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In this high-technology application, age functional dyes especially polymethine dyes have captured much attention of the
researchers due to their immense potential for high-tech uses. Polymethine dyes show promising absorption spectra in the visible
range, which can be easily exploited for the use of written text copying, photographic imaging, or photothermographic recording
materials. Keeping this in mind, our research is composed of an investigation of two triphenylamino-based polymethine dyes, a
known polymethine dye 3 and a new one polymethine dye 5, which have been synthesized by the reaction of 4-(diphenylamino)
benzaldehyde 2 and 4,4'-(phenylazanediyl) dibenzaldehyde 4 with 4,4'-vinylidene-bis(N, N-dimethylaniline) 1. Based on bis-
dimethylaminophenylethylene moiety, the new polymethine dye showed more high absorption spectra in the range of 600-
700 nm than that of the known polymethine dye based on bis-dimethylaminophenylethylene moiety. Their maximum spectra were
exhibited at 637 nm and 653 nm, respectively. Their leuco-converted reversible colored forms were also investigated.

1. Introduction

Any of a class of dyes (as cyanines or merocyanines) char-
acterized by a resonance structure containing a conjugated
chain of carbon atoms, that is, at least in part an open chain
(as in ~-CH(=CH-CH),,=) attached to two polar atoms (as
two amino nitrogen atoms either one of which is considered
to be positively charged), are called polymethine dyes (PDs).
PDs have been studied for more than a century; however,
they continue to be actively investigated due to their multi-
functional chemical, biological, and optical applications [1-
3]. The most essential advantages of PDs are connected with
their intense (with molar absorbance up to 3 x 10°Mtem™)
and tunable absorption bands in the visible and near infrared
(NIR) regions, which is important for the development of
organic materials [4-7]. The electronic properties of these
dyes can be modified by changing the conjugation chain
length or by adding specific terminal groups of electron
acceptor (A) or electron donor (D) nature.

The absorption spectra of polymethine dyes arise from
the electronic transitions involving the 7 electrons along the
polymethine chain. The structure of one of the dyes studies
is shown in Figure 1. The 7 electrons are delocalized between
the two nitrogen atoms of the chain.

The cation has two major “resonance” forms between
structures A and B shown in Figure 1. Quantum mechan-
ically, this means that the wave function for the molecule
has essentially equal contributions from each state. Thus all
the bonds along this chain can be considered equivalent,
with bond order 3/2 (similar to the C-C bonds in benzene).
Each carbon atom in the chain and each nitrogen at the
terminus are bonded to three other atoms through o bonding,
which leaves one valence electron per carbon that may be
involved in 7 bonding. In addition, the three remaining
valence electrons on the two nitrogen atoms (why is it
three?) contribute to the 7 system. The free electron model
assumes that the 77 electrons are subject to a constant potential
as they move along the polymethine chain as indicated
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FIGURE 1: Two resonance structures of 1,1'—diethyl—4,4'—carb0cya—
nine iodide. The rr-electron system of interest is highlighted.

in Figure 1. Furthermore, it is assumed that the potential
increases very sharply in the region of the nitrogen atom and
that the electrons behave as if they were confined to a “one-
dimensional box.” Finally, we assume that electron-electron
repulsion is negligible. The quantum mechanical solution for
this system constrains the electron energies to the following
values:
n*h’*
=—) n=

1’ 2) 3) (1)
" smL?

where h is Planck’s constant, m is the electron mass, and L
is the box length. Equation (1) gives the available electronic
energies available to the 7 electrons. The Pauli exclusion
principle limits the number of electrons in any given energy
level to two (corresponding to opposite spins: +12, —-12). If N
is the number of 7 electrons in the conjugated chain, then
for the ground state, each of the N/2 levels contains two
electrons and the remaining levels remain empty. Figure 1
shows that there are twelve electrons available (one from each
carbon plus 3 from the two nitrogens) for the 1,1'-diethyl-
4,4'-carbocyanine iodide dye.

Figure 2 shows the population of the energy levels of the
7 system as estimated by the free electron model. The long
wavelength absorbance maximum is assumed to be due to the
n = 6ton = 7 electronic transition. The photon energy is
equal to the energy difference between levels E; and E;:

he W? 13H2
hv=— =E,—E, = (49 - 36 =——. (2
A 7 6= ) SmL?>  OmlI?

We can calculate this energy level difference by using the free
electron model providing that we can estimate the value of L.
Let us denote the number of carbon atoms in a polymethine
chain by p; then N = p + 3 is the number of electrons in
the box. Kuhnl assumed that L was the length of the chain
between nitrogen atoms plus one bond distance on each side;
therefore L can be found by

L=(p+3)p, 3)

where p is the bond length between atoms along the chain.
A reasonable value for p is 139 pm, which is the bond length
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FIGURE 2: Population of the energy levels of the 77 system.

in benzene. If there are easily polarizable groups at the ends
of the chain (such as benzene rings), the potential energy of
the 7 electrons in the chain does not rise so sharply at the
ends. In effect, this lengthens the path L since the electrons
can penetrate into the potential wall. Therefore we can write

L=(p+3+a)p, (4)

where o represents the penetration distance and should lie
between 0 and 1. The empirical parameter « should be
constant for a series of dyes of a given type. When the
procedure is done correctly, the calculation of L and A (with
a = 0) gives a wavelength of 707 nm for the dye shown in
Figure 1.

Currently, the demand for dyes application for high
technology is increasing, for example, novel demand for the
use of written text copying or photographic imaging and
photothermographic recording materials, which all have cap-
tivated the minds of researchers to the stirring developments
in dye chemistry and dyes applications [8-14]. However,
for conventional application, the use of polymethine dyes
is limited to the dyeing and colorations for traditional
textiles like wool, silk, leather, and polyacrylonitrile fibers
[8, 9]. In this background, competent research about the
synthesis and characterization of new methine compounds
in comparison to the preexisting known methine dyes has
become increasingly important for many color formation
systems and their high-quality chromic property application
due to increased demand.

One of the best properties of polymethine dyes is their
color producing reaction through the making of leuco form.
The term “leuco” representing white was originally applied to
the reduced forms of vat dyes in alkaline media which were
often colorless. More recently, the usage has been extended
to include the (usually) colorless form of a dye, which
can be produced by a nonreductive process. Commonly,
the alkaline soluble leuco vat dyes have been, of course,
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extremely important in textile dyeing. However, in all cases,
the important feature of the reaction involved is the color
change. The applications of leuco dyes are far more diverse
than the conventional concept, and the term “leuco” has
become standard to describe the reversibly reduced form of
any class of dye which can be exploited in some way, especially
in new high-technology applications [13-15].

The color forming precursors, leuco dyes, have received
less attention in the literature. The largest portion of
the annual production of the polymethine class of leuco
dyes is consumed in the manufacturing of various copy-
ing papers. In this context, to provide a reversible color-
occurring system, two types of polymethine dyes, which
are based on bis-dimethylaminophenylethylene moiety [10],
were synthesized using 4-diphenylaminobenzaldehyde and
4,4-(phenylazanediyl) dibenzaldehyde as given in Scheme 1.
The leuco form of these methine dyes was also prepared by
the treatment using methanol with NaOH. The absorption
properties of two polymethine dyes were determined by using
a UV spectrophotometer. Thus, the work herein comprises an
investigation of the characterization of the triphenylamino-
based new polymethine dye and a known polymethine dye.

2. Methods

2.1. Materials and Synthesis. All solvents and chemicals used
in this work were of analytical grade and were used without
further purification. Triphenylamine and 4,4'-vinylidene-
bis(N,N-dimethylaniline) were purchased from Aldrich.
DMF was purchased from Samchun. Acetic anhydride was
purchased from Duksan Pharmaceutical Co. Ltd. The syn-
thetic pathway of the two dyes is shown in Scheme 1.

2.1.1. Dye (2) and Dye (4). The starting materials 4-(diphen-
ylamino) benzaldehyde (dye2) and 4,4'-(phenylazanediyl)
dibenzaldehyde (dye4) were prepared by adopting literature
procedures [15-17].

2.1.2. Dye (3). 4,4'—Vinylidene—bis(N,N—dimethylaniline) 1
(0.62 mmol, 0.166 g) and 4-(diphenylamino) benzaldehyde 2
(0.153 g) were added into a solution of 5 mL acetic anhydride
[18]. A mixture of perchloric acid (0.31 mmol, 0.030 g) and
acetic anhydride (5 mL) was added to the prepared solution.
The solution was refluxed for 2hrs. The mixture was then
cooled at room temperature and poured into excessive ethyl
ether. And then the precipitate was filtered and the solid
product 3 was obtained.

2.1.3. Dye (5). 4,4'—Vinylidene—bis(N,N—dimethylaniline) 1
(1.88 mmol, 0.5g) and 4,4'—(Phenylazanediyl) dibenzalde-
hyde 4 (0.25g) were added to a solution of 10 mL acetic
anhydride. Mixture of perchloric acid (0.056 mL) and acetic
anhydride 10 mL was then added to the solution. The solution
was refluxed for 4 hrs. The mixture was cooled to room
temperature and poured into excessive ethyl ether. And then
the precipitate was filtered and the solid product 5 was
obtained.

2.2. Instrument. The spectroscopic properties for the original
and the leuco form were determined by using a UV

spectrophotometer (Agilent Technology, USA) and elemen-
tal analysis by using an Automatic Elemental Analyzer by
Thermo Fisher Scientific (Flash EA 112 series). Analytical data
agreed with the proposed structures.

2.21. Dye (2) Yield. 67% (2.02g); IHNMR (400 MHz,
CDCL3): 67.06 (d,2H). §7.19-7.25 (m,6H), 67.38 (t,4H), 67.72
(d,2H), §9.85 (s,1H).

2.2.2. Dye (4) Yield. 4721% (1.41g); ITHNMR (400 MHz,
CDCL3); 8716-717 (t,5H), 87.76-7.79 (m,4H), 67.24-728
(m,2H), 87.38-7.42 (m,2H), $9.89 (s,2H).

2.2.3. Dye (3) Yield. 81.57% (0.2386 g); elemental analysis
calculated for C37H36CIN304: C, 71.43; H, 5.83; N 6.75,
found: C, 72.69; H, 6.13; N, 6.55 A max (dichloromethane)
637 nm.

2.24. Dye (5) Yield. 61% (0.4026g); calculated for
C56H59CIN5204: C74.59; H, 6.60; N, 7.77, found: C,
71.37; H, 6.77; N, 10 A max (dichloromethane) 653 nm.

3. Results and Discussion

3.1. UV Absorption Spectra. Figures 3 and 4 show absorption
spectra of these prepared methine dyes in dichloromethane.
Both polymethine dye compounds based on bis-dimeth-
ylaminophenylethylene moiety showed distinct absorption
spectra in the range of 600-700 nm, and their maximum
absorption peaks were exhibited at 637 nm and 653 nm,
respectively.

The increase in absorption of the spectra of Dye 5 is due
to the extension in polymethine chain and an increase in
conjugation which gives a good platform for intramolecular
charge transfer [19, 20]. In addition, the leuco forms of these
dyes were prepared by the treatment using methanol with
NaOH. The absorption spectra for the converted leuco form
of the methine dyes are also shown in Figures 3 and 4. In the
general area of imaging and copying, leuco dyes have a major
part to play and affect the subject matter of this investigation.
Thus, the leuco forms in Figures 1 and 2 shows the colorless
properties of the methine dyes compared to the original
spectra, and their corresponding characteristics could be
considered as leuco moieties. This reversible color formation
of an intense absorption band in the visible region (600-
700 nm) is of importance from the viewpoint of functional
color-occurring systems. It is also an interesting concept that
the prepared colorless or nearly colorless compounds react
with acid to provide extension of the conjugated double-bond
system, enabling color formation [21]. In this context, the
leuco form caused by the addition of acid can be considered a
reversible color formation system of these polymethine dyes.

4. Conclusion

The absorption spectra of both polymethine dyes and their
leuco form were studied. It was shown that both polymethine
dyes show completely different spectroscopic parameters. It
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FIGURE 3: Absorption spectra of methane dye 3 and its leuco form
in dichloromethane.

was revealed that the new polymethine dye 5 shows broad
absorption spectra in comparison to the known dye 3 which
can be easily exploited for the use of written text copying,
photographic imaging, or photothermographic recording
materials.

FIGURE 4: Absorption spectra of methine dye 5 and its leuco form in
dichloromethane.
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