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Abstract: In this paper methenamine (HMTA) ligand acts as monodentate with each central atom in all isolated
complexes although the ligand molecule possesses four potential donor atoms through three fused rings in the chair
configuration with four bridges — head nitrogen atoms. The nitrogen atoms of this donor may permeate the
coordination towards multinucleous of metal atoms. This behavior may be due to the shape of the ligand distribute the
donor atoms by the shape leads to this coordination. Ag(I), Cd(II), Cu(Il), Hg(II), Sn(II), Sn(IV), Sb(IlI), Bi(IIl),
Ce(III), Sm(IIT) and La(III) are the metal ions concerned this study. In the infrared spectra the shift in v(C-N) bands
proposed the type of coordination mode. The "HNMR spectra of Sn(II) and Bi(III) complexes are further supported for
the proposed chelation. The XRD study for some selective complexes reflects their amorphous nature. The thermal
behavior of these chelates shows that the hydrated complexes losses water molecules of hydration and coordination at
relatively higher temperature. This is due to the presence of hydrated molecules introduced by H — bonding inside the
coordination sphere with the active ligand centers followed immediately by decomposition of anions and ligand
molecules in the subsequent steps. The activation thermodynamic parameters as; E*, AH*, AS* and AG* are
calculated from the TG curves using Coats — Redfern method for suitable TG curves in between the all, which display
peaks in between sharpness and broadness. The ligand in comparison to some of complexes was screened for their
antibacterial and antifungal activities. The application was concerned in this study with focusing on some special
complexes chosen referring to their history of their distinguish activity. The activity data show the investigated metal
complexes to be more potent than the parent organic against most species.
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1. Introduction 34]. Here we focus on some metal ions full a shortage
Crystal engineering and the design of solid-state in previous studies. In between these ions which are
architectures of coordination polymer are very characterized by their ability to form highly
attractive fields in literatures , due to their potential coordinated building. A deliberate investigation of
applications  in  catalysis,  separations  and new complexes prepared is the first aim in this study.
optoelectronics [1-6]. Assembly of such extended Some special complexes were chosen for biological
supramolecular  architectures by selecting the investigation. In which the complexes of methenamine
coordination geometry of metal ions and the chemical are widely distributed in different application fields in
structure property of organic ligands can give rise to betweens the biological activity.
new and varied topological types [7-24]. 2. Experimental
Methenamine (HMTA), a potential tetradentate ligand, All chemicals used were analytical grade and
has been used to assemble new supramolecular were used without further purification.
architectures with metal ions via various possible 2.1. The synthesis of some HMTA complexes
coordination modes, namely, involving one to four N Ag(l), Cd(II), Hg(1l), Cu(II), Ce(III), Sm(III) and
atoms of HMTA in coordination [13-34]. However, La(III) complexes are prepared by adding a saturated
previous studies were mainly limited in using low aqueous solution of the respective metal salt to an
coordination metal ion Ag(I) as spacers to connect ethanolic solution of HMTA by a molar ratio of 1:4,
HMAT [13-24], or using high coordination metal ions, respectively. The product obtained were filtered,
such as Cd(II), Mn(Il), as spacers to connect HMTA washed with ethanol and dried under vacuum at room
[25-31]. HMTA-based coordination polymers temperature.
containing complex multidentate organic anions and 2.1.1. Sn (IV) - HMTA complex:

high coordination metal ions remain rather rare [32-
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9 mmol (1.260 g) methenamine in
methylenechloride (50 ml), was added drop wise with
constant stirring to a freshly prepared solution of 3
mmol (0.7818 g) tin (IV) tetrachloride by a molar ratio
3 : 1, respectively. The resulting clear solution was left
for 12 hrs. at room temperature with continuous
stirring; the white precipitated was then filtered out,
and washed several times and dried under vacuum
over P,0Os.

2.1.2. Sn (I) - HMTA complex:

The Sn(II) — HMTA complex was prepared by
the addition of 0.896 g (4 mmol) of SnCl,.2H,0 to
1.12 g (8 mmol) of HMTA, both of them were
dissolved in 50 ml ethanol. The reaction mixture was
left for 8 hrs. with continuous stirring at room
temperature. The white cream precipitated complex
was then filtered out, washed several times with
minimum ethylalchol and then dried under vacuum
over P,Os.

2.1.3. Sb (III) and BiO (I) HMTA complexes:

Similar procedures were operated to prepare the
two complexes. The antimony (III) trichloride and
bismuth oxynitrate are reacted with HMTA in
methanol as a solvent with a metal : ligand ratio by 1 :
3 at room temperature for about 8 — 10 hrs.

2.2. The Biological studies

The antimicrobial activity was applied by
diffusion disc method. A filter paper sterilized disc
saturated with measured quantity of the sample is
placed on plate containing solid bacterial medium
(nutrient agar broth) or fungal medium (Dox s
medium) which has been heavily seeded with the
spore suspension of the tested organism according to
the method of Barry [35]. After inoculation, the
diameter of the clear zone of inhibition surrounding
the sample is taken as a measure of the inhibitory
power of the sample against the particular test
organism. The antibacterial activities of some
investigated compounds were tested against
Escherichia Coli and Staphylococcus Aureus as well
as some kinds of fungi; Aspergillus Flavus and
Candida Albicans. The complexes, the free HMTA
and the pure solvent (DMSO) were tested with the
antibacterial and antifungal investigation at the same
time.

2.3. Physical and Instrumentation

Carbon, hydrogen and nitrogen contents were
determined using a Perkin-Elmer CHN 2400 in the
Micro-analytical Unit at the Faculty of Science, Cairo
University, Egypt. The percentage of tin cations was
determined using atomic absorption method. An
atomic absorption spectrometer PYE — UNICAM SP
1900 fitted with a tin lamp was used for this purpose.
The percentage of tin(IV) and tin (II) were also
determined gravimetrically for conformation by
transforming the product into the corresponding metal
for tin (IV) and metal oxide for tin (II), while the
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antimony and bismuth contents are also determined as
metals. The lanthanides were determined by
complexometric titration using EDTA by xylenol
orange [36]. The obtained analytical data are
summarized in Table 1. FT IR spectra were
investigated in the range 4000 — 400 cm™ using a
Gensis II FT IR spectrophotometer and samples were
prepared as KBr discs. 'HNMR spectra were recorded
on a Varian Gemini 200 MHZ, at room temperature
using dimethylsulphoxide as a solvent. Thermal
studies of the prepared complexes were measured
using a Shimadzu TGA -50H. The samples were
heated in platinum crucible in a statistic nitrogen
atmosphere to 600 °C at a heating rate 10 °C min™.
The biological studies were carried out in Micro-
Analytical Center, Faculty of Science, Cairo
University, Egypt.
3. Results and Discussion

Methenamine reacts with, Ag(I), Cd(Il), Hg(Il),
Cu(Il), Sn(1l), Sn(1V), Sb(IlI), Bi(1II), Ce(I1), Sm(III)
and La(IIl) ions in non aqueous medium to form the
obtained HMTA complexes. The physical and
analytical data of the complexes are summarized in
Table 1. The complexes are thermal stable in air and
soluble in common organic solvents like DMSO. All
the prepared complexes are non colored (white / white
cream color) except for copper(ll) complex. The
colorless appearance observed for the isolated
complexes devoted us to excluding the UV/ Vis study
due to there is no significant bands characterized the
complex geometry. So, the geometry proposed here
referring to the most stable one for each metal ion, as
well as the excepted attachment with the
corresponding ligand and their conjugated anions (Fig.
1). In order to verify the presence of chloride is
coordinated or ionic forms, the complex solution was
tested with an aqueous AgNO; solution.
3.1. Spectroscopic Studies
3.1.1. IR Spectral Analysis

The characteristic spectral bands and their
assignments for the isolated complexes in comparing
with their relative ligand are presented in Table 2. The
compounds are scanned over the range 4000 — 400 cm’
! which offer information regarding the coordination
mode in the complexes. HMTA is a potentially
tetradentate ligand. It may display different mode as a
mono -, bi- , tri — or tetradentate. Framework
molecular models show that it is more likely to act as
monodentate ligand. This is through only one nitrogen
atom from the four towards mononucleosis central
atom or multidentate bridging ligand towards multi
central atoms [37]. The fundamental bands in the
ligand spectrum at 1250 and 1000 cm™ are assigned to
VC-N vibrations and split into doublets in all the
complexes. This splitting elucidates the participation
of some donor atoms in between the four for the same
complex  nucleolus. The IR  spectra  of
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[Cus(NOs)((HMTA) 3(H:O)],
[Ag(NO;)(HMTA).2(H,0)], [CdCl,(HMTA) .(H,0)]
and [Hg(NO;),(HMTA).H,O]H,O complexes (Fig. 2,
some examples) display a splitting in vC-N bands at =~
1250 cm” and = 980 cm™. This is due to the
differentiate behavior of the donor atoms and the non
coordination of one or more in betweens. The minor
splitting formed closely spaced doublets or triplets.
The IR spectra associated with coordinated HMTA in
the complexes reported here are almost super
imposable on the IR spectrum of the uncoordinated
ligand. This may be attributed to the fact that the chair
configuration of the uncoordinated HMTA is retained
in all these complexes [38]. The coordinated nitrate
groups are terminally monodentate bonded towards
Ag(l) and Hg(Il) complexes and bidentated in
multinuclear Cu(Il) complex. This is through the
appearance of new bands for v,5 and v NO; by 150 cm’
! difference, which may assigned for monodentate and
50 cm” difference for bidentate nature. The
supplementary coordinating ligand (H,O) was
proposed based on the presence of new bands at lower
frequency region (600 - 800 cm™) for §, and &, H,O
and over 3400 cm™ for vOH, as well as the other
supporting bands for vM-N and vM-OH,. The IR
spectra of [SnCI,(HMTA),]2H,0,
[SnCl4(HMTA),]2H,0, [SbCI;(HMTA),]3H,O and
[BiO(NO5)(HMTA),.H,0] 3H,O as heavy metal
complexes. These complexes were investigated
concerning the same bands (vC-N). A band appeared
at~ 1250 cm™ and = 1012 cm™, concerning 1012 cm’™
band displays a lower shift than the ligand. The lower
appearance supports the participation of nitrogen atom

in coordination with the central atoms or with the
hydrated water molecules through H- Bonding. The
latter proposal is strongly supported through the
relative thermal stability of these complexes during
the TG investigation. The broad band in the range
around 3500 cm™' as well as new bands at the region =~
690 — 820 cm™ for VOH, &r and &w, respectively. The
rocking vibration associated to the CH, of HMTA is
observed at 840 and 808 cm™, while the corresponding
vibration of its complexes is observed as a strong
absorption and found as group of bands lying in the
986 — 798 cm™' region. The presence of these collected
bands in the complexes under study, suggests that
HMTA coordinates through its some donor atoms [39-
42]. Finally other new bands appeared in all spectra at
499, 499, 510 and 515 cm™ for Sn(II), Sn(IV), Sb(III)
and BiO(I) complexes attributed to vM-N vibration.
The IR spectra of [CeCl;(HMTA);]3H,0,
[SmCI;(HMTA);] and [La(NO3);(HMTA);]3H,0 as
inner transition metal complexes are investigated in
comparing with the ligand spectrum. The significant
vC-N bands appeared at ~ 1250 and 980 cm™ also
reflects the presence of different behavior concerning
the donor atoms. One or more in between donors may
be coordinated towards the central metal ions the
others may be non coordination or H — Bonded with
hydrated water molecules. This proposal was
confirmed through thermal analysis. The rocking
vibration bands of CH, are also suffered shift (= 560 -
790 cm™) due to the coordination of its neighboring
atoms. Also, the appearance of new bands at =~ 510
cm™ in the complexes spectra are expected for YVM-N
band.
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Fig. 1: The proposed structural formulae for most isolated complexes where as: M = Ce (X = Cl) or La (X =NOs)
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3.1.2. '"HNMR Spectra

The 'HNMR spectra of [SnCl,(HMTA),]2H,0
and [BiO(NO3;)(HMTA),.H,0]3H,0 complexes in
DMSO -dg4 were carried out. Their spectra display
whatever difference in comparing with their free
ligand spectrum (standard spectrum), a shifted in —
CH, — groups peaks to downfield (range from 6 4.41
to 8 5.11ppm for Sn (II) complex and from 6 4.25 to &
5.08 ppm for Bi (III) complex) in comparing with the
free HMTA ligand. Also, according to the "HNMR
spectral data for [SnClL,(HMTA),]2H,0; 6 =3.45 [H,
H,0] and for [BiO(NO;)(HMTA),.H,0] 3H,O
complex ; 6 = 3.38 ,3.47 [H, H,O] which not found in
the spectrum of free HMTA compound , indicate the
presence of water molecules in the two complexes.
However, the presence of two peaks for H,O in the Bi
(ITI) complex may indicate that the water molecules
found as coordinated lattice. The little difference
proposed the presence of lattice molecules inside the
coordination sphere through H - Bonding as
previously proposed since these data are in agreement
with the infrared and thermal analysis.
3.1.3. X — Ray diffraction study

X — Ray powder diffraction of the ligand and
some of its complexes were done. The XRD of free
ligand reflects its relative amorphous nature (Fig. 3)
but the other investigated complexes (Hg(Il), Ag(]),
Sn(IT) and BiO(I)) reveal a highly amorphous nature
for the isolated solid complexes. This devoted us to
exclude the idea of trying to isolate a single crystal
from such complexes. This is may be due to the
complexes are heavily hydrated through a strong
physical bond with coordinated ligand which may
deform crystalline structure in all isolated complexes.
3.2. Thermal analysis aspects

The correlations Dbetween the different
decomposition steps of the complexes with the
corresponding weight losses are reported in Table 3.
All the new complexes prepared are thermally
investigated. The TG and DTG curves of some
complexes are shown in Figure 4. The
thermogravimetric analysis is an essential for
supporting the presence of solvent molecules
coordinated with central atoms or in crystal lattice.
The TG curves of multi nuclear
[Cu3(NOs)¢(HMTA).3H,0] complex was degraded
firstly at a high temperature (midpoint 234.2°C) by a
mass loss 33.83 (Caled. 33.85 %) for the
decomposition of 3H,0 + HMTA + NO, + 0.50,. The
final residue by 66.17 (Calcd. 66.15%) as a major part
of a complex [2Cu(NOs), + CuO + NO;]. The TG of
[Ag(NO;)(HMTA). 2H,0O] complex displays two
degradation stages ended at =~ 550 °C. The first stage
mid point at 226.25°C may be for a decomposition of
2H,0 + NO, + CO+ N, + 6H, by loss 50.7 (Calcd.
51.48%) weights. The second stage mid point at
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458.89°C may be corresponding to the removal of 3C
atoms oxidized to their oxides by 10.51 (Caled.
10.41%) weight losses. The final residue is AgC + C
by weight percentage of 38.78(Calcd. 38.11%). The
TG of [CACl,(HMTA).H,O] complex displays four
degradation stages ended at ~ 600 °C. The first stage
mid point at 107.05°C by 5.07 (Calcd. 5.27%) weight
losses for the decomposition of H,O coordinated with
central atom. The following steps conclude the gradual
decomposition of the coordinated ligand. The final
residue at 600°C by 10.02 (Caled.10.55%) weights
may be for the removal of 3C atoms. The TG curve of
[Hg(NOs),(HMTA)(H,0)]H,O starts degradation at
temperature mid point 88.75°C may be assigned to the
removal of 2(H,0) + L + 2NO, + O, by 60.09 (Calcd.
59.94%) weight losses. The residue recorded at
246.6°C assigned for Hg by 39.89 (Calcd. 40.05%)
weights. The TG curve of [SnCl(HMTA),]2H,0
complex starting the decomposition at first stage mid
point at 140°C corresponding to the removal of
hydrated molecules bonded through H — Bonding
inside the coordination sphere by 6.2 (Calcd. 6.24%)
weight percentage. The final residue assigned to Sn
atom by 20.19(Calcd. 20.58%). The TG curve of
[SnCl,(HMTA),]2H,0 complex is starting the
decomposition at the mid point temperature 240°C
may be corresponding to the removal of 2H,0 + CI, +
2HMTA by 76.32(Calcd. 76.54%) weight losses and
the residual part assigned for Sn by 23.68(Calcd.
23.36%). The TG curve of [SbCl;(HMTA),]3H,0O
complex displays a decomposition step by a major
fragments weights by 78.81(Calcd. 78.89%) and the
residual part includes the Sb only by 21.19(Caled.
21.103%). The TG curve of
[BiO(NO3)(HMTA),.H,O] 3H,O complex displays
two degradation stages starting firstly at temperature
mid point 150°C which corresponding to the removal
of hydrated water molecules by 8.51 (Calcd. 8.45%)
weight loss. The second decomposition stage at mid
point temperature 305°C is corresponding to the
removal of coordinated water molecule beside the
ligands completely by 46.6 (Calcd. 46.67%) weight
losses. The final residue may be corresponding to
BiO(NOs). The TG curve of [CeCl;(HMTA);.3H,0]
complex displays two degradation stages starting at ~
300°C (mid point) may be corresponding to the
removal of 1.5 Cl, + 3H,0 by 22.00 (Calcd. 22.24%).
The second stage at 513°C may be corresponding to
the removal of 2HMTA + C4H ;N by 51.18(Calcd.
52.49%). The final residue may be for CeN; by
26.8(Caled.  25.26%). The TG curve of
[SmCI;(HMTA);] complex displays two degradation
stages starting at 270°C (mid point) may be
corresponding to the removal of 1.5Cl, +HMTA by
36.1 (Caled. 36.4%). The second stage mid point at =
430°C by 40.0(Calcd. 41.39%) may be corresponding
to removal of 2HMTA molecules. The residual part is
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representing to Sm by 23.89(Calcd. 22.21%). The TG
curve of [La(NO;);(HMTA);]3H,0 complex displays
three degradation stages. The first stage mid point at
95°C by 2.19 (Calcd. 2.25%) weight losses assigned
for the removal of hydrated H,O molecule. The
second stage at 135°C is corresponding to the removal
of 2H,0 by 4.59(Calcd. 4.50%). The third stage at
321°C by 75.29(Calcd. 75.8%) may be corresponding
to the removal of 3HMTA + 3NO, + 1.50, The
residual part represents La by 17.93(Caled. 17.37%).
All the data abstracted from the thermal study
supporting the proposal of presence of hydrated and
coordinated water molecules. Also, the trend of
decomposition in relatively higher temperature
supports the interaction of solvent molecules inside
the coordination sphere through the H- Bonding with
the active donor atoms in the ligand as the same as
coordinated molecules. Such by the relative thermal
stability recorded for most complexes. Most
complexes display the same trend in degradation by
showing 1 to 2 degradation steps and corresponding to
expel of all surrounds of central metal atoms in most
investigated complexes except some of them which
containing other coherent with the central atoms. This
may be due to the recording of residual at relatively
lower temperature as well as the strength of bonds
coherently attached with metal atoms. This H-Bonding
stabilizing the complexes towards the thermal
decomposition at relatively higher temperature.
3.3. Thermal decomposition kinetics

Recently, there has been increasing interest in
determining the rate-dependent parameters of solid-
state non-isothermal decomposition reactions by
analysis of TG curves [43,44]. The kinetic analysis
parameters such as activation energy (E*), enthalpy of
activation (AH¥*), entropy of activation (AS*), free
energy change of decomposition (AG*) were
evaluated graphically by employing the Coats—
Redfern relation [45] for Cu(Il), Ag(I), Cd(Il) and
Hg(II) complexes (Table 4).

_ _ 1-n
IHM=M+B forn #1 (1)
(A-n)T T
IH{M}—K-%B forn=1 (2)
T T

Where M=—E/R and B = In AR/®E; E, R, A, and

@ are the heat of activation, the universal gas constant,
pre-exponential factor and heating rate, respectively.
The correlation coefficient, », was computed using the
least square method for different values of n, by
plotting the left-hand side of Egs. (1) or (2) versus
1000/T (Fig. 5). A plot of left hand side of Eq. (1)
against 1/T gives a slope from which E* was
calculated and A (Arrhenius constant) was determined
from the intercept. From relevant data, linearization
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plots confirm first order kinetics. It has been found
that E* values for complexes > ligand. The entropy of
activation (AS*) and the free energy change of
activation (AG*) were calculated using Egs. (3) and
(4):

AS” (JK 'mol ") =R [In(AWKT)-1]  (3)

AG"(J mol ") = AH* — TAS* 4)
Where; k and h are the Boltzman and Plank constants,
respectively. The calculated values of AE*, A, AS*
and AG* for the decomposition steps of the complexes
are given in Table 4. According to the kinetic data
obtained from the TG curves, all the complexes have
negative entropy, which indicates that the complexes
are formed spontaneously. The negative entropy also
indicates a more ordered.
3.4. Biological Studies

From the antimicrobial profile (Table 5), Hg-
HMTA displays a significant inhibitory effect on the
growth of tested fungal and bacterial species followed
by Cd-HMTA and Ag- HMTA, regarding to the
standard antibacterial and antifungal agents. A relative
inhibitory effect on the growth of tested bacterial and
fungal isolates was observed by Ag-HMTA. Unlike,
the slightly antibacterial activity of Cu has relatively
no antifungal activity. The plausible antifungal and
antibacterial activities by Hg-HMTA and Cd - HMTA
complexes may be attributed to the toxicity of Hg and
Cd ions on plasma membrane functions, by
interference with the ATP binding domains or amino
acid transporter channels, causing a negative effect on
some metabolic pathways, especially
metalloproteinase dependent. According to Overtone’s
concept [46] of cell permeability, the lipid membrane
that surrounds the cell favors the passage of only lipid
soluble materials due to the liposolubility is an
important factor that controls antimicrobial activity.
On chelation, the polarity of the metal ion is reduced
to a great extent due to the overlap of the ligand
orbital and partial sharing of the positive charge of the
metal ion with donor groups. The reduction in positive
charge of the central metal ion is greater for oxidation
states I and II than the oxidation state III, so here we
focus on some special complexes which may serve
based on the previous concepts. The increased
lipophilicity enhances the penetration of the
complexes into lipid membranes and blocking the
metal binding sites on the enzymes of the
microorganism. Also, however the metal salts alone
may exhibit a higher activity than the complexes but
cannot be used as antibacterial agents because of their
toxicity and the probability of binding to the free
ligands presented in the biological systems such as the
nitrogen bases of nucleic acid and proteins.
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Table 1: Analytical and Physical data for HMTA metal complexes

Compound Color Elemental analysis (%) Calcd. (Found)
Empirical formula (M. Wt.) (geometry) C H N M Cl
1) [Cus (NO3)s (CeH12N4) 3H20] Blue 9.52(9.60) 2.39(2.35) | ----- 25.2(25.1) | -—----
(756.89) (distorted
octahedral)
2) [Ag (NOs) (CeH12N4). 2H,0] Buff 20.82(20.80) | 4.66(4.60) | 20.24(20.27) | 31.17(31.14) | ------
(346.09) (tetrahedral)
3) [Cd CL, (C¢H12N4) H2O] White 21.1(21.20) | 4.13(4.14) | 16.40(16.50) | 32.91(32.87) | 20.76(20.65)
(341.52) (Tetrahedral)
4) [Hg (NO3)»(CeH 2Ny) (H20)] White 14.39(14.40) | 3.22(3.30) | 16.78(16.60) | 40.05(40.15) | ----
(H>0)(500.82) (Tetrahedral)
5) [Sn Cls (CeH12N4)2]2H,0 White 24.98(24.96) | 4.89(4.87) | 19.42(19.40) | 20.58(20.57) | 24.58(24.57)
(576.93) (Octahedral)
6) [SnCly(CsHi2N4)2]2H0 White 28.48(28.45) | 5.58(5.57) | 22.14(22.19) | 23.46(23.44) | 14.01(14.00)
(506.02) (Tetrahedral)
7) [Sb Cl3(C¢H12N4)2]3H,0 White 25.62(25.60) | 5.37(5.36) | 19.92(19.87) | 21.64(21.64) | 18.91(18.90)
(562.53) (Trigonal
bipyramidal)
8) [BiO(NO3)(CeH12N4)2(H20)] Whit 22.54(22.53) | 5.04(5.10) | 19.71(19.65) | 32.68(32.66) | -----
3H,0(639.42) (Trigonal
bipyramidal)
9) [Ce Cl3(CeH12N4)s]3H0 White 29.98(30.10) | 5.87(5.88) | 23.31(23.32) | 19.43(19.42) | 14.75(14.76)
(721.09) (Octahedral)
10) [SmCI3(CeH12N4)3] (677.29) White 31.92(31.88) | 5.36(5.34) | 24.82(24.80) | 22.20(22.20) | 15.70(15.60)
(Octahedral)
11) [La(NO3)3(CsH12N4)s]13H0 White 27.04(27.03) | 5.29(5.28) | ---- 17.37(17.38) | -----
(799.53) (Octahedral)

Table 2: Assignments of the IR Spectral bands (cm™) of HMTA and its metal complexes

Compound v (C-N) v(H,0) | §(H,0) 8(H,0) V(NO3) VMN | VMm-0

1) [CeH Ny 1250 | 1000 | -—

2) [ Cuz (NO3)s (CsH2Ny) 3H,0] 1100 900 3550 800 700 1400 470 550
1350

3) [ Ag (NO;3) (CeHpoNy). 2H,0] 1000 | 980 | 3500 800 650 1450 500 | 520
1300

4) [Cd Cl, (C¢H2Ny) HyO] 1250 1000 3500 800 650 -—-- 500 520

980

5) [Hg (NO3)»(CsH ,Ny) (H,0)] (H,0) 1050 | 1000 | 3500 800 700 1450 500 | 550
1350

6) [Sn Cl, (C4H,N,) 2]2H,0 1250 | 1018 | 3480 818 798 499 | —

7) [SnCL(CH N, [2H,0 1253 | 1012 | 3475 818 693 499 | -

8) [Sb Cl3(C4H5Ny),]3H,0 1269 1018 3433 800 690 -—- 510 ----

9) [BIO(NO;)(CeH,,Na)o(H,0)3H,0 1264 | 1018 | 3422 818 745 1468 515 |
1295

10) [Ce Cl3(CgHpNy)5]13H,0 1259 1012 3564 818 792 -—-- 520 -—--

11) [SmCL(CH,,Ny)s] 1250 | 1012 | 3427 800 712 525 |

12) [La(NO3)3(CsH,2N4)3]3H,0 1243 | 1012 | 3532 818 750 1468 509 | —
1290
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Table 3: Thermogravimetric data of the investigated complexes

Complex Steps DTG peak (°C) Decomposed assignments Weight loss
Found (Calcd. %)
(2) 1™ 234.22 -NO; + L+ 3H,0 33.83 (33.85)
residue -2[Cu(NOs),]+ Cu + NO, +0.50, 66.17 (66.15)
(3) 1™ 226.25 -2H,0+ NO, +0.50,+ 2N, +6H, +C 50.70 (51.48)
2" 458.89 -3C 10.51 (15.41)
residue Ag+2C 38.78 (38.11)
g
(4) ™ 107.05 -H,0 5.07 (5.27)
2 208.93 -Cl + N, 28.29 (28.96)
31 241.4 -C+3H, 5.56 (5.28)
4™ 329.13 -Cd+2C+3H,+N, 51.06 (49.92)
residue 3C 10.02 (10.55)
5) 1 88.75 -2H,0 +L +2NO, + O, 60.09 (59.94)
residue 246.6 Hg 39.89 (40.05)
(6) 1 140 - 2H,0 6.20 (6.24)
2nd 240 -2L +2Cl, 73.61 (73.18)
residue Sn 20.19 (20.58)
(7) ™ 240 - 2H,0 + 2L + 2Cl, 76.32(76.54)
residue Sn 23.68(23.36)
(8) 1™ 270 - 3H,0 + 2L + 1.5Cl, 78.81(78.89)
residue Sb 21.19(21.103)
9) 1™ 150 - 3H,0 8.51(8.45)
2 295 -H,O +2L 46.60(46.67)
residue BiO(NO3) 44.89(44.88)
(10) ™ 307 - 1.5Cl, + 3H,0 22.00(22.24)
2nd 513 -3C4H )N+ 2L + 51.18(52.49)
residue CeN; 16.81(25.26)
(11) 1 272 - 1.5Cl, 36.10(36.40)
2 433 2L 40.00(41.39)
residue Sm 23.89(22.21)

Table 4:Kinetic parameters using the Coats — Red fern ( CR)operated for the HMTA complexes

Complex | Step Method | Kinetic Parameters
E (Jmol™) | A(S™ AS (Jmol'K) [ AH (Jmol™) [ AG (Jmol™) [r
) 1 CR 1.02x10° | 1.5x10* | -2.08x10* 9.76x10" 2.03x10° 0.9746
(3) 1 CR 4.81x10° | 7.11x10° | -1.9x10° 4.77x10° 5.74x10° 0.9859
2m CR 2.85x10° | 4.22x10° | -2.02x10* 2.79x10° 4.27x10° 0.9402
) 1% CR 1.22x10° | 1.80x10% | -2.04x10* 1.19x10° 1.96x10° 0.9177
2n CR 1.43x10° [ 2.11x10* | -2.05x10* 1.39x10° 2.44x10° 0.9594
3¢ CR 1.84x10° | 2.72x10* | -2.07x10* 1.77x10° 3.53x10° 0.9935
5) 1% CR 1.17x10° | 1.73x10* | -2.06x10* 1.13x10° 2.11x10° 0.9941
2 CR 1.16x10° | 1.71x10* | -2.07x10* 1.12x10° 2.20x10° 0.9750

Table 5 :The inhibition zone values of bacteria and fungi for the ligand and its metal complexes

Compound Escherichia Staphylococcus Aspergillus flavus Candida albican
coli (G) Aureus (G) (Fungus) (Fungus)

DMSO 0.0 0.0 0.0 0.0
Tetracycline 32 26 -- --

Amphotricin B -- -- 17 20
[ CU3 (NO3)6 (C6H12N4) 3H20] 13 14 0.0 13
[ Ag (NOs) (C¢HpNy). 2H,0] 25 24 13 17
[Cd Cl, (C¢H ,Ny) HyO] 31 35 18 24
[Hg(NO3)»(CeH 12N4) (H,0)] (H,0) 35 36 23 29
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Fig. 2: Infrared spectra of (A) Free HMTA, (B)
Sn(IV)-HMTA, (C) Sn(II)-HMTA, (D) Sb(III)-
HMTA and (E) Bi(IIl)-HMTA complexes.
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Fig. 3: XRD of HMTA in free State HMTA complexes.
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