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Abstract
Present work reports the synthesis of polyethylene glycol, PEG 300 (soft segment) and toluene 2,4-
diisocyanate, TDI (hard segment) based hydroxy-terminated polyurethane ligands (HTPU300) for the �rst
time to the best of our knowledge. The effect of 3d transition metal ions with different 3d electrons within
HTPU (M(II)-HTPU300, M= Mn, Co, Ni, and Zn) was evaluated by their physical and antibacterial studies of
the �nal complex polymeric unit. M(II) HTPU300 and was conveniently synthesized in appreciable yields
following a facile and one-pot addition polymerization reaction scheme. Foremost the thermal stability of
all the M(II)-HTPU300 polymeric materials were evaluated using TGA, DSC, and IPDT calculations. FTIR
technique was used to ascertain the structure of M(II)-HTPU300, while SEM/EDX and XRD techniques
were used to study their morphology, elemental analysis, and crystalline nature of the material,
respectively. Further, the in-vitro antimicrobial activity of the PU was investigated against gram-positive
(Staphylococcus aureus, Bacillus subtilis) and gram-negative (Escherichia coli and Pseudomonas
aeruginosa) bacterial strains. The comparatively moderate e�cacy against bacterial stain supports the
possible application of such PU as thermally stable bacterial resistant materials constructed out of
degradable PEG.

Introduction
In metal ion-containing polymers synthesis, the selection of both polymers as well as metal ions plays a
key role in deciding their overall physical, chemical, thermal, and antimicrobial properties. A small change
in core structure would lead to considerable changes in the resulting materials[1]. The monomers or
polymers that have been used in recent times include crown ether [2],   epoxy resins[3], macrocycles[4],
Schiff bases[5], porphyrins, N-heheterocycles[6], polyureas[7], and polyurethanes (PUs)[8]. The chemical
and structural properties of PUs can easily be modulated to generate tailored polymers with
predetermined features[9]. PUs generally comprises a linear copolymer having �exible components called
as soft segments well as relatively polar, a stiff component called a hard segment. The PUs are one of the
most versatile classes of polymeric materials as they �nd applications in various emerging �elds like
catalysis[10], drug delivery[11], gas storage,[12] luminescence[13], non-linear optics[14], adsorption[6],
photo-physical studies[15], antimicrobial agents[16], material[17], pollutant sequestration[18], and
biomedical �elds. The chemical and structural properties of PUs can be varied by: (i) Changing the
chemical structure of diisocyanate and/or diols[19], (ii) Changing the chemical structure or length of
chain extenders having α, -alkane di-ols[20], (iii) Altering the ratio of diisocyanate/diols, (iv) Changing the
polymerization procedure and processing conditions. Moreover, it is also observed that the structure of
aliphatic and aromatic diols and diisocyanate plays a key role in elucidating the overall properties and
successive applications of the resulting PU. Further, to develop new and advanced PUs with relatively
improved or value-added functionalities, incorporation of secondary additives like macromolecules, bio-
actives, pharmaceuticals, nanogels, nanoparticles, and metal ions, is very general, however, the
concentration, compatibility, and toxicity of such additives plays a big role while the formulation of metal
ion-containing PUs[21].
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Among various diols, PUs synthesized with polyethylene glycol (PEG300) (as a soft segment), which is a
water-soluble polymer has attracted greater interest due to increasing health/ environment awareness,
and its superior properties owing to the controllable transition temperature, improved degradation rate,
high biocompatibility, low toxicity[22], molecular structure, contact angle measurements, hydrophilic
nature,[23] shorter synthesis timings, room temperature stability, adhesive properties, absence of
immunogenicity[24], and facile anion polymerization methodology. Thus, PEG has been used as a
monomer of choice for the synthesis of PUs in the present study. A review of the literature reveals only a
handful of reports about the interaction between the PUs and metal ions[25]. Matsuda, synthesized the
metal coordinating PUs by interacting the Toluene diisocyanate (TDI) and Hexamethylene diisocyanate
(HMDI) with Ca and Mg salts of mono(hydroxyl-ethyl) phthalate for 6 h. They reported that metal
incorporation into the polymeric ligand enhances the thermal decomposition of the polymer[26]. N.
Senthilkumar et al prepared the metal-containing PU by the polyaddition reaction of poly
(oxytetramethylene) glycol-2000 with 4, 4-methylene bis (phenyl isocyanate) for 11-13 h to develop PU
with improved thermal and mechanical properties[27]. Hasnain et al. synthesized the metal chelated PUs
by reacting the metal chelated bi-functional monomer and TDI for 5-7 h to report the enhancement of
studied properties due to metal coordination[7]. Khan et al. derived cardanol formaldehyde-based
polyurethane by the addition of divalent metal ions through the green route[28]. Laxmi et al. synthesized
the coordination polymer derived by the reaction of metal ions with hydroxyl-terminated PU as a ligand to
formulate PU with good adsorption abilities[29]. Although, metal ions can strongly interact with the planar
polymeric backbone which results in limited solubility, use of harmful solvents in huge quantities, multi-
step synthesis process, and longer reaction times during[30]. However, to the best of our understanding,
there is no report dealing with the synthesis of metal-containing PU by using the nontoxic monomer, i.e.,
polyethylene glycol. In the present work, we attempted to synthesize metal coordinated polyurethane via a
feasible approach, with minimum use of harmful solvents, having shorter reaction times, and with
additive properties.

We have fabricated PEG300 and TDI-based hydroxy-terminated polyurethane, HTPU300, and their hybrid
with divalent metal ions (Mn, Co, Ni, and Zn) to form metal ion-containing polymer, M(II)-HTPU300 with
synergic properties of the polymeric unit as well as a metallic ion. M(II)-HTPU300 polymers were
characterized by analytical techniques such as FTIR, SEM/EDX, and XRD, along with detailed thermal
studies. The M(II)-HTPU300 were also screened for their plausible antibacterial activity against gram-
positive and gram-negative bacteria. 

Methods And Materials
Polyethylene glycol (PEG; Mol. Wt. 300gm/mole), Toluene diisocyanate (TDI), and p-Toluene sulphonic
acid (pTsOH) were purchased from S. D. Fine Chem Ltd. India. Manganese (II) acetate tetrahydrate (Mol.
Wt. 245.09g/mol) Cobalt(II) acetate tetrahydrate [Mol. Wt. 249.08g/mol] , Nickel(II) acetate tetrahydrate
[Mol. Wt. 248.84g/mol] (Merck India ) , Zinc(II) acetate dihydrate [Mol. Wt. 219.49 g/mol] (Qualigens Fine
Chemicals and dibutyltin dilaurate (DBTDL) were procured from Loba Chemie Pvt. Ltd. Mumbai. Solvents
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such as DMSO, Diethyl ether, Ethanol, Methanol, and acetone were obtained from Merck, India. All the
chemicals are used as received without further puri�cation. Double distilled water was used throughout
the work.

Synthesis

Synthesis of M(II)-HPU300

Metal-containing polymers were synthesized via., a facile route as shown in Scheme 1. Brie�y, the 2:1
stoichiometric ratio of PEG300 and TDI were dissolved in 30 ml DMSO separately. They were mixed in a
three-necked round bottom �ask equipped with a mechanical stirrer, thermometer, re�ux condenser, and
temperature controller. 1-2 drop of DBTDL catalyst was added in the reaction mixture by using a
microsyringe. The mixture was allowed to stir for 2-3 minutes at room temperature until a color change
was observed. Subsequently, methanolic solution of stoichiometric amount 1:1
(HTPU300:M(CH3COO)2.nH2O (M= Mn, Co, Ni, and Zn) was slowly added under constant stirring. After 5
min of uniform mixing, p-TsOH (0.1%) was added which catalyzes the incorporation of metal ions as well
as helps in dehydrating the reaction mixture. The reaction mixture was re�uxed until viscosity increases
and color change was observed. The addition of 15% DMSO to the reaction mixture at this stage is to
adjust the viscosity which facilitates the �ltration and processing of the PU. The �ltrate was �ltered into
double distilled water where the product gets precipitated. The PU was then separated by decantation of
non-precipitated reaction products, washed with distilled water, acetone, and diethyl ether. The �nal
product was dried in a vacuum.

Synthesis of HTPU300

HTPU300 was synthesized by following the same method as followed during the fabrication of M(II)-
HTPU300 excluding the addition of metal salt to study the effect of metal incorporation.[30] 

CHARACTERIZATIONS

The solubility was checked by dissolving 20 mg of sample in 5 ml of different solvents (polar and non-
polar). Digital conductivity meter, PICO+, Lab India Instrument, Pvt. Ltd was used to record the electrical
conductivity. Bruker Tensor 37 spectrophotometer (Germany, 4000 to 400 cm-1, KBr pellet mode) was
used to analyze FT-IR spectra of the samples. The diffractogram of samples was obtained from an X-ray
diffractometer, Ultima IV model, Rigaku cooperation, Japan. (10-80° range at the scan rate of 1 o/min with
CuKd radiations). ZEISS EVO 50 Series instrument was used to analyze FESEM/ EDX for determining
surface morphology and chemical composition of the surface of the samples. The thermal analysis
(TGA/DTA/DSC) was carried out under N2 atmosphere using Mettler Toledo AG, Analytical CH8603,
Schwerzenbach, Switzerland. Doyle method was used to calculate the IPDT values from the thermal
data[31]. In-vitro antibacterial activities of HTPU300 and M(II)-HTPU300 were carried out by agar diffusion
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method[29] against gram-positive(Staphylococcus aureus, Bacillus subtilis) and gram-negative
(Escherichia coli and Pseudomonas aeruginosa) bacterial strains as using the standard drug Ampicillin.

Results And Discussion
Chemistry of HTPU300 and M(II)-HTPU300

The synthesis of HTPU300 was carried out by reacting diols with di-isocyanates via a single pot addition
polymerization in presence of DBTDL as a catalyst. The synthesis of HTPU300 was followed by
condensation polymerization of HTPU300 with metal acetates, yielding colored M(II)-HTPU300 (Table 1)
that seemed to be new materials having huge potential and value-added properties[32]. The successful
formulation of the metal ion incorporated PU was con�rmed by the change in solubility, conductivity,
functional properties, and thermal properties of the �nal material. The obtained PU was dried and then
subjected to solubility studies to ascertain the effect of metal-induced coordination.

The synthesized HTPU300 was easily soluble in DMSO, DMF, and pyridine. Interestingly, the incorporation
of the divalent metal ions led to the restricted solubility of Zn(II)-HTPU300 to DMSO only. Most probably
the interaction of the electronegative functional heads in the HTPU300 has resulted in increased rigidity
and higher crosslinking density of the M(II)-HTPU300. [33] The percentage yield of M(II)-HTPU300 was
found to be signi�cant and ranges from 79-82% (Table 1).

Electrical Conductivity

The conductivity of HTPU300 and M(II)-HTPU300 depends directly on the degree of ionization and vice-

versa. The HTPU300 showed a comparatively lower conductivity value than M(II)-HTPU300 (10-6 Scm-1)in
DMSO. Although, the incorporation of metal ions did increase the conductivity the range of conductivity is
in the lower range which indicates possible semi-conducting nature[34] of the metal incorporated PU, as
shown in Table 2. Since the amount of metal ions used is mostly incorporated within the HTPC300

polymeric matrix which restricts the overall conductivity of the PU. 

FTIR spectral analysis

FTIR spectral data of HTPU300 and Zn(II)-HTPU300 are shown in Figure 1, and the rest of the characteristic
peaks of other M(II)-HTPU300 have been summarized in Table 3. A comparative study implies the
successful synthesis of proposed M(II)-HTPU300. The characteristics peaks of HTPU300 were recorded at

3532-3215 cm-1 corresponding to –OH group of aliphatic alcohol[35], while the peaks appearing at 3055
can be ascribed due to (Ar C=C-H υ) and 2988 cm-1 may be assigned to aliphatic -CH2, CH3 symmetric,

and asymmetric stretching vibration[36]. The strong band observed at 1658 cm-1 may be attributed to
>C=O stretching vibration of urethane[37], while the bands at 1533 cm-1 may be assigned to N-H out of
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plane bending in urethane[38], while the band at 1043 cm-1 may be corroborated to C-O-C stretching
vibration.[39]

The spectral data of M(II)-HTPU300 [where, M = Mn(II) d5, Co (II) d7, Ni(II) d8 and Zn(II) d10] can be

extensively discussed. The peak centered between 3277-3300 cm-1 may be ascribed to -NH stretching
vibration while the strong peak appearing between 1696-1712 cm-1 may be assigned to >C=O stretching
vibration of urethane groups.15 The peak lying in between 1541-1536 cm-1 may be due to the N-H out-of-
plane bending of urethane. Similarly, the peak observed between 896-916 cm-1 may be due to rocking and
wagging vibrations in M-H2O,[7] while the new peak appearing in between 752-773 cm-1 in Mn(II), Co(II)
and Ni(II), Zn(II) may be due to the presence of coordinated water molecules.[40] Also, the weak bands
lying between 448-459 cm-1 may be conveniently assigned to M-O stretching bonds[29]. The main
changes observed after the coordination of the metal ions to HTPU300 are summarized as follows:

i. The broad band of –OH of HTPU300 disappears and a sharp N-H band surfaces in between the 3277-

3300 cm-1 range.

ii. A down�eld shift in –NH bending of M(II)-HTPU300 of about 10-15 cm-1, was observed illustrating the
coordination of lone pair of –NH to with metal ions[41]in M(II)-HTPU300.

iii. The shifting of strong carbonyl frequency peak in the region 1698-1709 cm-1 in M(II)-HTPU300 might be
due to coordination of lone pair of –NH to metal ions and thus cannot delocalize into the carbonyl
group[42]

iv. Medium intensity peaks were observed at 752-773 cm-1 in Mn(II)/Co(II)/Ni(II)-HTPU300 might be due to
the presence of coordinated water molecules, thereby supporting the octahedral geometry[43]. However,
this peak was found to be absent in Zn(II)-HTPU300 thus, supporting our assignment of tetrahedral
geometry for the Zn(II) ion.

Morphological Studies

XRD

XRD is a well-established technique to evaluate the structural (amorphous, semi-crystalline, and
crystalline) arrangement of building units in any material. Here, XRD of HTPU300 and M(II)-HTPU300 was
performed in the 2θ range from 10˚ to 60˚. The XRD pattern of HTPU300 demonstrates a broad peak over
the 2θ value of 20˚ to 22˚(Fig.2 ).This hump can be attributed to the presence of carbon in amorphous
form and mostly con�rms the presence of organic components [44]. However, after incorporation of the
metal ions to form M(II)-HTPU300, the broadness of the peak decreases around 22˚ and new humps were
observed around 24˚, 26˚ and in Mn(II)-HTPU300, 23˚ in case of Ni(II)-HTPU300, 23.5˚ in Co(II)-HTPU300 and
21˚ in Zn(II)-HTPU300. Although these additional humps won’t be able to verify any particular
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arrangement, the sharpness (22˚) along with these peaks indicates the formation of some uniform
structural arrangement. Therefore, the incorporation of metal ions does lead to complexity and denser
structural arrangement for the metal incorporated PU. These values are in proximity with the semi-
crystalline behavior of the synthesized Zn(II)-HTPU300 compared to amorphous HTPU300[29]. 

A degree of crystallinity is generally achieved in metal decorated, dispersed, or metal coordinated
polymers, however, this cannot be achieved due to the presence of random arrangement of methyl groups
of TDI adjacent to the urethane linkages within the polyurethane chain, inhibiting the crystalline behavior.
[34] The encapsulation of the metal ions within the polyurethane chains further affects the detection of
crystalline behavior due to the presence of metal ions in M(II) HTPU300. 

FE-SEM and EDX

FE-SEM was used to examine the generic surface morphology and any possible new surface variations
that arise due to the incorporation of metal ions in PU. The FE-SEM micrographs of Zn(II)-HTPU300 are
shown in Figure 3. FE-SEM micrographs of Zn(II)-HTPU300 showed nano-roughness with some cage-like
arrangement on the surface. Possibly the coordination of the metal ions to the polymeric chain of
HTPU300 may have resulted in the secondary arrangement within the PU[7],[29]. EDX technique was
utilized to examine the composition of HTPU300 and Zn(II)-HTPU300 as displayed in Fig. 4, (a-b). The
presence of elements like C, O, and N in HTPU300 revealed the construction of the polymer using only
organic moieties (PEG and TDI), whereas the presence of Zn into the polymeric chain was con�rmed by
the strong peak around 1.0 eV for Zn Lα in Zn(II)-HTPU300 along with the other organic components[29].
The atomic percentage calculated for each metal component was found to be Zn(II): 1.34, con�rming the
incorporation of the respective inorganic part (metal ions) into a polymeric chain of organic moiety
(HTPU300).   

Thermal studies

The thermal decomposition behavior of HTPU300 and M(II)-HTPU300 were investigated by the TGA/DTG
(Figure 5) and DSC (Figure 6) along with IPDT calculation (Table 4). TGA/DTG results reveals the three
steps degradation pattern in both HTPU300 and M(II)-HTPU300. The �rst, initial weight loss (5 wt %) for

HTPU and Zn(II)-HTPU300 was observed at a range of  50-180 °C (Centred at 105 oC) correlates with the
evaporation of entrapped moisture/solvent molecules[45]. The second weight loss (5-15 wt %) at 180-255
°C (Centred at 222oC) in both cases, can be due to the urethane linkage scission to their components,
isocyanate, and hydroxyl components34 along with further decomposition of hydroxyl components[46].
The third major weight loss occurring in between 255-560 °C (Centred at 355 oC) in all cases can be
corroborated by the volatilization of formerly decomposed derivatives (hydrocarbons). The TGA/DTG
thermograms results showed comparable thermal stability.[28]
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The Integral decomposition temperature (IPDT), reported by the Doyle[31] relates the volatile part of the
HTPU300 and Mn(II)HTPU300 with thermal stability of the same[29]. In this work, the IPDT was examined
on the basis of following equations:

(a) IPDT (oC) = A*K*(Tf – Ti) + Ti

(b) A* = S1 + S2 / S1 + S2 + S3

(c) K* = S1 + S2 / S1

where, Ti= Initial experimental temperature and Tf = Final experimental temperature 

A* and K* were calculated by the use of S1, S2, and S3, reported in earlier work[47].

The IPDT values (Table 4) as evaluated from the TG thermograms are found to be 591 oC for HTPU300

and 738 oC for Zn(II)-HTPU300. The examined results imply that the incorporation of metal ions into the
Zn(II)-HTPU matrix enhances the thermal stability of native HTPU300 due to the development of a better-
crosslinked unit.

DSC

The DSC thermograms of HTPU300 and Zn(II)-HTPU300 was studied up to 400 °C in Figure 6, (a-b). The
results obtained from endothermic peaks may be correlated to the data determined in TGA/DTA curves.
The Tg observed for HTPU300 was around 89 oC, whereas for, Zn(II)-HTPU300 at 80 oC. The observed Tg
values indicate possible coordination of the polymeric ligand with the metal ions where metal acts as
catalyst.[48] There are following endotherms which are discussed as follows: (i) The �rst endotherm,
ranging from 60 oC to 120oC noticed in HTPU300 and Zn(II)-HTPU300 can be assigned to the evaporation

of entrapped moisture and solvents, (ii) The second endotherm, ranging from 160 to 200 oC found in
Zn(II)-HTPU300 might be due to the crystalline water which supports their possible octahedral geometry,

(iii) the main endotherm, ranging from 300 to 340 oC obtained in both the polymers may correspond to
the urethane linkage scission.[34] The observed results support the data obtained in TGA/DTA up to 400
oC.

In-vitro antimicrobial assay

The preliminary antibacterial activity of samples, HTPU300 and M(II)HTPU300 was assessed based on the
zone of inhibition against bacterial growth around the wells(Fig.7). These antibacterial activities are
compared with the standard antibiotic drug, Ampicillin using disk diffusion assay (Kirby Bauer method).
The data (Table 5) indicates that different polymers perform differently against gram-positive
[Staphylococcus aureus, MTCC 902 and Bacillus substilis, MTCC 736] and gram-negative bacteria
[Escherichia coli, MTCC 443 and Pseudomonas aeruginosa, MTCC 2453]. The results revealed moderate
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activity by HTPU300 and M(II)HTPU300 against all the gram-positive and gram-negative bacteria as
compared to the standard drug. All the synthesized polymers inhibit the growth of B. subtilis, E. coli, and
S. aureus but do not show any effect on P. aerugenosa. Nothing particular was observed due to the
incorporation of the metal ions with different 3d electrons. So, it can be predicted that the obtained
antimicrobial activity exhibited by the synthesized polymers may not be entirely due to the presence of
metal ions but it may be due to the donor atoms present within the polymeric chain. These atoms inhibit
enzyme production as reported in earlier studies[41]. 

Conclusion
The M(II)HTPU300 have been successfully synthesized by reacting the HTPU300 with divalent metal ions
[Mn(II) ‘half �lled’, Co(II), Ni(II) ‘partially �lled’ and Zn(II) ‘full �lled’] via in situ single pot addition
polymerization reaction. The constructive effect of divalent metal ions was observed on the structure,
geometry, surface morphology, thermal and antibacterial properties of HTPU300. The metal ion
incorporation results in a slight increase in conductivity and semi-crystalline behavior of the M(II)-
HTPU300 polymers. The surface roughness and formation of crosslinked structures may have been
responsible for improved thermal stability. Moderate antibacterial activity was observed in the case of
B.subtilis, E.coli, and S.aureus. Although, a big difference in the thermal stability of the PU polymers was
observed, possibly due to variation in available 3d electrons and their ability to crosslink particular
ligands the same could not be ascertained in antibacterial properties. The overall outcome indicates a
potential for the formulation of PU using degradable PEG and metal incorporated polymers. 

Declarations
ACKNOWLEDGEMENT

Adnan Shahzaib and Dr. Laxmi acknowledge University Grant Commission, New Delhi, India for the Non-
NET fellowship. Dr. M Alam acknowledges King Saud University, Riyadh, Saudi Arabia for the support of
the Researchers Supporting Project, Rf# RSP-2020/113. The authors also acknowledge the Head,
Department of Chemistry, Jamia Millia Islamia, New Delhi, for providing facilities to carry out the research
work smoothly.

References
1. R. Jayakumar, S. Nanjundan, and M. Prabaharan, J. Macromol. Sci. Part C Polym. Rev. 45, 231 (2005).

2. C. Yoo, H. M. Dodge, and A. J. M. Miller, Chem. Commun. 55, 5047 (2019).

3. G. C. Psarras, E. Manolakaki, and G. M. Tsangaris, Compos. Part A Appl. Sci. Manuf. 33, 375 (2002).

4. P. Jain, V. Singh, S. Ali, V. Tripathi, and U. Saraswat, J. Saudi Chem. Soc. 22, 546 (2018).



Page 10/20

5. P. Jeyaraman, A. Alagarraj, and R. Natarajan, J. Biomol. Struct. Dyn. 38, 488 (2020).

6. Z. Zhang, H. T. H. Nguyen, S. A. Miller, A. M. Ploskonka, J. B. DeCoste, and S. M. Cohen, J. Am. Chem.
Soc. 138, 920 (2016).

7. S. Hasnain and N. Nishat, Spectrochim. Acta Part A Mol. Biomol. Spectrosc. 95, 452 (2012).

8. X. Wu, Y. Wu, C. Zhang, H. Niu, L. Lei, C. Qin, C. Wang, X. Bai, and W. Wang, RSC Adv. 5, 58843 (2015).

9. R. Beran, L. Zarybnicka, and D. Machova, J. Appl. Polym. Sci. 137, 49095 (2020).

10. A. Henschel, K. Gedrich, R. Kraehnert, and S. Kaskel, Chem. Commun. 35, 4192 (2008).

11. A. Etats-unis, 37, 191 (2008).

12. K. Akhbari and A. Morsali, Dalt. Trans. 42, 4786 (2013).

13. H. A. Habib, J. Sanchiz, and C. Janiak, 362, 2452 (2009).

14. S.-M. Ying, Inorg. Chem. Commun. 22, 82 (2012).

15. L. Chakraborty, N. Chakraborty, T. D. Choudhury, B. V. N. Phani Kumar, A. B. Mandal, and N. V. S. Rao,
Liq. Cryst. 39, 655 (2012).

16. G. Tantaru, M.-C. Popescu, V. Bild, A. Poiata, G. Lisa, and C. Vasile, Appl. Organomet. Chem. 26, 356
(2012).

17. M. Kamacı and İ. Kaya, J. Inorg. Organomet. Polym. Mater. 2013 235 23, 1159 (2013).

18. F. Zafar, M. Azam, E. Sharmin, H. Zafar, Q. M. R. Haq, and N. Nishat, RSC Adv. 6, 6607 (2016).

19. M.-M. Pohl, R. Dany, R. Mix, J. Gähde, and G. Hinrichsen, Polymer (Guildf). 37, 2173 (1996).

20. K. M. Zia, M. Zuber, M. Barikani, I. A. Bhatti, and M. A. Sheikh, J. Appl. Polym. Sci. 113, 2843 (2009).

21. M. Alam, N. M. Alandis, E. Sharmin, F. Zafar, and M. A. Alam, Korean J. Chem. Eng 33, 1736 (2016).

22. J.-F. Lutz, J. Andrieu, S. Üzgün, C. Rudolph, and S. Agarwal, Macromolecules 40, 8540 (2007).

23. C.-C. Lin and K. S. Anseth, Pharm. Res. 2008 263 26, 631 (2008).

24. R. París, Á. Marcos-Fernández, and I. Quijada-Garrido, Polym. Adv. Technol. 24, 1062 (2013).

25. X. Liu, Y. Zhao, Z. Liu, D. Wang, J. Wu, and D. Xu, J. Mol. Struct. 892, 200 (2008).

26. H. Matsuda and S. Takechi, J. Polym. Sci. Part A Polym. Chem. 28, 1895 (1990).



Page 11/20

27. N. Senthilkumar, A. Raghavan, and A. S. Nasar, Macromol. Chem. Phys. 206, 2490(2005).

28. S. Khan, F. Zafar, and N. Nishat, RSC Adv. 6, 50070 (2016).

29. Laxmi, S. Khan, A. Kareem, F. Zafar, and N. Nishat, Spectrochim. Acta Part A Mol. Biomol. Spectrosc.
188, 400 (2018).

30. Laxmi, S. Khan, F. Zafar, A. Kareem, S. A. A. Nami, M. Alam, and N. Nishat, Spectrochim. Acta Part A
Mol. Biomol. Spectrosc. 219, 552 (2019).

31. C. D. Doyle, Anal. Chem. 33, 77 (2002).

32. A. A. Mohamed, N. H. Buttrus, and M. K. Younis, 38, 333 (2010).

33. N. Nishat and A. Malik, Arab. J. Chem. 9, S1824 (2016).

34. S. Delgado, 51, 718 (2012).

35. O. Kreye, H. Mutlu, and M. A. R. Meier, Green Chem. 15, 1431 (2013).

36. Abdelrahman, M.S. Nassar, S. H.Mashaly, H.Mahmoud, Sa�a,Maamoun,  Dalia, Applied Ecology and
Environmental Sciences, 6, 35 (2018).

37. R. A. Prasath, S. Nanjundan, T. Pakula, and M. Klapper, Eur. Polym. J. 40, 1767 (2004).

38. C. V Mythili, A. M. Retna, and S. Gopalakrishnan, 27, 235 (2004).

39. A. Kausar, S. Zul, and M. Ilyas, 98, 368 (2013).

40. N. Raman, S. Ravichandran, and C. Thangaraja, J. Chem. Sci 116, 215 (2004).

41. S. Hasnain, M. Zulfequar, and N. Nishat, Polym. Adv. Technol. 23, 1002 (2012).

42. N. Chantarasiri, C. Chulamanee, T. Mananunsap, and N. Muangsin, Polym. Degrad. Stab. 86, 505
(2004).

43. R. Rasool, S. Hasnain, and N. Nishat, J. Inorg. Organomet. Polym. Mater. 25, 763 (2015).

44. C. Wang, C. Ma, C. Mu, and W. Lin, RSC Adv. 7, 27522 (2017).

45. G. Georgoussis, A. Kanapitsas, P. Pissis, Y. V. Savelyev, V. Y. Veselov, and E. G. Privalko, Eur. Polym. J.
36, 1113 (2000).

46. S. M. Cakić, I. S. Ristić, and O. Z. Ristić, Doi : 10.5772/35800 (2012).

47. Y. M, S. SK, and R. KY, Carbohydr. Polym. 95, 471 (2013).



Page 12/20

48. R. Jayakumar, Y. S. Lee, and S. Nanjundan, React. Funct. Polym. 55, 267 (2003).

Tables
 

Table 1. Sample designation and reaction conditions for the synthesis of HTPUs and M(II)-
HTPU300

Polymers Yield 

(%)

Color Solubility in DMSO

(min)

Reaction

time

(min)

Reaction

temperature (oC)

HTPU300 82 White 1 5-15 15± 5

Zn(II)-

HTPU300 

79 Light

yellow

2 70 110± 5

Mn(II)-

HTPU300 

82 Dark

brown 

2 60 110± 5

Ni(II)-

HTPU300 

81 Mustered 2 65 110± 5

Co(II)-

HTPU300

80 Light

Brown

2 67 110± 5
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Table 3. FTIR spectrum data of HTPU300 and M(II)-HTPU300

Table 4. Thermal behavior data of HTPU300 and Zn(II)- HTPU300

Polymer code To Tf S1 S2 S3 A* K* IPDT (oC)

HTPU300 25 800 21529 11658 37321 0.51 1.40  591

Zn(II)-HTPU300  25 800 27765 16619 33060 0.57 1.59 738
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 Table 5. Zone of Inhibition (in mm) of the HTPU and M(II)-HTPU300 against bacteria’s

Polymer Code E.coli S.aureus B. substilis P.aeruginosa

HTPU300 7 7 9 0

Zn(II)-HTPU300 8 8 7 0

Mn (II)-HTPU300  9 7 9 0

Co(II)-HTPU300 9 7 8 0

Ni(II)-HTPU300  10 8 0 0

Ampicillin 28 27 35 15

 

Scheme
Scheme 1 is available in the Supplementary Files section.

Figures
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Figure 1

FTIR spectrum of (a) HTPU300 (b) Zn(II)-HTPU300
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Figure 2

XRD micrograph of (a) HTPU300 and (b) Zn(II)-HTPU300

Figure 3

FE-SEM images at different magni�cation of Zn(II)-HTPU300
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Figure 4

EDX surface scanning of (a) HTPU300 and (b) Zn(II)-HTPU300
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Figure 5

TGA/DTA thermograms of (a) HTPU300 (b) Zn(II)-HTPU300
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Figure 6

DSC thermogram of (a) HTPU300 and (b) Zn(II)-HTPU300
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Figure 7

Zone of Inhibition (in mm) of (a) HTPU300, (b) Zn(II)-HTPU300, (c) Mn(II)-HTPU300, (d) Co(II)-HTPU300
and (e) Ni(II)-HTPU300
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