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Abstract: Thiosemicarbazones (TSCs) represent a category of chemical compounds that attract diverse
research groups' attention due to their wide and extended applications in different pharmaceutical and
agrochemical applications. Complexation reactions between the ligand and CuCl; resulted in the
formation of [Cux(H2MTS)CI>(H20)4 ]. X-ray diffraction data analysis of the studied complex suggests
octahedral structure, while characterization through elemental, thermal, magnetic, and spectral (UV,
IR, NMR, and ESR) analyses showed the formation of the complex. Thin films of pure polyvinyl
alcohol and other samples containing different mass fractions of CuTSCs were successfully prepared
through the traditional solution casting technique. Studies of the synthesized thin films show a notable
change of crystallinity, optical band gap, refractive index, dielectric primitivity, and other physical
properties with increasing copper complex. Besides, synthesized samples show an observed activity
against different pathogenic grams. Increasing copper complex content also shows a prominent change
in different samples' swelling rates, suggesting that metal complex acts as a controlled cross-linker for
polyvinyl alcohol (PVA) polymer.

Keywords: Thiosemicarbazide; PVA; FTIR; UV/Vis.; XRD.

© 2021 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

1. Introduction

Thiosemicarbazones (TSCs) and their metal complexes are compounds that have been
investigated extensively due to their biological activities [1-4]. Within the early 20th century,
thiosemicarbazones were utilized as antituberculosis and leprosy drugs [2, 3] antiviral agents
and used for treatment for smallpox recently [4]. Several researchers extended the research to
include their antitumor activity and tried to develop them as anticarcinogenic agents within
clinical phase Il on several cancer types [5-7]. Also, TSCs have been used as reagents to
determine metals spectrophotometrically, device applications relative to telecommunications
and optical storage. As it is well known, TSCs exist in tautomeric thione (A) and thiol (B)
forms [8-10]. The existence of tautomeric forms as an equilibrium mixture in solution is
essential for their versatile chelating behavior [11, 12].

Polyvinyl alcohol (PVA) is a polymer that exhibited much potential in medicinal and
biomedical applications due to its beneficial properties [13]. The intrinsic hydrophilicity of
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poly(vinyl alcohol) (PVA) makes it a desirable polymer for diverse applications significantly
when modified through blending or doping [14-16]. In addition, PVA possesses high water
permeability, high thermal and chemical resistance and a high anti-fouling capability. PVA
must be sufficiently crosslinked to overcome its high welling potential before use to ensure that
pollutants in water are preserved and that compaction under pressure is minimized. It is difficult
to do this while still obtaining cost-effective permeate fluxes. Many different reagents have
been investigated [17]. The crosslinking agent glutaraldehyde is more efficient than
formaldehyde or glycidyl acrylate, resulting in a less swollen substance than that produced
from increasing crystallinity by heating [18]. For preparing of reverse osmosis membranes,
toluene diisocyanate and acrolein are used to produce comparable effects but at a much higher
applied strain. Crosslinking with maleic anhydride/vinyl methyl ether copolymers produces
similar results at a higher strain. Thus, high swelling of PVA could be overcome by
crosslinking reactions by consuming some of the OH groups responsible for its hydrophilicity.
Pervaporation is used to separate organic compounds from one another or water, and similar
membranes are used to selectively move the vapor of one ingredient across the membrane based
on polarity variations [19, 20]. PVA membranes will be ideal for dehydration procedures in
this case.

The present work aims to investigate the physicochemical characteristics of polyvinyl
alcohol polymer modified with different mass fractions of copper thiosemicarbazide complex
(PVA/CuTSCs) and the possibility to be a candidate in different optical applications adopting
nonlinear optical characteristics.

2. Materials and Methods

2.1. Material used.

All chemicals were of high grade. Hydrazine hydrate monohydrate, diethyl malonate
and p-methoxyphenyl isothiocyanate, ethanol and diethyl ether were from Aldrich-Sigma
company.PVA, the main material used, is fine white powder odorless PVA [Mw=6000 gmol
! Laboratory Rasayan], and thiosemicarbazide ligand.

2.2. Synthesisof 2,2'-malonylbis(N-(4-methoxyphenyl)hydrazine-1-carbothioamide)
(H6PMTS).

The present Tsc, HsPMTS ligand was prepared by reacting malonyl hydrazide with p-
methoxy phenyl isothiocyanate in (1:2) molar ratio in hot ethanol and heating under reflux for
3hr. The precipitate formed was filtered off, washed and dried under vacuum. The product was
characterized by TLC, elemental analysis (C, H, N & S) and spectral (IR, UV/Vis, NMR)
measurements., and preparation of copper complexes with thiosemicarbazide.

C19H2504N6S2 (401.405): Yield: 85% (5.50 g) Page; m.p.:300 °C ; Elemental Anal. %
Calc; C (56.85); H(6.28); N (20.93); S(15.97); Found: C 46.20 .H 4.31; N 13.25; FTIR (cm”
1:3109 v(N1H); 3230 v(N4H); 3198 v(N2H); 1706; (C=O)bonded; 1675(v(C=0)hydrazine;
1650(v(C=0)benzoyl; 1558v(C=N)azo; 132256(C-H); 919 6(N-H); 1246 v(C=S); 824 5(C=S);
1613 v(C=C)phenyl; 1045 v(N-N);3062 (CH)aromatic.
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2.3. Synthesis of the copper complex.

25 ml hot ethanolic solution of 1 mmol CuCl2.4H20 salt were added to hot ethanolic
solution (0.46211 mmol) of HePMTS, heating the mixture under reflux for 2 h till brown
precipitate wasformed, filtered off, washed with ethanol followed by diethyl ether and dried
under anhydrous CaCl>.The complex obtained is found to be nonelectrolyte (Q=11 ohm-1cm?
) stable in air and soluble in both dimethylformamide (DMF) and dimethyl sulfoxide (DMSO)
[8]. [Cu2(H4PMTS)(CI)2 (H20)2]: Yield: (88%). Color: Pale brown. m.p.: 296.5 °C. Anal.
Found (Calcd for C20H30CI2Cu2N608S2, 744.61): C, 39.17 (32.26); H, 3.51 (4.06); N, 11.98
(11.28);S, (8.61) Cu, 21.09 (17.06); Cl, (9.5). Main IR (KBr) : 1675 v(C=O)hy; 1601
v(C=N)azo; 1300 5(C-H); 920 §(N-H); 1268 v(C=S); 8235(C=S); 1601 v(C=C)phenyl; 1029
v(N-N);3060 (CH)aromatic.

2.4. Films preparation.

Precalculated amount of Polyvinyl alcohol (PVA) was dissolved separately in a suitable
amount of DMSO at 50 °C vigorously stirred. Weight per volume of the studied HGPMTS was
also dissolved in DMSO. The metal complex was added to the viscous dissolved polymer and
kept at the same condition for about 3h with a required concentration listed in Table 1 to ensure
complete interaction between polymer and metal complex.

Table 1. Nominal composition and homination of studied samples.

Sample SO S1 S2 S3 S4
PVA 100 99.975 99.950 99.925 99.900
HG6PMTS 0.0 0.0250 0.050 0.075 0.100

2.5. Swelling rate test.

The experiment performed using a thin polymer film of the nearly constant area and
thickness placed in a known mass permeable bag suspended over a beaker filled with the test
liquid of known pH. The weights of polymer thin film were measured before (W1) and after
swelling (W2) for a fixed time interval (usually 30min), and the swelling rate was calculated
using the formula [21]:

w2 -w1i

SR % = Wi x 100

2.6. Characterization techniques.

XRD pattern (Figure 1) obtained within Bragg angles (20) extended between (5-80°)
recorded via PANalytical X Pert machine at 30kV adopting CuKa lines at wavelength 1.5418
A. FT-IR absorption spectral data collected through 32 scans within the range extended from
4000-400 cm™ with a spatial resolution 2cm™ via Nicolet iS10, to identify the fingerprint
vibrations correlated with specific functional groups. UV/Vis. electronic absorption spectra
were determined in the wavelength region 200-1000 nm using a spectrophotometer (Jascov
570). *H,3C- NMR spectra of the prepared Tsc and the 13C NMR spectra of the ligands were
recorded in DMSO-d6 on ECA spectrophotometer (500 MHZ). The percentages of C, H, and
N content in the ligands and their metal complexes were evaluated. Thermogravimetric analysis
(TGA D TGA) for the compounds was done at a temperature range (r-t- 800°C) by (TGA-50H
Shimadzu thermogravimetric). ESR spectrum of powdered Cu*? complex were recorded on an
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X-band (9.78GHz) by (Bruker EMX spectrometer) with 100 kHz modulation frequency at
room temperature.

3. Results and Discussion

3.1. Complex justification.

FTIR spectral data of the studied HGPMTS with chemical structure shown in Scheme
1 revealed three basic vibrational groups with bands originally located at 3230, 3109, and 3198
cm* with a shoulder at 3246 cm™ usually assigned for v(N4H), v(N1H), v(N2H) respectively.
Besides, sharp, intense bands located at about 1706, 1675, and 1604 cm™ can be correlated
with v(C=0)bonded, v(C=0), and v(C=C)Ph vibrations. At the same time, hydrogen bonding
between N2H and carbonyl oxygen is usually observed at 1885 cm™. Also, the band recognized
at 1355 is attributed to v(OCH3) vibrational mode. Furthermore, four new bands detected at
1558, 1465, 1246, and 823 cm™ were consigned to the formation of thioamide I, 11, 111, and
v(C=S) vibrations, respectively. The absence of bands due to v(OH) and v(SH) vibrations
suggested that the ligand exists in keto-thioketo form [7].

25 4
29H3CO 21 11 OCH37
24
S S
%6 || 18 15 12 ||
c N o2 N C
27 23 SN \15/ \13/ NN
N N C C N N
28 H H H H 1
22 19 || || 10 8
(0] (0]
17 14

Scheme 1. 2D and 3D chemical structure of 2,2'-malonylbis(N-(4-methoxyphenyl)hydrazine-1-carbothioamide)
(H6PMTS).

On comparing the spectrum of the bimetallic copper complex (Scheme 2) with that of
the ligand (Figure 1), it is clear that HGPMTS binds to the metal as bi-negative ONS tridentate
towards each copper atom. The symmetrical thiosemicarbazide coordinates two copper atoms,
one in the enol thione form on one side and the other in keto-thiol form. The following remarks
confirm this mode of chelation:-

» The disappearance of the band due to v(C=0) and the v(C=S) modes suffered weakness
upon complexation, suggesting that the two carbonyl groups undergo enolization
followed by deprotonation and thus sharing in coordination in enol form.

«  The band assigned to v(N*H) disappeared, while that due to v(N?H) is weakened, which
is an indication of participation of (N?H) group in coordination to metal ions a five-
membered chelate ring.

« The new bands observed at 1563 and 1170 cm™ assignable to v(C=N*) and v(C-O)
modes formed upon enolization of C=0 group on both sides of the ligand moiety.

https://nanobioletters.com/ 2627


https://doi.org/10.33263/LIANBS104.26242636
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS104.26242636

+  The appearance of new bands at 583 and 515 cm™ may be due to v(M-0O) and v(M-N)
vibrations support the proposed mode of chelation.

OCH;

OCH,

Scheme 2. 2D and 3D chemical structure of the synthesized copper complex.

The 'HNMR spectrum of the ligand, in DMSO-d6, exhibits three singlet signals at
10.27, 9.70, and 9.65 ppm corresponding to the protons of N*H, N?H, and NH. Upon the
addition of D20, the obtained spectrum indicate that these three signals were disappeared. The
multiplet in the region 6.75-8Thus, the appearance and disappearance of these signals, confirms
the ligand's existence in keto form.

On comparing the bimetallic copper complex spectrum with that of the ligand, it is clear
that HGPMTS binds to the metal as ONS tridentate towards each copper atom. An insight to
the spectrum revealed that bands due to v(C=0) and v(C=S) modes suffered weakness upon
complexation, suggesting that one of the two carbonyl groups undergoes enolization followed
by deprotonation and shares in coordination to one copper ion from one side while the other
coordinates in keto form to the second copper atom. This model is confirmed by the
disappearance of the band attributed to v(N1H).

UV/Vis. electronic spectrum of thiosemicarbazide, HGPMTS, in DMSO, showed two
major absorption bands located at 34250 and 32895 cm™ previously attributed for the transition
n—m* of phenyl rings and both of carbonyl and thiocarbonyl groups and with a shoulder at
about 25640 cm™ correlated with the n—n* transition of thiocarbonyl, carbonyl groups. The
spectrum of [Cu2(H6PMTS)CI2(H20)2] complex showed broad bands at 13160 and 12315 cm"
! respectively, attributed to 2Eq—2T2g transition of distorted octahedral geometry.
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3.2. Membrane characterization.
3.2.1. X-ray diffraction.

Figure 2 shows the x-ray diffraction pattern of the studied samples. Sample SO
represents the pristine polyvinyl alcohol (PVA) matrix which shows a broad medium-intensity
band originally centered at about 20° indicating that the studied host matrix has semicrystalline
nature. This can be explained by doping the pristine polymer with the synthesized metal
complex may result in some interactions that lead to this observed change in the degree of
crystallinity. Therefore, the degree of crystallinity (DC %) calculate in terms of both areas of

crystalline peaks (Ac) to the area of both crystalline and background (Ab) using the formula
[22]:
Ac

Dc% =
c’0 Ac +A4p

+ 100 (1)
As a general, it is noticed that a further increase in dopant level caused a decrease in

crystallinity, as shown in Figure 2b.
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Figure 2. (a) XRD pattern of the studied polymeric samples containing different dopant concentrations; (b)
variation of degree crystallinity.
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3.2.2. FTIR spectral data.

Figure 3 reveals the IR optical absorption spectral data of pristine polymeric matrix
(PVA) SO thin-film combined with other thin samples containing variable mass fractions up to
0.1% from the synthesized HsPMTS. FTIR spectra of studied data can be distinguished through
the following characteristic features:

e The broadband observed in the region 3600-3100 cm™ is assigned to both vstretching
and bending modes of the hydroxyl group of the PVA host matrix. The band centered
at about 2900, 2950 cm™ are characteristic for asymmetric and symmetric stretching
vibrations of aliphatic CHz groups.

e The sharp, intense band originally located at 1720 cm™ corresponds to bonded C=0
stretching vibrations and confirms the intermolecular interaction between OH groups
of PVA and dopant material and correlated with the semicrystalline nature observed
from the figure (2.b).

e A sharp band around 1430 cm™ attributed to the presence of CH2 scissoring vibration.

e The peak centered at about 1090 cm assigned to stretching (N-N) vibration.

1720
1430
1254
1092

Normalized Absorbance

T T T T T T T T " I‘ T ‘ T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)
Figure 3. FTIR optical absorption spectra of prepared thin samples.

FTIR and XRD data suggested the interaction between polymeric matrix and dopant
complex through the hydroxyl group of PVA can change the crystallinity level of material and
makes sample suitable for different chemical and optical applications [23-25].

3.2.3. UV/Vis. optical absorption spectra.

Figure 4 shows UV/Vis. electronic spectra (200-1000 nm ) displayed for the studied
samples, which revealed the appearance of a sharp band in all samples located at about 220
nm, usually attributed for the n—=* transition in the host polymeric matrix and point about to
the semicrystalline nature of PVA. The absorption peaks were observed at 250 and 300 nm on
increasing metal complex content and indicating their interaction with the polymeric matrix
with the absence of any sharp peaks until the end of measurements.

Figure 4b and data listed in Table 2 indicate the values of the optical energy gap (Eg)
for both direct and indirect transitions obtained from Tauc's plot of photon energy (hv) versus
https://nanobioletters.com/ 2631
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both (ahv)¥2 and (ahv)? respectively for selected samples. Table 2 also contains, the refractive
index and dielectric permittivity of the substance relative to that of the free space for all
samples under investigation that were calculated using Dimitrov and Sakaa equation [26]:
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Figure 4. UV/Vis. electronic transition of the studied samples.

1000

A notable change in energy gap was observed in both samples S3 and S4 that contain
the higher dopant concentration indicating and leads to a change in both refractive index and
dielectric primitivity and pointing to possible use in different medical and electrochemical

applications.

Table 2. Optical energy gap and calculated physical parameters.

Sample | Dopant Energy gap (eV) Refractive Primativity
Conc.% Direct indirect index (n) (e)

SO 0 4.921 5.011 2.012 1.418

S1 0.1 4.769 4.950 2.035 1.427

S2 0.2 4.593 4773 2.064 1.437

S3 0.3 4.079 4.356 2.154 1.468

S4 0.4 3.473 3.987 2.280 1.510

3.3. Antimicrobial activity.

Thiosemicarbazide complexes are extensively studied by different authors and are
known to have wide-spectrum biocide behavior towards multiple viruses, bacteria, and fungi
[27, 28]. The antimicrobial activity of synthesized complex and their composite polymeric
membranes containing variable concentrations of the complex were studied against gram-
negative bacterium strain viz; Escherichia coli ( E. coli ) and gram-positive viz Staphylococcus
aureus (S. aureues). The samples of equal area and thickness were planted in agar-containing
dishes (beef extract 3 g + agar 20 g + peptone 5 g) cultivated at 37°C for 24h.and the diameter

https://nanobioletters.com/
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of inhibition zones was measured. The procedure was repeated three times and the average
values were recorded.

Figure 5 shows the variation in the inhibition zone with the metal complex content.
25

204

inhibation zone (mm)

—&— E. coli
- @ - S. aureus

5 T T T T
0.000 0.025 0.050 0.075 0.100 0.12&

Metal complex content (w/w)

Figure 5. Variation of the inhibition zone in correlation with complex content.

It is worth predicting that the metal complex can produce biologically reactive oxygen
species (ROS) that induce hydroxyl radicals (OH") combined with their high bandgap. Hole
and electron pairs are also produced due to indoor light activation within both valence and
conduction bands during the activation process. Hydroxyl radicals are known to facilitate
permeability through the bacteria membrane and thus inhibit the growth of bacterial organisms
[7,29].

3.1. Swelling rate test.

The swelling rate test for samples containing different dopant concentrations was
performed at different pH levels to study the material's behavior at different media for specific
applications. Figure 6 reveals the effects of both pH and dopant concentration in the swelling
rate behavior of studied samples. It was clear from Figure 6a that pH values have a minor effect
in the process of swelling for the sample with a specific dopant concentration. Increasing
dopant contents result in lowering of the swelling rate, which points to the interaction process
between polymeric matrix and metal complex that increases complexation and interaction
process resulting in a polymer crosslinking [17-18].
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Figure 6. The effects of (a) pH and (b) dopant concentration on the swelling rate behavior of studied samples.
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Besides, Figure 6b generally shows an exponential decrease in swelling rate with
increasing complex dopant concentration and minor change in the pH values.

4. Conclusions

A new copper (I1) complex of 2,2'-malonylbis(N-(4-methoxyphenyl)hydrazine-1-
carbothioamide) (HsPMTS) was prepared. The synthesized metal complex was fully
characterized and investigated through elemental, thermal, magnetic, and spectral (XRD,
UV/Vis.,, IR, NMR, and ESR) data. The complex afforded the molecular
formula;[Cu2(H2MTS)CI2(H20)4] and assigned an octahedral geometry based on electronic and
magnetic susceptibility measurements. Pristine and composite thin films of PVA containing
variable mass fractions of CuTSCs within the doping level were successfully prepared using a
simple solution casting technique. Studies of the synthesized thin films showed notable
crystallinity changes, optical band gap, refractive index, dielectric primitivity, and other
physical properties upon increasing copper complex content. Also, the prepared films were
tested against antibacterial activity against pathogenic gram-positive and gram-negative
bacteria viz E. coli and S. aureus. The data showed more antibacterial activity towards gram-
positive bacteria that increased with increasing CuTSCs metal complex concentration. This
was correlated with the decrease in swelling rate attributed to controlling the cross-linking of
the PVA by the copper (1) complex.
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