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I. Electrochemical measurements of SBPa 

From a thermodynamical point of view, the extrapolated Weller expression,1-3 gives the efficiency 
of photoinduced ET through the determination of the free energy of reaction. This equation in the 
case of ACN (representative case) reduces to: 

  (1) 

In this equation, E00 is the pure electronic transition energy, generally deduced from the 
intersection of the lowest energy absorption band and the emission band. As we will see, we cannot 
proceed by this way for SBPa since different excited states are involved in the two transitions. 
Consequently, E00 will be approximated as the average between the top and right bandfoot position 
of the absorption band; in ACN E00 ≈ 2.75 eV. Moreover in the above equation, the value of Eox - 
Ered can be determined from the cyclic voltammogram of SBPa (Figure SI.1). The cathodic part of 
this voltammogram shows the irreversible reduction of SBPa. The corresponding potential has a 
value of ca. -1.39 V/SCE, which is close to the reduction potential of the pyridinium group4 (-
1.21 V/SCE). At high potential, SBPa shows an irreversible oxidation wave with a maximum located 
at 0.11 V/SCE that should be ascribed to the oxidation of the anionic part of the chromophore 
(benzopyrazole moiety). Accordingly, a Eox – Ered value of 1.51 eV is estimated, which leads to a 

 eV in ACN. This manifestly negative value reveals the exothermic character of the 
photoinduced charge transfer and confirms thus that the CT reaction occurs spontaneously in the 
excited state. 
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Figure SI.1. Cyclic voltammogram of SBPa in ACN (~10-3 M) with 0.1 M n-BuF4 as electrolyte support.  
II.Global fitting of figure 4 (SBPa/ACN). 

Table SI1. Preexponential factors deduced from global fits of data in Figure 3 d-e 

 415 
nm 

485 
nm 

600 
nm 

700 
nm 

τ1 =110 fs 0.029 -0.145 -0.069 0.14 

τ2 =290 fs 0.011 0.032 -0.015 -0.041 

τ3 =5 ps -0.039 0.005 -0.08 -0.0003

τ4 =128 ps -0.14 0.046 0.055 -0.030 
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III. Femtosecond transient absorption signal of SBPa in EtOH. 
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Figure SI.2 Femtosecond transient absorption spectra of SBPa in EtOH following 390 nm excitation: a) 0-0.4 ps range 
(growth of the SE band), b) 0.4-1.5 ps range (growth of excited-state absorption and red-shift of the SE band), c) 1.5-50 
ps range (ICT dynamics), and d) 50-400 ps range (decay of all signals). The stationary absorption (dotted line) and 
emission (dashed line) spectra are also shown for comparison. The star indicates a stimulated Raman peak of the solvent. 
Pump-probe correlation time: τ = 190 fs 
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IV. Femtosecond transient absorption signal of Br2SBPa. 

To better identify the presence of excited triplet state, we investigated a SBPa derivative, 
BR2SBPa, substituted by two bromine atoms, for which notable enhancement of the quantum yield 
of triplet state formation via intersystem crossing (ISC) is expected through heavy atom effect. 

First, knowing that Br2SBPa is a solvatochromic molecule, we checked by TDDFT calculation 
that the electronic transitions are the same as for the SBPa molecule (not shown). Then, femtosecond 
transient absorption spectra were recorded in the 0.8–500 ps temporal window after 390 nm 
excitation (figure SI.3). The data show the evolution from a broad absorption band centred near 
480 nm to a new band peaking near 450 nm with a characteristic time of τT = 31 ps. The final band, 
abbreviated as band T, is stable between 200 and 500 ps. Finally, nanosecond flash photolysis 
measurements show the decay of band T with a kinetics notably shortened in the presence of air, 
which provides clear evidence for the assignment of band T to the lowest triplet state T1. 
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Figure SI.3 (left) Femtosecond transient absorption spectra of Br2SBPa in ACN between 0.8 and 
500 ps (the thick black line is the final signal); (right) Comparison of the 500 ps transient absorption 
spectra observed for SBPa and Br2SBPa in ACN. 

 
 

The residual signal observed at the end of the femtosecond transient absorption evolution of 
Br2SBPa is comparable to that obtained for SBPa (see fig SI.3), despite a small shift of the band 
maxima because the overlapped bleaching band is red-shifted in SBPa compared to its position in 
Br2SBPa. This analogy allows us ascribing with certainty the SBPa residual spectrum observed at 
500 ps to the triplet T1 state. As expected from the heavy atom effect, the intensity of the T1 state 
spectrum is much higher for Br2SBPa than for SBPa. Owing to this large intensity, the rise of the T1 
state absorption is clearly observed in the spectra and the corresponding time constant measured. In 
the case of SBPa, the residual spectrum characterizing the T1 state is so weak that its rising dynamics 
is not observed (Figure 4). An important question concerns thus the identity of the excited singlet 
state that is the precursor of the triplet state in the case of SBPa. Two hypotheses can be considered: 

• The S1(CT) state characterized by a decay time constant of τ3 = 5 ps 

• The emissive S1(E) state characterized by a decay time constant of τ4 = 128 ps 

Since the heavy atom effect is expected to favour the ISC process, the triplet state formation is 
likely occurring with higher rate constant in Br2SBPa than in SPBa. Therefore a characteristic time 
longer than τT = 31 ps can be assumed for the formation of T1 in SPBa, which strongly suggests that 
the precursor of T1 must be the S1(E) state. 
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IV. Comparison of τ2 and τsolv 
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Figure SI.4. Plots of the SPBa time constant τ2 as a function of the average solvation time <τ>solv and best linear fits for 
aprotic (left panel) and protic (right panel) solvents. 

V. TwSBPa molecule 
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Figure SI.5. Stationary absorption spectra of TwSBPa in ACN (blue trace) and MethylAcetate (red trace), as compared 
with the SBPa spectrum in ACN (green trace). The inset shows an expansion of the 340-550 nm region. PCM-TDDFT 
position (PBE0/6-311++G(d,p)//PBE0/6-311++G(d,p)) and electronic oscillator strengths for vertical transitions up to S5 
are also given for TwSBPa (upper graph). 
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Figure SI.6 Molecular orbital representation of the H-1, H and L orbitals (PCM-PBE0/6-311++G(d,p) in ACN) for the 
TwSBPa and SBPa molecules. 

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2012



 1 J. Mattay ed., Part one: Organic molecules, WILEY-VCH Verlag GmbH, Weinheim, 2001. 2 K. A. Zachariasse, S. I. Druzhinin, V. A. Galievsky, S. Kovalenko, T. A. Senyushkina, P. Mayer, M. Noltemeyer, M. Boggio-Pasqua and M. A. Robb, J. Phys. Chem. A, 2009, 113, 2693-2710. 3 J. P. Malval, J. P. Morand, R. Lapouyade, W. Rettig, G. Jonusauskas, J. Oberle, C. Trieflinger and J. Daub, Photochem. Photobiol. Sci., 2004, 3, 939-948. 4 T. Hirsch, H. Port, H. C. Wolf, B. Miehlich and F. Effenberger, J. Phys. Chem. B, 1997, 101, 4525-4535.   

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2012



<<
  /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


