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A pH-controlled photoinduced electron transfer in the supramolecular system [(MosClg)L¢]—calix[4]resorcine—dimethylviologen is reported.

Creation of donor—acceptor molecular systems capable of
photoinduced electron transfer is very important because of their
potential application in the construction of advanced nanostruc-
tured photodevices.* Molecular systemswith covalently linked
ensembles of donor and acceptor moieties have been extensively
investigated. Recently, increasing attention is being paid to the
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development of systemswith noncovaently assembled donor—
acceptor arrays similar to photobiologica systems.* In nonco-
vaently linked molecular systems the change in the assembly
leads to significant changesin the photoinduced e ectron transfer
processes.” A. W. Maverick and H. B. Gray have demonstrated
that dimethylviologen (MV2") quenches the luminescence of
acluster anionic complex [MogCly,]%~ by the electron transfer
from the excited state of the metal clugter to the MV2*.3 We
assumed that the addition of a ditopic receptor capable of the
reversible binding of both MV?" and [MogCl]?~ by two
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different binding Sites results in a reversible separation of the
ion pair formed by MV?" and [MogCl4]?~ and, thus, in making
the electron transfer process difficult to perform. Moreover, the
changesin the receptor binding properties under externd stimuli
leads to the release of one of the guests with the following
repeated formation of theion pair capable of the eectron transfer
process. A pH-switchable derivative of resorcinarene, 1, with
sodium sulfonatoethylene groups on the lower rim and ami-
noalkylated moieties on the upper rim has been chosen as a
ditopic receptor (Scheme 1).* Herein, we report a novel three-

Scheme 1. Calix[4]resorcines 1 and 2

component supramolecular system composed of the metal
cluster [(MogClg)Le]™ (L = CI~, H,O, OH"),® the acceptor
MV?2te2Cl~, and the resorcinarene 1 designed for a pH-
controlled, photoinduced electron transfer. In acid and neutral
aqueous media (pH 2—7), the resorcinarene 1 separates theion
pair MV2te[MogCl14]%" through the interaction of the negatively
charged lower rim of 1 with the positively charged MV?* and
the protonated aminoalkylated groups of the upper rim with
the negatively charged meta cluster. Theincrease of pH media
leads to the deprotonation of the aminoalkylated groups and to
therelease of the metd cluster from the upper rim of 1 (Scheme
2). Inthismolecular system as compared to literature anad ogues,

Scheme 2
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a pH-induced change in the distance between the donor and
acceptor of theion pair forces the photoinduced el ectron transfer
process.

Irradiation of an aqueous solution (pH 7) of the mixture
MV?2t + [(MosClg)Lg]" (1:1) at 365 nm in the presence of
20% MeOH (as a sacrificial agent) results in the reduction
of MV?" to cation-radical form MV™ as evidenced by
UV —vis spectroscopy (Figure 1a(A)). The electron transfer
from [MogCl14)>~ to MV has been previoudly investigated.®

)

Absorbance =
o o (=
(3% ) w o

o
il

(b)

ry
L

Absorbance

800 ; nm

400 600

Figure 1. (g b) UV spectra after 30 min of irradiation at 365 nm
of (A) [(MOeclg)Le]n + MV2+; (B) [(MOeClg)Le]n + MV2ZH + 1;
(C) [(MogClg)Lg]" + MV2t + 2 in 20% MeOH agueous solution
at pH 7 (a) and pH 10.5 (b) (C = 0.05 mM; the solutions before
irradiation were used as a blank reference; the spectra are recorded
10—15 s after irradiation).

In the presence of 1 equiv of 1, irradiation for 30 min or
more does affect the noticeable spectral changes, indicating
the absence of the formation of MV ** (Figure 1a(B)).° The
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difficulty of the photoreduction of MV?2" is due to the binding
and separation of [(MogClg)Lg]” and MVt by 1, thus,
preventing the electron transfer process. The ion pair
MV2*e[(M0gClg)Lg]" has poor solubility in agueous media
(pH 2—7), but the solubility visibly increases after the
addition of 1. According to NMR and UV-—vis data
[(MogClg)Lg]", MV2", and 1 form a three-component 1:1:1
supramolecular complex in acid and neutral agueous media.
In the UV —vis spectrum of the solution of [(M0gClg)Lg]"
(pH 2), the addition of 1 as such or the mixture of 1 + MV?2*
decreases the intensity of the absorption bands of the metal
cluster at 300—350 nm (Figure 2a). This indicates the
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Figure 2. (a) UV spectra of (A) [(M0osClg)Le]™ (B) [(M0gClg)Lg]"
+ MV?, (C) [(MosClg)Le]™ + 1; (D) [(M0ogClg)Le]" + MV2t +1
in 20% MeOH agueous solution (pH 2, C = 0.33 mM; in (C, D)
acalixarene 1 solution was used as a blank reference); (b) *H NMR
spectra of (A) MV?2'; (B) [(MogClg)Le]" + MV2T; (C) MV2H + 1;
(D, E) [(MogClg)Lg]" + MV2" 4 1 (CDsOD/D,0O (1/5); C = 1 mM;
(A—D) pD 7; (E) pD 10.5).

complex formation between 1 and [(M0gClg)L¢]" both in the
presence and in the absence of MV?*. The stability constant
(log K) of the 1: 1 complex between [(MosClg)Lg]" and 1
determined by UV —vis spectroscopic titration is 4.9 + 0.3
(pH 2) (see Supporting Information, Figure Sl(a, b)).” The
upfield shift of the proton signals of MV?" by adding the
complex 1e[(MogClg)Lg]" in the NMR spectra (pD 7)
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confirms the binding of MV2" by 1 in the presence of the
metal cluster (Figure 2b). MV2* forms a stable 1:1 complex
with 1 at pH 7 as noted by UV —visand NMR spectroscopies.
The stability constant (log K) for the complex 1sMV?* is
42 + 0.2 (pH 7) (see Supporting Information, Figure
S2(ah)).’

Irradiation of the binary system with 1 equiv of
[(MogClg)Lg]" and 2 equiv of MV2* doubles the formation
of the cation radical MV™ (see Supporting Information,
Figure S3a). In the three-component system with 1 equiv of
the mixture ([((MoeClg)Lg]" + 1) and 2 equiv of MV?2,
irradiation induces the reduction of the viologen unbounded
with 1 (see Supporting Information, Figure S3b). Thus, the
metal cluster complexed with 1 is able to transfer the electron
to the free MV2* reducing it.

Earlier, it has been demonstrated that 1 self-assemblesin
aqueous media by the electrostatic interaction of the upper
and lower rims of 1.* The binding of MV by 1 resultsin
the destruction of the self-assemblies formed by 1 as evident
from UV —vis spectroscopy data (see Supporting Information,
Figure $4(a,b)). Thus, the experimenta data clearly dem-
onstrate that the resorcinarene 1 separates the ion pair
MV2e[(M0gClg)Lg]" and, therefore, blocks the electron
transfer from the excited state of the metal cluster to MV2*
(Scheme 1).

The increase of pH media (to pH 10.5) leads to the
deprotonation of the upper rim of 1 and to the release of the
metal cluster. Indeed, according to UV—vis and NMR spec-
troscopy data, 1 binds M V2" but not [(MogClg)Lg]" in akaline
media. The addition of 1 to the[(MogClg)L¢]" solution (pH 10.5)
does not affect the UV —vis spectrum of the metal cluster. The
NMR signals for the MV?" protons are shifted upfield upon
addition of 1 indicating the formation of the complex (Figure
2b). Thereislittle changein the 'H NMR spectrum of 1eM V2t
after the addition of [(MogsClg)Lg]" which servesto support that
there is no influence of the meta cluster on the binding of MV2*
by 1 in dkaine media. The unbound metal cluster [(MogClg)Lg]"
isonce again able to transfer the electron from its excited state
to MV2t, After 30 min of irradiation (365 nm) of the solution
of the ternary system [(MogClg)Lg]" + 1 + MV?2" (pH 10.5),
the characteristic absorption bands of the cation-radical MV
appear in the UV spectrum which confirms the electron transfer
from the metal cluster to MV?" (Figure 1b(B)). In the binary
system [(MoeClg)Lg]™ + MV2 without 1, a Similar UV —vis
spectrum but with a greater absorption was observed (Figure
1b(A)). Apparently, the negatively charged lower rim of 1
shields M V2" from the approach of the metal cluster that results
in the dower reduction of MV?2* in the presence of 1. Also, a
small amount of the metal cluster is probably still bound with
cdixarene a pH 10.5. The formation of a smaller amount of
the cation-radical MV** at pH 7, as compared to pH 10.5, is
due to \the sacrificial agent (MeOH) being wesgker in neutral
media and is due to the decreased solubility of [(MogClg)Le]"
atpH 7.

Irradiation of the MV?2"e[(MogClg)Lg]" solution in the
presence of a calixarene without a negatively charged lower
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rim 28 (Scheme 1) resultsin the cation-radical formation both
at pH 7 and at pH 10.5 (Figure 1ab(C)). Thus, the results
clearly demonstrate that only the binding of both pieces of
the ion pair with two different binding sites, and therefore
their separation, causes the blocking in the electron transfer
process. The binding of only one component of the ion pair
(in the systems 2+[(M0cClg)Lg]" or 1sM V2" at pH 10.5) does
not lead to a significant blockage in the electron transfer
process.

Although the system [MogCl14]%~ + M V2t has been studied
before,® further research is needed to clarify the mechanism of
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the photoinduced electron transfer process in this system. We
are currently working on such a mechanism.

In conclusion, it has been shown, that the designed
supramolecular system [(MogClg)Lg]"1eMV?" is able to
achieve a pH-controlled photoinduced el ectron transfer from
the excited state of the metal cluster [(MogClg)L¢]" to MVZ*
followed by its reduction to the cation-radical MV *".
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