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RESEARCH ARTICLE ABSTRACT

The synthesis of many transition metal complexes containing 3,5-diamino-1,2,4-triazole
(Hdatrz) as a ligand with different counter anions Br, Cl', Cl04 and SO4* has been studied
extensively, but the chemistry of transition metal nitrate and acetate compounds and their
reactivity are relatively unexplored. In this research work, two new series of metal(Il)
complexes (M = Ni, Co, and Zn) {[Nis(Hdatrz)s(H20)s](NO3)6 (1), [Cos(Hdatrz)e(H20)6](NO3)e
(2), [Zn3(Hdatrz)s(H20)6](NO3)e (3), [Nis(Hdatrz)s(H20)6](OAc)es (4), [Cos(Hdatrz)e(H20)s]
(OAc)s (5) and [Zn3(Hdatrz)s(H20)6] (OAc)s (6)} have been synthesized. These synthesized
complexes were characterized by various physicochemical techniques such as UV-vis
spectroscopy, Fourier transform infrared spectroscopy, and magnetic susceptibility
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measurements. All six complexes were found to be trinuclear and bridged through the
Hdatrz ligand. Spectral data suggested a distorted octahedral environment around the
central metal ions in these complexes. It also revealed that the NH and OH groups are
involved in hydrogen bonding. These complexes were tested against the fungal strains
Colletotrichum gloeosporioides and Aspergillus niger. These synthesized complexes have not
been observed to have antifungal activities. The machine learning K-nearest neighbours
evaluates the analytical characteristics and solubility behavior of the metal complexes.
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Machine learning models provide results with 75% precision.
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1. Introduction

Metal-based compounds are essential for the normal
functioning of living organisms. Zinc metal plays a role in
metabolic pathways in the human body. Its deficiency can cause
growth retardation, loss of appetite, and skin changes [1].
Nickel and cobalt are present in edible oils. These metals have
antimicrobial and antiviral properties when combined with
complex structures such as triazoles [1-3]. Interest in transition
metal complexes is increasing as a consequence of the growing
demand for new therapeutic drugs from synthetic products [4].
Triazoles are aromatic ligands with three nitrogen atoms, three
hydrogen atoms, and two carbon atoms arranged in a ring.
These adaptable ligands created substances with explosive,
catalytic and magnetic features [5,6]. Figure 1 shows two forms
of triazoles [7].

Bidentate and monodentate coordination mechanisms with
1,2,4-triazole have been observed. In monodentate coordi-

nation, N1/Nz of the triazole ring is linked to the central metal
atom. In bidentate coordination, N1 and N2 of the triazole ring
were attached to the central metal atom [8,9]. Significant hydro-
gen bonding is facilitated by 1,2,4-triazole, which improves the
medicinal qualities of drugs [10]. The derivatives of 1,2,4-
triazole have anticancer [11], antimicrobial [12], antidep-
ressant [13] and antioxidant [14] activities. Among medicinal
drugs, triazole-based anticancer, antifungal, antiviral, and anti-
bacterial drugs are available on the market [15].

H H

N— N
<l i
N N
1H-1,2,4-triazole 4,5-dihydro-1H-1,2,3-triazole

Figure 1. Types of triazoles.
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Water .
+ 6 Hdatrz —————— [Niz(Hdatrz)g(H;0)g](NO;)e

3 Ni(NO3),.6H,0

Water
+ 6 Hdatrz ———— [Zn3(Hdatrz)g(H;0)g](NO;)g

3 Zn(NO3)2.6H20

Reflux, 4 hr

Water

3 Co(NO;),.6H,0 + 6 Hdatrz ——————> [Co3(Hdatrz)g(H,0)g](NO5)e
Reflux, 2 hr

Water

3 Ni(CH3;C00),.4H,0 + 6 Hdatrz — > [Nis(Hdatrz)g(H,0)](CH;COO)s

Water

3Zn(CH3;C00),.2H,0 + ¢ Hdatrz —————— > [Zn3(Hdatrz)g(H,0)g](CH3COO0)g
Reflux, 2 hr

Water

3 Co(CH3C00),.4H,0 + g Hdatrz ————— [Coj(Hdatrz)g(H,0)g](CH3COO0)¢
Reflux, 1 hr

Scheme 1. Synthesis of the complexes.

Coordination complexes formed by the joining of central
metal atoms or ion containing empty orbitals with neutral and
ionic atoms carrying electron lone pairs (ligand). Metal atoms
actas Lewis acid because they are acceptors of the electron pair.
Ligands behave as Lewis bases because they are donors of
electron pairs. The association of the number of donor atoms
with the central atom in a compound is known as the coor-
dination number. Coordination complexes may be neutral,
cationic, or anionic. The activity of ligand is usually enhanced by
complexation of these metal complexes. The activity of ligand is
usually enhanced by complexation and these metal complexes
play an important role in modifying the biological properties of
compounds [16].

Environmentally friendly nickel, cobalt and zinc nitrate and
acetate complexes have been developed with 3,5-diamino-
1,2,4-triazole. These transition metal complexes exhibit colors
due to d-d transitions (at least one electron in the low energy d
orbital promotes to the high energy d orbital [17]. Colored
metal complexes, such as copper and nickel complexes, which
contain quinolones, are used as an antibacterial agent [18].

Keeping this in mind, in the intended study, divalent
transition-metal nitrate and acetate complexes containing 3,5-
diamino-1,2,4-triazole were synthesized. We are interested in
transition-metal nitrate and acetate complexes with nitrogen
donor ligands because they can produce substantial N-H---N
hydrogen-bond interactions through strong hydrogen bonding.
The synthesized complexes were characterized by magnetic
susceptibility measurement, ultraviolet/visible (UV/vis) and
infrared spectroscopy. Furthermore, the biological activity of
these complexes was analyzed by antifungal tests. The results
are validated through the data-driven advance artificial intel-
ligence machine learning (ML) method.

2. Experimental
2.1. Instrumentation

Absorption spectra were recorded on a UV/Vis double
beam spectrophotometer, Perkin-Elmer LAMBDA-25 model in
the range of 200-1100 nm. FTIR analysis was performed using
a FTIR spectrophotometer (Bruker IFS66V/S) to determine the
absorption peak within 4000-500 cm L. The melting points were
determined on a digital melting point instrument of the Electro
Thermal Model-9200. The magnetic susceptibility was measu-
red with a traditional Gouy balance method, the Sherwood
Scientific MK 1 magnetic susceptibility balance.

2.2. Synthesis
2.2.1. Synthesis of [Niz(Hdatrz)s(Hz0)s](NO3)s

3,5-Diamino-1,2,4-triazole was purchased from Sigma-
Aldrich and used as received. Nickel nitrate hexahydrate (0.290
g, 1 mmol) was added to the aqueous solution of 3,5-diamino-
1,2,4-triazole (0.297 g, 3 mmol, Sigma-Aldrich, D26202) with
continued stirring. The reaction occurred instantly at room
temperature, and the resulting dark blue solution was filtered
and allowed to slowly evaporate at room temperature (Scheme
1) [19].

2.2.2. Synthesis of [Cos(Hdatrz)es(Hz0)s](NO3)s

Cobalt nitrate hexahydrate (0.290 g, 1 mmol) was added to
the flat bottom quick-fit flask including 50 mL of an aqueous
solution of 3,5-diamino-1,2,4-triazole (0.297 g, 3 mmol) with
continued stirring. The color of the solution was red, orange.
The reaction mixture was refluxed for 2 h. After 2 hours, a clear
dark brown solution was obtained and then evaporated to a
third of its original volume on the rotary evaporator. The
solution was cooled, filtered, and allowed to stand at room
temperature for slow evaporation. After one-month, brown
crystals of complex were obtained, which were suitable for
single-crystal XRD analysis. Yield: 80%, M.p.: 120 °C (Scheme 1).

2.2.3. Synthesis of [Zns(Hdatrz)s(Hz0)s](NO3)s

Zinc nitrate hexahydrate (0.297 g, 1 mmol) was added to
the flat bottom quick-fit flask that included 50 mL of an aqueous
solution of 3,5-diamino-1,2,4-triazole (0.297 g, 3 mmol) with
constant stirring. The reaction mixture was refluxed for 4
hours. After 4 h, precipitation occurred in the reaction mixture.
The resulting mixture was cooled, filtered, and precipitates
were collected. The color of the precipitates was light brown.
Yield: 75%, M.p.: 140 °C, above 250 °C, the synthesized complex
was decomposed (Scheme 1).

2.2.4. Synthesis of [Nis(Hdatrz)s(Hz0)s](OAc)s

Nickel acetate tetrahydrate (0.248 g, 1 mmol) was dissolved
in an aqueous solution of 3,5-diamino-1,2,4-triazole (0.297 g, 3
mmol) with continued stirring. The reaction occurred instantly
at room temperature, and precipitates occurred in the reaction
mixture. The mixture was cooled, filtered and precipitates were
collected. The color of the precipitates was dark blue. Yield:
72%, M.p.: 153 °C (Scheme 1).
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2.2.5. Synthesis of [Cos(Hdatrz)s(H20)6](0Ac)s

Cobaltacetate tetrahydrate (0.249 g, 1 mmol) was dissolved
in an aqueous solution of 3,5-diamino-1,2,4-triazole (0.297 g, 3
mmol) with continued stirring. Precipitates occurred in the
reaction mixture. The mixture was refluxed for 2 h. After 2
hours, a small amount of precipitates remained in the flask. 10
mL of water was added to the flask and the mixture was
refluxed for 1 hr. After 1 hour, a clear dark brown solution was
obtained. After two days, crystals were obtained. The crystals
were dissolved in 10 mL of water and the mixture was refluxed
for 1 hr. After 1 h, the mixture was cooled, filtered, and
precipitates were collected. The color of the precipitates was
dark brown. Yield: 78%, M.p.: 140 °C, however, above 250 °C,
the synthesized complex decomposed (Scheme 1).

2.2.6. Synthesis of [Zns(Hdatrz)s(Hz0)s](0Ac)s

Zinc acetate dihydrate (0.219 g, 1 mmol) was dissolved in
an aqueous solution of 3,5-diamino-1,2,4-triazole (0.297 g, 3
mmol) with constant stirring. After stirring, bubbling appeared
in the flask. 15 mL of water was added to the flask and the
mixture was refluxed for 2 h. The mixture was cooled, filtered,
and white precipitates of the synthesized complex were
collected. Yield: 80%, M.p.: 160 °C (Scheme 1).

2.3. Antifungal activity test

An in vitro experiment was carried out to evaluate the
antifungal activities of the synthesized complexes to control the
growth of Colletotrichum gloeosporioides (ATTC 20767) and
Aspergillus niger (ATTC 10167) fungi using the paper disc
diffusion method [20]. For the paper disc diffusion method, 2%
potato dextrose agar (PDA) medium was prepared using a
standard procedure (200 g potato infusion, 20 g glucose, 20 g
agar), autoclaved, and poured into sterile Petri plates. Then 100
uL of C. gloeosporioides and A. niger spores was evenly spread
on the surface of the PDA medium under aseptic conditions.
Subsequently, a 6 mm sterile paper disc (Whatman) was loaded
with 25 pL of two doses (200 and 300 ppm) of the prepared
complexes dissolved in solvents (water and DMSO). The
fungicide mancozeb (2 g/L) and sterile distilled water were
used as positive and negative controls, respectively. These
paper discs loaded with prepared complexes dissolved in
solvents (water and DMSO) and control treatments were placed
in the center of each Petri plate and were incubated at 26 °C for
seven days. A zone of inhibition was recorded 7 days after
incubation. The radial diameters of the C. gloeosporioides colony
and A. niger were measured for each treatment petri plate with
the help of a ruler (orthogonal measurements) to determine the
growth inhibited compared control.

3. Results and discussion

3.1. Electronic absorption spectra of the synthesized
complexes

Absorptions at 410, 615 and 950 nm were observed in the
electronic absorption spectrum of [Nis(Hdatrz)s(H20)s](NO3)s.
The electronic spectrum showed transitions as follows: 3A2g (F)
- 3Tig (P), 3Azg (F) — 3Tig (F) and 3Azg(F) — 3T:g(F),
respectively. These absorption values were close to the values
recorded for the Ni(Il) complex, [Ni(L)(OAc)]-3H20, where L
stands for the Schiff base ligand containing 1,2,4-triazole.
Therefore, these transitions confirmed the distorted octahedral
geometry of the Ni(Il) complex. The peak at 355 nm was
assigned to the ligand to metal charge transfer [21].

The absorption spectrum of [Cos(Hdatrz)s(H20)6](NOs)s
exhibited three absorption peaks at 450, 620 and 980 nm,
which were assigned to *T1g (F) — #T1g (P), T1g (F) = *Azg (F)
and *T1g (F) — 4T2g (F), respectively. These absorption values

correspond to the literature values reported for the Co(Il)
complex, [Co(L)(0OAc)]-3Hz20, where L stands for the Schiff base
ligand containing 1,2,4-triazole. These transitions are linked to
the distorted octahedral geometry of the Co(II) complex. The
peak at 336 nm was designated to ligand to metal charge
transfer [22]. Absorption at 207 nm was attributed to ligand to
metal charge transfer for [Zns(Hdatrz)s(H20)s](NO3)e. No d-d
transitions occurred in the visible region. These values were
closely related to the values recorded for [ZnLz] (L: 4-Amino-5-
pyridyl)-4H-1,2,4-triazole-3-thiol) [7]. The electronic spectrum
of [Nis(Hdatrz)e(H20)6](OAc)s showed three absorption peaks
at 420, 625 and 970 nm. These values were assigned to 3Azg (F)
—3T1g(P), 3A2g (F) — 3T1g (F) and 3A2g(F) — 3T2g(F) transitions,
respectively. These absorption values were in accordance with
the reported Ni(II) complex, [Ni(L)(OAc)]-3H20, indicating the
distorted octahedral geometry of the Ni (II) complex [21]. The
peak at 365 nm was allocated to ligand to metal charge transfer.
The absorption peaks at 460, 630 and 930 nm for the complex
[Cos(Hdatrz)s(H20)6](OAc)s were assigned to the *Tig (F) —
4T1g (P), *T1g (F) — *A2g (F) and *T1g (F) — *T2g (F) transitions,
respectively. The distorted octahedral geometry of the Co(II)
complex was confirmed by these transitions. These absorption
values were comparable to the values recorded for the cobalt
complex, [Co(L)(0OAc)]-3Hz0. The peak at 346 nm was entitled
to ligand to metal charge transfer [22]. The absorbent value at
209 nm for [Zns(Hdatrz)s(H20)s](OAc)s was appointed as
ligand to metal charge transfer. No d-d transitions occurred in
the visible region. This absorption value was in accordance with
the zinc complex, [ZnLz] (L: 4-Amino-5-pyridyl)-4H-1,2,4-
triazole-3-thiol) [7].

3.2. Magnetic susceptibility measurements of the
synthesized complexes

Magnetic susceptibility measurements of all synthesized
complexes are in accordance with the trinuclear nature of these
complexes. Magnetic measurements for the [Niz(Hdatrz)e
(H20)6](NO3)6 complex have shown a magnetic moment value
(3.6 B.M.) that corresponds to the two unpaired electrons in the
d orbital in a distorted octahedral structure. It showed the
paramagnetic nature of Ni(I) complex. This value is very close
to the value recorded for [Niz(pytrz)s(Hz20)4](NO3)s, where
pytrz stands for 4-(2-pyridyl)-1,2,4-triazole [23].

Magnetic moment measurements for the solid [Cos(Hdatrz)s
(H20)6](NO3)6 complex have shown a magnetic moment value
of 4.4 B.M. This corresponds to the magnetic moment value of
the reported cobalt complex [Coz(atrz)s(mal)z(H20)2].4H20,
where atrz stands for 4-amino-1,2,4-triazole and mal stands for
malonic acid [24]. This value is comparable to that of three
unpaired electrons suggesting a distorted octahedral geometry
around the cobalt(Il) complex.

Magnetic susceptibility measurements for the [Zns(Hdatrz)s
(H20)6](NO3)6 complex showed a zero magnetic moment value
indicating the diamagnetic behavior of this complex because of
d'0 configuration of Zn(II) metal ion. This value is very similar
to the value recorded for the reported zinc complex, [ZnLz2] (L:
4-Amino-5-pyridyl)-4H-1,2,4-triazole-3-thiol) [7].

Magnetic measurements for the [Niz(Hdatrz)s(H20)s]
(OAc)s complex have shown a magnetic moment value of 3.5
B.M., which is relevant to the value recorded for [Ni(L)
(OAC)]3-H20, where L stands for Schiff base ligand containing
1,2,4-triazole [22]. This value has suggested the two unpaired
electrons in the d-orbital and distorted octahedral geometry
around the Ni(II) complex.

The magnetic moment value (4.8 B.M.) for [Cos(Hdatrz)s
(H20)6](0OAc)s complex agrees with three unpaired electrons in
the d orbital in distorted octahedral structure. Interestingly,
this value is not far from the value recorded for [Co(L)
(OAc)]-3H20 where L stands for the Schiff base ligand
containing 1,2,4-triazole [22].
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Magnetic susceptibility values of Ni(Il) and Co(II)
complexes have shown their paramagnetic behavior. The
magnetic moment value for the [Zns(Hdatrz)e(H20)s](0Ac)e
complex is zero, indicating the diamagnetic behavior of the zinc
ion in the +2 oxidation state, which is in accordance with the
zinc complex reported, [ZnLz] (L: 4-Amino-5-pyridyl)-4H-1,2,4-
triazole-3-thiol) [7].

3.3. Infrared spectroscopy of the synthesized complexes

The infrared spectra of the synthesized complexes
demonstrate characteristic bands that are consistent with the
functional groups of 3,5-diamino-1,2,4-triazole. The infrared
spectrum of the [Nis(Hdatrz)e(H20)6](NO3)s complex was
analyzed and revealed two broad bands at 3320 and 3450 cm™%
which correspond to OH and NH stretching vibrations,
respectively. These peaks serve as evidence for the presence of
hydrogen bonding within the complex [25]. The infrared
spectra of the ligand exhibit a peak at 1628 cm-%, which may be
assigned to the stretching vibrations of C=N. For the complex,
this peak has been shifted to 1624 cm! (sharp peak), which
indicates a lowering of the stretching frequency of C=N and the
coordination of N1 and N2 of the triazole ring with the metal
atom [26]. Additionally, the weak band at 564 cm! indicates
stretching vibrations of the metal-nitrogen bond (M-N) [27],
while a strong peak at 1338 cm-! indicates stretching vibrations
of the nitrate group [28]. The sharp peak at 1034 cm is
indicative of N-N stretching vibrations [29].

The infrared spectrum of the [Cos(Hdatrz)s(H20)6](NOs3)6
complex was analyzed and revealed two weak bands at 3308
and 3450 cmt, which correspond to stretching vibrations of OH
and NH, respectively. These vibrations serve as evidence for the
presence of hydrogen bonding within the complex [30].
Additionally, a weak band at 574 cm! was observed and
assigned to symmetric vibrations of the M-N bond [27].
Furthermore, a shift in the band from 1483 cm! for the ligand
to 1470 cm? (of medium intensity) for the cobalt complex,
which was assigned to symmetric stretching vibrations of the
nitrate group. This value is notably similar to that recorded for
[Cos(pz-Hdatrz)s(H20)6](NO3)s-4H20  [31]. Additionally, a
medium peak at 940 cm ! was observed, which was indicative
of the stretching vibrations of N-N [29].

The band appeared at 3308 and 3460 cm- for [Zn3(Hdatrz)s
(H20)6](NO3)6 indicate O-H and N-H stretching vibrations.
These vibrations have confirmed the presence of hydrogen
bonds in the zinc complex [31]. The shift in band from 1628 cm-
1 for the free ligand to 1622 cm (sharp band) for the zinc
complex, is assigned to stretching vibrations of C=N of the
triazole ring, indicating the coordination of N1 and N: of the
triazole ring with the metal atom. This coordination of nitrogen
atoms of the triazole ring with a metal atom is associated with
alower stretching frequency of C=N [32]. The weak band at 578
cm? is assigned to the stretching vibrations of the metal-
nitrogen bond (M-N) [27]. The strong peak at 1339 cm! has
shown the stretching vibrations of the nitrate group [28]. The
peak at 1031 cm has indicated the stretching vibrations of N-
N [29].

The infrared spectrum of [Niz(Hdatrz)s(H20)6](OAc)s
complex exhibited characteristic bands consistent with the
functional groups of 3,5-diamino-1,2,4-triazole, including a
broad band at 3307 and 3430 cm indicating OH and NH
stretching vibrations, respectively. These peaks serve as
evidence for the presence of hydrogen bonding within the
complex [33]. The strong peak at 1623 cm-! is assigned to the
stretching vibrations of C=N, indicating coordination of N1 and
Nz of the triazole ring with the nickel atom. This shift in
frequency is associated with the coordination of the nitrogen
atoms of the triazole ring [26]. Furthermore, a weak band at 574
cm! confirms the stretching vibrations of the metal-nitrogen
bond [27]. A strong peak at 1344 cm is assigned to the

symmetric stretching vibrations of the acetate group [34].
These values are very close to the values recorded for
[Ni(L)(OAc)]-3H20, where L represents the Schiff base ligand
containing 1,2,4-triazole [22].

The infrared spectrum of [Cos(Hdatrz)s(H20)e](OAc)s
shows two broad bands at 3307 and 3500 cm, which are
assigned to stretching vibrations of O-H and N-H. These
vibrations have indicated the presence of hydrogen bonds in
the cobalt complex [35]. A strong peak at 1622 cm? is
associated with stretching vibrations of C=N of the triazole ring.
This value has confirmed the coordination of the nitrogen
atoms of the triazole ring to the metal atom by lowering the
stretching frequency of C=N [26]. The weak band at 572 cm!
has confirmed the stretching vibrations of the metal-nitrogen
bond [27]. The strong peak at 1339 cm'! has shown the
stretching vibrations of the acetate group [34]. These values are
very close to the values that are recorded for [Co(L)
(OAc)]-3H20, where L stands for the Schiff base ligand
containing 1,2,4-triazole [22].

The infrared spectrum of [Zns(Hdatrz)s(H20)e](OAc)s
exposes two broad bands at 3332 and 3490 cm'l, which are
indicative of the stretching vibrations of OH and NH. These
bands confirm the presence of hydrogen bonds within the zinc
complex [36]. The peak at 1574 cm! has been assigned to the
stretching vibrations of C=N, which is indicative of the
coordination of N1 and N: of the triazole ring with the metal
atom. This coordination is characterized by a lowering of the
stretching frequency of C=N [32]. The weak band at 577 cm!
confirms the stretching vibrations of the metal-nitrogen bond
[27]. The strong peak at 1339 cm is associated with the
symmetric stretching vibrations of the carboxylate group of the
acetate anion [34]. These values are in close agreement with
those recorded for [Zn(L)(0Ac)]-3H20 [22].

3.4. Biological activity

The ligand 3,5-diamino-1,2,4-triazole and the synthesized
complexes have been tested against fungal strains C.
gloeosporioides and A. niger. These compounds showed zero
activity against these fungal species. A similar in vitro
experiment was carried out with previously reported Ni(II) and
Zn(II) complexes to determine their antifungal activities against
A. niger [37], while Co(II) complex, which contains the triazole
Schiff base ligand derived from condensation of 4-amino-5-
phenyl-4H-1,2,4-triazole-3-thiol with salicylaldehyde, showed
effective antifungal activity with a zone of inhibition [38].

3.5. Solubility of synthesized complexes

The solubility of synthesized complexes was determined by
dissolving precipitates of these complexes into different
solvents. The solubility test values obtained are given in Table
1.

3.6. K-nearest neighbor (K-NN) machine learning validation
for the solubility of synthesized complexes

Machine learning (ML) is an advanced statistical tool to
analyse complex datasets and deduce optimized decisions
[39,40] (Figure 2). ML is divided into three types of mainly (a)
supervised ML, (b) non-supervised ML, and (c) reinforcement
learning [40]. Supervised ML is easy to implement and is
compared to other types of ML. It fits data as per algorithm
predefined function i.e., backward substitution and Gaussian
regressions [41,42]. Unsupervised ML is deduction of error and
decision without particular feedback recognized, while re-
enforcement learning is a reward-based agent to data-set
optimization [42].

2023 - European Journal of Chemistry - CC BY NC - DOI: 10.5155/eurjchem.14.1.155-164.2396



Arshad et al. / European Journal of Chemistry 14 (1) (2023) 155-164

Table 1. Solubility of synthesized complexes in different solvents *.

159

Complex Solvents
Water Ethanol Methanol Acetone DCM DMF DMSO

[Niz(Hdatrz)s(H20)6] (NO3)6 S SS S IS - S -
[Cos(Hdatrz)s(H20)6] (NO3)6 IS IS IS IS IS IS IS
[Zn3(Hdatrz)s(H20)6] (NO3)6 S SS SS SS S S -
[Niz(Hdatrz)s(H20)6] (OAc)s SS IS IS IS IS IS SS
[Cos(Hdatrz)e(H20)6] (OAc)s IS IS IS IS IS IS IS
[Zns(Hdatrz)e(H20)6] (OAc)s IS SS SS SS IS S SS

* S: Soluble, IS: Insoluble, SS: Sparingly soluble.

Table 2. Data processing and selecting of solubility of synthesized complexes in solvents (1: Soluble (S), 0: Insoluble (IS)).

KNN data set

No Complex Absorption band (nm) Magnetic moment (B.M.) Experimental results of solubility
1 [Zn3(Hdatrz)s(H20)6] (NO3)6 207 0.0 1
2 [Niz(Hdatrz)s(H20)6] (NO3)6 410 3.6 1
3 [Cos(Hdatrz)e(H20)6] (NO3)e 450 4.4 0
4 [Cos(Hdatrz)e(H20)6] (OAc)s 460 4.8 0
5 [Niz(Hdatrz)s(H20)6] (NO3)e 615 3.6 1
6 [Cos(Hdatrz)s(H20)6] (NO3)6 620 4.4 0
7 [Cos(Hdatrz)e(H20)6] (OAc)s 680 4.8 0
8 [Cos(Hdatrz)e(H20)6] (OAc)s 930 4.8 0
9 [Niz(Hdatrz)s(H20)6] (NO3)e 950 3.6 1
10 [Cos(Hdatrz)s(H20)6] (NO3)e 980 4.4 0
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Figure 2. Machine learning flow chart.

In our current research, a variety of datasets are involved,
mainly comprised of absorption bands, magnetic moments, and
biofouling as per UV and IR spectroscopic analytical techniques.
These datasets are noisy and have a peculiar nature, because of
the dependence of interlinked molecular components. The
solubility of complexes is characterized as soluble, sparingly
soluble, and insoluble nature of complexes in organic and
inorganic solvents, commonly referred to as instance-based
supervised data sets. The solubility experimentation data set
has the ability to channelize the solubility characteristic
according to the distance between soluble data sets points and
insoluble data points of different complexes in multiple
solvents.

The KNN algorithm [43,44] is a class of supervised ML and
solves regression and classification problems simultaneously.
In classification ML, discrete outputs are available in 1 or 0
numbers, usually terms such as class segmentations, yet
distinct. KNN designates the neighboring proximity of similar
classes in a close vicinity. It creates an assumption based on the
true and false events of the problem dataset [44]. True events
incur as a useful outcome and supports similarity, proximity in
distance, and closeness with neighbouring data points. The
distance measure between close points is referred to as the
Euclidian support distance. The flow chart of the KNN
algorithms for the problem of solubility data and the analysis of
the decision tree is shown in Figure 3.

Table 2 highlights the categorical classification of experi-
mental data sets in organic and inorganic solvents, mainly

water, ethanol, and DMF. To enhance the computation time,
sparingly soluble complexes are referred to as soluble and
denoted by 1’s. Python Anaconda version 3.7 is used as an
interpreter [45,46]. Seaborne, Pandas, Scikit, and Matplotlib
libraries of Python are used extensively in ML algorithm
implementation [46].

Data pre-processing is the foremost step in the kNN
algorithm. It includes the detection of outliers, noisy data
hotspots, increasing data quality, and derive useful information
from datasets. The accuracy and efficiency of the ML model
depends on the accurate data pre-processing. In solubility
studies, Figure 4a shows the pair plot for the dependency of the
data, and Figure 4a depicts absolute hue graph plots indicates
that the magnetic moment data points are highly aligned with
absorption band of complexes up to significant scale. Both
parametric constraints show nonlinear behavior against the
solubility data sets of complexes. It indicates that a simple and
multiple linear regression is not of appropriate implication in
our problem. The KNN algorithm has a hybrid regime to
support the regression and classification problem datasets, as
indicated in Figure 5.

Figure 5 highlights the magnetic moments and absorption
band dependence on the solubility data points either linearly or
non-linearly. K is randomly chosen as 0 and increases as the
algorithm proceeds. K indicates the neighboring data points for
the calculation of the Euclidean distance. The K values increase
the proximity. Feature classifiers induce the Minkowski metric
[47,48] to fit training and testing points in the x and y data sets.
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Table 3. Training and testing data to predict the y-values of the solubility of synthesized complexes in solvents where 1: Soluble (S), 0: Insoluble (IS).

X-data
Setinput 1

X-data
Set input 2

X-Train

X-Train X-Set
2 1

X-Set X-test
2 1

X-test Y-Value Y-Predicted Y-test Y-test
2 1 2

Y-Training

207

- -0.6274

0.35444 -0.6274
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450
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620
680
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980
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4.4 - - 0.00993 -0.1418
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Figure 3. KNN implementation algorithm flow chart for the prediction of the solubility of metal complexes.

Data sets are divided into 70% training data points and
30% testing data points. It indicates the best metric results for
p = 8 for the significant neighboring of proximate data points.
The y prediction stores the classifier results of the x-testing data
points shown in Table 3. A confusion matrix points to the three
classical points indicating the exactness in comparison of the
experimental results. The Sklearn metric [49] highlights the
accuracy of the model at 75%, with three values lying in major
true events, as shown in Table 4. To increase the robustness of
the model, the data points are randomly divided into set 1 and
set 2. It corresponds to the predicted outcomes of y for the given
y-test points. It continues to increase at a step rate of 0.01 until
the regression error is minimized. For a tie-breaker, an odd data
point is taken into consideration. For a normal step size
calculation, the mode is highlighted in the proximity of the red
and green regions.

The metrics indicate a precision of 0.75 for a recall of the
solubility in the organic solvent and O for the inorganic solvent
and satisfy the experimental data points. The F1 score supports
the 3 points for a total of 4 points at a score of 0.86. The true
prediction is 33.3% fully confident true event and 66.3%
partially true events for the y-set. The KNN algorithm
strengthens the data-driven process decision-making to
analyse the difference between the variable properties of
different complexes in multiple solvents. The generalized
datasets provide an in-depth understanding for analytical and
expensive procedure conditions validation using advance
statistical support.

[Zn3(Hdatrz)s(H20)6](NO3)s having a band gap of 207 nm
with a magnetic moment of 0 is the most confident outcome of
the KNN algorithm. [Cos(Hdatrz)s(H20)s](NO3)s and [Niz(Hdatrz)s
(H20)6](NO3)s have a greater band number and magnetic
moment than [Zns(Hdatrz)e(H20)6](OAc)s and show a conside-
rable magnetic moment. However, the KNN model predicts the
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Table 4. Metrics of solubility of synthesized complexes in solvents for weighted modes, where 1: Soluble (S), 0: Insoluble (IS).

Weighted mode (0,1) Precision Recall F1-score Support Confusion matrix
True prediction False prediction
0 0.75 1 0.86 3 1 0
1 0 0 0 1 2 0
Total 0.75 - 0.86 4 - -
Accuracy 0.75 0.75 0.75 0.75 - -
Macro average 0.38 0.50 0.43 4 - -
Weighted average 0.56 0.75 0.64 4 - -
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Figure 4. Data analysis and pre-processing of solubility dataset for absorption band, magnetic moment, and results of solubility.

results accurately with a partially true event since the
[Cos(Hdatrz)e(H20)6](OAc)es complex is insoluble in organic
solvent and the [Nis(Hdatrz)s(H20)6](OAc)s complex is readily
soluble. It signifies that the implemented model shows less
variation with increasing magnetic moment and band number.
It also shows that the model is equally applicable for solvents
both organic and inorganic in nature.

4. Conclusion

The synthesized complexes were characterized by
electronic absorption spectroscopy, FTIR spectroscopy, and
magnetic susceptibility measurements. FTIR was done to
identify peaks of functional groups in the synthesized
complexes. The infrared spectra of the complexes predicted the
coordination mode of the ligand and the structure of related
complexes. Broad peaks appeared in the region of 3000-3500

cml, suggesting a hydrogen bond in the molecular structure.
Magnetic susceptibility measurements confirmed the number
of unpaired electrons and the octahedral geometry of the
synthesized complexes. Electronic absorption data of nitrate
and acetate bridged Ni(II) complex have three absorptions
(410, 615 and 950 nm) that are assigned to the 3A2g (F) - 3Tig
(P), 3A2g (F) — 3T1g (F) and 3A2g — 3Tg transitions, respectively.
Electronic absorption data of nitrate and acetate bridged Co(1I)
complex have three absorptions (450, 620 and 980 nm) thatare
assigned to the 4T1g (F) — 4T1g (P), *T1g (F) — *Azg (F) and “T1g
(F) — *T2g (F) transitions, respectively. These transitions for
solid Ni(II) and Co(II) complexes confirmed their octahedral
geometry. In light of the physicochemical techniques mentio-
ned above, the structures of the complexes are found to be
[Niz(Hdatrz)s(H20)s](NO3)s, [Cosz(Hdatrz)e(H20)6](NO3)s, [Zn3
(Hdatrz)e(H20)6](NOs)s,  [Nis(Hdatrz)e(H20)6](OAc)s, [Cos
(Hdatrz)e(H20)s] (0Ac)s] and [Zn3(Hdatrz)s(H20)6] (OAC)s.
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Figure 5. kNN training and testing data sets for (a) K= 0, (b) K= 2, (c) K = 6 against 10 data sets points. Green indicates soluble complexes, and red indicates

insoluble data points.

Parametric analysis of the characterization datasets of
metal complexes showed interdependence. However, signi-
ficantly characterization techniques are non-linear in relation-
ship with the solubility among organic and inorganic solvents.
The KNN machine learning algorithm accounts for the charac-
terization datasets and solubility classification experimentation
analysis. The data-driven ML model predicts a relationship
between solubility and characterization techniques up to 75%
precision. Biological fouling does not provide a significant data
set, and no concrete relationship can be formulated statistically.
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