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1. Structural characterization of dp-CD-PYP1 complexes

This section briefly summarizes the structural characterization of dp-CD-PYP1 by 1D
and 2D 1H NMR spectroscopy. A full report, as well as the details of the synthesis of the
molecule, has been submitted for publication elsewhere.'

Figure S1 displays the 2D ROESY NMR spectrum of dp-CD-PYP1 in deuterated borate
buffer at pH=10.1. The spectrum shows strong cross peaks between the CD cavity protons
(H3, H5 and/or H6 protons) and the chromophore aromatic protons (He-f protons) and
weaker ones with one of the chromophore vinylic protons (Hb proton), giving evidence
for the inclusion of the chromophore phenolate group and the adjacent vinylic CH group,
inside the CD-cavity in basic aqueous solution.

The nature of chromophore-CD complexes (self-inclusion complexes vs. intermolecular
complexes) has been accessed by measuring 1H NMR spectra of solutions with different
concentrations of dp-CD-PYP1 (from 1 to 10 mM). The absence of any shift of the peaks
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associated to the chromophore phenolate and vinylic protons upon decreasing the
concentration of dp-CD-PYP1 shows the formation of intramolecular complexes, as
represented on Scheme 3 (main text).
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Fig. S1. Partial contour plot of the 2D ROESY NMR spectrum (400 MHz, T=25°C, mixing time: 200 ms) of
10 mM dp-CD-PYP1 in deuterated borate buffer at pH=10.1.

We finally conclude to the formation of strong self inclusion complexes of dp-CD-
PYP1 in basic aqueous solution.

2. Steady-state photolysis of dp-CD-PYP1

Figure S2 (up) illustrates the evolution of the differential steady-state absorption spectra
of dp-CD-PYPI, in basic aqueous solution, upon continuous irradiation at 370 nm. In
contrast with pCT, irradiation of dp-CD-PYPI1 leads to the formation of a stable cis-
isomer absorbing in the red edge of the initial trans conformation with a maximum around
420 nm." The absorption coefficient spectrum of the produced cis isomer is compared to
that of the ¢trans form in Figure S2 (bottom).
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Fig. S2: (up) Evolution of the differential absorbance of dp-CD-PYP1 in 50 mM CAPS buffer solution at
pH 10.1, upon continuous irradiation at 370 nm. (down) Absorption spectrum of the cis isomer extracted from
the differential spectra shown above together with the absorption spectrum of the trans dp-CD-PYP1.
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3. Transient spectra of pCT"

Although the transient absorption spectra of pCT have been already described in details
in previous publications,”* we report here new measurements on pCT, in CAPS buffer at
pH 10.1, with improved signal-to-noise ratio and time resolution (by factors of 5 and 10,
respectively). These are the same experimental conditions as those used for dp-CD-PYP1.

Figure S3 shows the evolution of the transient absorption spectra of pCT for pump-
probe delays ranging from 150 fs to 1.3 ns (The corresponding normalized steady-state
absorption and fluorescence spectra are recalled in the lower frame).
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Fig. S3: Transient absorption spectra of pCT in 50 mM CAPS buffer solution at pH 10.1, for various pump-

probe delays after 50-fs excitation at 405 nm (the scattered pump light has been masked). The corresponding
normalized steady-state absorption and fluorescence spectra are recalled in the lower frame.

At short times, the AA spectra of pCT  exhibit three intense bands associated to ESA at
350 nm, GSB around 400 nm and SE band at 490 nm. Above 550 nm, one also notes the
presence of the characteristic broad and long-lived band of solvated electrons produced by
biphotonic ionization of pCT™ phenolate moiety.” Since global analysis of the AA spectra
was unsuccessful (structured residues), AA kinetics were independently fitted at different
wavelengths, with a sum of two or three exponential functions and a plateau. At time
delays up to 3.5 ps, the ESA and the SE bands decay, while a small transient absorption
band located around 450 nm rises, in 1.2 + 0.1 ps. In the meantime the ESA and the SE
bands undergo a rapid dynamical solvatochromic shift to the blue and red respectively. In
contrast with CD-PYPI, the 450-nm absorption band of pCT rapidly disappears in
3.5+ 0.5 ps. The spectral region between 500 and 570 nm, dominated by the SE, exhibits
an exponential decay of 2.7 + 0.1 ps. In the sub-nanosecond regime, only a small residual
bleaching signal and the characteristic absorption bands of the radical-solvated electron
pairs are observed.

Figure S4 displays the effect of the excitation energy on the AA spectrum, at 1 ps and
I ns time delays, at different wavelengths. In contrast to dp-CD-PYP1 (main text
Figure 2), the figure shows that, in all cases, the AA signal measured at 1 ns exhibits a
non-linear dependence, (with log-log slopes of about 1.9 &+ 0.3) confirming that they are
solely due to the two-photon process.
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Fig. S4: Effect of the excitation energy (E., expressed in arbitrary units) on different spectral regions of the AA
spectra of pCT™ in 50 mM CAPS buffer solution at pH 10.1, for pump-probe delays of 1 ps and 1300 ps, after
excitation at 405 nm.

4. Estimation of the quantum yield of photoisomerization of dp-CD-PYP1

In order to estimate the quantum yield of photoisomerization of dp-CD-PYP1, the first
step consists in determining the initial concentration of excited state produced by one-
photon absorption. The second step consists in calculating the concentration of cis isomer
in the nanosecond regime. Since the radical-solvated electron pairs produced by two-
photon ionization, also contribute to the persistent signal observed in the nanosecond regime
(see Figure 2 in the main text), we performed a global fit of the AA signal between 425 and
700 nm, a spectral region where the absorption of the radical is negligible (see section 5
below).

4.1. Initial concentration of ‘one-photon’ excited state

In the picosecond regime, the AA signals of dp-CD-PYPI display a linear dependence
with the excitation energy between 350 and 480 nm (in spectral regions respectively
dominate by ESA and SE contributions; see main text Figure 3: log-log slopes of about
1.00 £+ 0.03), showing that the one-photon process is dominant. The energy used to excite
dp-CD-PYP1 at 405 nm was about 530 nJ per pulse (1.08x10'* photons), focused on a
surface of 0.035 mm?. The sample was held in a 1-mm thick cell and had an absorbance of
0.58 at the excitation wavelength. In these conditions, about 74% of the incident photons
were absorbed in the excited volume, i.e. the concentration of absorbed photon in the
excited volume was about 38 uM.

Immediatly after the femtosecond excitation, at a pump-probe delay of 150 fs, we
estimated that the concentration of solvated electrons due two-photon ionization from the
AA signal (= 0.0025) at 700 nm (Figure 2, main text), where only solvated electron
contributes. By using the well-known absorption coefficient of solvated electrons in water
(e..=22545 M'cm' at 700 nm),*’ we found a value of about 1.1 uM. The
corresponding concentration of absorbed photons leading to solvated electrons is thus
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about 2.2 uM, under the assumption that the electron recombination or scavenging
processes are rather limited at this very short time scale.® Thus, about 6% of the absorbed
photons are involved in the two-photon ionization process. The remaining absorbed
photons lead to the one-photon process that eventually produces the cis isomer. We finally
deduce that the initial concentration (in the excited volume) of dp-CD-PYP1 in the excited
state produced by one-photon absorption is 35.8 uM.

4.2. Concentration of cis isomer in the nanosecond regime

The concentrations of cis isomers and radical-solvated electron pairs contributing to the
transient spectrum of dp-CD-PYPI at 1 ns (see Figure 3 in the main text) have been
quantified by fitting the AA signal between 425 and 700 nm, a spectral region where the
absorption of the radical is negligible (see section 5), with the following equation:

AA =1 {[Scis - 8trans] Ccis + [f X Eelec — 8trans] Crad}

where €.s and €4 are the absorption coefficients of the cis and trans dp-CD-PYP1
isomers represented on Figure S2 (section 2); € 1S the absorption coefficient of the
solvated electron taken from the literature;é’7 Ceis and cr,q are the concentrations of the cis
isomers and radicals, respectively. Finally, f is a parameter taking into account a possible
scavenging reaction of the solvated electrons, as observed for pCT (see section 5) that
potentially makes the concentration of solvated electron lower than that of the radical
(Cetec = fXCrag, with £ < 1).

Figure S5 displays the AA spectrum of dp-CD-PYPI and the corresponding best fit
obtained for cs=1.58+0.07 UM, ¢Cg=0.58+£0.03 uM and f=1.05+0.06 (no
scavenging of the solvated electrons occurs in this case).

T T T T T T

r ——AAat1ns
0.002 - —Fit .

0.000

-0.002 L L
400 500 600 700

Wavelength (nm)

Fig. §5: Transient spectrum of dp-CD-PYP1 in 50 mM CAPS buffer solution at pH 10.1, 1ns after 50-fs
excitation at 405 nm and the corresponding best fit obtained with concentrations of 0.58 + 0.03 uM of radicals
(see text) and 1.58 = 0.07 uM of cis isomers.

4.3. Quantum yield of isomerization

We finally estimated the quantum yield of isomerization as the ratio of the concentration
of the cis isomer formed over the initial concentration of excited state produced by one-
photon. We found ¢isom = 0.04 = 0.01 (standard error).
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5. Absorption spectrum of the pCT’ radical

This section is dedicated to extracting from the transient absorption spectra of pCT the
spectrum of the pCT" radical. It will then be assumed that the absorption spectrum of the
dp-CD-PYP1 radical is very similar to this one. The particular interest of pCT is that it
does not give rise to any photoisomerization product. The signal observed in the
nanosecond regime is thus here solely due to the contributions of solvated electrons and
pCT’ radicals, produced by two-photon absorption.

We estimated that the concentration of solvated electron by taking the AA signal of
pCT at 700 nm (i.e. in a spectral region where only the solvated electron absorption
contributes) and using the well-known absorption coefficient spectrum of solvated
electron in water (€eec =22 545 Mlem! at 700 nm).6’7 At a delay of 200 fs after
excitation, this concentration is found to be about 1.8 uM. At 1.3 ns, it is however reduced
0.7 uM. This latter value is significantly lower than the concentration of the pCT radical,

namely 1.0 pM, as calculated from the persistent bleaching signal (e,c1- = 27 820 M em™
at 395 nm) observed at 1.3ns. It is known that, in the presence of high solute
concentrations, solvated electrons can be scavenged at a rate which depends on the nature
of the solute. As matter of a fact, at pH 10.1, a fast scavenging reaction with the
hydronium cations can be excluded (k= 2.3x10" M's™).® The exact nature of the
reaction involved in the present experiment is not yet clear but it might involve a very
efficient reaction between solvated electrons and the CAPS buffer.

Figure S6 displays the absorption spectrum of the pCT" radical, and compares it to that
of pCT . It has been calculated by subtracting the contributions of ground-state bleaching
and solvated electron absorption from the AA spectrum of pCT at 1.3 ns.
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Fig. S6 Absorption spectra of pCT and pCT radical, in 50 mM CAPS buffer solution at pH 10.1. The absorption

spectrum of pCT" has been obtained by subtracting from the transient spectra of pCT at 1.3 ns (see Figure S2)
the contributions of ground-state bleaching and solvated electron absorption.

References

—_—

C. Loukou, P. Changenet-Barret, M.-N. Rager, P. Plaza, M. M. Martin and J.-M. Mallet, submitted.

2 P. Changenet-Barret, A. Espagne, N. Katsonis, S. Charier, J.-B. Baudin, L. Jullien, P. Plaza and M. M.
Martin, Chem. Phys. Lett., 2002, 365, 285-291.

3 P. Changenet-Barret, A. Espagne, S. Charier, J.-B. Baudin, L. Jullien, P. Plaza, K. J. Hellingwerf and M.

M. Martin, Photochem. Photobiol. Sci., 2004, 3, 823-829.



|

Supplementary Material (ESI) for PCCP
This journal is © the Owner Societies 2010

P. Changenet-Barret, A. Espagne, P. Plaza, K. J. Hellingwerf and M. M. Martin, New J. Chem., 2005, 4,
527-534.

D. S. Larsen, M. Vengris, I. H. M. van Stokkum, M. A. van der Horst, F. L. de Weerd, K. J. Hellingwerf
and R. van Grondelle, Biophys. J., 2004, 86, 2538-2550.

F.-Y. Jou and G. Freeman, Can. J. Chem., 1979, 57, 591-597.

P. M. Hare, E. A. Price and D. M. Bartels, J. Phys. Chem. 4, 2008, 112, 6800-6802.

S. Pommeret, F. Gobert, M. Mostafavi, I. Lampre and J.-C. Mialocq, J. Phys. Chem. A, 2001, 105, 11400-
11406.




<<
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /MyriadPro-Regular
  ]
  /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


