellets. The microwave-assisted reactions were carried out by using the Microwave Laboratory 
Systems MLS EM-2 microwave system. 
 
 
 
 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011



This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00–00  |   4

References: 
 
[S1] R. Siebert, D. Akimov, M. Schmitt, A. Winter, S. Schubert, B. Dietzek and J. Popp ChemPhysChem 
 2009, 10, 910. 
[S2] B. Dietzek, T. Pascher, V. Sundström, and A. Yartsev Las. Phys. Lett. 2007, 4, 38. 
[S3] J. Bolger, A. Gourdon, E. Ishow and J.-P. Launay Inorg. Chem. 1996, 35, 2937. 
[S4] S. Rau, B. Schäfer, D. Gleich, E. Anders, M. Rudolph, M. Friedrich, H. Görls, W. Henry, J.G. Vos 
 Angew. Chem., Int. Ed. 2006, 45, 6215. 
[S5] S. Rau, B. Schäfer, A. Grüßing, S. Schebesta, K. Lamm, J. Vieth, H. Görls, D. Walther, M. Rudolph, U. 
 W. Grummt, E. Birkner Inorg. Chim. Acta 2004, 357, 4496. 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011



<<
  /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


