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Photophysical studies of diazines: effects of
solvents and complexation with Cu®*, Ni®*, Co?*
and Pb** ions

Packirisamy Kuzhalmozhi Madarasi and Chinnappan Sivasankar (2 *

The detection of toxic metal ions, such as Pb?*, has become important because they cause several health
issues. This study describes the photophysical properties displayed by a few symmetrical diazine
compounds and the influence of solvent polarity on their emission spectra. It is noted that A¢ increases
with an increase in the polarity of the solvent. The study of the complexation of diazine compounds with
metal ions, such as Cu?*, Ni?*, Co?* and Pb?*, shows that the coordination of the metal ions to the
diazine molecule induces a blue shift in the UV-visible absorption spectrum. Among the studied
compounds, compound 1 exhibited the maximum emission (A¢q) in hexane at 309 nm, with a maximum
quantum vyield (@) of 0.0576. The metal interaction study shows that the absorption intensity of
compound 1 reached the maximum for Pb, indicating that the synthesized diazine could serve as
a potential molecule to detect Pb?* ions. The experimental results were further supported by
computational studies, and the experimental data were in good agreement with the theoretical data. The
TDDFT study shows that for all the compounds, the A,,s corresponds to the HOMO-1 to LUMO+1

rsc.li/rsc-advances transition.

Introduction

The chemistry of the photophysical properties exhibited by di-
azines is very interesting. In the past two decades, the study of
the photophysical properties of diazines has gained interest due
to their widespread application in OLEDs."” Diazine
compounds have also found applications in liquid crystal- and
twisted-nematic-displays,® ion-selective optical sensors," con-
ducting materials,” dye lasers, image recording materials,®
supramolecular chemistry,” applications of materials® and hole-
transport materials in optoelectronic devices.® Diazines can also
be used to bind small molecules: the lone pair on the nitrogen
atom of the diazine molecule can be protonated,*® which in turn
can facilitate binding to small molecules via hydrogen
bonding.™ Diazines can also be used as colorimetric sensors for
transition metal cations, owing to their complexation abilities
with metal cations,"'>'* especially, to a greater extent, with 3d
and 4f metal ions;* they also have the capability of directing
metalation.”® Diazine-mediated transition metal complexes are
of much importance due to their good emissive property,'® and
diazines are efficient in binding to metal sites in well-defined
arrays and placing the metal ions in close proximity, which
can facilitate effective magnetic communication.”” Thus, the
interesting magnetic properties of diazines are controlled by the
rotation angle of their N-N bond.* In particular, the magnetic
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properties displayed by binuclear copper(u) diazine complexes
have received much attention. The magnetic interactions of
Cu(n) diazine complexes are sensitive to the torsion angle about
the N-N single bond of diazines, the bond angle at the two
nitrogen atoms, and the nature of the functional groups
attached to the diazine moiety.'” Diazine systems are known to
show significant solvatochromic behavior due to the solute-
solvent interaction.”® In particular, m-conjugated diazines
exhibit good fluorescence properties and emission sol-
vatochromism.*® The intermolecular charge transfer (ICT)
scaffolds in the diazine compounds induce the photo-
luminescence property in them, which depends on the polarity
of the solvent,”>° the pH of the solution**>° and the chelated
metal ions.*>>*' The electronic absorption spectra of diazines are
also greatly influenced by the polarity of the solvent.** The blue
shift of the n-m* transition with respect to solvent polarity is
a topic of great interest in diazine systems.’® In addition, di-
azine units are incorporated as w-linkers in push-pull chro-
mophores for photovoltaic applications; due to the significant
m-deficient character of diazine heterocycles, they can be used
as electron-withdrawing groups in push-pull structures.**?**
Considering the broad potential applications of diazines across
various fields, this study examines the effect of solvent polarity
on the absorption and emission behaviour of a few diazine
molecules and the influence of metal ions on their absorption
and emission spectra.
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Scheme 1 Structures of the diazine derivatives used for photophysical studies.

Results and discussion

The diazine derivatives, (2E,2'E)-diethyl-2,2’-(hydrazine-1,2-
diylidene)bis(2-(4-methoxyphenyl)acetate) (1), (2E,2'E)-diethyl-
2,2'-(hydrazine-1,2-diylidene)bis(2-(2-methoxyphenyl)acetate)
(2), (2E,2'E)-diethyl-2,2'-(hydrazine-1,2-diylidene)bis(2-(4-
fluorophenyl)acetate) (3) and (2E,2'E)-diethyl-2,2’-(hydrazine-
1,2-diylidene)bis(2-phenylacetate) (4), were synthesized using
the reported procedure (Scheme 1).** Among the synthesized
compounds, diazine derivatives 1-3 displayed fluorescence
behaviour in hexane (Fig. 1). Hence, the photophysical proper-
ties of these derivatives were studied and compared with those
of the unsubstituted diazine derivative, (2E,2'E)-diethyl-2,2'-
(hydrazine-1,2-diylidene)bis(2-phenylacetate) (4); herein, the
results are reported.

Fig. 1 Fluorescence behaviour of compounds 1-4 in hexane.

UV-visible and fluorescence spectroscopy

The UV-visible and photoluminescence (PL) spectroscopic data
for the synthesized diazine derivatives 1-4 were studied using
different solvents with varying polarities at 25 °C at a concen-
tration level of 1 uM, and the results are summarized in Table 1.

The absorption maxima (i) in the UV-visible spectra are in
the range of 280-320 nm. The absorption spectra show that the
polarity of the solvent does not have much influence on the
absorption maxima of the synthesized compounds (Fig. 2 and
Table 1). In the case of 1 and 2, in addition to the absorption
maxima, second and third absorptions at higher energies were
also observed, attributed to 7w—7*.

However, the An. in the emission spectra of the synthesized
compounds increases with an increase in the polarity of the solvent,
which is in accordance with the Dimroth-Reichardt polarity

Table 1 Solvent effect on the photophysical properties of the synthesized compounds; Amax (NM) corresponding to the UV-vis and emission

spectra of the compounds 1-4

1 2 3 4
Solvent system UV-vis PL UV-vis PL UV-vis PL UV-vis PL
CH;0H 277,227 434, 412 318, 253 399 284 399, 363 312 405
CH,CN 298, 277, 230 382, 304 321, 255 378 319 383, 353 312 372
DMSO 300, 233 372, 312 324, 256 374 320 381, 353 318 370
DCM 280, 229 362, 283 319, 258 365 318 370, 310 315 362
THF 282, 233 358, 318 317, 260 357 304 362 312 346
Hexane 288, 229 309 318, 249 349 309 348 310 329
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Fig. 2 UV-visible spectra of the compounds 1-4 in various solvents.

parameter (Er(30)) (Fig. 3 and Table 1).** The effect of solvent
polarity on the fluorescence properties of the compounds was
studied using the slope (SP) of the regression line of the A, plot
versus the Dimroth-Reichardt polarity parameter (E{(30)) (Fig. 4).

The plot shows good linearity for all the compounds.
Simultaneously, a decrease in the fluorescence intensity was
also observed with an increase in the polarity of the solvent
(Fig. 4). The experimental values are in good agreement with the
theoretical values. A broad, structureless emission spectrum is
observed for the compounds in polar solvents, attributable to
the internal charge transfer (ICT) on excitation, which leads to
the stabilization of the emitting state by polar solvents.?”
However, the comparatively non-polar solvent, hexane, showed
a well-defined emission spectrum, which might be attributed to
the partial aggregation of chromophores.*®

Stokes shift

Stokes shift is a solvent-polarity-dependent factor. A large
Stokes shift was observed for high-polarity solvents, and the

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Stokes shift decreases with a decrease in the solvent polarity
(Table 2).

Fluorescence quantum yield

The quantum yield was calculated for 1, which showed a good
fluorescence property. The emission quantum yield (®Pep)
calculated with reference to 2-amino pyridine (i,,s = 285 and
@, = 0.60) in different solvents was in the range of 57.6 x
10 °-1.4 x 10*. Among them, hexane showed the maximum
emission and quantum yield (®e,) (Table 3).

Influence of metal ions on the photophysical properties of
diazine derivatives

Signalling the presence of metal ions and the formation of
polynuclear coordination complexes are important properties
of diazines, especially those of the open type. Hence, the pho-
tophysical properties of the diazine derivatives in the presence
of different metal ions, such as Cu, Co, Pb and Ni, were studied.
The influence of the metal ions on the absorption spectra of the

RSC Adv, 2026, 16, 19885-19894 | 19887
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Fig. 3 Emission spectra of the compounds 1-4 in various solvents.

diazine derivatives was determined by adding a 1 mM DCM
solution of metal ions into the diazine solution; DCM was
chosen as the solvent because all the metal salts are completely
soluble in it (Fig. 5). The addition of the metal ions produced
a blue shift in the absorption spectra. The absorption intensity
of the solution after the addition of the metal ions increased
with a simultaneous shift towards relatively low energies
(Fig. 5). Among all the metal ions used, Pb showed the
maximum absorption intensity, which implies that the
synthesized diazine is efficient in tracing Pb, which will be
helpful for detecting heavy-metal poisoning (Fig. 5). The
maximum absorption shown by Pb might be attributed to the
stable complex formation ability of Pb with N-containing
ligands due to its relatively soft Lewis acidic character.
However, Cu showed a different absorption pattern; a well-
defined MLCT band was observed at Ay,c = 218 nm (Fig. 5).
The Cu(n) ion, being a d° system, is known to undergo the Jahn-
Teller distortion, which in turn can lead to B2 — E1, B2 — B2
and B2 — A1 transitions. Hence, it could produce a UV-vis
absorption spectrum with three absorption peaks, showing
that the copper ion underwent complexation with the ligand.
The influence of metal ions on the absorption spectra of diazine
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was calculated for different concentrations of metal ions; it was
observed that diazine could detect metal ions up to a low
concentration of 0.001 mM (Fig. S1). The emission spectra show
that the emission intensity decreased upon the addition of
metal ions (Fig. 6).

Although metal-ion sensing studies use a comparatively
higher concentration of metal ions (0.001 mM), a single diazine
unit (monomer) exhibits good sensitivity toward metal ions.
However, the reports claim that either a polymeric diazine
system or a substituted diazine system could enhance the
metal-ion sensing property.** Hence, tuning the diazine unit
either by increasing the monomeric unit or adding substituents
could increase the metal sensing property using a minimal
concentration.

Density functional theory (DFT) calculations

TDDFT calculations were carried out with the Gaussian 09
program, using the B3LYP method**** and the 6-31G* basis
set.**"*” The influence of solvent polarity on the absorption and
emission behaviour was investigated using the self-consistent
reaction field (SCRF) approach, specifically employing the

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 Emission maxima (Aem) as a function of the Dimroth—Reichardt polarity parameter (E+(30)) for the compounds 1-4.

Table 2 Stokes shift for the compounds 1-4 in different solvents

Table 3 Absorption, emission and quantum yield of the compound ‘1’
in different solvents

Solvent system 1 2 3 4

CH;0H 13 060 6380 10150 7360
CH;CN 7380 4700 5240 5170
DMSO 6450 4130 5010 4420
DCM 8090 3960 4410 4120
THF 7530 3530 5270 3150
Hexane 2360 2790 3630 1850

Solvent Absorption Angax Emission Apax Quantum yield
system (nm) (nm) (Pem)

CH;0H 287 434 0.0014

CH;CN 297 382 0.0032

DMSO 311 372 0.0089

DCM 291 362 0.0053

THF 296 358 0.0070

Hexane 277 309 0.0576

polarizable continuum model (PCM).****> Within the PCM
framework, the solvent polarization induced by the solute's
electronic charge distribution is described by means of
apparent charges placed on the surface of the cavity. A high
dielectric constant reflects a strongly polarizable medium,
which generates an intense reaction field that effectively stabi-
lizes charged or polar solute species. Natural population

© 2026 The Author(s). Published by the Royal Society of Chemistry

analysis (NPA) and bond order calculations have been per-
formed using the same level of theory and basis sets. MO
calculation was performed on the optimized structure to locate
the FMOs of the complexes. All these computational procedures
have been conducted as implemented in the Gaussian-09
package. The FMOs and geometries have been taken from the
GaussView 5.0 package.” In order to check the reliability of

RSC Adv, 2026, 16, 19885-19894 | 19889
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the compound 1.

B3LYP/6-31G* for excited states, compounds 1-4 were opti-
mized (Fig. S2, S3 and Table S2), TDDFT calculations were
performed using CAM-B3LYP in hexane, and the observed
absorption values were correlated with the results obtained
from TDDFT/B3LYP.>* Fig. 7 represents the optimized geome-
tries of compounds 1-4. The DFT calculation shows that for
compounds 1-4, A, corresponds to the HOMO—1 to LUMO+1
transition (Fig. S6). For compounds 1 and 2, the difference
between the experimental and calculated A,,.x values is in the
range of 2-23 nm (Table 4). In particular, DFT studies show that
for 1 and 2 in all solvents, in addition to the absorption maxima
corresponding to the experimental values, there is another
absorption band at a lower energy, which describes the transi-
tion from HOMO to LUMO with a greater oscillator strength.
This effect likely arises from the extended conjugation/
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delocalization of electrons imparted by the -OCH; substitu-
ents in compounds 1 and 2, which indicates the maximum
probability of the molecule to undergo a transition, with an
increased photon-matter interaction. These results in turn
support that 1 and 2 could be potential photosensitive mate-
rials, dyes or sensors. For 3, the A, difference between the
experimental and computed values is in the range of 5-20 nm,
corresponding to the transition from HOMO-1 to LUMO+1
(Table 4). In the case of 4, the difference between the experi-
mental and calculated Ay, values is in the range of 1-6 nm. The
simulated UV-vis spectrum of 1-4 using the B3LYP (in different
solvents) and CAM-B3LYP (in hexane) theories is given in SI
(Fig. S4 and S5). The FMO analysis shows that A, corresponds
to the transition from HOMO—1 to LUMO+1 for all solvents
(Table 7).

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 7 Optimized geometries of the diazines 1-4.

Table 4 Effect of the solvents on the absorption spectra of the
synthesized compounds (DFT study)

Table 6 Calculated absorption maxima (nm) of the compounds 1-4 in
the gas phase and hexane using the B3LYP and CAM-B3LYP theories

Aabs (nm)

Solvent systems 1 2 3 4

Gas phase 402, 299 385, 305 314 312
CH,;0H 402, 298 383, 304 314 312
CH;CN 403, 298 384, 305 313 312
DMSO 404, 299 384, 304 314 313
DCM 402, 298 380, 302 314 313
THF 402, 301 379, 302 314 313
Hexane 398, 301 367, 295 313 312

Table 5 Absorption energies (eV) of the synthesized compounds in
different solvents

Absorption energies (eV)

1 2 3 4

Solvent

systems Expt. Theory Expt. Theory Expt. Theory Expt. Theory
CH;OH 3.96 4.76 4.33 5.05 4.60 4.81 4.37 4.83
CH;CN 4.05 4.76 4.18 5.05 4.41 4.80 3.89 4.83
DMSO 3.99 4.76 4.44 5.05 3.81 4.81 3.88 4.83
DCM 3.92 4.76 4.57 5.06 3.85 4.83 3.91 4.83
THF 4.07 4.76 4.20 5.06 3.79 4.86 4.09 4.83
Hexane 4.01 4.77 4.49 5.06 3.85 4.98 4.02 4.84

The FMO analysis shows that for 1, HOMO—1 is located over
the phenyl ring-nitrogen atom of the diazine unit and the
oxygen atom of the methoxy group, and LUMO+1 is spread over
the carbonyl carbon-imine carbon and the nitrogen atoms of
the diazine in all solvents. For 2, in the case of all solvent
systems, except in hexane, HOMO—1 spreads over the phenyl
ring-nitrogen atom and the oxygen atom of the methoxy group
with a minimum electron density over the nitrogen atoms, and

© 2026 The Author(s). Published by the Royal Society of Chemistry

Aabs (nm)
Gas phase Hexane
Solvent systems  B3LYP CAM-B3LYP  B3LYP CAM-B3LYP
1 402,299 400, 296 398,301 402, 298
2 385,305 378,299 367,295 371, 300
3 314 312 313 311
4 312 308 312 306

LUMO+1 is spread over the carbonyl carbon-imine carbon and
the nitrogen atom of the diazine. However, in the case of
hexane, HOMO-1 is located over the only phenyl ring and the
oxygen atom of the substituted methoxy group of the symmet-
rical diazine. For 3, in all the solvents, HOMO-1 is spread over
the phenyl ring and the fluorine and nitrogen atoms of the di-
azine, and LUMO+1 is spread over the carbonyl carbon-imine
carbon and the nitrogen atom of the diazine. In the case of 4,
HOMO-1 is spread over the phenyl ring and the nitrogen atom
of the diazine moiety, and LUMO+1 is spread over the carbonyl
carbon-imine carbon and the nitrogen atom of the diazine in all
solvents (Fig. S6 and Table S1). The energy of the absorption
spectra of the corresponding transition is calculated for both
the experimental and theoretical methods. Both the calculated
and experimental values were in good agreement (Tables 4 and
5).

The energy of the absorption spectra using the B3LYP and
CAM-B3LYP theories was calculated for 1-4 in the gas phase and
hexane as a solvent. The absorption values were comparable for
both theories (Table 6). NBO analysis shows that both C, and
Cg is doubly bonded with N, and Ng, respectively with
maximum contribution from nitrogen atom; and in all
cases p orbital contributes more than s and d-orbitals
(Table S1).

RSC Adv, 2026, 16, 19885-19894 | 19891
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Table 7 FMO analysis

Solvent HOMO-1 LUMO+1 Energy Solvent HOMO-1 LUMO+1 Energy
system (Hartree) (Hartree) (eVv) system (Hartree) (Hartree) (eV)
1-CH;0OH —0.245 —0.069 4.789 3-CH;0H —0.238 —0.062 4.789
1-CH;CN —0.245 —0.070 4.762 3-CH3;CN —0.238 —0.062 4.789
1-DMSO —0.245 —0.070 4.762 3-DMSO —0.239 —0.062 4.816
1-DCM —0.245 —0.068 4.816 3-DCM —0.237 —0.059 4.844
1-THF —0.243 —0.068 4.762 3-THF —0.237 —0.058 4.871
1-Hexane —0.240 —0.064 4.789 3-Hexane —0.233 —0.050 4.980
2-CH;0H —0.237 —0.051 5.061 4-CH;0H —0.251 —0.073 4.844
2-CH;CN —0.237 —0.052 5.034 4-CH;CN —0.251 —0.073 4.844
2-DMSO —0.238 —0.051 5.088 4-DMSO —0.251 —0.073 4.844
2-DCM —0.236 —0.050 5.061 4-DCM —0.250 —0.073 4.816
2-THF —0.235 —0.049 5.061 4-THF —0.250 —0.072 4.844
2-Hexane —0.231 —0.044 5.088 4-Hexane —0.248 —0.071 4.816

Conclusions

The photophysical study of 1-4 is reported herein. The study
shows that the polarity of the solvents does not have a relatively
great influence on A,,¢; however, Ao, increases with the polarity
of the solvent. The addition of metal ions induced a blue shift of
Amax With a simultaneous increase in the absorption intensity;
Pb showed the maximum absorption intensity. Hence, the
synthesized diazine could be a potential molecule for detecting
Pb** ions. However, the emission intensity decreased after the
addition of the metal ions. The experiment was further sup-
ported by computational studies, and the experimental data
were in good agreement with the theoretical data. TDDFT study
shows that for all the compounds, the A, corresponds to the
HOMO-1 to LUMO+1 transition.

Experimental section
General information

Compounds 1-4 were synthesized as per the reported general
procedure. The AR-grade solvents used for the UV-vis and
photoluminescence studies were procured from Sisco Research
Laboratory, India, and used as received without any further
purification. CuCl,, PbCl,, NiCl, and CoCl, were procured from
Avra Synthesis, India. A stock solution of 1 M was prepared for
the compounds 1-4 in different solvents and was further
diluted to 1 uM for the UV-vis and photoluminescence studies.
The influence of the metal ions on the UV-vis and emission
spectra was studied by adding a 1 mM DCM solution of the
metal ions (Pb>", Cu®**, Co®" and Ni**) to compound 4 (0.5
mL:9.5 mL). The UV-visible spectra were recorded using stan-
dard 1 cm quartz cells on a Shimadzu UV-2450 spectropho-
tometer. The photoluminescence spectra were recorded using
standard 1 cm quartz cells on a Jobin Yvon FLUOROLOG-FL3-11
spectrofluorometer; the compounds were excited at their
absorption maxima to record the emission spectra.
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