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Abstract Four new Schiff base ligands carrying naphthalene
groups were prepared from the reaction of 2,4-diamino-6-
methyl-1,3,5-triazine and 2,4-diamino-6-undecyl-1,3,5-tri-
azine with 2-hydroxy-1-naphthaldehyde. The influence of a
series of metal ions including Cu*, Co**, Hg**, AI**, Cr*",
Fe**, Pb**, Ni**, Cd**, Zn**, Mn**, Ag*, Ba®*, Ca’* and
Mg?>* on the spectroscopic properties of the ligands was in-
vestigated by means of absorption and emission spectrometry.
The results of spectrophotometric and spectrofluorimetric ti-
trations disclosed the complexation stoichiometry and com-
plex stability constant of the ligands with metal ions. A simple
spectrofluorimetric method was developed using the Schiff
base derived from 2,4-diamino-6-undecyl-1,3,5-triazine to de-
termine Hg”* ion. No cleanup or enrichment of the tap water
sample was required. A modified standard addition method
was used to eliminate matrix effect. The standard addition
graph was linear between 0.2 and 2.6 mg/L in determination
of Hg”*. Detection and quantification limits were 0.08 and
0.23 mg/L, respectively. The simple and cost-effective method
can be applied to water samples.

Keywords 1,3,5-Triazine - Fluorescence spectroscopy -
2-hydroxy-1-naphthaldehyde - Schiff base - Mercury
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Introduction

Schiff bases are versatile compounds prepared from a primary
amine and an aldehyde or a ketone under certain conditions.
These compounds are of great interest because of their biolog-
ical activities, including antitumor, antioxidant, antibacterial,
antifungal and antiviral properties [1-5]. Schiff bases, with an
imine group as functional group, have been also used as ana-
lytical ligands to determine metal ions [6—9]. Reason for using
this type of compound for many purposes is their easy syn-
thesis with high yields. Especially, Schiff bases derived from
aromatic primary amine compounds were synthesized with
high yields under simple conditions [10, 11]. Generally, amine
and carbonyl compounds react in alcoholic solution under
room temperature or at boiling temperature [12, 13].

Recently, a number of approaches have been reported, in-
cluding solvent-free microwave, infrared or ultrasound irradi-
ation [14—19]. Among these approaches, microwave irradia-
tion was more commonly used due to its simplicity and selec-
tivity [14, 16]. Also, solid-state synthesis of Schiff bases was
reported in the literature [20].

Triazine compounds having nitrogen donor atoms, as
complexing moieties are interesting heterocyclic compounds.
Especially 2,4-diamino-1,3,5-triazine can be used to prepare
diimine compounds with suitable donor atom configurations
to bind metal ions. However, limited number of studies about
synthesis of Schiff bases derived from 2,4-diamino-1,3,5-tri-
azine [21-24] are available in the literature. Recently, Singh
et al. reported two diimine compounds derived from 6-methyl-
1,3,5-triazine and 6-phenyl-1,3,5-triazine-2,4-diamine [24].
The authors showed their capability of providing the lubricity
and anticorrosion properties by surface film formation in
polyol being biolubricant reference fluid [24]. Naeimi report-
ed only synthesis of some diimine compounds derived from
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2,4-diamino-1,3,5-triazine [22]. However, there is no report
about their metal complexes or usage as analytical ligands in
the literature.

In the present study, we report four Schiff base ligands
having naphthalene groups derived from substituted 2,4-
diamino-1,3,5-triazine, and present the complexation proper-
ties of the ligands with a series of metal ions. Many Schiff base
preparation methods were tested to obtain the target diimine
compounds [21, 22, 25]. However, only solid-state synthesis
was utilized to prepare the ligands. Diimine compounds have
very low yield, while monoimine compounds have better
yield. The complex stability constants and complex composi-
tions of metal ions with the ligands were determined by spec-
trophotometric and spectrofluorimetric titrations in
acetonitrile-water (1/1). A simple spectrofluorimetric method
to determine mercury (II) in water samples was developed
using the new diimine compound derived from 2,4-diamino-
6-undecyl-1,3,5-triazine as the analytical ligand.

Experimental
Chemicals

Acetonitrile from Merck (spectrometric grade) was used as a
solvent for absorption and fluorescence measurements. 2,4-
diamino-6-metyl-1,3,5-triazine (Alfa Aesar), 2,4-diamino-6-
undecyl-1,3,5-triazine (Alfa Aesar), 2-hydroxy-1-
naphthaldehyde (Sigma-Aldrich) were purchased. 1000 mg/
L of standard solutions of metal ions (Merck) were used to
prepare working solutions by appropriate dilution of the stan-
dard solutions. The buffer solutions (AVS Titrinorm, Merck
Certipur) were purchased from Merck.

Apparatus

"H NMR spectra were recorded on Bruker AVANCE III
400 MHz NMR spectrometer, using CDCl; with TMS as the
internal reference. IR spectra were recorded on a Perkin-Elmer
1600 FTIR spectrophotometer. The absorption spectra of the
solutions were recorded using a Analytik Jena Specord 210
spectrophotometer. A Photon Technologies International
Quanta Master Spectrofluorimeter (model QM-4/2006) was
used for all fluorescence measurements.

Measurements

Absorption spectra of ligands in acetonitrile-water solution
(1/1) containing 10 M equivalents of metal ion were measured
using 1-cm long absorption cell. Fluorescence spectra of the
ligand solutions were measured in 1-cm quartz cell. Excitation
wavelengths were 365, 330, 340 and 320 nm for (3), (4), (6)
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and (7), respectively. Fluorescence emission spectra were re-
corded in the range of 330—-600 nm with a slit width of 1.0 nm.

The stoichiometry of the complexes was determined by the
molar-ratio method. The stability constants were calculated
according to the known procedure [26].

Reaction of 2-Hydroxy-1-Naphthaldehyde
with 2,4-Diamino-6-Methyl-1,3,5-Triazine

Solid starting materials, 2,4-diamino-6-methyl-1,3,5-triazine
(1) (0.50 g, 4 mmol) and 2-hydroxy-1-naphthaldehyde
(1.378 g, 8 mmol) were finely powdered in a mortar for one
min and the mixture was kept at 160 °C for 5 h. Chloroform
(15 mL) was added to the mixture. Unreacted amino com-
pound was filtered. The filtrate was concentrated to 5 mL on
an evaporator before purification by column chromatography
on silica gel using chloroform as eluent to afford pure corre-
sponding product monoimine (3) in 15 % yield, and diimine
(4)s in 5 % yield. For (3); mp 217-218 °C. IR (cm Y): 3279—
3115 (NH,), 3061 (Ar-H), 2925 (C-H), 1678 (C = O), 1624
(C =N); 'H-NMR (CDCl): (6) 13.62 (d, 1H, N-H), 9.40 (d,
1H, =CH), 7.93 (d, 1H, Ar-H), 7.62 (d, 1H, Ar-H), 7.48 (m,
2H, Ar-H), 7.29 (d, 1H, Ar-H), 6.66 (d, 1H, Ar-H), 5.37 (s,
2H, NH,), 2.46 (s, 3H, CHs); MS:m/z = 280.20 [M + 1]*. For
(4); mp 209-210 °C. IR (cm '):3444 (OH), 3077 (Ar-H),
2920-2849 (C-H); 1628 (C = N); "H-NMR (CDCl;):(3)
13.82 (d, 2H, NH), 9.40 (d, 2H, =CH), 7.99 (d, 2H, Ar-H),
7.66 (d, 2H, Ar-H), 7.50 (m, 4H, Ar-H), 7.33 (t, 2H, Ar-H),
6.66 (d, 2H, Ar-H), 2.61 (s, 3H, CHs); *C-NMR (CDCL): (5)
25.55, 111.28, 119.85, 125.54, 127.09, 127.31, 129.16,
129.37, 129.68, 133.75, 141.50, 142.83, 187.02. MS:m/
z=434.55 [M]".

Reaction of 2-Hydroxy-1-Naphthaldehyde
with 2,4-Diamino-6-Undecyl-1,3,5-Triazine

Solid starting materials, 2,4-diamino-6-undecyl-1,3,5-triazine
(5) (0.25 g, 0.94 mmol) and 2-hydroxy-1-naphthaldehyde
(0.324 g, 1.88 mmol) were finely powdered in a mortar for
one min and the mixture was kept at 160 °C for 1 h.
Chloroform (15 mL) was added to the mixture and applied
to column chromatography on silica gel using
dichloromethane:ethylacetate (99:1) as eluent to afford pure
corresponding product monoimine (6) in 25 % yield, and
diimine (7) in 10 % yield. For (6); IR (cm™'): 3275—
3108 cm™' (NH,), 29502851 (C-H), 1678 (C = 0), 1625
(C =N); 'H-NMR (CDCly): (6) 13.67 (d, 1H, N-H), 9.42 (d,
1H, =CH), 7.92 (d, 1H, Ar-H), 7.63 (d, 1H, Ar-H), 7.50 (m,
2H, Ar-H), 7.33 (d, 1H, Ar-H), 6.68 (d, 1H, Ar-H), 5.50 (s,
2H, NH,), 2.67 (t, 3H, CH3), 1.28-1.82 (m, 20H, CH,). For
(7): IR (cm 1): 3060 (Ar-H), 2920-2850 (C-H); 1711 (C = 0),
1630 (C = N); '"H-NMR (CDCl5):(5) 13.84 (d, 2H, NH), 9.44
(d, 2H, =CH), 8.00 (d, 2H, Ar-H), 7.67 (d, 2H, Ar-H), 7.52 (m,
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4H, Ar-H), 7.35 (t, 2H, Ar-H), 6.69 (d, 2H, Ar-H), 2.86 (s, 3H,
CH;), 1.27-3.69 (m, 20H, CH,), ">*C-NMR (CDCly): (§)
14.26, 22.70, 27.14, 29.79, 31.66, 38.53, 117.74, 120.07,
123.21, 124.58, 125.63, 126.91, 127.42, 129.56, 130.35,
133.23, 141.64, 142.72, 187.21. MS:m/z = 574.30 [M + 1]*.

Proposed Method for Hg** Determination

The proposed method is based on fluorescence enhancement
of compound (7) with Hg** ion at 530 nm. A modified stan-
dard addition method, which has been recently reported in the
literature [27], was used to determine Hg”* ion. For this, an
optimized amount of Hg** (0.5 mg/L) and 2 mL of ligand
(1.3 x 107> M) were added to all tubes. Then, an aliquot
sample solution was added to all tubes, except for the first
tube. Increasing amounts of Hg*" were added to the third
and the rest of the tubes. pH of all solutions was set to 8 with
citric acid buffer before the final volume was completed to
4 mL. Fluorescence intensity of all solutions was measured
at 530 nm. From Eq. 1, Hg** concentration was calculated.

CX:(FI_FO)/m (1)

Where C, is the Hg** concentration of the sample in the
tubes. Fy and F; are fluorescence intensities of the first and
second tubes, respectively, and m is the slope of the standard
addition graph. According to this type of standard addition
procedure, the difference between F; and F, is related to the
Hg”* concentration of the sample in the tubes.

Results and Discussion
Synthesis and Characterization of the Ligands, (3) and (4)

The synthetic pathway to new ligands, (3) and (4) is summa-
rized in Fig. 1. Reaction between 2,4-diamino-6-methyl-1,3,5-
triazine (1) and 2-hydroxy-1-naphthaldehyde (2) was carried
out in solid state at 160 °C for 5 h. Compounds (3) and (4)
were isolated from the reaction mixture by column
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Fig. 1 The synthetic pathway to new ligands, (3) and (4)

chromatography on silica gel using chloroform with 15 %
and 5 % yields, respectively.

The absence of the N-H stretching vibrations belonging to
starting material (1) and the absence of the carbonyl stretching
vibration belonging to compound (2) in the IR spectra has
supported the structure of diimine compound (4). The
stretching vibrations at 1628 cm ™' confirms the presence of
C =N groups. In the "H-NMR spectrum of (4), the absence of
the singlet at & = 5.03 ppm belonging to the primary amine
groups of the starting material (1) supports the formation of
the compound (4). There is a doublet (2H) at & = 9.40 ppm
(/ = 10.9 Hz) for the N-CH protons indicating the coupling
with a neighboring —-NH hydrogen. Similarly, there is a dou-
blet (2H) at 6 = 13.82 ppm (J = 11.6 Hz) for the -NH protons
indicating the coupling with a neighboring N-CH hydrogen.
This type of splitting can be explained by the domination of
the keto-amine form of the diimine compound (4) in CDCl;
(Scheme 1). It is well known that keto-amine form is dominant
in naphthaldimine Schiff bases in solution [28—-31]. Therefore,
this result is in agreement with those of other naphthaldimine
compounds in the literature. More detailed information about
the structure of compound (4) is provided by its *C-NMR
spectrum. The carbon resonance at & = 187.02 ppm belongs
the corresponding carbonyl carbon of the keto-amine form
(Scheme 1). On the other hand, the mass spectral analysis of
(4), which shows a molecular ion peak at m/z = 434.55 [M]",
confirms the proposed structure.

In the IR spectra of monoimine compound (3), the
stretching vibrations at 1624 cm™' confirms the presence of
C = N groups. However, there is a weak band at 1678 cm '
assigned to the stretching vibrations of the carbonyl group.
These results show that compound (3) exists in a tautomeric
of the keto-amine and the phenol-imine form in solid state
(Scheme 2). In the "H-NMR spectrum of (3) in CDCl;, the
doublets (1H each) belonging to NH proton of keto-amine
form and N-CH proton are observed at 6 = 13.62 ppm and
0 =9.40 ppm, respectively. The singlet (2H) at 6 = 5.37 ppm
belonging to NH, protons disappeared with D,O exchange.
The mass spectral analysis of (3), which shows a peak at
m/z = 280.20 [M + 17", confirms the proposed structure.

A,
A

)

@ Springer



62

J Fluoresc (2017) 27:59-68

Scheme 1 Tautomeric forms
(enol-imine and keto-amine) of
diimine compound (4) N
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Synthesis and Characterization of the Ligands, (6) and (7)

Figure 2 shows the synthetic pathway to obtain the ligands, (6)
and (7). Reaction between 2,4-diamino-6-undecyl-1,3,5-tri-
azine (5) and 2-hydroxy-1-naphthaldehyde (2) was carried
out in solid state at 160 °C for 1 h. Compound (6) and (7)
were isolated from the reaction mixture by column chroma-
tography on silica gel using chloroform with 25 % and 10 %
yields, respectively.

The absence of the N-H stretching vibrations belonging to
starting material (5) and the absence of the carbonyl stretching
vibration belonging to compound (2) in the IR spectra has
supported the structure of diimine compound (7). The
stretching vibrations at 1630 cm ™' confirms the presence of
C = N groups. In the "H-NMR spectrum of (7), there was a
doublet (2H) at 6 = 9.44 ppm (J = 10.9 Hz) for the N-CH
protons indicating the coupling with a neighboring —NH hy-
drogen. Similarly, there was a doublet (2H) at 6 = 13.84 ppm
(J=10.9 Hz) for the -NH protons indicating the coupling with
a neighboring —CH hydrogen. This type of splitting can be
explained by the domination of the keto-amine form of the
diimine compound (7) in CDCl; (Scheme 3). More detailed
information about the structure of compound (7) is provided
by its '*C-NMR spectrum. The carbon resonance at
5 =187.21 ppm belongs to the corresponding carbonyl carbon
of the keto-amine form (Scheme 3). On the other hand,
the mass spectral analysis of (7), which showed a

Scheme 2 Tautomeric forms
(enol-imine and keto-amine) of
monoimine compound (3)
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molecular ion peak at m/z = 574.30 [M + 1]%, confirms
the proposed structure.

In the IR spectra of monoimine compound (6), the
stretching vibrations at 1625 cm ™' confirms the presence of
C = N groups. However, there was a weak band at 1678 cm ™
assigned to the stretching vibrations of the carbonyl group.
These results show that compound (6) exists in a tautomeric
of the keto-amine and the phenol-imine form like compound
(3) in solid state (Scheme 4). In the "H-NMR spectrum of (6)
in CDCl;, the doublets (1H each) belonging to NH proton of
keto-amine form and N-CH proton were observed at
6 =13.67 ppm (J = 10.75 Hz) and & = 9.42 ppm
(J = 10.98 Hz), respectively. The singlet (2H) at
5 = 5.50 ppm belonging to NH, protons disappeared with
D,0 exchange.

Absorption and Emission Spectra of the Ligands

In UV-visible spectrum of Schiff bases derived from 2-hy-
droxy-1-naphthaldeyde, a band below 400 nm appears in the
case of the enol-imine structure. However, two bands above
400 nm are observed for both keto and mixture of keto—enol
forms, especially in polar solvents [29]. Diimine ligand (4)
possesses two absorption bands above 400 nm in many organ-
ic solvents (Fig. S1). This result confirmed that the compound
(4) achieved the keto-enol tautomeric equilibrium in all tested
solvents and agreed especially with "H-NMR data in CDCls.

NJ\N
)\ /K
HN N NH
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Fig. 2 The synthetic pathway to new ligands, (6) and (7)

Similar results were obtained for monoimine compounds,
(3) and (6) and diimine compound (7) with the same
solvents (Fig. S2).

The effect of solvents such as chloroform, dichlorometh-
ane, acetone, acetonitrile, DMF, DMSO, methanol and etha-
nol on the emission spectra of the ligands was investigated.
Figure S3 shows the effect of the solvents on the emission
spectra of diimine compound (4). Among the tested solvents,
acetone gave the highest fluorescence intensity. When com-
pound (4) was excited at 350 nm, the maximum fluorescence
emission was observed at 390 nm. Similar investigation was
carried out with compound (3). Figure S4 and S5 show the
solvent effect on the emission spectra of monoimine com-
pound (3) and diimine compound (7), respectively. As seen
from Fig. S5, DMF and methanol provided high fluorescence
intensities for diimine compound (7). Similar investigation
was carried out with monoimine compound (6) (Fig. S6).

Metal-Ligand Interactions in Solution

The influence of metal ions including Cu?*, Co®*, Hg**, AI**,
Cr’*, Fe**, Pb**, Ni**, Cd**, Zn**, Mn?*, Ag*, Ba®*, Ca®* and
Mg** on the absorption and emission spectra of the ligands
was investigated in solution. These ions did not cause any
significant change on the absorption spectra of the ligands in
some partially aqueous solutions, whereas pronounced chang-
es were observed on the emission spectra of the ligands.
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The presence of 10 equivalents of metal ions produced
modest changes in the emission of the ligand (4), except for
Fe**, Pb?*, Ba®* and Hg?" in acetone-water (1:1) solution
(Fig. S7), which caused decreased emission at 370 nm. On
the other hand, there was a red shift at 415 nm with the fluo-
rescence quenching for all metal ions. These results suggest
that the investigated metal ions interacted with the ligand (4)
in acetone-water media, with such interaction being more ef-
fective in the case of Fe>*, Pb** and Hg*.

To investigate complexation with these ions,
spectrofluorimetric titrations were carried out in acetone-
water (1:1). Among Ba®*, Fe**, Pb®" and Hg>" ions, a regular
change in the emission spectra of ligand (4) was only observed
with increasing concentrations of Pb>* and Ba®* ions.
Therefore, the complex stoichiometry and the complex stabil-
ity constant for these ions were calculated from titration data.

Decreased emission intensity at 370 nm allowed determi-
nation of the complex stoichiometry of Pb**-ligand (4). As
seen from Fig. S8 (inset left), the inflection point was 1.0
(IMY/[LD. It can thus be concluded that the ligand (4) formed
a stable 1:1 complex with Pb**. To determine the complex
stability constant, the ratio of I,/(I,-I) was plotted versus
1/[Pb**], as in Fig. S8 (inset right), which gave a good straight
line. I, and I are the emission intensities of free ligand and the
solution containing Pb** ion, respectively. The complex
stability constant was calculated from the ratio of
intercept/slope [26]. The value of log K was 4.98 for
Pb**-complex.

Scheme 3 Tautomeric forms Ci1Hzs CaiHas
(enol-imine and keto-amine) of )\ )\
diimine compound (7) N| XN X
)\N)\ ———— )'\ /k
ﬁ
N N N
= N\ NH NH
OH HO \ o o Y.
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Scheme 4 Tautomeric forms
(enol-imine and keto-amine) of
monoimine compound (6)
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Similar complex stoichiometry was determined for Ba>*
ion from the spectrofluorimetric titration data (Fig. S9). The
value of log K for the Ba**-(4) complex was calculated as
4.74. A stable complex formation could not be identified for
other metal ions in acetone-water (1:1) media.

Both spectrophotometric and spectrofluorimetric titrations
showed that compound (4) forms stable 1:1 complexes with
many metal ions in acetonitrile-water (1:1) solution.
Figure S10 shows spectrophotometric titration data for Ba**
ion. Figure S10 (inset left) shows the molar ratio plot for this
complex. The inflection point was 1.0 ([M]/[L]). Therefore,
formation of a stable 1:1 (M:L) complex with Ba** from the
absorbance changes at 440 nm was disclosed. Figure S10 (in-
set right) shows a plot of the ratio of A.,/(A,-A) versus
1/[Ba**] for calculation of the stability constant of this com-
plex, where, A, and A are the absorbance of free ligand and
the solution containing Ba** ion, respectively. The complex
stability constant was calculated from the ratio of intercept to
slope. The value of log K was 5.01 for Ba**-(4) complex.

Similar decrease in absorbance was observed in the absorp-
tion spectra of compound (4) in the case of titrations with
Hg?*, Fe’*, Zn**, Cd**, Pb**, Mn®*, A", Co** and Mg**
ions. Table 1 shows complex stability constants and complex
stoichiometry of the ligand (4) with metal ions in acetonitrile-
water (1:1). As seen from Table 1, the metal ions formed 1:1
complexes with ligand (4). The highest stability constant
was obtained for Pb>* ion with a log K value of 6.12,
while Zn** formed the lowest stable complex (log K:
4.08 for Zn-(4) complex).

On the other hand, spectrofluorimetric titrations dem-
onstrated that compound (4) formed stable 1:1 complexes
with Cr** and Ni?* ions. Figure S11 shows
spectrofluorimetric titration data for Cr>* with compound
(4). From Fig. S11 (inset left), the 1:1 complex stoichi-
ometry was determined because inflection point was 1.0
(IMJ/[L]). Calculated complex stability constant was log
K 4.61 from Fig. S11 (inset right).
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Figure S12 shows variation of emission spectra of the li-
gand (4) with increasing concentrations of Ni**. The variation
was similar to that obtained for Cr** ion. There were regular
decreases in emission at 416 nm, however, the complex stoi-
chiometry of Ni** was disclosed from emission changes at
450 nm. Figure S12 (inset left) shows molar ratio plot for this
complex. The inflection point was 1.0 ([M]/[L]), which indi-
cates formation of a stable 1:1 (M:L) complex with Ni%*.
Figure S12 (inset right) shows the plot used to calculate the
stability constant of this complex. The value of log K was 4.93
for Cd**-complex.

The effects of metal ions on the fluorescence spectra of
diimine compound (7) was investigated in various solvents.
Significant changes were observed in the emission spectra in
the case of acetonitrile-water (1:1) media (Fig. 3).

Excitation at 320 nm of the ligand (7) gives emission bands
of naphthalene at 340 and 352 nm. As seen from Fig. 3, fluo-
rescence spectral behavior of ligand (7) did not show any

Table 1  Complex stability constants and complex composition of the
ligand (4) with metal ions in acetonitrile-water (1:1)

ITon Complex stoichiometry® (M:L)  Stability constant * (Log K)
Hg* 11 5.73+0.10
Ba®*  1:1 5.01+0.14
F* 11 451 +0.09
1l 408 +0.12
cd* 11 528 +045
Pb>*  1:1 6.12+0.22
Mn**  1:1 5.02+0.10
AP 11 482+031
Co™  1:1 5.85+0.25
Mgt 1l 5.22+0.10

* Average values calculated from the data obtained from three indepen-
dent absorbance measurements. Measurements were carried out at
430 nm
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Fig. 3 Variation of fluorescence 2500000 -
spectra of the ligand (7) with
wavelength for a series of metal
ions in acetonitrile-water (1:1). 2 2000000 -
(Ligand concentration g
=6 x 10°° M. Metal g
concentration = 6x10 > M. £ 1500000 -
Excitation at 320 nm) Y
g
§ 1000000
3
'8

500000

Other ions

emission band above 430 nm. The emission band intensities
of the ligand at 340 and 352 nm were reduced in the presence
of Pb**, Ba®*, Ag* and Hg”" ions. The quenching was about
75 % with Hg**. The new fluorescence band appeared in the
presence of metal ions above 480 nm. The highest fluores-
cence enhancement belongs to Hg** ion at 530 nm. On the
other hand, the quenching at 340 and 352 nm and fluorescence
enhancement at 530 nm were ratiometric. It is interesting that
anew emission band at 530 nm with many metal ions was not
observed in case of diimine compound (4). These results sug-
gest that the alkyl group is effective on fluorescence emission
mechanism of the ligand in the presence of metal ions in
acetonitrile-water solution.

Wavelength (nm)

To investigate the complexation between compound (7)
and the metal ions, spectrofluorimetric titrations were carried
out with Pb**, Ba?*, Ag* and Hg*". A stable complex was
only identified for Hg2+ ion in acetonitrile-water (1:1) (see
Fig. 4 for titration data for this ion).

Figure 4 (inset above) shows the molar ratio plot for
Hg?*-(7) complex. The inflection point was 1.0 ([M]/[L]),
which demonstrates formation of a stable 1:1 complex with
Hg”*. Figure 4 (inset below) shows the plot used to calculate
the stability constant of this complex. Calculated log K value
was 5.96 for Hg”*~(7) complex.

Interaction of the monoamine compounds, (3) and (6) with
metal ions in solution was also investigated by

Fig. 4 Variation of the emission 1000000 1 -
. oy . [Hg®V/[L]

of the ligand (7) with increasing 0 *
concentrations of Hg*" acquired 0,2 480000 1 "@
by addition of 010 equivalents of 0,4 ‘0
Hg?" in acetonitrile-water (1:1). 0,6 = 240000 * ® .
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= 1x107¢ M. Insets: 1 0 4 T T T )
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Fig. 5 Variation of the emission 300000 -
spectra of compound (7) with g’ > 120000 y= 322236x+ 37871
wavelength during the addition of 3 2 0000 R%=0,9926
Hg>*. Ligand concentration: g 2 L
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spectrofluorimetric measurements. Figure S13 shows the ef-
fects of metal ions on the emission spectra of compound (6) in
THF-water (1:1).

Spectrofluorimetric titrations were carried out in THF-
water (1:1) to predict complexation with Mn**, Ag®, Fe**
and Pd** ions. A stable complex was only identified for
Fe®* ion (see Fig. S14 for titration data for Fe** ion).

The complex stoichiometry and the complex stability con-
stant for Fe** were calculated from titration data. Decreased
emission intensity at 377 nm was used to determine the stoi-
chiometry of Fe**-(6) complex. As seen from Fig. S14 (inset
above), the inflection point was 1.0 ([M]/[L]). It can thus be
concluded that the ligand (6) formed a stable 1:1 complex with
Fe**. To determine the complex stability constant, the ratio of
I/(I,-I) was plotted versus 1/[Fe3+], as in Fig. S14 (inset be-
low), which gave a good straight line. I, and I are the emission
intensities of free ligand and the solution containing Fe** ion,
respectively. The complex stability constant was calculated

Fig. 6 Variation of fluorescence 9000 ~
intensity with pH in the case of >
equivalent concentrations of Hg** g
and ligand (7) (1.3 x 107> M) at o
530 nm £ 6000 -
Q
o
c
Q
Q
(%)
@ 3000 A
[¢]
=
o
0

from the ratio of intercept/slope [26]. log K was 5.53 for the
Fe**-complex.

Method Optimization for Mercury (II) Determination

A regular emission intensity enhancement at 530 nm on the
fluorescence spectra of compound (7) was observed with in-
creasing Hg>* concentration when the ligand was excited at
320 nm. This enhancement was used as an analytical response
to determine Hg?* ion. Method parameters such as solvent and
concentration of ligand, solution pH, constant Hg** concen-
tration were optimized. Water miscible solvent such as etha-
nol, methanol, acetone and acetonitrile was tested as ligand
solvent. Acetonitrile-water (1:1) solution was found to be the
most suitable media for determination of Hg** ion. The ligand
concentration in the range of 1.0 x 107 - 1 x 10°° M was
testedtodetermine optimumligand concentration. The values
of fluorescence intensity at 530 nm were plotted against the
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Hg?" concentration. ThehighestR*value(0.9926)wasobtain-
edforaligandconcentrationof1.3x 10 ®M(Fig. 5). Therefore,
furtherstudies were carried outatthis concentration.

To find the pH for determination, the effects of pH on the
fluorescence intensity of the solution containing equivalent
ligand and Hg** (1.3 x 107® M) were investigated. Buffer
solutions were used to set pH of the solutions. As seen from
Fig. 6, the fluorescence intensity was unstable, while it was
nearly the same between pH 8 and 9. Determination of mer-
cury was tested with a variety of buffer solutions below pH 6.
However, the lowest relative error % for the standard Hg2+
solution was obtained for the citric acid buffer solution at
pH 8. Therefore, pH 8 was found to be the optimum value
for determination.

The constant Hg** concentration used in the modified stan-
dard addition method was optimized in the range of 0.2 to
3.0 mg/L. Measurements were carried out in tap water sample
for a Hg** concentration of 0.23 mg/L. The relative error was
below 5 % for constant Hg** concentration of 0.5 mg/L.
Therefore, this concentration was preferred as the constant
Hg* concentration. Table 2 gives analytical performance data
of the proposed method for Hg** determination. The correla-
tion coefficient was 0.9926 indicating good linearity. The
LOD (3xS¢/m ) and LOQ (9xS4/m) were determined using
the standard deviation of eleven measurements of the blank
response (Sq) and the slope of the calibration line (m) accord-
ing to the [UPAC recommendations.

Comparison with Other Methods

There have been spectrofluorometric and spectrophotometric
methods in the literature for the determination of mercury.
Some of those methods’ LOD values are given in the
Table 3. As seen from the Table 3, the presented method gives

Table2  Analytical performance data of the proposed method for Hg*
determination

Excitation wavelength (nm) 320
Emission wavelength (nm) 530

Limit of detection (LOD) (mg/L) 0.08

Limit of quantification (LOQ) (mg/L) 0.23

Linear range (mg/L) 0.2-2.6
Optimum pH 8.0

Constant Hg”* concentration (mg/L) 0.5

Ligand concentration (mol/L) 13x10°M
Ligand volume (mL) 2.0

Total volume (mL) 4.0

Solvent Acetonitrile:water (1:1)

1-2 min.
0.9926

Time before measurement

Correlation coefficient (R?)

Table3  Comparison of other optic methods with the presented method
for the determination of mercury (II)

Method Linear Range (mg/L) LOD (mg/L) Ref.
Fluorescence Spec. - 28.08 [32]
Fluorescence Spec.  0-3.0 0.076 [33]
Spectrophotometric 112 1 [34]
Spectrophotometric  0.2-2 0.026 [35]
Fluorescence Spec  0.4-3.0 0.12 [36]
Fluorescence Spec.  0.2-2.6 0.08 This work

lower LOD values than most of the others which shows higher
sensitivity when compared to other optic methods in the liter-
ature. Moreover, being simple and time saving, the presented
method proves to be advantageous.

Conclusions

Four novel Schiff base ligands carrying substituted 1,3,5-tri-
azine group were synthesized from 2-hydroxy-1-
naphthaldehyde in a simple solid-state reaction. The fluores-
cent diimine compound (7) showed selectivity for mercury (II)
ion among a variety of metal ions so it was utilized to deter-
mine mercury (I) ion in a partially aqueous solution. The
accuracy of the proposed method was verified by analyzing
spiked tap water samples. Good recovery values were found.
These results suggest that the novel diimine compound (7) can
be used as a selective analytical ligand for the determination of
Hg (IT) in water samples. Compared to convenient atomic
methods, the proposed method is relatively time-saving and
simpler.
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