Electronic Supplementary Material (ESI) for Photochemical & Photobiological Science
This journal is © The Royal Society of Chemistry and Owner Societies 2014

Supporting Information

Photochemical reduction of CO;, with ascorbate in aqueous solution

using vesicles acting as photocatalysts

Naoya Ikuta, Shin-ya Takizawa and Shigeru Murata*



Electronic Supplementary Material (ESI) for Photochemical & Photobiological Science
This journal is © The Royal Society of Chemistry and Owner Societies 2014

35
@)

Absorbance
N
|

0.5

200 300 400 500 600 700 800
A/nm

(b)

06 -
05 1

04 -

Absorbance

03 1

0.2 ~

00 T T T T 1 1
200 300 400 500 600 700 800

Ar/lnm

Fig. S1 Absorption (black) and emission (red) spectra of the metal complexes
recorded in DPPC vesicle solution: (a) [Ru(dtb)(bpy)>]*" (Cs(Ru) =41.8 uM, Ay
=450 nm), (b) Re(dtb)(CO);Cl1 (Cs(Re) = 42.4 uM, A = 380 nm). The intensity

of emission is shown in an arbitrary unit.
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Fig. S2  Absorption spectra of Re(dtb)(CO);Cl recorded in cyclohexane (red),
chloroform (pink), dichloromethane (green), methanol (blue) and DMF (browm),
together with in DPPC vesicle solution (Tris-HCI, pH 7.5, black). The concentration of
Re(dtb)(CO);Cl is 25 ~ 30 uM. The spectrum recorded in DPPC vesicle solution is

shown in an arbitrary unit.
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Fig. S3  Absorption spectra of [Ru(dtb)(bpy),](PF¢), (red) and Re(dtb)(CO);Cl
(black) recorded in chloroform in the wavelength range of >350 nm. The dotted lines
show the wavelength dependence of the transmittance of the optical filters employed in

the irradiation.
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Fig. S4 Wavelength dependence of the transmittance of the neutral density filters,
ND-70 (black), ND-40 (blue), and ND-10 (red), employed in the experiments of

dependence of the initial rate of CO formation on the incident light intensity.
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Fig. S5 Stern-Volmer plot for quenching of emission from [Ru(bpy)3]2+ (Aex = 450
nm) with sodium ascorbate (HAscNa) in water. The least-square analysis of the plot

yields a quenching constant, kqt, of 16.6 M
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Fig. Sé6 Modified Stern-Volmer plot for quenching of emission from
[Ru(dtb)(bpy)z]2+ (Aex = 450 nm) with sodium ascorbate (HAscNa) in vesicle solution
(Tris-HCI, pH 7.5, Cs(Ru) = 46 uM). The quenching data are analyzed by assuming
that HAsc™ can quench the emission only from the Ru complexes located in the vesicle
membranes close to the outer aqueous solution, the fraction of which is estimated to be
0.61. The least-square analysis of the plot yields a quenching constant, kqt, of 12.3
M.
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Derivation of Modified Stern-Volmer equation. Assuming that HAsc™ added to the
outer the aqueous solution can quench the emission only from the sensitizers located in
the vesicle membranes close to the outer aqueous solution (S,), but not from the
sensitizers close to the inner waterpool (S;), the rate laws for the sensitizers in their

excited state are described by the following equations,
d - _
——180*] = ol — (z '+ kq[HAscT1)[S,*]

~218i%1 = (1 - @) - 7[5

where « and [ are the fraction of sensitizers located in the vesicle membranes close to
the outer aqueous solution and the number of photons absorbed by the sensitizers in
unit time, respectively, and 1 is the lifetime of the excited state of the sensitizer in the
absence of HAsc . Applying a steady-state approximation to S,* and S;*, we can write
the intensity of fluorescence, F, which is proportional to a total concentration of the

sensitizers in the excited state, as

al N (1 -a)l

F =C| ! 1
TO_ + kq[HASC_] TO_

where C is a proportionality constant. If we write the intensity of fluorescence in the
absence of HAsc™ as F, we can obtain Eq. (S1).

FO 1 + k,ro[HAsc™]
= - . - (S1)
F 1+ (1 = a)kyzo[HAsc™]
Modification of Eq. (S1) gives a modified Stern-Volmer equation Eq. (S2).
0
(F*/Fya = 1 + kyro[HAsc™] (S2)

1= (FY/F)1 - a)

Assuming that the [S,]/[Si] ratio is equal to a ratio of the surface area of outer sphere to
that of inner sphere of the vesicle, the diameter and the membrane thickness of which
are roughly estimated to be 50 and 5 nm,”! respectively, we used a = [S,]/([So] + [Si])
=0.61 in the modified Stern-Volmer plot shown in Fig. S6.
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Fig. S7 Changes in the absorption spectra during the photocatalytic reduction of CO, in
the vesicle solution (Tris-HCI, pH 6.5, C(Ru) = 41 uM, C,(Re) = 40 uM, [HAsc | = 0.10
M, > 390 nm).
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