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Abstract. Species-selective photochemistry is often hampered by 
overlapping UV-Vis spectra. We overcome this long-standing problem by 
combined vibrational and electronic excitation as demonstrated by 
isotopomer selection. The influence of various factors on selectivity is 
discussed.  

1 Introduction 

In solution and at room temperature, UV-Vis spectra of similar molecules are generally 
broad and superimposed. Many applications are conceivable where the individual 
addressing of one of such species within the ensemble would be beneficial. One example is 
orthogonal uncaging, where one specific photocage can be chosen to release its cargo upon 
the absorption of light, even in presence of a similar but not identical second cage.  

Here we present a extreme test case for such a scenario, by choosing a photocage 
mixture of two isotopomers (see Figure 1A). In order to induce and monitor species-
selective photochemistry, the ultrafast VIPER (VIbrationally Promoted Electronic 
Resonance) pulse sequence is employed. [1,2] This method utilizes the high degree of 
molecular specificity in the infrared (IR) spectrum, which is in contrast to the generally 
occurring broad overlapping features in the UV-Vis spectrum. A narrow band species-
specific vibrational pre-excitation is followed here by a non-resonant UV-Vis pulse. The IR 
pre-excitation shifts the molecules into resonance with the UV-Vis pulse, leading to 
electronic excitation and thus uncaging. The vibrational mode dependency of this effect is 
modelled by computations. [3] The experimental parameters on which the used two-photon 
process relies, such as the Vis and IR pulse energies, are also explored.  
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2 Optimization and modelling of species-specific VIPER 

The system on which the VIPER effect is applied here, is the coumarin-based DEACM 
photocage. [4,5] Our cage (see Figure 1A) has an attached azide as a release group which 
splits off after electronic excitation. [5] Isotope labeling this cage on the coumarin ring 
system (at the carbonyl: 213C, or near the leaving group: 413C) does not affect the uncaging 
mechanism nor the UV-Vis spectral properties. [6] Both the ring modes as well as the 
carbonyl mode are shifted by introducing 13C. The uncaging process can be followed by 
monitoring the isotopomer's carbonyl mode, which allows for clear distinction of the 
isotopomers. Resonant Vis excitation (via Vis-pump IR-probe, or Time Resolved InfraRed 
-TRIR- in short) of a mixture of both isotopomers in solution leads to superimposed 
uncaging features of both species (see Figure 1B, grey open spheres, collected at 2.5 ps 
delay). In contrast, applying the mode-specific VIPER pulse sequence to the same mixture, 
isotopomer-specific features appear, depending on which IR mode of which molecular 
species has been excited (red and blue curves). If the IR pulse is off-resonant with either 
species, no signal is observed (black curve). [6] Thus, the VIPER data only reports on the 
electronic excitation of the vibrationally pre-excited species, even in co-existence with a 
second near identical molecule. 
 
 

 
 
Fig. 1. A Chemical structures of the two DEACM isotopomers, with 13C at position 2 (213C; blue 
molecule) and at position 4 (413C; red). The isotopomer is marked with a star. B Comparison of the 
VIPER and TRIR data on a 40/60 mixture of 213C/413C. Above the graph the mode assignments are 
given, with ESA denoting the electronically excited state. The TRIR data are obtained with resonant 
Vis excitation at 400 nm. For the VIPER experiment, the delays represent the timings of the IRpump 
(t1) and the off-resonant VISpump (t2; centered at 437 nm) pulses with respect to the IRprobe pulse. C-D 
Optimization study of coumarin 6, depicted together with linear fits to the data (black lines). C The 
normalized VIPER signal scales linearly with the IRpump pulse energy. D The normalized VIPER 
signal grows only linearly for low VISpump powers.  
 
 

We also find that the size of the VIPER signal is currently limited by the IR pulse 
energy available to us, and not by the available Vis pump power (see Figure 1C-D for data 
on coumarin 6). The latter shows a clear saturation effect. It is interesting to note that the 
VIPER effect of both coumarin 6 [1] and that of the DEACM photocage (Figure 1B) is 
more pronounced when the IR pump pulse is resonant with the lower wavenumber one of 
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the two most intense ring modes in the range around 1580 cm-1-1610 cm-1. That is found for 
both isotopomers as well as the unlabelled compound. 

Quantum chemical computations reveal that the shift of the UV-Vis spectrum is mode-
dependent. The electronic spectrum shifts more if the electronic transition involves the 
same structural region of the molecule as the pre-excited normal mode, consequently 
resulting in a strong vibronic coupling. The electronic spectrum shift is most pronounced 
for IR excitation of modes which are significantly displaced during the vibrational 
transition. [3] In essence, the computations show the same mode-dependency as found 
experimentally. 

 

3 Conclusion and Outlook 

Our demonstration of triggering and tracking of isotope-selective photochemistry in 
solution paves the way for the VIPER pulse sequence to follow and control other, more 
complex chemical and biological systems. 
 
 

1. L.J.G.W. van Wilderen, A.T. Messmer, and J. Bredenbeck, Angew. Chem. Int. Ed. 53 
(10), 2667–2672 (2014) 

2. L.J.G.W. van Wilderen, and J. Bredenbeck, Angew. Chem. Int. Ed. 54 (40), 11624–
11640 (2015) 

3. J. von Cosel, J. Cerezo, D. Kern-Michler, C. Neumann, L.J.G.W. van Wilderen, J. 
Bredenbeck, F. Santoro, and I. Burghardt, J. Chem. Phys. 147 (164116) (2017). 

4. R. Schmidt, D. Geissler, V. Hagen, and J. Bendig, J. Phys. Chem. A 109 (23), 5000–
5004 (2005) 

5. L.J.G.W. van Wilderen, C. Neumann, A. Rodrigues-Correia, D. Kern-Michler, N. 
Mielke, M. Reinfelds, A. Heckel, and J. Bredenbeck, Phys. Chem. Chem. Phys. 19, 
6487–6496 (2017) 

6. D. Kern-Michler, C. Neumann, N. Mielke, L.J.G.W. van Wilderen, M. Reinfelds, J. 
von Cosel, F. Santoro, A. Heckel, I. Burghardt, and J. Bredenbeck, J. Am. Chem. Soc. 
140, 926–931 (2018) 

  

, (201E Web of Conferences https://doi.org/10.1051/e onf /201920PJ pjc9)205 0 5030

UP 2018
3001 01

3



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


