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A dual-channel fluorescent compound runs as a 1 : 2 digital

demultiplexer (DEMUX) which can drive a single signal

(proton) to two different destinations as a fluorescent photonic

response; each fluorescent channel can be activated indepen-

dently by careful selection of the excitation wavelength.

Although the components of a molecular computer need not

operate like microelectronic circuits, there have been several

attempts at designing, synthesizing and characterizing chemi-

cal systems that mimic the operation of semiconductor logic

gates.1–3 On these grounds, implementing molecules with

decision-making capabilities4 is a strong motivation for seek-

ing information-processing strategies based on molecules.5

Molecules, which can be interlocated between various

reachable luminescent electronic states by using light, are

optimum candidates for use as components of molecular based

logic gates and there are several reports on molecular switches

based on molecules and quantum dots showing dual fluores-

cence.6 Using chemical systems to implement the most basic

Boolean functions is now possible.7 However, rather than

relying on extensive physical connection of elementary gates,

the construction of molecular logic networks can take advan-

tage of functional integration within a single molecule, which

can be accomplished via rational chemical design.

We have for some time studied how photoinduced electron

transfer (PET) between covalently linked isoquinoline N-oxide

as an electron acceptor and various electron donor systems

might be used in order to perform binary and Boolean logic

operations. The PET state accessible by this family of mole-

cules exhibits dual-channel fluorescence emission (locally ex-

cited, LE, and charge transfer, CT, states) in an independent,

nonannihilating mode. This peculiarity has allowed us to

simultaneously integrate two independent operating channels

in these molecules.8,9

Boolean algebra requires two types of electronic switches in

order to control the flow of bit data, namely: muliplexers and

demultiplexers. In digital signal processing, a multiplexer

(MUX) takes several separate digital data streams and com-

bines them into a single stream of a higher data rate. This

allows multiple data streams to be carried from one place to

another over a single physical link. A molecular 2 : 1 multi-

plexer has recently been reported.10

A complementary demultiplexer (DEMUX) is normally

required at the receiving end of the data link. A DEMUX is

a key subsystem of single flux circuits and systems in practical

applications that steers an input to one of many possible

outputs. Recently, some authors have used combinations of

organic molecules, lasers and third-harmonic generating crys-

tals,11 nanostructured systems based on plasmonic crystals12

or nanocrystalline semiconductors13 to construct chemical

systems capable of operating as DEMUX. In this work, we

developed a molecular 1 : 2 demultiplexer (1) comprising of

two photochemically activated redox moieties covalently

linked by a methylene branch (Fig. 1). As explained below,

the molecule reacting to acids (protons) as the sole input can

address the fluorescence response by switching the coding

excitation wavelength in order to report the binary state of

the input.

Fig. 2a shows the truth table for a 1 : 2 digital DEMUX.

The Boolean algebraic expression for a two-output DEMUX

switch is In#c(Out1,Out2), the # symbol denoting a demulti-

plexer function. This expression says that, if c = 0, then the

first argument (Out1 in this case) equals In and the second

argument (Out2) is disabled; conversely, if c = 1, then Out2 =

In and Out1 is disabled. The variable preceding # is the input

variable, and the symbol following # is the control data

variable. The variables in brackets are the output variables

of the two output demultiplexer, which possesses one input

(In), one control input (c) and two outputs (Out1 and Out2).

A demultiplexer can have more than one output. The corre-

sponding symbols and equivalent logic circuits are shown in

Fig. 2b and c, respectively.

Fig. 1 Chemical structure and proton equilibrium of compound 1.

The qualitative energy level distribution of ground and excited states

that can be reached by the free and protonated forms of 1, and the

fluorescence emissions they produce on excitation at 330 nm in a

neutral solution (LEem), and on excitation at wavelengths below

330 nm [LE(H+)] and above 360 nm (CTem), on a acid solution

containing TFA are also shown.
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A synthetic procedure for 1 has been reported.14 Two

aspects of its chemical properties as regards to the interaction

with a proton as input warrant careful analysis, namely: the

tunable ability of the isoquinoline N-oxide moiety as an

electron acceptor and the resulting fluorescence profile. In its

free, unprotonated form, the isoquinoline N-oxide is a poor

electron acceptor, even in its electronic singlet excited state, so

it cannot be deactivated by electron transfer from the bridged

electron donor. Consequently, only the corresponding fluor-

escent locally excited (LE) emission at 394 nm (ffluo = 2 �
10�3) can be obtained (Fig. 3a) by excitation at any absorbing

wavelength. However, the oxygen in the isoquinoline N-oxide

can bind to the proton in a reversible manner and enhance its

electron acceptor ability. This allows an electron to be photo-

chemically promoted from the bridged electron donor moiety

to the excited state of the protonated isoquinoline N-oxide.

Interestingly, two new excited states are possible for 1–H+;

one is the first singlet excited state of the protonated isoquino-

line N-oxide, which corresponds to the blue-shifted locally

excited (LEH+) fluorescence emission at 380 nm (ffluo = 8 �
10�3) of this protonated form and can be reached by excitation

at wavelengths below 330 nm (Fig. 3a). This protonated form

of compound 1 (1–H+) becomes a dual-fluorescence channel

molecule that, by careful selection of the excitation wave-

length, can produce a second, independent fluorescent emis-

sion channel. By selective excitation at wavelengths above 360

nm, the electron transfer from the ground state electron donor

moiety to the excited state of the protonated isoquinoline N-

oxide as enhanced acceptor leads to a charged transfer (CT)

state that is also fluorescent (lem = 479 nm; ffluo = 2 � 10�2;

Fig. 3b). This allows two emissive fluorescent channels for

1–H+ to be operated by carefully selecting the excitation

wavelength. It should be noted that the two fluorescent

channels (LEH+ and CT) can be operated in an independent,

no annihilating manner by taking the proton as a single input.

That the emissive behavior of a dichloromethane solution of

1 containing 0.1 M TFA is dependent on the particular

excitation wavelength is clearly apparent from the three-

dimensional fluorescence emissions of Fig. 3c and d. Thus,

the LE emission of the protonated isoquinoline N-oxide is

blue-shifted to 380 nm at lexc = 330 nm and is completely

displaced by a new CT band beyond 400 nm at lexc 4 360 nm.

Clearly, the emissive contour of protonated 1–H+ in dichloro-

methane solutions is very strongly dependent on the excitation

wavelength used. At short wavelengths (lexc o 330 nm), only

the LE emission of the protonated isoquinoline N-oxide,

which is blue-shifted with respect to the neutral chromophore

is observed at 380 nm. However, the presence of a new, red-

shifted emission band above 400 nm when long-wavelength

light is used reveals that an emissive CT state has been

reached. The detectability of the CT fluorescence is further

increased by its significant Stokes shift, which tends to displace

it to a region not overlapped by the residual LE emission from

the acceptor. One common feature of dual-channel fluorescent

chemosensors is that substrate binding enhances one emission

channel at the expense of the other. Our results constitute an

exception to this generalization as the combination of two

signaling mechanisms (N-oxide oxygen binding to a proton

inducing electron transfer, and selection of the excitation

wavelength) allows two fluorescent emission bands to be

obtained. Compound 1 exhibits both LEH+ emission of the

protonated isoquinoline N-oxide and an independent emission

band at long wavelengths. In logic terms, the output can be

high when either the proton is bound to the N-oxide function

and careful selection of the excitation wavelength results in the

independent occurrence of both emitting channels. One espe-

cially significant feature is the apparent absence of interactions

between them.

The performance of compound 1 as a molecular digital

demultiplexer was assessed by using a dichloromethane solu-

tion ca. 10�5 M and measuring the fluorescence emission

intensities at the two output destinations (380 and 479 nm)

for the proton input. By using various combinations of pro-

tons and excitation light, compound 1 can be made to

selectively reach a given excited state and, because all its

excited states are fluorescent, the molecule can communicate

a selective response for these combinations.

Fig. 2 1 : 2 digital demultiplexer: (a) truth table; (b) symbol;

(c) equivalent circuit.

Fig. 3 Fluorescence emission spectra for compound 1 in dichloro-

methane. (a) Fluorescence emission obtained on excitation at 330 nm

in a neutral solution (LE, blue) and following addition of TFA

(LEH+, green); (b) Fluorescence emission obtained on excitation at

360 nm following addition of TFA (CTH+, red): no emission was

observed on excitation at the same wavelength in neutral solutions; (c)

3D fluorescence spectra for 1 in neutral dichloromethane; and (d) 3D

fluorescence spectra for 1 in a dichloromethane solution containing

0.1 M TFA.

1086 | Chem. Commun., 2008, 1085–1087 This journal is �c The Royal Society of Chemistry 2008



Only LE emission (channel-1) operated when control c was

applied in the ‘‘off’’ mode (c = 0; lexc o 330 nm). The

corresponding fluorescent emission of LEH+ at 380 nm was

thus observed as a consequence of proton interaction. Because

the CT state (channel-2) cannot operate at c = 0, no signal

was detected at 479 nm (Out2), so the output remained 0

(Fig. 4a).

For an observer (or receptor) working at 380 nm (Out1), the

signal may be ‘‘on’’ (1) only when the arriving proton co-

ordinates the oxygen of the isoquinoline N-oxide and c, in the

‘‘off’’ state (0; lexc o 330 nm), drives the signal via this

fluorescent channel (channel-1). However, only when c, in

the ‘‘on’’ state (1; lexc 4 360 nm), drives the signal via

channel-2 can the signal reach an observer (or receptor)

working at 479 nm (Out2) (Fig. 4b).

Compound 1 meets the requirements of a 1 : 2 DEMUX

since the input (proton) can be photonically addressed to

either output-1 or output-2 depending on the specific setting

of control c (see the table in Fig. 4c). The photophysical

processes that integrate compound 1 allow it to operate via

deactivation of electronically excited states or electron transfer

between excited states. Since the chemical properties logically

analyzed for 1 comprise no (photo)chemical reactions, pro-

blems relating to reaction rates, irradiation times and process

yields (the possibility of reaching stationary distributions),

which can restrict practical applications, are avoided. Conse-

quently, molecules capable of reaching multiple nonannihilat-

ing luminescent excited states can provide promising, useful

approaches to the development of molecules for optical

computing.
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Fig. 4 Interpretation of compound 1 as a 1 : 2 demultiplexer.

Contour view of the three-dimensional fluorescence emission recorded

in: (a) dichloromethane and (b) a dichloromethane solution containing

0.1 M TFA. The input data is forwarded to one of the two outputs

(observers working at 380 and 479 nm, respectively) depending on

the values of the selection control, c (lexc o 330 nm, c = 0; lexc Z

330 nm, c = 1). (c) The truth table derived from the Boolean

interpretation of the experimental data shown in (a) and (b) is

consistent with that of a 1 : 2 DEMUX.
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