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Abstract

A pyrene-DAMN based molecular scaffold has been explored for its ion recognition
characterisitcs under various solvent conditions. In DMSO, selective, prompt and
naked eyete sensing of F° and CN was obaserved by modulation of its
intramolecular charge transfer characterisitcs. Anion-stimulated fluorescence “turn
on” behaviour was proposed to occur through photoinduced electron transfer
phenomenon. The dual-ion sensing mode, solvent-tuned recognition along with its
distinct reversible binding has been explored for various Boolean operations at
molecular level. A number of simple and advanced logic functions in the form of
YES (identity), NOT, OR, NOR, AND, NAND, INH and IMP have been achieved.
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1. Introduction

The exploration and development of new materials for electronic applications is
currently an area of enormous interest. In this direction, exploration and development
of novel organic materials for mimicking Boolean arithmetic applications is growing at
a pace. Pyrene is one such type of material which has attracted much interest of
researchers in recent years due to their fluorscence’, applications in molecular self-
assembly” and excellent photophysical properties.> Further, their chemical and
photolytic robustness prompt one to investigate them for various utilities.* In this
regard, exploration of various material applications and their further development
garner much interest among the scientific community>®. Keeping this thing in mind,
we are aiming to explore the highly conjugated charge transfer materials synthesized
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from Diaminomaleonitrile (DAMN). This is due to the fact that they are easy to
synthesize and easy to purify and hence economically viable for exploring material
applications. Besides they are highly robust nature towards light, heat and possess fast
signal transduction capability due to extensive conjugation. To the best of our
knowledge, no such reports exist in the literature wherein Pyrene-DAMN Schiff base
type materials have been utilized for logic gate applications.

2. Materials and Methods

2.1 General Information

All the solvents and concentrated HCl were purchased from commercial sources and
distilled water was obtained from the lab. For exploring of molecular interaction
behavior, tetra butyl salts (TBA) of various anions were obtained from Himedia.
Anions prior to the use were kept in desecrator. Absorption measurements were
carried out using Shimadzu Spectrophotometer (Model no: UV-1900i, Serial no:
A12535981544, Lab Solutions UV software. For absorption titration, 2.75 ml volumes of
receptor in dimethyl sulphoxide (DMSO) were used in a quartz cuvette at 25 + 5 °C.
Emission studies were carried out on a Horiba Jovin Vyon Fluoro log 3-m
spectrophotometer using slit width of 5/5 nm. Absorption and emission spectral
changes were measured immediately after addition of anions, acids to the receptor
solution. All curves were fitted with a using Origin 8.0 (Origin Lab). Bar plotting was
done in Excel. 2007.

3. Results

3.1 Approach

In previous studies related to anion recognition by DAMN Schiff bases,” it has been
realized that even minor structural alteration leads to strong and prompt modulation
of photophysical properties and hence their sensitivity towards anion binding. With
all these things in mind, Pyrene Schiff base architecture 1 (Figure 1) has been opted for
anion recognition study under organic solvent conditions and in presence of anions
with TBA as counter ion. This is further expected to strongly influence the electronic
property of this Schiff-base and hence alteration of the inherent charge-transfer states.
To our surprise, the receptor entity thus chosen has been found to deduce selective
interaction with F* & CN’ in presence of other anions at micro-molar level and binding
events were noticed visually through naked-eyes. The reversible sensing behaviour
along with solvent-tunable signal read-out performance in absorption as well as
fluorescence mode has been presented with various digital functions. Here both
simple as well as complex Boolean logic gates in the form of OR, NOR, AND, NAND,
INH®, IMP? were demonstrated.
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ICT

Figure1. Chemical Structure of Molecule (1) with ICT and PET Channels assigned.

3.2 Anion Interaction Studies through UV-Vis Spectroscopy

Molecule (1) is a yellow solid and soluble in most of the organic solvents. The
molecular framework possesses a mt-donor-acceptor™ (rm-D-A) framework favouring an
intramolecular charge transfer (ICT) pathway from amine to nitrile group and photo
induced electron transfer (PET) from amine nitrogen to Pyrene fluorophore (Figure
1)."" Owing to the presence of polar N-H bonds in amine group, the anion-
recognition behaviour of the molecule was brought into focus and to further
understand the electronic properties of the system. Anion recognition” ability was
investigated through the addition of solutions of anions* (F’, CI', Br, I', SO,*, NOy5,
HSO,’, CH;COO', H,PO, and CN’) in the form of tetrabutyl-ammonium salt (TBA) in
DMSO to 1. In DMSO, 1 (22 uM) displays an intense charge transfer absorption band at
430 nm which could be attributed to the - " transitions in the molecule. Addition of
F” to 1 resulted in strong red-shift of 75 nm of the intrinsic absorption towards a broad
signal around at 505 nm (Figure 2). The spectral behaviour was in turn detected
through naked-eyes by the appearance of an immediate colour changes of the DMSO
solution of 1 from yellow to red (Fig. 2- inset).
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Figure 2. Absorption titration of 1 (22 x10°M) in presence of 10 equivalents of fluoride
ion

Similar type of results was obtained from 1 in presence of other anions capable of some
hydrogen bonding. However apart from similar sensing behaviour of F" and CN” with 1,
CH,COO and H,PO,  displayed week effect (Figure 3). The above colorimetric changes
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can be easily reversed by the addition of a dilute solution of protic acid like trifluoro
acetic acid (TFA) to the solution of 1 in presence of these anions. The observations
reveal a probable hydrogen bond-donation or deprotonation based mechanism of
receptor 1 to anion. This leads to the ICT enhancement from deprotonated amine to
the nitrile group across channel 1.
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Figure 3. Interaction various anions with 1. Observations were made with 10
equivalents of fluoride and cyanide, while others were added in 100-fold
concentrations. All the experiments were carried at room temperature.

3.4 Anion Interaction Studies through Emission Spectroscopy

As pyrene is a well know fluorophore, following absorption spectral studies, we
studied the anion recognition process via emission spectroscopy. It is to be noted that
1 (7 pM) is weekly fluorescent when excited at 430 nm, but upon interaction with CN"
/F" induces an emission enhancement at 575 nm which gets intensified with further
additions (Figure 5). This is called as fluorescence “turn on” behaviour. This can be
attributed to the blockade of PET amine site to the pyrene in presence of anions.
Other anions apart from F, CN’, CH;COO™ and H,PO, produced no effect on the
emission properties of the system. However, weaker basic anionic species like

CH;COO" and H,PO, resulted in a less intense emission response compared to that of
F and CN".
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Figure 5. Emission behavior of 1 (7x10°® M) in presence of 10 equivalents of fluoride
ion.

863 | www.scope-journal.com



Scope
Volume 14 Number o2 June 2024

3.5 Anion discrimination Studies

Since the anion sensing shown by 1 is based on hydrogen bonding between molecule
and anions or maximum through the acid-base interaction, altering the hydrogen
bonding capability or basicity of such anions (proton acceptors) under the
circumstances can drastically affect the electronic properties or signal-read-out
behaviour from the molecular solution under study. As we know, fluoride anion is
known to possess strong hydration enthalpy compared to cyanide.” Thus in highly
polar solvents like water or methanol; drastic influence can be expected on the
recognition processes. As per expectations, we could achieve selective recognition of
cyanide in a mixed solvent system (H,O/DMSO: V/V (1.5 ml/8.5 ml). It was noticed
that upon addition of around >1.0 percent of H,O into the solvent, complete vanishing
of the fluoride interaction happened. The observation reveals a promising potential of
the given system for sensing of both cyanide and fluoride at micro molar level, further
tuning of solvent system can easily be exploited for their discrimination.

3.6 Logic Arithmetic Implications

On the basis of the above observations, the receptor was explored for logical
arithmetic applications under various combinations of anions/H" as chemical inputs
and optical signals (absorption and emission) as outputs.'®”” These inputs and outputs
were coded with binary digits ‘0’ for ‘OFF and %1’ for ‘ON’ (Figure 6). Here, for
demonstrating the logic behaviour, upon monitoring changes in absorption spectra
solely in DMSO, presence of both of CN" and F° demonstrates a two-input NOR
function at 430 nm and an OR function at 505 nm, with optical outputs in the form of
A430 and Asos respectively (Figure. 6). Similarly, another OR logic gate can be
constructed in the emission mode with F575 as output.

INPUTS ouTPuTS

F/ON H* A430 ASOS F575

s} o i 4] 0
1 1 o 1 1

0 1 o 1 1

1 0 o 1 0

Figure 6. (Above) Truth table. (Below) presentation of various logic gates with optical
signals at various wavelengths corresponding to the inputs in the form of F" and CN'.

864 | www.scope-journal.com



Scope
Volume 14 Number o2 June 2024

However, under the mixed solvent conditions (H,O/THF: V/V (1.5 ml/8.5 ml), two
input molecular logic gate turn into a single input logic gate with CN™ based chemical
input only. Hence two YES or IDENTITY functions or buffer can be obtained at 505
nm and 575 nm in absorption and emission modes respectively. While intrinsic
absorption (430 nm) of molecule presents a NOT with A430 as the output (Figure. 7).

Input I Output
0 YES (buffer)
1

0
1

AS(]S

Einput | Output
0 =
1

YES (buffer) ¥575

Yy

1

Input || Qutput
0 | NOT
1 0

Figure 7. Truth table and presentation of single input YES ans NOT gate in presence

£

of CN™ under mixed solvent confitions.

Besides above, the reversibility induced by the protic acids by masking the effect of
anions (F/CN") was also studied for exploration of logic arithmetic applications. The
outputs generated by fluoride and cyanide can be fully reversed by addition of TFA.
This reproducible switching behaviour of molecule reflects an inhibit (INH) logic
function, employing anions (F/CN") and cation (H") as inputs to the corresponding
optical output at 505 nm.® While setting A430 as another optical output, an
implication “IMP” logic gate can be fabricated (Figure. 8). IMP exists with
complementary behaviour to the INH but is supplementary with “IF THEN”

situation.”?™°

INPUTS OUTPUTS

F/CN —j :

F/ICN H' A430  AS05 A505
u 4[>D;

0 0 1 0

0 1 1 0 H  —

A430

F/CN —DO—

1 0 0 1

Functions IMP INH

Figure 8. Presentation of two-input implication and inhibition function based logic
gates (right) and corresponding truth table (left).

We further utilized the interfering other anions like acetate and phosphate for
construction of complex and important logic functions from 1 in DMSO. Both the
anions exhibit weak changes in the spectral properties of receptor compared to
fluoride and cyanide owing to their weak basicity or hydrogen bonding capability as
discussed earlier. Thus their contribution results in the production of weaker optical
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signals as out puts which fall below the threshold limit (A > 0.2 in figure 8 below).
However, inclusion of both the anions produces an additive effect in spectral
properties of 1. The behaviour can be expressed in the form of two-input AND gate at
505 nm (Figure 9). Similarly the intrinsic absorption state at 430 nm can be articulated
in the form of a two-input NAND gate with A430 as output.
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Figure 9. Presentation of two-input AND (Left) & NAND (Right) logic gate.
4. Conclusions

We have explored and developed pyrene-DAMN Schiff base as a sensitive dual-ion
receptor for fluoride and cyanide under organic solvent conditions. The anion sensing
attributes to the modulation of ICT by intermolecular proton transfer from polarized -
NH, moeity to anion. Importantly, anion-driven fluorescence “turn on” phenomenon
was achieved. The molecule displayed reversible switching by alternate addition of
anion and protic acid. The dual-anion sensing of 1 was further discriminated by tuning
of solvent under consideration. Anion recognition behaviour was also studied with
Boolean logic applications. In this direction, an ample number of simple and complex
logic functions in the form of YES (identity), NOT, OR, NOR, AND, NAND, INH and
IMP have been obtained in absorption and emission mode.
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