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ABSTRACT

Modulation of the fluorescein fluorescence in the presence of spiropyran and ferric ion by light was observed. Such fluorescence modulation
was due to the low oxidation potential of complex MC-Fe?*, which made the electron transfer from MC-Fe?™ to Flu™* thermodynamically
favorable. As a result, the communication between two molecular switches based on fluorescein and spiropyan, respectively, was realized via
the reversible Fe(lll)/Fe(ll) redox couple. The communicating behavior corresponds well to the function of an INHIBIT logic gate.

Concatenation of the environmental events at the molecularRecently, several examples of signal communication between
level plays a crucial role in the human central nervous molecules and communication (and even concatenation)
system, ensuring the exact transfer of information from the among molecular switches have been proposed and inves-
environment to our braihTo shed light on these complicated
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tigated. For instance, information communication between First, we show the redox fluorescence switch based on
molecular switches based on photochromic spiropyrans (SP)fluorescein Flu, Scheme 1)Flu was synthesized according
via proton transfer or energy transfer has been descfit¥éfl.  to a previous repoffd Addition of 1 equiv of Fe(ClQ)s to
However, exploiting such spiropyan systems to realize the THF solution ofFlu led to the disappearance of the
communication between molecular switches via electron characteristic absorption bands at 430, 456, and 486 nm
transfer has thus far received little attentidrHerein we ascribed to the neutral molecuiu and concomitantly the
demonstrate the first example of a substantial fluorescenceemergence of the strong absorption band with = 445
change between two communicating molecular switches via nm. But, further addition of 1 equiv of N&O; to the above
a reversible redox reaction. solution resulted in nearly complete recovery of its initial
We have just recently reportg that the oxidation absorption spectrum (inset curve in Figure 1A). On the basis
potential of F&" was significantly reduced after coordination of these result¥: it could be concluded th#&u was oxidized
with the open form of spiropyrarMC), and as a result, the  to its radical cationFlu**) after addition of 1 equiv of Fe-
electron transfer between the tetrathiafulvalene (TTF) unit (ClOg4)s, and Fé" was reduced to Fé simultaneously. The
and Fé" can be photocontrolled in the presence SP. oxidative Flu™ could be reduced to its neutral species by
Through our continuing research in this vein, we have found addition of 1 equiv of Ng50; These results are in
that the radical cation of fluoresceirFI(g) formed by agreement with the fact th&tu is a moderate electron donor
oxidation with ferric ion can be reduced to the corresponding with Ex? = 0.89 V (vs SCE}? The new absorption band
neutral species upon UV light irradiation in the presence of with Amax = 445 nm of the solution of Flu after treatment
SP (Scheme 1), just like the TTE As compared to the  with Fe(ClQ,); should be ascribed to Fiu
Figure 1A shows the gradual increase of the fluorescence
_ intensity of the solution of fluorescein with increasing
Scheme 1. Transformation Patterns of the Communicating ~ amounts of Fe(Cl¢); added to the solution. Addition of 1
Ensemble of Two Molecular Switches equiv of Fe(ClQ)z to the solution ofFlu resulted in a
significant increase of the fluorescence intensity at 480 nm
of the solution excited at 410 nm, accompanied by a 45 nm
hypsochromic shift of the fluorescence spectrum. Quantita-
tively, the fluorescence quantum yield of the solution after
addition of 1 equiv of Fe(CIQ)s; increased from that of the
original solution (& = 0.022) to 0.238% Addition of
NaS,0;3 to the above solution led to the gradual decrease
of the fluorescence intensity as shown in Figure 1B. The
fluorescence spectrum nearly returned to its original
spectrum after addition of 1 equiv of B#&0Os;, due to the
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Figure 2. (A) Fluorescence spectra of the ensembl€&laf (1.0 x

Figure 1. (A) Fluorescence spectra &lu in THF (5.0 x 1075 105 M, 25°C) andSP (1.0 x 104 M, 25 °C) in THF before and

M, 25 °C) upon addition of increasing amounts of Fe(Qithe after addition of 1 equiv of Fe(CIg; (vs Flu) and then upon further
excitation wavelength is 410 nm. Inset curves show the absorption irradiation of UV light at 365 nm; the excitation wavelength is 410
spectra ofFlu in THF (5.0 x 10° M, 25 °C) (a) before and (b) nm. Inset curves show the absorption spectra of the above solution
after addition of 1 equiv of Fe(CI{) and (c) then upon further ~ with the same operations. (B) Fluorescence spectra of the ensemble
addition of 1 equiv of Ng5,0s. (B) Fluorescence spectraBlu in of Flu (1.0 x 1076 M, 25 °C) andSP (1.0 x 104 M, 25 °C) in

THF (5.0 x 1075 M, 25 °C) upon addition of increasing amounts THF with the same operations as above.

of NaxS,0; after treatment with 1 equiv of Fe(Cl; the excitation
wavelength is 410 nm.

the solution after UV light irradiation did not return to that
of the initial solution before treatment of #eand UV light.
reduction of Fld* by NaS,0;. Consequently, the sequential However, by increasing the relative molar ratio ®P vs
actions of Fe(Cl@); and NaS;0; could reversibly modulate  Flu, complete fluorescence restoration could be realized for
the fluorescence intensity of the solution of fluorescein. These the solution ofSPandFlu after consecutive actions of Fe
results demonstrated a reversible fluorescence switch base@nd UV light irradiation. For example, Figure 2B shows the
on the electroactive fluorescein. fluorescence spectra of the mixture solutior-bf (1 x 107

Second, we demonstrate the communication between theM) andSP (1 x 10~* M) under the actions of Fé and UV
fluorescence switch based on fluorescein and the photochrodight irradiation. Interestingly, consecutive actions of 1 equiv
mic switch based on SP via the Fe(ll)/Fe(lll) redox couple. of Fe(ClQy)s (vs Flu) and UV light irradiation led to almost
Figure 2A shows the variation of the fluorescence and the same fluorescence spectrum as that of the initial solution
absorption spectra of the solution Bflu (1 x 1075 M) in (Figure 2B).

the presence dBP (1 x 10* M) under the actions of Fé& These results can be interpreted as follows (Scheme 1):
and UV light. Addition of 1 equiv of Fe(ClQs (vs Flu) led Addition of Fe(CIQ)s to the mixture solution o8P andFlu
to the emergence of the absorption band withy = 445 resulted in the oxidation oflu to Flu™ and the reduction

nm (inset curve in Figure 1A), indicating the formation of of Fe* to F&", accompanied by a significant enhancement
Flu™ as mentioned above. Concomitantly, the fluorescence of the fluorescence of the solution. Upon UV light irradiation,
intensity of the solution at 480 nm was significantly SP was transformed to its open form (MC), which would
increased, due to the formation Bfu™*. After irradiation coordinate with F& to produce aMC-Fe*" complex.
with UV light for 5 min, the fluorescence intensity of the According to our previous resultsjt is thermodynamically
above solution was reduced greatly, but it was still stronger favorable for the electron-transfer reaction from ti€-
than that of the initial solution before treatment ofFand Fet complex (0.48 V vs SCE) t&lut* (0.89 V vs SCE).
UV light (Figure 2A). Similarly, the absorption spectrum of This electron-transfer reaction would lead to the reduction
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of Flu** to the neutral species and the formation of the:MC combinations of the two inputs, the outp@X) is always O.
Fe*t complex. This is fully in accordance with the fact that Thus, the communicating behavior of these two molecular
the fluorescence of the solution was decreased after UV light switches corresponds to the function of an INHIBIT logic
irradiation. Only a partial amount &P was transformedto  gate?°

MC in the photostationary state as reported previoghly. In summary, we have demonstrated the fluorescence
Thus, if only 10 equiv (véFlu) of SPwas present in the  moqulation of the ensemble of spiropyran and fluorescein
solution, the amount of MC-Fe species was not sufficient i, the presence of ferric ion by light. Essential to understand-
for the complete reduction dflu™ generated by oxidation  jnq this spectral alteration is the low oxidation potential of
with Fe’*. As a result, the fluorescence and absorption complexMC-Fe?*, which made the electron transfer from
spectra (_)f the solutipn could not retum to the initial spectra pc.Fe+ to Flu+ thermodynamically favorable. As a result,
of the mixture solution before the actions of*Fend UV communication between two molecular switches based on
light (Figure 2A). As expected, if more than 20 equiVER® g rescein and spiropyan, respectively, has been realized
(vs Flu) was used, moréIC and hence sufficierC-Fe** via the reversible Fe(lll)/Fe(ll) redox couple. The com-

can be g.enerated..Acc.or('jineg, complete reductiorh'-'luf municating behavior corresponds well to the function of an
was achieved, which is in excellent agreement with the |y g T |ogic gate. This new strategy of concatenation of
resqus mentlon'ed_aboye_ (Figure 2B). It sho_ul_d be T‘Ote‘?' thatindependent molecular switches through electron transfer
addition of 2,2'-bispyridine, followed by visible light ir- may not only add new merits to the chemistry of photo-

i i i i . 3+ . . . . . . .
radiation will lead to the transformation MC Fe*" to SP. . chromic spiropyrans but also find potential application in
11 Therefore, the fluorescence modulation for the solution the construction of new molecule-based devices

of Flu in the presence o8P can be reversibly performed
under the combined actions of Feand light irradiation.

The communicating ensemble of two molecular switches
can transmit one chemical input Fell) and one optical
input (UV light, 12) into a single optical outputig, = 473
nm, O1). On the basis of the results mentioned above, the
output (O1) is 1 only wherl = 1 andI2= 0. For other 0L0494111
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