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Abstract

The present investigation relates to the new method of preparing schiff base of 4-(2-Hydroxy-1,2-diphenyl-ethylideneamino)-
1,5-dimethyl-2-phenyl-1,2-dihydropyrazol-3-one as well as the preparation of metallic compounds with certain ions such as
(La(l), Gd(1r), Co(ll), and Cd (1)) in normal and nano-size and their biological applications of their ability to treat colon
and breast cancer cells without affecting normal cells. These synthesized compounds have been characterized using different
analytical techniques including physicochemical studies such as elemental analysis, electrical conductivity, Uv-visible, IR,
nuclear magnetic resonance (NMR), mass spectrometry, magnetic and thermal studies as well as imagining using transmission
electron microscopy (TEM). In vitro, the anti-cancer activity of these synthesized compounds was investigated, and their
mechanism of action was detected. The results proved that these compounds have the anti-cancer activity against colon cancer
(Caco-2) and breast cancer (MCF-7) cell lines at very low concentrations up to 8.27 mg/ml. It was found that the Cd (I1)
compound showed the highest selectivity against cancer cells without affecting the normal (Vero) cells with selective index
(SI) values about 62 times for breast cancer cells and about 51 times for colon cancer cells.

Keywords: Schiff base; 4-aminoantipyrine; metallic compounds; physicochemical studies; anti-cancer activity; apoptosis.

1. Introduction
Due to their important applications in biochemical,

biological, catalytically, analytical and industrial
field, Schiff base and its metal complexes derived
from 4-aminoantipyrine are essential [1]. The
presence of N and different donor atoms in the
structure makes it biologically active [2]. Recent
literature has explained the biological importance of
different structural derivatives of heterocyclic

applications such as medicine, antifungal, antitumor,
analgesic and anti-inflammatory activities [3-5].
Moreover, Schiff bases obtained from varied
heterocyclic scaffolds cover a large range of
pharmacologic potential like antimicrobial [6],
anthelmintic, analgesic [7], anti-inflammatory,
allergic inhibitors reducing activity [8], antipyretic
[9], diuretic, hypoglycemic [10], antiepileptic drug
[11], anti-HIV [12], cytotoxic [13], antitumour

compounds. Schiff bases which are the condensed
products of aromatic amines and aromatic aldehydes,
are notable to possess a large variety of biological

[4,14], activities. additionally, determined that radical
scavenging [15] anti-oxidative action [16]. Tumor is
a multi-step progressive illness, in which some of
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cells start proliferating in an abandoned manner as a
consequent to a main mutation happens in the cellular
genetic. Regulating of cellular genes, cellular
proliferation, and cell cycle become mutated and
convert the normal cell into tumorous one [17]. These
tumor cells evade cell cycle check points, bypass
from apoptosis process, progress to form large
populations, increase their bulk, and invade nearby
tissues [18]. Tumor disease can be detected in
persons of all ages and can affect all body cells,
tissues, and organs except dead cells such as nails and
hair. Tumor disease can be treated and managed
efficiently if identified in early stages, however in
undiagnosed cases, it could be become fatal and the
disease develops to an end stage [19]. There are
several types for cancer treatment including
chemotherapy, in which tumor cells can resist
chemotherapeutics agents, leading to tumor relapsing
after an initial treatment. Consequently, the exploring
of novel candidates and cure policies to fight this
challenge is necessary [20]. Apoptosis is a natural
death mechanism for old, injured, or mutated cells
that avoids the progressive of tumor, which prevent
cancer occurring, and can be enhanced by many types
of drugs. Therefore, the stimulation of apoptosis
process in tumor cells is a promising objective to
achieve a novel agent against numerous types of
cancer cells during in vitro and in vivo studies.
Herein, in the present investigation, schiff base of 4-
(2-Hydroxy-1,2-diphenyl-ethylideneamino)-1,5-
dimethyl-2-phenyl-1,2-dihydropyrazol-3-one and its
metal complexes were prepared, characterized and
explored for their in vitro anticancer activity on
Caco-2 and MCF-7 tumor cells, while cytotoxicity on
normal cells was estimated on Vero cells using an
MTT method. Capability of these complexes to
induce a pro-apoptotic mechanism were detected by
using cell cycle analysis and fluorescence
microscopy.

2. Experimental and materials.

2.1. Materials and characterizations techniques
Benzoin, 4-amino antipyrine, CoCl,. 6H,0,
CdCIz.HgO, La(NO3)3. 6H,0, Gd(NO3)36H20, and
ethanol, etc. were used with purify (Sigma Aldrich,
98%) and no further purification was required. the
elemental analysis (C, H, N, S) were performed using
EL-elemental analyzer. The infrared spectra were
recorded as pot. bromide discs employing a Perkin-
Elmer 437 FTIR spectroscope (400-4000 cm™). Mass

Egypt. J. Chem. 66, No. 1 (2023)

spectra were recorded at seventy heat unit and three
hundred OC on a Hewlett-Packard spectroscope
model MS 5988. The proton-HNMR spectra (DMSO
— d6) were recorded on a Pruker FT-400MHZ
spectrometer. Electronic (UV-visible) spectra were
recorded on a Schimadzu UV-spectrophotometer
within the vary (200-800 nm). Thermal analyses were
administrated using thermal gravimetric analysis
analyzer TGA-50 SHIMA VZU and DTA, TA50
Shimadzu in dynamic N atmosphere with a heating
rate 10°C/ min. The magnetic susceptibility
measurements of the complexes were administrated
using Gouy balance. The conductivity was measured
on JEN method 4510 conductivity meter at room
temperature. Electron microscopes (SEM) and (TEM)
techniques were used to determine the particle
nanosize and % in complexes, the sample was coated
with gold and the patterns were performed with
(CuKa radiation).

2.2. Synthesis of Schiff base ligand

The ligand in Fig .1 was prepared by the ordinary
ways [21]. To the ethanolic solution of benzoin (5.30
g, 0.025 mol) an ethanolic solution of 4-amino anti
pyrine (5.08 g, 0.025 mol) was added (with an equi
molar ratio), the reaction mixture was heated under
fluxed for 4hs in a water bath. The product was
cooling and collected by filtration, washed many
times with alcohol and ether then dried in a
desiccator over anhydrous salt to provide 61.62% of
an orange powder the ligand.

2.3 Synthesis of metal complexes in bulk size

The metal complexes were synthesized by the
addition of (0.0025 mol) of the ethanolic solution of
La (N03)3.6H20, or Gd(NO3)36H20, COC|2.6H20,
CdCl,.H,0 to a hot ethanolic solution of the ligand
(0.0025 mol). Then the mixture was stirred and
refluxed for two hr. the product was filtered, washed
with alcohol and ether then dried in a desiccator over
anhydrous salt [22]. The isolated complexes (1-5) are
powder, stable in air, soluble in DMSO and DMF,
and their elemental analyses are in good agreement
with the proposed structure and the suggested
molecular formulae. The analytical data of the
complexes and their physical properties are
summarized in table S1 (supporting information

(S).
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2.4. Green chemistry method for synthesis of Gd
complex in Nano size

10 cc of a 0.1 M solution of Gd(NO3)3.6H,0O in
ethanol were positioned in a high-density inaudible
probe, in operation at twenty four kilohertz with a
most power output of four hundred watt (400 W).
Into this solution ten cc of a 0.1 M solution of the
ligand was added drop wise. The obtained precipitate
was evaporated at room temperature to get Gd
complex nano particle in dark Yellow powder [23].

NH,
OH &—
—N o

N

O,

2-hydroxy-1,2-diphenylethan-1-one

4 -amino-1,5-dimethyl-2-phenyl-1,2-dihydro-
3H-pyrazol-3-one

4-(2-Hydroxy-1,2-diphenyl-ethylideneamino)-1,5-dimethyl-2-phenyl-
1,2-dihydro-pyrazol-3-one

Fig.1l. Schematic representation of the bidentate
ligand.

2.5. Cytotoxicity of synthesized complexes against
normal and cancer cell lines.
The cell viability and cytotoxicity of the synthetic

complexes both in bulk and nano size were assessed
at different concentrations using normal (Vero) cells,
colon carcinoma (Caco-2) cells and breast carcinoma
(MCF-7) cells according to El-Fakharany et al. [24]
and Mosmann [25]. In brief, both Vero and Caco-2
cell lines at concentration (5x10°) cells per well in 96
well plate were cultured in DMEM medium
supplemented with 10% of fetal bovine serum (FBS)
and 100 units/ml penicillin/streptomycin, while
MCF-7 cells were cultured in RPMI-1640 medium
supplemented with 10% of FBS and 100 units/ml
penicillin/streptomycin. After incubation for 24 h at
5% of CO, at 37°C and 88% humidity, the
synthesized compounds at final concentrations of 10-
1000 pg/ml in 200 pl total volume of used
supplemented medium per well.. After incubation the
cells for 24 h in 5% CO, incubator, dead cells and
debris were removed by washing three times with
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PBS, pH 7.2. Aliquots of 200 puL of MTT solution
(0.5 mg/ml) was added to each well and incubated at
37°C and 5% CO, for 3-5 h. Formed formazan
crystals were dissolved in 200 ul DMSO and shook
for 5 min at 150 rpm, and then OD was measured at
570 nm. The relative of viability cells was
determined by comparison with untreated cells as
control (100%) using the following equation: (X)
test/ (YY) control x 100 [26]. The safe dose (EC100)
and half maximal inhibitory concentration (IC50)
values of all synthesized complexes that cause 100%
and five hundredth cell viability, respectively, were
calculated by the Graph-pad prism 6.0 software. The
selectivity index (SI) values that outlined because the
magnitude relation of the 1C50 on normal cells versus
tumor cells were also calculated for all synthesized
complexes [27].

2.6. Investigation of cell apoptotic effect using
phase contrast microscope.

Human colon carcinoma (Caco-2) cells were treated
with the synthetic complexes at IC50 concentrations.
After incubation for 24 h, Caco-2 and MCF-7 cells
were washed 3 times with PBS, fixed with 4%
paraformaldehyde for 10 min and permeabilized with
3% paraformaldehyde and 0.5% Triton X-100 for 1
min. After washing with PBS, the cells were stained
with propidium iodide (PI; Sigma, USA). Apoptotic
effect of the synthetic complexes was visualized
under fluorescence phase contrast microscope. The
cells with condensed and fragmented nuclei were
assessed as apoptotic cells [28,29].

2.7. Flow cytometric analysis.

To determine cell cycle arrest, alteration in cell cycle
populations after treatment with the synthetic
complexes at different concentrations was
investigated by flow cytometry as described by
previously with Abu-Serie and El-Fakharany (2017)
and El-Fakharany et al. (2020) in comparison with
untreated cancer cells. MCF-7 cells were seeded into
12-well plate at density 1.0x105 cells/ml and
incubated in 5% CO, incubator at 37 °C for 24 h.
After that, the cells were treated with the synthetic
complexes at IC50 concentrations. After incubation
for 24 h, the untreated and treated cells were washed,
trypsinized, fixed in 80% cold ethanol and treated
with 5 pg/ml RNase A (Sigma, USA). After
incubation for 2h, the cells were stained with 10
pg/ml PI for 20 min in dark condition. Cell cycle
distribution was measured by flow cytometry (Partec,
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Germany) using Mod Fit and Cell Quist softwares at
488 nm within 3 h.

3. Results and discussion

The elemental analysis data and the physical
properties of the prepared schiff base ligand and its
metal complexes are listed in table S1 (SI). The
elemental analysis data shows that the synthesized
compounds have (metal: ligand) stoichiometry with
molecular formula [Co(HL).CI.3H,0],
[Cd(HL).CI.3H,0], [La(HL).(NO3)3.H,O],
[Gd(HL).(NO3)3.H,O], and  [Gd(HL).(NOs3);.H,0]
nano. The complexes (1-5) have molar conductance
7.42,1.78,7.17, 158 and 7.12 S.cm’ mol®
representing their non-electrolytic nature [23].

3.1. 'H NMR analysis

'H-NMR (Fig.2) analysis shows that the ligand
provides a singlet peak at 9.42 ppm that attributed to
the O-H proton and additionally provides a singlet
peak at 3.13 ppm due to CHs group. in addition to a
multiplet peaks at 7.15-7.72 ppm due to phenyl
protons. Upon complexation it had been found that
the disappearance of the hydroxyl group proton peak
and additionally the CH; proton peak shifted to 3.14
ppm and additionally the phenyl protons provide a
multiplet peak at 7.15- 7.94 ppm. Indicating the
participation of the hydroxyl group in complexation
with its deprotonation.

3.2. Infrared spectra

The Infrared interpretation data listed in table 1 and
Fig.S1 (Sl). The peaks at 1590, 1172, and 1662 cm™
in the spectrum of the free ligand are due to
azomethine group, C-O, and C=0 groups,
respectively [31]. The IR spectra of the metal
complexes showed that shift within the peaks of C-
O, C=N groups because of their participation in
complexation and confirmed also by the appearance
of new peaks due to M-O, and M-N. The peak due to
C=0 group does not show any shift indicating that
this group does not participate in complexation.

Table 1: Infrared -spectral bands (cm™) of the Schiff
base ligand, (HL) and its meta complexes.

Compd. No.| C=N |:C=0| <C-0 [M-0 | M-N |~ 51;0 3
HL | 1590 | 1662] 1072 | — |~
1| 1593 | 1662 1170 | 692 | 552
2| 1601 | 1663 | 1067 | 698 | 555 | - | — | -
3 | 1568 | 1664 | 1027 | 697 | 549 |1063]1313] 1447
4 | 1568 | 1663 | 1143 | 698 | 551 |1063]1313] 1446
5 | 1568 | 1664 1027 | 697 | 549 |1063]1313] 1447

(b)
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3.3. Mass spectrum
The spectrum of the free ligand, HL (Fig.3) shows

that the peak at m/z 397.22 (14.68%) that agree with
the formula C,5Hy3N30,; 397.51. Also, the spectrum
shows many different peaks according to other
fragments, their intensity provides the stability of the
fragments. Furthermore, Fig.S2 (SI) shows the
proposed pathway of the decomposition steps for the
ligand.

UM e i@
Fig.2. 'HNMR spectrum of ligand HL (a) and
cadmium complex [Cd(HL)CI.3H,0] (b).
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Fig. 3. Mass spectrum for the ligand HL
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3.4. Ultraviolet-visible electronic spectra and
magnetic susceptibility measurement
Table 2 indicates the transition bands and the

magnetic moment values. Fig.S3 (SI) shows the
electronic spectra of the ligand and its complexes.
The ligand shows an absorption bands at 219 and 250
nm due to n—n* and n—n* respectively. Up on
complexation, these bands were shifted. Both Cd (1)
and La (I11) complexes are diamagnetic in nature with
no d-d transition. In keeping with all previous
information and analysis the octahedral structure is
also suggested. The electronic spectra of Co (lI)
complex showed 3 absorption bands at 520, 578, and
642 nm assigned to the transition 4T,4 (F) —>4T19(P)
and *T14(F)—"Ay(F), and therefore the magnetic
moment value is 3.15B.M that confirmed the
octahedral structure. The electronic spectrum of Gd
complex don't has any transition bands over four
hundred nm as a result of forbidden f-f transition. The
magnetic moment value is 2.66 B.M. confirmed the
octahedral structure [23,31].

Table 2: UV spectra for the ligand, HL and its metal
complexes.

Compd. No. | e (B.M.) Absorption bands (nm)
n-n* | n-n* | d-d transition
HL - 219 | 250
1 3.15 209 | 280 | 520,578,642
2 Diamagnetic 337
3 Diamagnetic | 290 | 338
4 2.63 298 | 339
5 2.66 296 | 338

3.5. Thermal studies
All data for thermal analysis are listed in table S2

(SI). The thermos-gram of the complex
[Co(HL).CI.3H,0] as Fig.S4 (SI) shows that there's a
3 coordinated water molecules. The first stage of
decomposition is beginning at 46-211°C the observed
mass loss is 4.63 % because of the loss of 1.5 water
molecule. The second stage of decomposition is from
213 °C to 440 °C the observed mass loss is 25.96%
this is because of the loss of 1.5 H,O, 2HCN, HCI,
and CO. the third stage of decomposition is from
441°C to 693 °C. The observed mass loss is 13.60%
this is because of the loss of C6H5. The fourth stage
is from 694 °C to 999 °C the observed mass loss is
40.36% is because of the loss of CioH; and CgH;N
leaving residue as CoO. The overall mass loss is
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ohserved to be 84.55% that is in well agreement with
the calculated value 86.22%.

3.6. EDX spectra and TEM analysis
EDX data was used for identifying the amount of

elements present in percentage level of the metal
complexes. EDX spectra is employed to calculate the
% of the elements present within the metal complexes
like C, O, N, and Gd that present within the Gd(lII)
complex (in bulk and nano size) shown within Fig
4.
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Fig.4. EDX analysis for Gd(I11) nano complex.

TEM analysis is performed to examine the size and
shape of the nanoparticles. The Gd(lll) complex
nanoparticle was fairly uniform in size, spherical in
shape, and with average diameter starting from 42.91
to 47.32 nm (Fig.5), the microscopy analysis allowed
to confirm visually the observed stability of the
obtained nano complex. The revealed data are in
good agreement with that of the elemental analysis
[31].

Toueg « Uhe Yoy wosex

Fig .5. TEM images for Gd(l11) nano complex.
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Finally, correlation of all techniques employed in
characterization of the synthesized complexes
provides the proposed structure of the metal
complexes as represented in Fig.S5 (SI).

3.7. Cytotoxic effect of the synthetic complexes on
the normal cells.
The cell viability (%) of the synthetic complexes was

investigated in vitro on Vero cells using MTT
method. The results are given in table 3, which
clearly indicates that safe dose (EC100) for
complexes HL, 4 and 5 were significantly (p < 0.001)
higher than the EC100 values determined for
complexes 1, 2 and 3. Furthermore, the cell viability
was decreased to 50 percent (IC50) at concentrations
of 274714452, 993.73+8.38,  422.12+5.09,
1273+11.24, 521.35+6.23 and 563.56+5.98 pg/ml for
complexes HL, 1, 2, 3, 4 and 5, respectively (table
3).

Table 3: EC100 (png/ml) and IC50 (um/ml) values for
effect of the synthetic complexes on normal epithelial
(Vero) cells.

compound number | ECyy ICs
HL 4444056 274.7144.52
1 0.04+0.01 993.7348.38
2 033004 | 422124509
3 0,060.01 1273.00+11.24
4 17.07+0.71 521.3546.23
5 35.3840.37 563.56+5.98

3.8. Cytotoxic effect of the synthetic complexes on
cancer cell lines.
In vitro cytotoxicity of the synthetic complexes was

estimated by MTT method using colon and breast
cancer cell lines after treatment for 24 h. Both Caco-2
and MCF-7 cells were exhibited a strong sensitivity
toward the synthetic complexes at low
concentrations. Based on IC50 and Sl results (shown
in table 3), complex 2 showed the highest anticancer
effect against Caco-2 and MCF-7 cells with 1C50
values of 8.27+0.69 and 6.79+0.54 pg/ml and SI
values of 51.04 and 62.17, respectively. In general,
MCF-7 cell line was more sensitive to the treatment
with complexes 1, 2 and 4 than Caco-2 cell line,
whereas Caco-2 cells were more sensitive to the
treatment with complexes HL, 3 and 5 than MCF-7
cells.
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3.8. Analysis of anticancer activity
Investigation of cell cycle phases of Caco-2 cells was

analysed to detect the apoptotic effect and anti-tumor
mechanisms of the synthetic complexes in vitro using
flow cytometry. Fig.6 shows the results of the cell
cycle population’s analysis for Caco-2 cells before
and after treatment with the synthetic complexes at
their 1C50 concentrations. Fig.6 demonstrates that the
percentage of both resting state/first growth synthesis
(G0/G1) and second growth synthesis/mitosis (G2/M)
phases was around 89% in untreated (control) Caco-2
cells, while these phases were reduced significantly
after treatment with all complexes at their IC50 doses
for 24 h. The sub-G1 populations were observed and
became dramatically detected, demonstrating the
synthetic complexes were capable to induce apoptosis
mechanism. Furthermore, all tested complexes have
the ability to suppress the populations of both G2/M
and S phases (Fig. 6a and 6b).These findings
indicated that all tested complexes induced to arrest
Caco-2 cells in both G2/M and S phases of cell cycle
distribution causing apoptosis in tumor cells. In
addition, anti-tumor mechanism of these complexes
was also determined by nuclear staining method
using Propidium iodide (Pl) dye as fluorescent
intercalating agent. Pl bind to DNA fragments
forming DNA-PI complexes which make the nucleus
of the treated cells appears with highly fluorescent
under fluorescence microscopy and become easily
detectable. Fig.6c shows that all tested complexes
were able to induce apoptosis to the treated Caco-2
cells. It is detected from the photomicrograph that the
Caco-2 cells became more round and lose their
normal spindle shape after treatment with the
synthetic complexes for 24 h at IC50 doses, as
compared to untreated cells. Furthermore, Fig.6¢c
shows that the chromatin became fragmented and the
nuclei was more condensed, however the untreated
cells were characterized by a normal cell shape and
intact nuclei, and that these effects more detectable in
case of treatment with complexes 2 and 3 than those
caused by the treatment with complexes. From the
present study, it can be inferred that Cd(ll) complex
[Cd(HL)CI.3H,0], is a potent anticancer candidate
which is pretty in agreement with our previous study
[13,31].
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Fig. 6. Analysis of cell cycle distribution and
apoptotic effect of the synthetic complexes on Caco-2
cancer cell line. Flow charts of cell cycle analysis
before and after treatment with the synthetic
complexes for 24 h (a), quantitative distribution of
Caco-2 cell cycle populations in different phases after
treatment in comparison with untreated cells as
control cells (b) and fluorescence photographs of
Caco-2 cells stained with Pl dye under a phase
contrast microscope after treatment with the synthetic
complexes for 24 h (c). (A) Untreated “control” cells
and (B-G) cells exposed to IC50 (pg/ml) of
complexes HL, 1, 2, 3, 4 and 5, respectively.

4. Conclusion
The prepared Schiff base ligand from 4-

aminoantipyrine and its prepared metal analogues
both in bulk and nano size were synthesized and
characterised using various techniques. The findings
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of the antitumor activity revealed that the complex of
Cd(II) exhibited a significant nontoxic behaviour and
higher selectivity against both colon and breast
tumour cells, sparing normal cells. It is essential that
the anti-tumor activity of this Schiff base should be
concluded for further in vivo investigations using
animal models for use these prepared bulk and nano
compounds as promising candidates in medicine for
fighting different types of cancers.
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Supporting information

Table S1: Analytical data and some physical properties of Schiff base ligand, and its complexes

Molecular formula Colour MPC%) Am* Elem. Anal . found (calcd.)
(M.Wt)
C H N O Cl M
HL Orange 155 0.68 75.65 5.77 10.98 812 - e
CasH23N30, (397.51) (75.53) (5.84) (10.57) (8.05)
(1)[Co(HL)CI (H,0)s] Yellowish 170 7.42 54.08  4.99 7.42 13.97 7.88 11.72
CoCys5H22N30,Cl(H;0);(54 green (55.09) (5.18) (7.71) (14.68)  (6.50)  (10.81)
4.95)
(2)[Cd(HL)CL.(H,0)3] Yellowish 210 1.78 50.02 4.55 7.53 13.98 5.88 22.62
CdCy5H2,N30,CI(H,0)3 White (50.17) (4.72) (7.02) (13.36) (5.92) (18.78)
(598.42)
(3)[La(HL)(NO3)3(H.0)] Yellow 188 7.17 44.23 3.65 10.67 2378 - 20.34
LaCysH,:N30,(NO3); (43.22) (3.78) (10.08) (23.03) (19.86)
(H20), (694.56)
(4) [GA(HL)(NO3)3(H.0)] Yellow 195 1.58 42.76 3.55 10.09 2298 - 21.98
GdCy5H5N30,(NO3); (42.06) (3.67) (9.81) (22.41) (22.02)
(H.0), (713.81)
(5) [GA(HL)(NO3)3(H.0)] Yellow 115 1.50 41.62 3.24 9.19 2238 - 21.85
GdCysH,,N30,(NO3); (42.06) (3.67) (9.81) (22.41) (22.02)

(H,0), (713.81) (nano)
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Fig.S1. IR spectrum analysis of (a) HL ligand, (b) complex of cobalt [Co(HL)CI.3H,0], (c) complex of cadmium

[CA(HL)CIL.3H,0], (d) complex of lithium [La(HL)(NO3)s;.H,0],

(e) complex
[Gd(HL)(NOs)3.H,Q] and (f) nano-complex of lithium [La(HL)(NOs)s.H,O].
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Fig.S2. Mass spectrum fragmentation pathway of the ligand (b).
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Fig.S3. UV spectra analysis of (a) HL ligand, (b) [Co(HL)(CI).3H,0], (c) [Cd(HL)(CI).3H,0], (d)
[La(HL).(NOs)s.H,0], (e) [GA(HL).(NO3)3.H,0] and (f) [Gd(HL).(NO3)3.H,O] (nano).
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Fig.S4. TGA curve of (a) [Co(HL).CI.3H,O] complex and (b) TGA curve of the [La(HL).(NO3); .H,O]
complex.
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M= Co or Cd
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Fig.S5. Hlustration represents the proposed structure of the metal complexes.
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